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January 27, 2014

Via Email
(p66-railspur-comments@co.slo.ca.us)

San Luis Obispo County Department 
of Planning and Building
Murry Wilson
976 Osos Street, Room 200 
San Luis Obispo, CA 93408

RE:  Comments to the Draft Environmental Impact Report (“DEIR”) for the Phillips 66 
 Company Rail Spur Extension Project (“Project”) 

Dear Mr. Wilson, 
The Santa Maria facility is the “front end” of the Phillips 66 San Francisco Refinery (“SFR”).  
The facility performs severe processing of oil streams that are then piped to the SFR’s Rodeo 
facility to make into profitable engine fuels.  This rail expansion allows the company to get tar 
sands “dilbit” oils that its throughput increase allows it to convert into engine fuel feedstocks for 
the Rodeo facility, where a liquefied petroleum gas expansion requires this change in oil process-
ing, and allows some resultant byproducts, otherwise uneconomic to dispose, to be recovered 
and sold.  These interdependent activities could switch the SFR to refining tar sands oil.  Phillips 
66 discloses this to investors.  Its environmental review does not—thereby hiding serious local 
pollution, climate pollution and chemical safety hazards from the public and its own workers.  
Accordingly, on behalf of Communities for a Better Environment, the Sierra Club, the Center for 
Biological Diversity, the Natural Resources Defense Council, Food and Water Watch, San Fran-
cisco Baykeeper, and the California Nurses Association, we respectfully submit this comment 
seeking an adequate environmental review of the Project.

Communities for a Better Environment (“CBE”) is a California nonprofit environmental health 
and justice organization with offices in Oakland and Huntington Park.  CBE has extensive orga-
nizational experience in protecting and enhancing the environment and public health by reducing 
pollution and minimizing hazards from refinery operations.  
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Sierra Club is a national nonprofit organization of over one million members and 

supporters dedicated to exploring, enjoying and protecting the wild places of the earth; practicing 

and promoting responsible use of the earth’s ecosystems and resources; educating and enlisting 

humanity to protect and restore the quality of the natural and human environment; and using all 

lawful means to carry out these objectives.  Sierra Club’s Beyond Oil Campaign works to stem 

our nation's dependence on oil and to secure protections for communities and ecosystems from 

the significant toxic and global warming pollution emitted by oil development, including 

prevention of oil spills and other catastrophic events and pollution emissions that result from 

transporting extreme forms of oil by rail.  Sierra Club has more than 143,000 members in the 

State of California who want to ensure that California's treasured landscape and coastline 

through which oil would be transported by rail are protected into the future. 

 

The Natural Resources Defense Council (“NRDC”) is a national environmental 

organization with over 1.4 million members and online activists. NRDC’s mission is to 

safeguard the Earth: its people, its plants and animals and the natural systems on which all life 

depends. 

 

The Center for Biological Diversity (“Center”) is a non-profit environmental organization 

dedicated to the protection of native species and their habitats through science, policy, and 

environmental law. The Center has over 675,000 members and e-activists throughout California 

and the western United States, including members that live and/or visit the vicinity of the 

proposed project. These comments are submitted on behalf of our board, staff and members.    

 

Food & Water Watch works to ensure the food, water and fish we consume is safe, 

accessible and sustainably produced.  So we can all enjoy and trust in what we eat and drink, we 

help people take charge of where their food comes from, keep clean, affordable, public tap water 

flowing freely to our homes, protect the environmental quality of oceans, force government to do 

its job protecting citizens, and educate about the importance of keeping the global commons — 

our shared resources — under public control. 

 

San Francisco Baykeeper works to reverse the environmental degradation of the past and 

promote new strategies and policies to protect the water quality of the San Francisco Bay.  For 

two decades, Baykeeper has been the premiere watchdog of the water quality of San Francisco 

Bay. 

 

California Nurses Association (“CNA”), founded in 1903 is the largest all nurse union in 

the United States.  CNA successfully fought for the first and only statewide law mandating 

minimum nurse-to-patient ratios in California which saved thousands of lives, among many other 

laws making hospitals safer for patients.  CNA is currently involved in national campaigns to 

bring economic and political justice and a safe environment in addition to its mainstay of 

fighting for healthcare justice, and the best nurse contracts in the United States. 

/ 

/ 

/ 

/ 
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As set forth below in the attached report of Phyllis Fox, Ph.D., PE (“Fox Santa Maria 

Report”), and in the attached exhibits, the DEIR suffers from numerous deficiencies that render it 

inadequate under the California Environmental Quality Act
1
 (“CEQA”) and the CEQA 

Guidelines
2
 (“CEQA Guidelines”).  We respectfully request that the County reject the DEIR as 

an environmental review document, and defer approval of the Project until such time as the 

DEIR is revised to comply with CEQA. 

 

An EIR is “the heart of CEQA.
”3

  “The purpose of an environmental impact report is to 

provide public agencies and the public in general with detailed information about the effect 

which a proposed project is likely to have on the environment; to list ways in which the 

significant effects of such a project might be minimized; and to indicate alternatives to such a 

project.”
4
  The EIR “is an environmental ‘alarm bell’ whose purpose it is to alert the public and 

its responsible officials to environmental changes before they have reached ecological points of 

no return.  The EIR is also intended ‘to demonstrate to an apprehensive citizenry that the agency 

has, in fact, analyzed and considered the ecological implications of its action.’ Because the EIR 

must be certified or rejected by public officials, it is a document of accountability.”
5
  The DEIR 

for the proposed Project not only fails entirely to live up to this mandate, but also tramples 

principles of Environmental Justice. 

The DEIR suffers from several inadequacies predicated on two fundamental defects.  

First, the DEIR fails to disclose the specific quality of oil feedstock that the Project would enable 

Phillips 66 to process at its Santa Maria facility in relation to that of its current baseline 

feedstock.  The DEIR obscures that the Project will allow the company to partially refine tar 

sands crude in Santa Maria.  Second, the DEIR illegally piecemeals this Project.  The DEIR fails 

to properly acknowledge the inextricable link between this Project and other projects, in 

particular masking the identity of the “San Francisco Refinery,” which is comprised of this Santa 

Maria facility and its interdependent partner facility in Rodeo, California.  Consequently, the 

DEIR fails to: 

 

(1) provide a stable, accurate and detailed project description, thus undermining every 

aspect of the impacts analysis;  

(2) accurately evaluate numerous Project impacts, including air quality, greenhouse gas 

emissions, public health and safety, and biological resources;  

(3) provide sufficient analysis of cumulative impacts; and  

(4) adopt feasible mitigation measures.   

 

Attached Exhibits 1 through 26 support this comment.  For these and other reasons 

detailed herein, the DEIR is inadequate under CEQA.  The County must revise the DEIR and 

recirculate it for public comment.     

 

/ 

                                                 
1
 Pub. Res. Code § § 21000 et seq. 

2
 14 Cal. Code Regs. § § 15000 et seq. 

3
 Laurel Heights Improvement Assn. v. Regents of University of California (1988) 47 Cal. 3d 376, 392 (“Laurel 

Heights I”). 
4
 Pub. Res. Code § 21061 

5
 Laurel Heights I, 47 Cal. 3d at 392 (citations omitted). 
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I. THE EIR’S PROJECT DESCRIPTION IS INADEQUATE. 

 

In order for an environmental document to adequately evaluate the environmental 

ramifications of a project, it must first provide a comprehensive description of the project itself.  

“An accurate, stable and finite project description is the sine qua non of an informative and 

legally sufficient EIR.”
6
  As a result, courts have found that, even if an EIR is adequate in all 

other respects, the use of a “truncated project concept” violates CEQA and mandates the 

conclusion that the lead agency did not proceed in a manner required by law.
7
  

 

Furthermore, “[a]n accurate project description is necessary for an intelligent evaluation 

of the potential environmental effects of a proposed activity.”
8
  Thus, an inaccurate or 

incomplete project description renders the analysis of significant environmental impacts 

inherently unreliable.  While extensive detail is not necessary, the law mandates that EIRs should 

describe proposed projects with sufficient detail and accuracy to permit informed decision-

making.
9
  The EIR’s Project Description fails to meet this standard in three respects: first, it fails 

to disclose a change to a different, perhaps even lower, quality crude feedstock; second, it 

illegally piecemeals this Project from Phillips 66’s greater project to import “advantaged crude”; 

and third, it fails to estimate and analyze impacts from the project’s duration.    

 

A. The Project Description Fails to Disclose a Change to a Different Quality 

Crude Feedstock.   

 

This Project will enable Phillips 66 to import and process tar sands crudes at Santa Maria.  

Yet, the DEIR fails to disclose this fundamental Project characteristic and consequently fails to 

analyze any associated and evidently significant impacts.  The failure to disclose the type and 

chemical composition of the new crude oils and their resultant potential impacts is a “threshold 

issue” and “fundamental defect” in environmental review.
10

 

   

Phillips 66 is currently in the process of implementing a series of projects to allow a 

switch to refining what its management calls, “advantaged crude.”  The company emphasizes: 

“(the) opportunity that we have…is to get…Canadian crudes down into California…We're 

looking at rail to barge to ship, down to the West Coast refineries...”
11

 In May 2013, Phillips 66 

EVP Tim Taylor stated in response to a question on bringing heavy Canadian crude oil into 

California: “Today, we are doing some barge movements down the coast into California on 

heavy Canadian. You can look in the Northwest to do that. So that's an option that we're going to 

continue to use and we're looking at expanding that opportunity with some of the logistics things 

we're putting in place. We're also continuing to move crude by rail in smaller amounts into 

                                                 
6
 San Joaquin Raptor/Wildlife Rescue Center v. County of Stanislaus (1994) 27 Cal. App. 4th 713, 730, quoting 

County of Inyo v. City of Los Angeles (1977) 71 Cal. App. 3d 185, 193. 
7
 Id. at 730.   

8
 Id. (citation omitted). 

9
 See CEQA Guidelines, §15124 (requirements of an EIR). 

10
 See eg. Exhibit 25.  

11
 September 12, 2013 Transcript, pdf 7: Available at: 

http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/Barclays_091213_Final.pdf, last accessed 

January 17, 2014.   

http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/Barclays_091213_Final.pdf
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California and looking at projects really to increase that as well.”
12

  These heavy Canadian 

crudes include tar sands crudes.
13

   The map immediately below details this strategy.   

 

 

 
Phillips 66 map indicating plans to transport Western Canadian crude oil to San Francisco Refinery.

14
  Notice that 

the icon labeled “San Francisco” identifies the San Francisco Refinery, which includes the Santa Maria facility. 

 

 These tar sands crudes are cost-advantaged because they are more difficult to process, 

and, especially in the case of Canadian-sourced oils, they are stranded, with no pipeline access, 

and must be delivered by rail.
15

  Phillips 66 is further incentivized to seek out tar sands blends 

produced by its own affiliates.
16

  In addition, the company has no choice but to seek such an 

alternative supply of crude oil feedstock.  As the DEIR indicates, since 1986, California has 

steadily faced a declining supply of crude oil.
17

  This is particularly the case for the Santa Maria 

facility and the declining supply in Santa Barbara County.
18

  This decline in locally available 

crude stands in stark contrast to the Santa Maria facility’s recent Throughput Expansion that 

                                                 
12

 May 31, 2013 Transcript, pdf 13, Available at:  

http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/PSX-Transcript-2013-05-01.pdf. 
13

 See Fox Rodeo Report at 9.   
14

 Phillips 66 Advantaged Crude Activities: Updated May 2013, last accessed Jan 22, 2014, available at: 

http://www.phillips66.com/EN/Advantaged%20Crude/index.htm. 
15

 Fox Rodeo Report at 9.   
16

 See Canadian Crude Monitoring Program (www.crudemonitor.ca): Christina Dilbit Blend (“produced at the 

jointly owned Cenovus Energy Inc. and ConocoPhillips Christina Lake SAGD facility”); and Surmont Heavy Blend 

(50% owned, and operated by, Conoco Phillips Canada). 
17

 DEIR at 6-3; see also Karras Rodeo Report.  
18

 Id. at 2-27 – 2-30.   

John
Line

John
Text Box
CBE-3



6 
 

enables the Santa Maria facility to process more crude oil.  This inconsistency, coupled with the 

company’s publicly stated intention, highlights the company’s anticipation to develop a new 

crude source.  Because the Santa Maria facility is currently not equipped to take on the delivery 

of large amounts of crude by rail, this Project’s rail spur is necessary to complete that switch. 

  

Although the DEIR admits that the Project goal is to access a, “full range of 

competitively priced crude oil,”
19

 its analysis attempts to shift the reader’s eye to the lighter end 

of the spectrum of “advantaged crude.”  Indeed, in spite of the clear indications that Phillips 66 

has every intention of bringing down heavy, Western Canadian crudes, including tar sands oils, 

the DEIR unnecessarily harps on but one type of advantaged crude: Bakken, which is sourced 

from North Dakota and classified as a “lighter” crude oil feedstock.  Although the transport, 

storage and refining of Bakken poses significant environmental impacts, the source generally 

contrasts with heavier tar sands crude.  Both the DEIR’s Introduction and Executive Summary 

note that the most likely sources of crude would be, “the Bakken field in North Dakota or 

Canada.”  The DEIR continues to either cite Bakken solely as an example of crude source, or 

adds the legally indispensable “and/or Canadian crude” following any reference to North Dakota 

Bakken.
20

  However, the DEIR notes that the Santa Maria facility mainly processes heavy, high-

sulfur crude oil.
21

  

 

 Bakken Crude is an Unlikely Feedstock for the Santa Maria Refinery 

 

In reality, the Santa Maria facility cannot even handle a lighter crude, such as North 

Dakota Bakken, for the following three reasons.  First, the Project notes that the Santa Maria 

facility uses two Delayed Coking Units to remove the heavier components from the feedstock.
22

  

Refining of Bakken does not require coking and would idle Santa Maria’s cokers; it would 

however, require a significant modification and capital investment in most of the existing 

refining equipment that the DEIR does not disclose.
23

  Second, the remaining gases produced in 

the Delayed Coking Units are sent to amine units sized for the removal of hydrogen sulfide 

(H2S), prevalent in heavier crudes, including tar sands.
24

  There is little or no H2S in Bakken.  

These process capabilities are, thus, unnecessary to refine Bakken; yet, necessary to refine tar 

sands crude.
25

  Third, the size of the unit cars described in this Project is not suitable for the 

transport of Bakken.  If the project proponent’s true intent was to solely bring in Bakken sourced 

crudes, there would be no need for cars the size of what is described in the DEIR.  The DEIR 

should have disclosed the proper purpose of these three project components.   

 

Moreover, changes in the type and amount of semi-refined products sent to Rodeo would 

result in changes in emissions at Rodeo.
26

  The DEIR does not disclose any changes in emissions 

at the Santa Maria or Rodeo Refineries from processing the rail-imported crude.  This omission 

                                                 
19

 DEIR at 2-1.   
20

 See eg. DEIR at ES-3, 2-21, 4.12-21, 2-26.  The Project’s stated goal is to access competitively priced crude oil 

from, “North America,” which would certainly not preclude Canadian tar sands oils.   
21

 DEIR at 2-3.   
22

 DEIR at 2-28. 
23

 See Fox Santa Maria Report at 10.   
24

 Id.  
25

 Id. at 7-10.     
26

 Id. 
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either eliminates Bakken as the major crude import, pointing to a heavy, higher sulfur crude, 

such as tar sands, or renders the DEIR deficient for failing to analyze the impacts of the crude 

switch.
27

   

 

The distinction in crude oil feedstock matters.  The chemical composition of raw 

materials that are processed by a refinery directly affect the amount and composition of the 

refinery’s emissions.  

 

The amount and composition of sulfur in the crude slate, for example, 

ultimately determines the amount of [sulfur dioxide] that will be emitted 

from every fired source in the refinery and the amount of odiferous 

hydrogen sulfide and mercaptans that will be emitted from tanks, pumps, 

valves, and fittings.  The composition of the crude slate establishes the 

CEQA baseline against which impacts must be measured.
28

   

 

  Other significant impacts, such as increased energy consumption, air emissions, toxic 

pollutant releases, flaring and catastrophic incident risks, are also entirely dependent on the 

quality of crude oil processed at the facility.
29

  As detailed further below, a heavier crude oil 

feedstock has also been identified as a contributing factor to potentially catastrophic incidents at 

refineries, and a root cause of the August 6, 2012 fire at the Chevron Richmond Refinery.
30

   

 

 Consequently, the DEIR’s omission of this switch to a very different crude oil feedstock 

violates CEQA.
31

  It is impossible to provide any intelligent evaluation of the potential 

environmental effects and risks to community and worker health and safety of partially refining 

Canadian tar sands crudes in Santa Maria, unless the DEIR first discloses this critical component 

of the Project.
32

  At a minimum, the DEIR should have established whether this Project would 

result in the company’s use of a different or lower quality crude oil feedstock, whether in Santa 

Maria or any foreseeable location, such as Rodeo, and evaluated such consequent impacts.
33

  

Until then, the DEIR Project Description is inaccurate, incomplete and renders the analysis of 

significant environmental impacts inherently unreliable.
34

  

/ 

/ 

/ 

/ 

 

                                                 
27

 Id. 
28

 Fox Rodeo Report at 13.   
29

 See Fox Rodeo Report, Fox Valero Report and Karras Rodeo Report at 11-13.   
30

 See Chemical Safety Board Interim Report on Chevron Fire, dated 19 April 2013.   
31

 See Berkeley Keep Jets Over the Bay Comm. v. Bd. of Port Comm'rs (2001) 91 Cal.App.4th 1344, 1355 (“the 

failure to include relevant information precludes informed decisionmaking and informed public participation, 

thereby thwarting the statutory goals of the EIR process”). 
32

 See Id., see also, Communities for a Better Environment v. City of Richmond (2010) 184 Cal.App.4 70, 89 

(holding that an EIR is insufficient where it obscures the project’s enabling of a refinery to process heavier crude).   
33

 Id.  
34

 San Joaquin Raptor/Wildlife Rescue Center v. County of Stanislaus (1994) 27 Cal.App.4th 713, 722 (the failure to 

include relevant information relating to a project’s components precludes informed decision making, thwarting the 

goals of the EIR).   
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B. The Project Is Piecemealed.  

 

CEQA requires that an EIR describe the entirety of a project, including reasonably 

foreseeable future actions that are part of it.
35

  While an EIR need not include speculation about 

future environmental consequences of a project, the “EIR must include an analysis of the 

environmental effects of future expansion or other action if: (1) it is a reasonably foreseeable 

consequence of the initial project; and (2) the future expansion or action will be significant in 

that it will likely change the scope or nature of the initial project or its environmental effect.”
36

 

Under this standard, “the facts of each case will determine whether and to what extent an EIR 

must analyze future expansion or other action.”
37

  A project proponent must analyze future 

expansion and other such action in an EIR if there is “telling evidence” that the agency has either 

made decisions or formulated reasonably definite proposals as to such future activities.
38

  

Further, there must be discussion “in at least general terms” of the future activity, even if the 

project is contingent on uncertain occurrences.
39

   

 

Phillips 66 San Francisco Refinery 

 

As a threshold issue, the County should note that the Phillips 66’s San Francisco Refinery 

consists of two facilities linked by a 200-mile Phillips-owned pipeline.  The Santa Maria facility 

is located in Arroyo Grande, in San Luis Obispo County, while the Rodeo facility is located in 

Rodeo, in Contra Costa County.  As the DEIR notes, “the Santa Maria Refinery and the Rodeo 

Refinery, linked by the company’s own pipeline, comprise the San Francisco Refinery…Semi-

refined liquid products from the Santa Maria Refinery are sent by pipeline to the Rodeo Refinery 

for upgrading into finished petroleum products.”
40

  The refining processes at Phillips 66’s Santa 

Maria and Rodeo facilities are integrated to a capacity that neither can achieve alone.
41

  Further, 

Phillips 66 reports these two facilities as a single processing entity, the San Francisco Refinery, 

to industry and government monitors.
42

 

 

In order for Phillips 66 to implement its “advantaged crude” strategy for the San 

Francisco Refinery, it requires three pieces: the Santa Maria Refinery Throughput Increase 

Project, the Rodeo Refinery Propane Fuel Recovery Project, and this Project.  Imports of heavy 

Canadian tar sands are facilitated by the Throughput Increase project.  Components of the Rodeo 

Propane Fuel Recovery Project potentially lock the Rodeo Refinery into a change in oil 

feedstock processing, most likely tar sands “dilbit” processing.
43

  That lower quality feedstock, 

gas oils and naptha, is produced at Santa Maria and sent to Rodeo by pipeline.
44

  However, the 

                                                 
35

 CEQA Guidelines § 15378(a). 
36

 Laurel Heights I, 47 Cal. 3d at 394-396.   
37

 Id. at 396.   
38

 Id. at 396-397.   
39

 Id. at 398. 
40

 DEIR at 2-3.   
41

 See Karras Rodeo Report (Exhibits 21 through 24).  Oil & Gas Journal, 2012; and EIA Ref. Cap. 2013. See also 

orders R2-2011-0027 and R3- 2007-0002. Comparing the references shows “Rodeo” capacities reported to EIA 

include the Santa Maria facility. 
42

 Id. 
43

 See Karras and Fox Rodeo Reports.   
44

 Id. and  DEIR at 2-29.  
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Santa Maria facility currently lacks the rail spur required to unload any rail-imported crude to 

initiate this piecemealed strategy and switch to refining tar sands crude.  

 

(i) The Prior Throughput Expansion is Dependent on this Project.   

 

The DEIR’s assertions that the throughput expansion project is unrelated and not 

dependent on the Rail Spur Project are misleading and incorrect.
45

  This Project wholly supports 

the throughput expansion.  A review of the current baseline for refining at the Santa Maria 

facility shows that the facility is presently operating far below capacity on declining local crude 

supplies,
46

 calling into question any initial need to increase throughput capacity.   

 

Notably, one of the key purposes of this Project is to build the infrastructure to allow 

crude oil to be imported from distant sources to replace declining local crude oil sources and 

facilitate a 10% increase in crude throughput, separately permitted.  The company’s stated intent, 

noted above, to switch to “advantaged crudes,” explains this apparent contradiction.  The Santa 

Maria throughput increase project increases, “…the volume of products leaving the Santa Maria 

facility for the Rodeo Refinery via pipeline.”
47

  Nevertheless, the DEIR still maintains that, “the 

ability of the Santa Maria Refinery to operate at the maximum approved throughput level is 

based on the existing infrastructure and is not dependent on, or related to, the Rail Spur 

Project.”
48

  Yet, the DEIR then admits that, “the only sources of crude oil to meet refinery crude 

oil demand are from California production, Alaska production, [or] other North American 

Production that is delivered by truck or rail.”
49

  This begs the simple question: if local supply is 

declining, leaving imports, or advantaged North American crudes by “truck or rail,” as the only 

feasible option, how can the Santa Maria Refinery operate at the maximum capacity, when it 

currently operates below capacity, independent of rail assisted imports?  Trucking in crude is 

expensive.  There is simply no way for the Santa Maria facility to obtain enough crude oil 

feedstock for its throughput expansion economically without any crude imports by rail, 

implicating this Project’s rail spur extension.  The need for this Rail Spur Project was, therefore, 

wholly foreseeable at the inception of the Throughput Increase Project.   

 

Furthermore, the DEIR overlaps with the Throughput Expansion explicitly in two 

regards.  First, the evaluation of transport risks associated with this project cites not only to the 

same analysis performed in the Throughput Increase Project EIR, but that actual EIR itself.
50

  

Second, the inclusion of the Vertical Coastal Access component is particularly telling.  As a 

condition of approval of the Throughput Increase Project, Phillips 66 was required to provide a 

vertical public right of coastal access at the Santa Maria facility.
51

  The company provides a 

detailed discussion of this requirement in this Project’s DEIR.  The Vertical Coastal Access 

requirement intersects with this Project.  For instance, the DEIR recommends a quantitative risk 

assessment to determine the minimum distance the coastal access route should be located.
52

  

                                                 
45

 See eg. DEIR at 2-29.   
46

 Fox Santa Maria Report at 3.   
47

 See Fox Rodeo Report at 6, citing Throuput Project DEIR at ES-4, 2-25.  
48

 DEIR at ES-18.  
49

 DEIR at 6-3.   
50

 DEIR at 4.7-38.   
51

 See DEIR at ES-12.   
52

 DEIR at ES-16.   
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Evidently, the public must also be protected from the rail transport of hazardous materials, as 

well as the facility partial refining and storage of those same hazardous materials.  Not only was 

the need for the rail spur clearly foreseeable at the time of the throughput expansion, but the 

linked projects also implicate greater and significant environmental impacts of transporting and 

handling tar sands crude.  The two projects are piecemealed and integral to this greater design.  

Specifically, this Project will allow an increase in crude processing of up to 10,921 BPD.
53

  The 

DEIR did not, but must, analyze all of the impacts of this increase in crude throughput 

processing capacity, including the increase in emission of processing an additional 10,921 BPD 

of crude and the increase in emissions of a change in the crude slate itself.  The DEIR analyzes 

none of the impacts associated with a 10,921 BPD increase in crude throughput or the change in 

crude slate. 

 

 (ii)  The Phillips 66 Rodeo Refinery is Dependent on this Project.  

 

 These two Santa Maria projects, the Throughput Increase and Rail Spur, are intricately 

related to the propane/butane recovery project currently proposed at the company’s Rodeo 

Refinery.  The Rodeo project recovers propane and butane from the refining of crude oil at both 

Rodeo and Santa Maria.
54

  The throughput increase at Santa Maria would necessarily be included 

in the streams from which propane and propane/butane would be recovered at the Rodeo 

Refinery and this increase would have been anticipated when the propane/butane project was 

being planned as the Land Use Application for the Santa Maria throughput increase project was 

filed in 2008, well in advance of the propane/butane project at Rodeo.
55

  This increase would be 

converted into semi-refined products in the Santa Maria facility's distillation units and coker to 

yield gas oil and naptha, which would be sent to the Rodeo Refinery, where propane and butane 

would be separated, contributing to the propane/butane slated for recovery by the Rodeo 

Project.
56

  

 

 This Project would then allow the import of cost-advantaged tar sands crude streams that 

are LPG-rich into the company’s Santa Maria facility: 

  

Tar sands crudes are heavier and more viscous than the feedstock currently processed at 

either Rodeo or Santa Maria.  These crudes are thus commonly blended with 25% to 30% 

diluent to facilitate transporting them by rail or pipeline.  The blended crude is known as 

a “DilBit.”  The diluent is typically natural gas condensate, pentanes, or naphtha.  The 

diluent can be readily separated and recovered as propane/butane at Rodeo.
57

  

  

Furthermore, analysis of current propane and butane recovery levels at the Rodeo facility 

highlight the dependence of these projects on one another.  The table immediately below
58

 

summarizes the baseline propane and butane currently recoverable from fuel gas at the Rodeo 

                                                 
53

 See Fox Santa Maria Report at 3-4.   
54

 See Karras and Fox Rodeo Reports.  
55

 Fox Rodeo Report at 5, 6.   
56

 Id. 
57

 Fox Rodeo Report at 7.   
58

 See Supplemental Evidence-C to Appeal of Phillips 66 Rodeo Propane Recovery Project EIR, attached as Exhibit 

7. 
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refinery based on all currently available actual data, which were submitted by Phillips 66 to the 

Bay Area Air Quality Management District as representative of the project baseline:   

 

Baseline LPG in Rodeo Facility Fuel Gas, December 2009–November 2012 

 

    Units    Average 90
th

 Percentile  

U233 fuel gas flow  (MMSCFD)   29.83  35.21 

    (million lbs/day)  1.71  2.02 

 

Propane in fuel gas (lb/lb fuel gas)  0.2381 0.2381 

    (million lbs/day)   0.407  0.481 

    (barrels/day)   2,290  2,700 

    (% of project design) 54%  64% 

 

Butane in fuel gas (lb/lb fuel gas)   0.2230 0.2230 

    (million lbs/day)   0.381  0.450 

    (barrels/day)   1,880   2,220 

    (% of project design) 49%  58% 
____________________________________________________________________________ 
Project design: 4,200 b/d propane and 3,800 b/d butane; data from DEIR at 3-23. Compressed liquid densities at 60 

ºF: 178 lb/barrel propane and 203 lb/b butane; data from EPA’s AP 42 Appendix A. All other data from Phillips 66 

Air Permit Application attachments provided in Exhibit 7.  Conversions from MMSCFD (1 atm., 60 ºF) to lbs/d 

based on fuel gas MW (21.75 lb/lb-mol), and on propane and butane mass fractions (lb/lb fuel gas shown in table), 

from Attachment 4. Butane shown includes n-Butane and Isobutane. 

 

The Rodeo project aims to recover 4,200 b/d of propane and 3,800 b/d of additional 

butane.
59

  The Rodeo refinery’s current recovery, even at the 90
th

 percentile (conditions existing 

only 10% of the time), only meets 64% of the objective propane goal and 58% of the objective 

butane goal, based on Phillips’ data submitted to air officials.  The San Francisco Refinery is a 

closed circuit.  In order for Phillips 66 to meet its project goal in Rodeo, it must utilize the 

benefits of both the Santa Maria Throughput Increase Project and this rail extension Project.  

Changes in the amount and type of feedstock would be required to achieve the propane and 

butane recovery goals.
60

   

 

In addition, the Throughput Increase Project anticipates a 10% increase in throughput 

capacity, and therefore butane and propane feedstocks.
61

  Even with the throughput increase, a 

discrepancy between the amount of propane and butane projected and currently recovered still 

exists, and is quite large, perhaps explained by the company’s anticipated recovery and use of 

propane and butane-rich diluent in Canadian tar sands crude.  Moreover, this implicates direct 

transport of tar sands crude from the Santa Maria facility to the Rodeo facility by pipeline.  This 

possibility is not precluded by the DEIR’s assertion that, “no crude oil or refined product would 

                                                 
59

 Id. and see Phillips Propane Recovery Project DEIR at 3-21 and 3-23. 
60

 Fox Rodeo Report at 3.   
61

 Fox Rodeo Report at 6, citing Throughput Increase Project EIR.   
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be transported out of the refinery by rail.”
62

  Further, some tar sands crudes are classified as a 

semi-refined product,
63

 and therefore not relevant to that assertion.      

 

Another link between the import of tar sands dilbit oils at Santa Maria for processing and 

the Rodeo project involves solving the problem of the disposition of the diluent used to transport 

the bitumen in these dilbits.  Generally, plants that, like Santa Maria’s, are not configured to 

process light crude in any quantity may need to consider disposing of the (very light) diluent, 

which may, for example, simply be returned for reuse as diluent in future dilbit imports.
64

  While 

such a solution may be economic for pipeline delivery systems it could be quite costly if the 

diluent is returned by rail.  However, this same diluent is LPG-rich.  The Rodeo project, by 

allowing Phillips to recover and sell that (LPG) portion of the diluent, could significantly 

improve the cost structure of the “Advantaged Crude” strategy to be implemented by the Project.      

 

Evidently, plenty of “telling evidence” exists regarding the intimate connection between 

the proposed Project, the Throughput Increase Project and the Propane Recovery Project.  The 

Rodeo Project depends on the projects at the Santa Maria Facility and vice versa.  Consequently, 

these are connected actions that must therefore be analyzed concurrently with the direct impacts 

of the proposed Project itself.
65

   

  

 Finally, under CEQA, even assuming, arguendo, that the Rodeo Propane Recovery 

project is not an integral part of this proposed Project, the DEIR still failed to adequately discuss 

the Rodeo project, and should at a minimum have discussed the need to recover propane or 

butane from sources facilitated by the rail spur expansion.
66

  The DEIR’s admission that Santa 

Maria supplies partially refined oil to Rodeo by procesing declining local crude supplies 

established the dependence of the Rodeo facility on the replacement feedstock to be imported by 

the Project.  In its current state, the DEIR’s incomplete, unstable and vague project description 

undermines the validity of the document’s environmental impact analyses.  The document should 

be revised to correct these many deficiencies.  

 

 C. The DEIR Fails to State a Project Duration. 

 

The expected operational duration of a project is vital to any meaningful assessment of 

the potential environmental consequences of the project, by both decisionmakers and the public. 

It is impossible to identify, much less mitigate potential, and foreseeable impacts without 

information relating to the approximate or known duration of a proposed project’s operational 

components.  It is critical for an accurate, stable and finite project description.
67

  The DEIR fails 

to meet this standard.   

 

Although both the initial study and the DEIR include discussions of the Project’s 

anticipated impacts in the context of construction, demolition and general, continued operations, 

                                                 
62

 DEIR at ES-5. 
63

 Fox Rodeo Report at 6. 
64

 See eg. Exhibit 18 at 7.  
65

 CEQA Guidelines, § 15378, subd. (a) agency must evaluate the environmental impacts of the whole of the action. 
66

 Laurel Heights I, 47 Cal.3d at 398 (requiring discussion “in at least general terms” of future activity in connection 

with a project, even if the project is contingent on uncertain occurrences).   
67

 See County of Inyo v. City of Los Angeles (1977) 71 Cal.App.3d 185, 193.  

John
Line

John
Line

John
Text Box
CBE-8

John
Text Box
CBE-7



13 
 

both documents omit identification of a precise duration of those Project phases, beyond the 

construction phase, which is identified as lasting between 9-10 months.  This Project implicates a 

potentially significant period of operation of the proposed rail car tracks, the resultant transport 

of a different quality and volatile crude feedstock up and down the West Coast, the proposed rail 

spur’s increase in cargo load capacity at the Santa Maria facility, and the use of the new 24-inch 

above ground pipeline, as well as the 200 mile pipeline stretch to the Rodeo plant.  A legally 

sufficient project description must identify the anticipated duration of these activities.  

 

For example, it matters whether the Project locks the Refinery into receiving somewhere 

between 80-73 23,500-30,000 gallon railcars, 5 times a day, for a 5 year, 10 year, or 75 year 

period.  Moreover, as explained above, and detailed further throughout these comments, many of 

this DEIR’s shortcomings stem from its failure to analyze the applicant’s clear intent and plan to 

shift the Refinery’s overall crude slate.  The physical and chemical components and overall 

composition of the crude that will be unloaded at the Santa Maria facility directly informs the 

necessary impact, mitigation and alternatives analyses undertaken in this DEIR.  As written, 

however, the DEIR simply states that the crude oil market is too “speculative” to determine 

whether and how displaced oil sources will be replaced, when necessary over time.
68

  The Project 

foresees changing components over time; an analysis of project duration is essential.  Such 

integral points of analysis as the direct, immediate, and foreseeable impacts of the Project are 

thus obscured entirely, unnecessarily, and in violation of CEQA.
69

     

 

II. THE DEIR’S ANALYSIS OF AND MITIGATION FOR THE IMPACTS OF THE 

PROPOSED PROJECT ARE INADEQUATE. 

A. The DEIR Fails to adequately Analyze and Mitigate the Project’s Public 

Health Impacts. 

In order to effectuate the fundamental purpose of CEQA, it is critical that an EIR 

meaningfully inform the public and its responsible officials of the environmental consequences 

of their decisions before they are made.”
70

  Only with a genuine, good faith disclosure of a 

proposed project’s components, can a lead Agency’s analyze the full range of potential impacts 

of the project, identify, and implement mitigation measures where necessary, prior to project 

approval.
71

   

This Project has the potential to degrade the environment and to cause serious public 

health impacts.  This includes an increased risk of dangers to workers.  Indeed, because of the 

DEIR’s failure to include integral project components and the refinery’s overall the crude slate 

change in its analyses, the DEIR often asks the wrong questions, causing the Project’s 

environmental impacts to appear benign, non-existent, or even beneficial.  In other instances, the 

                                                 
68

 DEIR at 2-30 (emphasis added).   
69

 See, County of Inyo v. City of Los Angeles, supra, 71 Cal. App. 3d 185. 
70

 Laurel Heights Improvement Ass’n v. Regents of University of California (1993) 6 Cal. 4th 1112, 1123; CEQA 

Guidelines § 15126.2(a) (“[a]n EIR shall identify and focus on the significant environmental effects of the proposed 

project”) (emphasis added throughout).   
71

 Pub. Res. Code § 21002 (public agencies should not approve projects as proposed if there are feasible alternatives 

or feasible mitigation measures available which would substantially lessen the significant environmental effects of 

such projects); Guidelines § 15126.4.      
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document lacks the necessary detail to verify the validity of its analyses.  Consequently, the 

DEIR fails to include a sufficient analysis of the Project’s impacts on worker and public health 

and safety, as required by CEQA.
72

  The following six issues highlight these inadequacies.   

(i) The DEIR either Underestimates or Fails to Address the Project’s Toxic Air 

Contaminant and Hazardous Air Pollutant Emissions. 

The DEIR provides no information about existing exposure to Toxic Air Contaminants 

(TACs) including those identified in the Notice of Preparation (NOP) and Initial Study, and 

further identified as impacts of particular concern to the SLOAPCD, in comments submitted by 

the agency.  This omission violates CEQA’s core requirement that an EIR include an adequate 

“description of the physical environmental conditions in the vicinity of the project.”
73

  As the 

Guidelines instruct, “[k]nowledge of the regional setting is critical to the assessment of 

environmental impacts.”
74

  Unless the DEIR adequately describes the public’s existing exposure 

to TACs, decision-makers cannot: (1) understand the scope of the existing TAC problem; (2) 

measure the Project’s new TAC impacts against a baseline of current TAC emissions; (3) 

evaluate mitigation of those impacts; or (4) intelligently decide whether the Project’s approval is 

worth the exposure increases caused by the project. 

 

Moreover, the DEIR fails to identify, analyze or mitigate known impacts, which will 

result from the added presence of additional TACS and Hazardous Air Pollutants (HAPs) 

typically found in the crude blend that will be delivered, processed and transported as a result of 

this Project.  Some of these TACs and HAPs, that are of particular concern to both the United 

States Environmental Protection Agency (EPA) and the California Air Resources Board 

(CARB), yet are either omitted or inadequately analyzed in the EIR, include the following:  

benzene, sulfur compounds, toluene, xylenes, inorganic lead and other metals including Nickel, 

diesel particulates.   

 

(ii) The DEIR Fails to Adequately Mitigate Potential Toxic Asbestos Impacts 

From Both the Construction and Operations Phases of the Project. 

 

The Initial Study identifies naturally occurring asbestos and asbestos containing material 

as two sources of potential toxic contaminants, resulting in a significant impact on the 

environment.
75

  Both potential sources are identified as toxic contaminants of particular concern 

to the SLOPACD; triggering notification and survey requirements to ensure that known, severe 

human health impacts do not flow from construction, demolition and ongoing operations related 

to the rail spur project.
76

   Such concern was also based on the fact that such activities would 

                                                 
72

 See, Laurel Heights Improvement Assn. v. Regents of Univ. of California, supra, 47 Cal.3d, at 400 (quoting Pub. 

Resources Code § 21002.1(a); and Guidelines 15002(a)).  See also, Communities for a Better Environment v. 

Richmond, supra, 184 Cal.App.4th, at 89 (an “EIR must include forseeable change in crude processed as part of 

environmental and impacts analysis.”).   
73

 CEQA Guidelines § 15125(a). 
74

 Id. § 15125(c).   
75

 NOP and Initial Study, 8 
76

 NOP and Initial Study, Appendix C, Comments – Agency Referral Responses, SLOACPD Response to Initial 

Study and Mitigated Negative Declaration, at pp.  4-5.   

John
Line

John
Line

John
Line

John
Text Box
CBE-11

John
Text Box
CBE-10

John
Text Box
CBE-9



15 
 

occur in “close proximity to multiple sensitive receptors.”
77

  

 

The DEIR addresses potential impacts from asbestos releases into the air and surrounding 

environment in the mitigation table, at IST-13, by simply “covering” during construction.  

However, the DEIR makes no mention of mitigation measures applicable to demolition, or 

ongoing operations and their resulting disturbance to the surrounding area containing asbestos.  

As of updates made in 2011, however, CARB has identified asbestos, including naturally 

occurring asbestos as a toxic contaminant for which there is no safe level of exposure; thus, 

merely “covering” construction projects, without addressing ongoing disturbances, particularly 

in light of the close proximity of multiple sensitive receptors, is an inadequate mitigation 

measure. 

 

(iii) The DEIR Fails to either Adequately Identify or Mitigate Diesel Particulate 

Matter Emissions During both Construction and Operations Phases of the 

Project.   

 

The DEIR admits that both the operational activities and the construction phase of the 

project will result in emission levels above SLOAPCD thresholds for diesel particulate matter 

(DPM) a state recognized TAC.
78

  The DEIR classifies such impacts as falling in both the Class I 

and Class II impact categories.  The first, Class I, are impacts that are both significant and 

unavoidable; and second, Class II, are impacts that are potentially significant, but less than 

significant with mitigation.  While these classifications appear to recognize the severity of the 

potential impacts that may be caused by DPM, the analysis contained in the DEIR falls short of 

fully identifying the extent of impacts that will be caused by an increase in DPM emissions. 

Furthermore, the DEIR’s analysis is misguided by the fact that it fails to state an accurate 

baseline level of the Santa Maria facility’s current, and foreseeable process emissions.  Finally, 

the DEIR fails to account for the increase in emissions that will come from the Refinery’s 

undisclosed change in crude slate, and fully fails to identify the Project’s increase in emissions at 

the Rodeo facility, as a result of the DEIR’s piecemealed analysis.    

 

An Improper Baseline 

 

In section 4.3.1.4, the DEIR generally states that “toxic emissions” including DPM, are 

associated with the Refinery’s current daily operations.
79

 While it does not state a precise level 

for those emissions, the DEIR goes on to provide data from a toxic release inventory used to 

conduct analyses for the last Health Risk Assessment (HRA) done by Phillips 66,  pursuant to 

the requirements of AB2588.
80

  That HRA was conducted in 2007, was based on an emissions 

inventory taken in 2004, and was used for the Throughput Increase Project Health Risk Analysis 

in 2010.   Although the 2004 data was updated in 2010, in order to assess the potential impacts 

from the Refinery’s Throughput Increase Project, it fails to state a proper baseline for the 

purpose of identifying the current level of DPM emissions.   

                                                 
77

 Id.   
78

 DEIR, 4.3-36; and see, California Air Resources Board Toxic Air Contaminant Identification List, available at: 

http://www.arb.ca.gov/toxics/cattable.htm#Note 1, last accessed, Jan. 26, 2014.  
79

 DEIR 4.3- 18.   
80

 Id.  
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As described in more detail, infra, the CEQA Guidelines state that the baseline for a 

project should consist of “the physical environmental conditions … as they exist at the time the 

notice of preparation is published.”
81

  The DEIR’s reliance on emissions inventories from 2004, 

even as updated in 2010, not only fails to meet CEQA’s requirement that a baseline reflect 

conditions at the time of the NOP, but such data also fails to provide an accurate depiction of the 

refinery’s true emission levels throughout the life of the Project.  The DEIR admits that as of 

2013 the Refinery’s throughput levels and operating capacity do not reflect the modifications of 

the Throughput Increase Project.
82

  Setting aside the contradiction embodied by the DEIR’s 

reliance on data used for the purpose of that Project’s environmental analyses, when at the same 

time it fails to disclose the relationship between the two projects, the DEIR states that the 

Refinery emissions levels are based on operations up to the facility’s full permitted throughput 

capacity.  This alone appears to violate CEQA’s requirement to use actual, rather than permitted 

emissions, as the project baseline.
83

  Yet, the DEIR goes on to state that such emissions levels do 

not reflect the change in operational capacity enabled by the Throughput Increase Project.  Thus, 

the permitted levels, even as of 2013, still fail to provide an accurate depiction of the existing 

environmental conditions, of this Project, as this Project is integrally related to the Throughput 

Increase Project.
84

 

 

Finally, as a result of the DEIR’s failed analysis of the range of potential DPM emissions 

the DEIR underestimates the mitigation necessary to prevent harmful impacts caused by DPM.  

For example, the DEIR provides that it will address the increase in diesel emissions during 

construction and operations by watering exposed areas 3 times per day for 61% fugitive dust 

control; that it will require reduced vehicle speeds to 15 mph and the use of Tier 3 engines with DPM 

on construction equipment above 100 hp.85  It further states that it will confer with SLOAPCD, prior 

to and during Project operations to develop plans to address the Project’s above threshold emissions 

levels, including achieving off site emissions reductions, in order to account for those emissions that 

surpass the County’s applicable threshold levels.86  As noted throughout this comment, such deferred 

mitigation activities are improper under CEQA.      

 

(iv) The DEIR Fails to Identify or Mitigate Additional Impacts of Emissions 

Resulting from the Project’s Change in Crude Slate.  

This Project enables the Santa Maria facility to receive new sources of crude, whose 

chemical composition, including chemicals mixed to enable transport and further processing at 

the Rodeo facility remain undisclosed, and therefore, cannot be analyzed for their impacts.
87

  

This leaves such impacts without mitigation or alternatives analyses, thwarting the entire purpose 

of the document, in violation of CEQA.
88

   

 

                                                 
81

 CEQA Guidelines, 14. Cal. Code Reg. § 15125(a). 
82

 DEIR 4.3-21. 
83

 See Exhibit 25.  
84

 See supra Section I.A.  
85

 DEIR 4.3-35.   
86

 Id.   
87

 See supra and Fox Santa Maria Report.    
88

 See Berkeley Keep Jets Over the Bay Comm. v. Bd. of Port Comm'rs, supra, 91 Cal.App.4th 1344, 1355 
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In addition to generally requiring more energy, and power generation to refine, the 

composition of tar sands crudes is chemically different from other heavy, locally sourced crudes, 

currently processed at the Santa Maria facility, and/or transported by pipeline to Rodeo.  By their 

composition, tar sands are heavier, denser, and have higher sulfur contents than locally sourced 

crudes.
89

  As outlined above, tar sands crudes are distinct from even the heaviest of crudes 

currently processed at the Refinery, for two principal reasons : (1) the unique chemical 

composition of the bitumen itself; and (2) the presence of large quantities of volatile diluent 

containing  high levels of VOCs, TACs and HAPs.  If released, these air pollutants amount to 

increased emissions that would result in significant public health and air quality impacts not 

addressed in the DEIR.   

 

 As a result, the DEIR fails to account for significant increases in overall emission 

estimates, including those of DPM, potent carcinogens such as benzene, toxic sulfur compounds 

that would individually and cumulatively cause malodors, and degrade ambient air quality; and a 

dramatic increase in incidents of accidental releases adversely affecting the health of workers 

and residents throughout the County, and even along the rail route up and down the West Coast.  

Furthermore, the high acid levels in these crudes and their semi-refined products would 

accelerate corrosion of refinery components, contributing to equipment failure, more accidental 

releases, and again, risking harm to both worker and public health and safety.  

 

 Bitumen Chemical Composition 

 

Bitumen is composed of higher molecular weight chemicals, including large amounts of 

benzene, toluene, xylenes, and other heavy metals, present in both state and federal toxic 

emissions inventories, and therefore of particular concern to both federal and state regulatory 

agencies.
90

  Benzene has a high cancer potency and is known to cause severe reproductive, 

developmental and immune systems impacts at even low exposure levels.
91

  Systemic benzene 

poisoning, a long term exposure risk, includes the potential for severe hemorrhages, and may at 

times result in fatality.
92

  Concentrated, acute exposure levels have also been known to cause 

headaches, and nausea.
93

  While less information is available relating to longer term systemic 

and acute exposure levels to ethylbenzene, toluene and xylene, in California, the toxicity and risk 

levels of the three are currently under CARB scientific review.
94

     

 

The U.S. Geological Survey reports that “natural bitumen,” the source of all Canadian tar 

sands-derived oils, contains 102 times more copper, 21 times more vanadium, 11 times more 

sulfur, six times more nitrogen, 11 times more nickel, and 5 times more lead than conventional 

                                                 
89

 Fox Santa Maria Report at 26.   
90

 See, e.g., United States EPA, Clean Air Act 1990 List of Hazardous Air Pollutants, available at: 

http://www.epa.gov/ttn/atw/orig189.html, last accessed on Jan 26, 2014; see also, California Air Resources Board 

Toxic air Contaminant Identification List, available at: http://www.arb.ca.gov/toxics/cattable.htm#Note 1, last 

accessed on Jan 26, 2014.    
91

 Determination of Acute Reerence Exposure Levels for Airborne Toxicants, March 1999, Acute Toxic Summary, 

BENZENE, available at: http://www.oehha.ca.gov/air/acute_rels/pdf/71432A.pdf, last accessed, Jan. 26, 2014.   
92

 Id.   
93

 Id.   
94

 California Air Resources Board, Toxic Air Contaminant Identification List, available at: 

http://www.arb.ca.gov/toxics/cattable.htm#Note 1, last accessed, Jan. 26, 2014.    

http://www.epa.gov/ttn/atw/orig189.html
http://www.oehha.ca.gov/air/acute_rels/pdf/71432A.pdf
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heavy crude oil, including even the heaviest of “American crudes,” which, according to Phillips 

66, comprise the majority of the crude slate currently processed at the Refinery.
95

  The 

environmental damage caused by these contaminants, when released includes acid rain; harmful 

bioaccumulation of the contaminants; the formation of ground-level ozone and smog; visibility 

impairment; odor impacts affecting residents near the Refinery; accidental releases due to 

corrosion of refinery equipment; and depletion of soil nutrients.
96

   

 

Currently, the level of bitumen present in the refinery’s overall crude slate is as low as 2 - 

7%.
97

  Given this Project’s overall components, including those that are unaddressed in the 

DEIR, such as the Throughput Increase Project and its resulting dramatic increase in process 

capacity at Santa Maria, this level of tar sands crude present in the overall crude slate will 

increase dramatically.  The Project may in fact increase the import of heavy tar sands bitumen 

crudes by up to the entire permitted capacity of the Refinery.
98

 This means, that there will be a 

remarkable increase not only in the content of lead and other metals listed above contained in the 

crude itself, but also in derivative coke and coke products, transported out of the refinery.
99

  

Moreover, because diluents also have a notably low molecular weight, and a high vapor pressure, 

they are highly prone to cause fugitive, gaseous releases by increasing vapor pressure in various 

refinery operation components, including rail cars and pipelines used for transport.
100

  

Nevertheless, the DEIR fails to identify, analyze or mitigate the wholly foreseeable Project 

emissions of these contaminants. 

 

For instance, the DEIR does not disclose BTEX concentrations either in the baseline 

crude slate or in the range of crudes that will be imported by way of the Project.
101

  BTEX levels 

in diluent generally range from about 27,000 ppm to 60,900 ppm.
102

  The BTEX in dilbits, 

blended from these diluents materials in turn, ranges from 8,000 ppm to 12,300 ppm.
103

  Again, 

because of the high vapor rate that is characteristic of the diluents, and thus also characteristic of 

dilbit, dilbit will likewise quickly evaporate from any unseamed openings.  Thus, whether 

because of pure diluents or the blended dilbit arriving to the Santa Maria facility by way of rail, 

and likewise being processed, or transported out of the facility by way of pipeline, a remarkably 

high level of hazardous toxic materials exists, well above the current baseline level that is 

implicated by this Project, and completely beyond the contents of the DEIR.    

 

The DEIR’s current, single mass fraction crude vapor speciation profile contained in the 

document’s impacts analysis is wholly insufficient to address the potential risks associated with 

the increase in dilbit at the Refinery.
104

  In order to assess and mitigate the potential impacts from 

the increased concentration of TACs, and HAPs, and their associated risk of causing serious 

harm to human health and environment, the DEIR should, at a minimum, include the amount of 

                                                 
95

  Fox Santa Maria Report at 29.   
96

 Id.   
97

 Fox Santa Maria Report at 2.   
98

 Id. at 28.   
99

 Id. at 29. 
100

 Id. at 22.   
101

 Id. at 22 
102

 Id.  
103

 Id.    
104

 Id. at 23.   
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diluents needed to enable efficient delivery and transport of tar sands crude into and out of the 

Santa Maria facility.   

 

Overall, a switch in crude slate directly implicates additional HAPs to be emitted at many 

fugitive components in the Refinery, including both the Santa Maria and Rodeo facilities; 

through compressors, pumps, valves, fittings, and tanks, in far greater amounts than from the 

current baseline feedstock.
105

  Moreover, when any amount of dilbit is released, the substance 

will generally create spills far more difficult to clean, or remedy, than those caused by even the 

heaviest of locally sourced crudes.
106

  When held in a storage tank, pipe or rail car, diluents alone 

can also rapidly evaporate and escape through any unseamed openings
107

 – another set of 

significant impacts the DEIR leaves unidentified, unaddressed and unmitigated.   

 

(v) The DEIR Fails to Identify Risks to Worker Health and Safety.   

 

The DEIR fails to adequately identify the health risks posed to on-site workers as a result of 

the Project.  While the DEIR states that there are health risks associated with exposure to 

carcinogenic compounds at the refinery, the DEIR fails to provide an assessment of how the 

increased exposure to carcinogens, stemming from the project, will impact on-site workers.108  Thus, 

the DEIR further fails to identify these critical potential impacts.   

 

Workers at both of Phillips 66’s San Francisco Refinery facilities will bear the brunt of the 

burden caused by vapor and other emissions of TACs and HAPs from various transport and refinery 

equipment.  On-site workers will also be on the frontlines of any accidents, spills or other hazards 

caused by the Project, and therefore are particularly susceptible to suffer from the most serious health 

impacts, that may stem from this Project.109  Because of the TACs and HAPs present in the tar sands 

bitumen crudes and in their blended diluents, the County must require a full HRA analysis that 

accounts for the change in crude slate.  Currently, the DEIR cites to the HRA used for the 

Throughput Increase Project, yet, fails to acknowledge the relationship between the two Projects.  

Such a blatant contradiction, that also confirms that these projects are piecemealed, should not stand. 

The DEIR ignores impacts to workers and the County should require a revised HRA that includes the 

added TAC and HAP burdens resulting from the combined components of the Throughput Increase, 

Propane Fuel Recovery, and Rail Spur Projects, prior to approving any EIR document, and certainly 

prior to Project approval.    

 

(vi) The DEIR Fails to Identify Cumulative Impacts to Public Health.   

 

The DEIR omits a necessary analysis of cumulative impacts of the Project, one of 

CEQA’s most vital requirements.
110

  An EIR must “discuss cumulative impacts of a project 

when the project's incremental effect is cumulatively considerable.”
111

 Furthermore, a lead 

                                                 
105

 Id. at 16.   
106

 Id. at 21.   
107

 Id.   
108

 DEIR, 4.3-48.   
109

 Fox Santa Maria Report at 24.   
110

 See Pub.Res.Code § 21082 (referring to the CEQA Guidelines §§ 15130(a)(1) and 15355 for the applicable 

definition of cumulative impacts); see also, Bozung v. Local Agency Formation Commission (1975) 13 Cal.3d 263, 

283 
111

 CEQA Guidelines § 15130(a) (emphasis added).  
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agency must find “that a project may have a significant effect on the environment” when “[t]he 

project has possible environmental effects that are individually limited but cumulatively 

considerable.” 
112

 The Guidelines define “cumulatively considerable” to mean “that the 

incremental effects of an individual project are significant when viewed in connection with the 

effects of past projects, the effects of other current projects, and the effects of probable future 

projects.”
113

  The purpose of this analysis is to avoid considering projects in a vacuum, wherein 

seemingly benign impacts could lead to severe environmental harm, in light of the environmental 

context.
114

  The DEIR must, therefore, “demonstrate that the significant environmental impacts 

of the proposed project were adequately investigated[,] discussed[,] and … considered in the full 

environmental context,” including existing pollution burdens in the areas that are directly 

impacted by the Project.
115

   

 

Santa Maria, its surrounding communities including the cities of Nipomo and Guadalupe, 

as well as Rodeo, and its surrounding communities, have all been identified by the Office of 

Environmental Health and Hazards Assessment (OEHHA) as bearing a concentrated burden of 

health hazards resulting from various pollution sources, including the Santa Maria and Rodeo 

Refinery facilities.
116

  This means that impacts, which may appear insignificant by themselves, 

are indeed significant when considered in the context of and in combination with existing 

sources of environmental impacts, which often tend to be more concentrated in some areas, such 

as those where these two facilities are located.   

 

With regard to the Santa Maria facility, Santa Maria, Nipomo and Guadalupe score high 

on the OEHHA’s indicators used to highlight environmental justice, or highly burdened 

communities.
117

  Some of these indicators or factors include: number of pollution sources, 

including active and inactive waste cleanup sites; heavy industrial facilities, such as refineries; 

and hazardous waste, groundwater waste, presence of ozone and ozone precursors in the ambient 

environment, among others.  The public health indicators examined further include, inter alia, 

asthma and low birth weight rates.   

 

Nipomo has a high concentration of solid waste sites, including both active and in-active 

clean-up sites.
118

  This means that the residents of the Nipomo already bear the burden of 

existing concentrated mal-odors, methane and carbon dioxide emissions from those facilities 

                                                 
112

 CEQA Guidelines § 15065(a). 
113

 Id.   
114

 San Joaquin Raptor/Wildlife Rescue Center v. County of Stanislaus (1994) 27 Cal.App.4th at 720. 
115

 CEQA Guidelines § 15125(c).   
116

 OEHHA Cal Enviro Screen 1.1 (amended), Statewide Zip code Results, Nipomo, Guadalupe, Santa Maria, 

available at: 

http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56, 

last accessed, Jan. 26, 2014; and Zip code Results, Rodeo, available at:  

http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56, 

last accessed, Jan., 26, 2014.   
117

 See, OEHHA Cal Enviro Screen 1.1, Statewide Zip code Results, Nipomo, Guadalupe, Santa Maria, supra, at: 

http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56.  
118

 OEHHA Cal Enviro Screen 1.1 (amended), Statewide Zip code Results, available at: 

http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56, 

last accessed, Jan. 26, 2014.   

http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56
http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56
http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56
http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56
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alone.
119

  Nipomo also scores within the top 3% of the state’s highest Toxic Release Inventory 

chemical burdens and within the top 1% of the state’s burden from pollution caused by pesticide 

use.
120

  Guadalupe is identified as a linguistically isolated city, and similar to Nipomo has a high 

concentration of hazardous waste facilities.
121

  It also bears the impacts of a high concentration 

of emissions from other concentrated pollution stationary sources, such as the Santa Maria 

Refinery.
122

  The combined impacts of these factors renders that city and the surrounding area, a 

particularly vulnerable community that suffers a high health burden from existing contaminating 

sources. 
123

  

 

Much like Nipomo and Guadalupe, Rodeo also ranks in the top 8% of the state’s highest 

concentration of hazardous waste facilities, has a high concentration of contamination from 

Toxic Release Inventory chemicals, ranking in the top 3% for that factor.
124

  Moreover, Rodeo 

also suffers from a high rate of low birth weights and asthma, ranking in the top 1 and 16% for 

each, respectively.
125

     

 

The particular vulnerabilities of these communities, and the existing pollution burdens 

that exist in each, even without the added impacts of the proposed Rail Spur Project, in 

combination with its related components in both the Throughput Increase and Propane Fuel 

Recovery Projects, demand a full analysis of the additional burden that will result from this 

Project.  As detailed above, the Project’s emissions and impacts analysis is incomplete, as a 

result of the DEIR’s failure to disclose information relating to the Refinery’s overall shift in 

crude slate.  Even absent an analysis that includes the Refinery’s change in crude, those 

emissions that are currently identified in the DEIR as being less than significant, are not analyzed 

in the context of the existing pollution burdens in either Santa Maria and its surrounding 

communities, or Rodeo.  This analysis is an integral component of CEQA, one that the DEIR 

illegally omitted.
126

 

  

Overall, the DEIR’s failure to disclose the exact qualities of its projected and foreseeable 

feedstock switch preclude any meaningful analysis of the impact of this Project on worker and 

community health.  The DEIR simply does not provide enough information.  Even if the Project 

were to implement the DEIR’s claimed Bakken feedstock,  Bakken crude is a light and volatile 

crude with a high API gravity and very low sulfur content, significantly distinct from the current 

crude feedstock processed at the Refinery, and also distinct from tar sands crudes.
127

  When 

refined, it yields very little residuum, which is generally used for coker feeds, but it yields large 

amounts of gasoline.
128

  If the crude slate were switched to Bakken, combustion emissions at the 

                                                 
119

 OEHHA, California Communities Environmental Health Screening Tool, Version 1.1 Guidance and Screening 

Tool, September 2013 Update, Matthew Rodriguez, Cal EPA, and George V. Alexeeff, Ph.D., Director of OEHHA, 

available at: http://oehha.ca.gov/ej/pdf/CalEnviroscreenVer11report.pdf, last accessed, Jan 26, 2014. 
120

 See OEHHA Cal Enviro Screen 1.1, supra, and see, Id. 
121

 Id.   
122

 Id.   
123

 Id.   
124

 OEHHA, Cal Enviro Screen 1.1 (amended), Statewide Zip code Results, Rodeo, at:  

http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56.  
125

 Id.  
126

 CEQA Guidelines §§ 15064(d), 15125(c); see also, Kings County Farm Bureau, 221 Cal. App. 3d 692, 729.    
127

 Id. (citations omitted) 
128

 Fox Santa Maria Report at 9.   

http://oehha.ca.gov/ej/pdf/CalEnviroscreenVer11report.pdf
http://oehha.maps.arcgis.com/apps/OnePane/basicviewer/index.html?appid=1d202d7d9dc84120ba5aac97f8b39c56
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Santa Maria Refinery may decrease overall, however, VOC and other HAP emissions would 

significantly increase, as well as the risks to worker and public health and safety.
129

   

 

B. The DEIR Fails to Adequately Analyze and Mitigate the Project’s Air 

Quality Impacts. 

 

The EIR’s analysis of the Project’s criteria pollutant impacts is riddled with errors.  We 

highlight five: first, the EIR relies on an inadequate study area and therefore underestimates the 

Project’s potential to result in a substantial increase in criteria pollutant emissions.  Second, it 

underestimates or ignores altogether emissions of criteria pollutants.  Third, the Project relies on 

an illegal use of Emission Reduction Credits.  Fourth, the EIR’s analysis completely 

underestimates indirect emissions.  Fifth, the EIR’s analysis is predicated on a faulty and illegal 

baseline.  The end result is that the Project will result in significant air quality impacts that the 

EIR fails to identify or mitigate. 

 

(i) The DEIR Incorporates an Inadequate Study Area.  

 

The DEIR substantially underestimates the Project’s increase in greenhouse gas (“GHG”) 

and criteria air pollutant emissions because it relies on an artificially and unnecessarily 

constrained study area.  The DEIR’s air impact analysis is unnecessarily limited.
130

  However, it 

is clear that the air quality impacts of the Proposed Project will regularly extend far beyond the 

county line, or even other areas that the DEIR makes brief mention of, and the DEIR fails to 

account for that.  

 

The study area of an EIR must include “the area which will be affected by a proposed 

project.”
131

  There is no predefined geographic limit to where impacts can occur, and it is well 

established that “the area that will be affected by a proposed project may be greater than the area 

encompassed by the project itself.”
132

  This broad understanding of the geographic scope of an 

EIR’s analysis is essential, and “the purpose of CEQA would be undermined if the appropriate 

governmental agencies went forward without an awareness of the effects a project will have on 

areas outside of the boundaries of the project area.”
133

  

 

By employing an artificially constrained study area, the DEIR fails to assess the air 

quality impacts of operational emissions outside of San Luis Obispo County.  Although the 

DEIR does calculate both GHG and criteria emissions outside of the County, it neither evaluates 

the significance of these emissions, nor discusses any mitigation measures.  This is particularly 

problematic.  For example, locomotive emissions outside of the County will be significant—the 

DEIR calculates locomotive GHG emissions outside of the County as over 60,000 MTCO2E, 

which accounts for nearly 80% of the total operational GHG emissions of the proposed 

project.
134

  Similarly, the criteria emissions from locomotives outside of San Luis Obispo County 

                                                 
129

 Id. at 10.   
130

 See DEIR at 4.3-1  
131

 See Cal. Pub. Res. Code § 21060.5 (defining “environment” as “the physical conditions that exist within the area 

which will be affected by a proposed project”). 
132

 Save the Plastic Bag Coalition v. City of Manhattan Beach (2011) 52 Cal.4th 155, 173. 
133

 Muzzy Ranch Co. v. Solano Cnty. Airport Land Use Com. (2007) 41 Cal. 4th 372, 387. 
134

 See DEIR at 4.3-50, Table 4.3.15. 
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are significant.
135

  Among other emissions, the DEIR fails to evaluate the impacts of 160 tons of 

NOx, 5 tons of PM10, and nearly 25 tons of CO that will be emitted each year in California 

outside the County borders.
136

 

 

By artificially limiting the geographic scope of the analysis to air pollutants emitted 

within the boundaries of San Luis Obispo County, the DEIR substantially underestimates the 

significant air quality impacts of transporting crude oil by rail from oilfields across North 

America to the Sana Maria facility.  The DEIR should be revised to evaluate the Project’s 

emissions outside of the County, and to discuss mitigation for those emissions. 

 

(ii)  The DEIR Does Not Analyze Emissions from All of the Project’s 

Components. 

 

The DEIR fails to assess emissions from all components of the Project.  Most blatantly, 

the DEIR fails to assess the air quality impacts of the San Francisco Refinery as a whole, and 

includes no analysis of the emissions that will be caused at the Rodeo component as a result of 

the rail spur extension at the Santa Maria component.  

 

CEQA requires that an EIR consider the impacts of a whole project, not simply its 

constituent parts, when discussing the environmental effects of the project.
137

  As discussed 

supra in Part I, an essential element of this Project is a shift to a different-quality crude slate, and 

the Santa Maria Throughput Expansion, Rodeo Propane Recovery Project and this Project are at 

least three integral components of this piecemealed project.  Consequently, this DEIR should 

include an analysis of the full scope of air quality impacts resulting from this larger piecemealed 

project, not just the impacts from the Rail Spur Extension Project. 

 

Most importantly, because the DEIR does not disclose the quality of crude oil that will be 

brought to the San Francisco Refinery as a result of the rail spur expansion, the DEIR cannot 

analyze the severe air quality impacts that will result from processing different-quality crude. 

The proposed rail spur extension will allow the San Francisco Refinery to import different or 

lower-quality crude oil from oilfields throughout North America.
138

  The refining of this different 

quality crude slate can be reasonably expected to require an increase in frequency and magnitude 

of flaring at Santa Maria, since dirtier crude processing would likely increase “malfunction” and 

“emergency” flaring.
139

  Moreover, a malfunction or emergency upset causes the whole contents 

of one or more major process vessels to depressurize suddenly, and each flaring event can cause 

acute exposures to emitted pollutants, which is not discussed in the DEIR.
140

  Each of these 

flaring episodes comes with associated and extremely high levels of additional pollution.  

  

In addition, the daily operation and refining of a different quality crude slate will result in 

increased daily emissions of pollutants, including many toxic/PM precursor/smog-forming air 

                                                 
135

 See DEIR at 4.3-44, Table 4.3.13. 
136

 See DEIR at 4.3-44, Table 4.3.13. 
137

 See CEQA Guidelines, 14 Cal. Code Reg. § 15003(h); Citizens Assoc. for Sensible Degvelopment of Bishop 

Area v. County of Inyo (1985) 172 Cal.App.3d 151. 
138

 See DEIR at 2-21. 
139

 See Karras Decl. (Rodeo). 
140

 See Karras Decl. (Rodeo). 
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pollutants from burning more fuel per barrel to process the likely denser/dirtier crude feeds.
141

  

An increase in fugitive emissions and heightened concentrations of toxic VOCs can also be 

anticipated as a result of the higher pressure processing of denser crudes.
142

  The DEIR does not 

analyze these effects, and consequently the DEIR also fails to discuss mitigation measures for 

these impacts.  

 

The EIR process for this Project presents a critical opportunity to engage in a genuine and 

thorough review of the full environmental impacts of this Project.  By failing to analyze the 

emissions from all components of the larger project, the DEIR obfuscates the full extent of air 

quality impacts, and renders informed decision-making on this Project impossible.  

 

(iii)  The DEIR Inappropriately Relies on Emission Reduction Credits Requested 

by the Rodeo Facility. 

 

The DEIR underestimates the SO2 emissions of the Project.  The DEIR fails to disclose 

an application for Emission Reduction Credits (“ERCs”) that would likely result in future SO2 

emissions increases at Phillips 66’s San Francisco Refinery.  The application was filed for the 

Rodeo facility, but it is equally relevant here because the Rodeo and Santa Maria facilities are, 

by Phillips 66’s own admission, the two component parts of the San Francisco Refinery.  

 

Phillips 66 asserts that its Rodeo Propane Recovery Project will result in a reduction in 

SO2 emissions, and has requested 174.7 tons per year of SO2 ERCs for that reduction.
143

 

According to Phillips 66, “[o]f this amount, 7.61 tpy will be used to offset project SO2 increases 

so that there will be no net increase in SO2 emissions from the project (see Table 3-1).  The 

remaining 167.1 tpy of SO2 (174 tpy minus 7.61 tpy) will be banked as ERCs.”
144

  The assertions 

in this application are contrary to the assertions in the EIR for the Rodeo Propane Recovery 

Project, which claims that the Rodeo project will reduce refinery-wide SO2 emissions “by at least 

50%.”
145

  Banking ERCs equal to the claimed emission reduction would allow the refinery to 

increase its SO2 emissions in the future, thus negating any claimed SO2 reduction benefits.  

 

The DEIR must identify and analyze the impacts of these SO2 ERCs in order to capture 

the full air quality impacts of the Project, inextricably linked to the Rodeo facility.  The failure to 

acknowledge and assess these impacts is a clear violation of CEQA’s mandate to identify and 

avoid the significant effects of a project on the environment. 

 

(iv)  The DEIR Fails to Adequately Analyze Indirect Emissions. 

 

CEQA requires an EIR to consider both direct and indirect impacts of a proposed 

project.
146

  Indirect impacts are those that are “caused by the project and are later in time or 

farther removed in distance, but are still reasonably foreseeable.”
147

  The scale of the Project’s 

                                                 
141

 See Karras Decl. (Rodeo). 
142

 See Karras Decl. (Rodeo). 
143

 See Karras Decl. (Rodeo). 
144

 Air Permit Application at 17, Section 3.4 (Air Permit App Sections 1–3). 
145

 Rodeo PRP EIR at ES-2, 3-5, and 4.3-19. 
146

 CEQA Guidelines, 14 Cal. Code Reg. § 15358(a). 
147

 CEQA Guidelines, 14 Cal. Code Reg. § 15358(a)(2). 
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activities is large enough that off-site emissions could reasonably be affected.  Moreover, the 

indirect nature of these wholly foreseeable off-site emissions cannot be ignored as “it is 

inaccurate and misleading to divide the project's air emissions analysis into on-site and 

secondary emissions for purposes of invoking the presumption the project will have no 

significant impact.”
148

  Thus, the DEIR requires a sufficient analysis and discussion of these 

sources.  For example, in North Coast Alliance, the lead agency’s analysis of the identification of 

indirect sources of GHG emissions from electrical demand was found sufficient given that the 

agency conducted a thorough analysis of the project’s demand on a utility’s electricity generation 

and whether it would increase production at any fossil-fuel power plants.
149

   

 

The DEIR does not acknowledge a switch to a lower or different quality crude feedstock 

and therefore does not address the indirect emissions associated with that switch, for example, 

greenhouse gas emissions from crude source demand activities such as extraction and front-end 

refining and diluting.   

  

Similarly, the DEIR does not adequately analyze the substantial air quality impacts 

associated with the transport of crude oil from new sources across North America.  The refinery 

currently receives all crude oil for processing by pipeline,
150

 while the Project proposes to import 

crude oil by rail from “oilfields throughout North America.”
151

  The Project would result in up to 

250 trains per year moving from Canada or North Dakota to Northern California, through some 

of the most densely populated regions of the state, along the coast to the Santa Maria Refinery in 

Central California.
152

  Evidently, the air quality impacts, for instance of GHGs, of such extensive 

rail transport as compared to current impacts of local pipeline transport will be substantial and 

severe.  The DEIR fails entirely to assess the significance of these impacts or to propose 

mitigation for these impacts.  By limiting the study area to the boundaries of San Luis Obispo 

County, as discussed supra in Part II.B.1, the DEIR omits entirely a significant portion of the 

emissions that will result from the Project, and thus vastly underestimates the Project’s 

significant air quality impacts. 

 

Additionally, as noted above, the DEIR fails to account for emissions associated with the 

Rodeo facility.  These include increased criteria pollutant and GHG emissions resulting from the 

processing of different or lower-quality crude, as well as the off-site emissions from the propane 

and butane produced via the Propane Recovery Project and the off-site emissions associated with 

natural gas demand activities.  The DEIR must, at the least, identify these foreseeable activities 

and then adequately analyze and estimate how much the Project is likely to increase emissions 

from all of these sources, regardless of their location. 

 

(v) The DEIR Uses an Inappropriate Baseline Environmental Setting, Rendering 

its Air Quality Analysis Unreliable. 

 

                                                 
148

 Kings County Farm Bureau v. City of Hanford (1990) 221 Cal. App. 3d 692, 717. 
149

 North Coast Alliance v. Marin Mun. Water Dist. Bd. of Directors, 216 Cal.App.4th 614, 652 (“Based on this 

evidence, the EIR concluded the Project's energy demand would not result in an indirect increase in pollutant 

emissions.”). 
150

 DEIR at 2-27. 
151

 DEIR at ES-3, 1-4, 2-21. 
152

 See DEIR at 2-21 (estimating a maximum of 250 trains per year). 
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The baseline for a project consists of “the physical environmental conditions in the 

vicinity of the project, as they exist at the time the notice of preparation is published.”
153

  As the 

DEIR acknowledges, emissions resulting from current refinery operations are a key component 

of baseline air quality.
154

  However, instead of providing data on current refinery emissions, the 

DEIR instead relies on the emissions limitations in the refinery’s permits to establish baseline air 

quality.
155

 

 

This reliance on permit limitations instead of actual emissions to establish baseline air 

quality is a clear violation of CEQA. This precise discrepancy was at issue in Communities for a 

Better Environment v. South Coast Air Quality Management District, where the Supreme Court 

rejected the Air District’s argument that permit levels should be used to establish the baseline.
156

 

The Air District argued that for a project employing existing equipment, the baseline should be 

the maximum permitted operating capacity of the equipment, even if the equipment is operating 

below those levels when the Notice of Preparation is issued.
157

  The Supreme Court rejected the 

District’s illegal permit based approach, and clarified the need for the proper assessment of 

baseline for review under CEQA.
158

   

 

The DEIR provides no information about the actual emissions levels at the Refinery, and 

thus fails to provide sufficient information to establish an appropriate baseline environmental 

setting.  The DEIR should be revised to provide this information and an accurate and informative 

baseline as required under CEQA review. 

 

C. The DEIR Fails to Adequately Disclose, Analyze or Mitigate Project-related 

Hazards and Public Safety Risks. 

An EIR must provide sufficient information to evaluate all potentially significant impacts 

of a project, including public safety risks due to accidents or, “information about how adverse 

the adverse impact will be.”
159

  Without this information, it is impossible for County decision 

makers and the public to evaluate the extent and severity of the Project’s impacts relevant to 

public safety.  The DEIR fails to meet this burden in three respects: (1) it continues to omit 

relevant and indispensable information regarding crude quality and therefore never addresses 

resultant safety impacts; (2) it illegally defers mitigation in relying on safety precautions and 

anticipated plans that are not yet approved; and (3) it includes a flawed and under-estimated 

analysis of the risk of oil spill or train car derailment.
160

  The DEIR therefore fails to provide any 

currently real and enforceable measures and performance standards and can provide no assurance 

the Project’s impacts related to hazards would not be significant, or that they would be mitigated 

at all.
161

   

 

                                                 
153

 CEQA Guidelines, 14. Cal. Code Reg. § 15125(a). 
154

 See DEIR at 4.3-17 to 4.3-22. 
155

 DEIR at 4.3-18 to 4.3-19. 
156

 Communities for a Better Env’t v. S. Coast Air Quality Management District (2010) 48 Cal. 4th 310.  
157

 CBE v. SCAQMD, 48 Cal. 4th at 320. 
158

 Id. 
159

 Santiago County Water District v. County of Orange (1981) 118 Cal. App. 818, 831. 
160

 See DEIR at 4.7.   
161

 See Sacramento Old City Ass’n v. City Council (1991) 229 Cal. App. 3d 1011. 
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Scope of Analysis/Federal Preemption 

 

As an initial matter, the DEIR’s Study Area and Scope of analysis of public safety risks is 

unnecessarily limited to the vicinity of the Rail Spur.
162

  Although the DEIR provides a detailed 

description of catastrophic failure scenarios, it does not analyze whether those impacts would 

prove significant, to any degree of specificity, in regards to this Project.  The DEIR’s analysis of 

risks to public safety ends with the Santa Maria facility boundary.
163

   

 

The implications of this Project, however, include approximately 400 tanker cars per 

week moving up and down the West Coast, likely containing extremely hazardous tar sands 

crude, or highly flammable Bakken.
164

  The DEIR simply analyzes the risks of spill and 

derailment in regards to the unloading facility at the refinery and in the vicinity of the Union 

Pacific Railway right of way.    

 

The DEIR claims that certain train movements may be “preempted from local and state 

environmental regulations by federal law under the Interstate Commerce Commission 

Termination Act (“ICCTA”) of 1995 . . . .” However, ICCTA does not preempt CEQA. Indeed, 

no published decision has so held.  Accordingly, the DEIR must analyze all hazard and public 

safety impacts created by the Rail Spur Project, regardless of whether they occur on the project 

site or not. 

 

(i) The DEIR Fails to Discuss the Public Safety Risks of Refining a Different or 

Lower Quality Crude Oil Feedstock.  

 

The DEIR’s failure to disclose the company’s switch to crude with a significantly 

different chemical composition, and even to tar sands crude, renders the instant analysis of public 

safety impacts inherently flawed.  It fails to identify the varied risks associated with refining, 

storing and transporting these crudes.      

 

(a) The DEIR does Not Adequately Consider Accidental Releases at the 

San Francisco Refinery. 

 

It is uncertain whether the Santa Maria facility can handle the unique chemical 

composition of tar sands crudes without significant upgrades.  Higher acid and/or sulfur content 

in a crude may increase the risk of corrosion to refinery equipment and pipes, which in turn can 

lead to leaks, explosion or fire.
165

  There is no assurance that required metallurgical upgrades 

have occurred at the Santa Maria facility to cope with the different composition of “advantaged 

                                                 
162

 DEIR at 4.7-1, 4.7-2.  Section 4.7.1.1 anticipates the scope of review: “The area that could be impacted by a 

release also includes all rail routes in the County and any routes associated with existing trucking of crude oil or 

associated facility hazardous materials.”  However, the DEIR, after an extensive review of the applicable Federal, 

State and local laws, merely analyzes project impacts immediately within the vicinity of the rail spur (section 4.7.4).     
163

 The company proposes only two mitigation measures (registration of railroad crossings within the Santa Maria 

facility with the Federal Department of Transportation and installation of crossbucks at those crossings, DEIR at 

4.7).  This places full reliance on the federal government and ignores explicitly delegated authority outlined 

throughout the DEIR, for instance the CPUC’s regulation in regards to railroads.  
164

 See Fox Rodeo Report and DEIR at 4.12-21and 2-21.   
165

 See http://www.dir.ca.gov/DIRNews/2013/IR2013-06.html 
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crude.”  Such refinery infrastructure changes are extensive and not required by any regulatory 

framework.  As noted above, changes in crude slate at the Chevron Refinery in Richmond 

suggests that failure to perform required metallurgical upgrades can lead to catastrophic 

accidents.
166

 

 

A crude slate change could result in corrosion, a root cause of significant accidental 

releases, even if the crude slate is within the current design slate basis, due to compositional 

differences.  In fact, although the sulfur composition at Chevron Richmond remained within the 

design range,
167

 the gradual and significant change over time caused increased corrosion rates in 

the 4-sidecut line, which led to a catastrophic pipe failure in the #4 Crude Unit on August 6, 

2012.  This release sent 15,000 people to nearby hospitals and created huge black clouds of 

pollution billowing across the Bay.  It also put workers at the unit in grave danger, with several 

escaping the gas cloud and inferno narrowly.   

 

Incidents such as those that occurred at the Chevron Richmond Refinery confirm that 

refining oil is an inherently dangerous process.  According to the report “Improving Public and 

Worker Safety at Oil Refineries” prepared by Governor Jerry Brown’s Office, every week, the 

U.S. Department of Energy receives reports on process safety incidents in the U.S. refinery 

industry.
168

  The week that ended March 14, 2013 had 26 reported incidents, including 

unplanned flaring at the Torrance, California Exxon Mobil Refinery; an unplanned shut-down of 

the hydrocracking unit at Valero’s Benicia, California facility; and the unexplained restart of a 

major electrical unit at the Chevron Refinery in Richmond, California.
169

  Recent news reports 

tell of multiple catastrophic events that have resulted in fatalities, serious injuries, and 

devastating environmental effects.
170

  The DEIR fails to account for any preventative or 

responsive precautions to address the Project’s goal of accessing a wide range of “advantaged 

crudes.”   

 

(b) The DEIR does Not Adequately Consider the Impacts of Transport of 

Tar Sands Crude by Rail. 

                                                 
166

 U.S. Chemical Safety and Hazard Investigation Board, Interim Investigation Report, Chevron Richmond 

Refinery Fire, Chevron Richmond Refinery, Richmond, California, August 6, 2012, Draft for Public Release, April 

15, 2013, available at, http://www.csb.gov/chevron-refinery- fire/. 
167

 US Chemical Safety and Hazard Investigation Board, 2013, p.34 ("While Chevron stayed under its established 

crude unit design basis for total wt. % sulfur of the blended feed to the crude unit, the sulfur composition 

significantly increased over time. This increase in sulfur composition likely increased corrosion rates in the 4-

sidecut line."). 
168

 See Improving Public and Worker Safety at Oil Refineries Draft Report of the Interagency Working Group on 

Refinery Safety Governor Jerry Brown, dated July 2013. 
169

 Id. 
170

 See Associated Press, Crews slowed by Heat in attacking Calif. rail fire, NBC News, Aug 24, 2011 

http://www.nbcnews.com/id/44259169/ns/us_news-life/t/crews-slowed-heat-attacking-calif-rail-fire/; and Bret 

Schulte, Oil Spill Spotlights Keystone XL Issue: Is Canadian Crude Worse?, Apr.  4, 2013. 

http://news.nationalgeographic.com/news/energy/2013/04/130405-arkansas-oil-spill-is-canadian-crude-worse/; and 

Marianne Lavelle, Oil Train Crash Probe Raises Five Keys Issues on Cause, National Geographic, Jul. 11, 2013. 

http://news.nationalgeographic.com/news/energy/2013/07/130711-oil-train-crash-five-key-issues/; and David 

Boroff, At least eight injured, five critically, as explosions rock Blue Rhino propane gas plant in Florida, National 

Geographic Jul. 30, 2013, http://www.nydailynews.com/news/national/15-missing-florida-explosions-article-

1.1412355; and Matthias Gafni, Benicia: Three Valero refinery rail cares filled with coke derail, Contra Costa 

Times, Nov. 5, 2013, http://www.contracostatimes.com/news/ci_24458813/valero-refinery-rail-car-derails-benicia. 

http://www.nbcnews.com/id/44259169/ns/us_news-life/t/crews-slowed-heat-attacking-calif-rail-fire/
http://news.nationalgeographic.com/news/energy/2013/04/130405-arkansas-oil-spill-is-canadian-crude-worse/
http://news.nationalgeographic.com/news/energy/2013/07/130711-oil-train-crash-five-key-issues/
http://www.nydailynews.com/news/national/15-missing-florida-explosions-article-1.1412355
http://www.nydailynews.com/news/national/15-missing-florida-explosions-article-1.1412355
http://www.contracostatimes.com/news/ci_24458813/valero-refinery-rail-car-derails-benicia
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The Federal Railroad Administration has expressed concern about an increasing number 

of severe corrosion incidents found in rail tank cars and service equipment.
171

  Further, there is a 

history of major spills, derailments and explosions of hazardous materials along California rail 

routes.
172

  The New York Times even recently published an article: “Accidents Surge As Oil 

Industry Takes the Train.”
173

  Although the DEIR skims the surface of analysis of such 

impacts,
174

 it fails to do so in regards to the Project itself, and in particular to the transport of tar 

sands and other crudes.   

 

The DEIR does highlight the tragedy in Lac-Mégantic, Canada.  Several derailed tank 

cars spilled oil resulting in multiple explosions and fires causing 47 fatalities, extensive damage 

to the town center and precipitated the evacuation of about 2,000 people from the surrounding 

area.
175

  The transport of crude by rail also implicates significant hazards to public safety.  

Bakken itself is particularly flammable, and was the feedstock transported in Lac-Mégantic, but 

tar sands crude also contain the very dense and toxic diluted bitumen that the rail cars are likely 

to carry.  These oils in particular pose an especially serious environmental and public health 

threat when accidentally released into the environment.  The EPA recently noted that spills of 

diluted bitumen require a different response action or equipment than for conventional oil 

spills.
176

  Dilbit spills are simply more difficult and more expensive to clean up.
177

  A 2010 spill 

of tar sands oil in Michigan has left substantial amounts of the oil on the river bottom to this day, 

and a $1 billion clean-up continues.
178

  Public health officials found numerous acute health 

impacts lasting for days and spanning numerous areas: Cardiovascular, dermal, gastrointestinal, 

neurological, ocular, renal, respiratory and other impacts.
179

  Alternatively, should the project 

rely on rail transport of Bakken crude, equally serious unmitigated spill, fire and explosion 

hazards could result, albeit by somewhat different chemical mechanisms and associated safety 

system gaps, as the Lac–Mégantic incident examples tragically.  The DEIR fails to sufficiently 

analyze any potentially similar impacts throughout California as a result of this Project, and 

completely omits any discussion beyond the Project’s immediate vicinity, for instance, impacts 

resulting from increased traffic, train idling and old ageing train cars not equipped for these 

hazardous materials.   

                                                 
171

 See http://www.fra.dot.gov/eLib/details/L04717.   
172

 For example, there was a very major spill into Upper Sacramento River in 1991. See, 

http://www.dfg.ca.gov/ospr/NRDA/Cantara.aspx.   
173

 See Accidents Surge as Oil Industry Takes the Train, New York Times, Jan. 25 2014, available at 

http://www.nytimes.com/2014/01/26/business/energy-environment/accidents-surge-as-oil-industry-takes-the-

train.html?hp&_r=1.  
174

 See DEIR at 4.7.  
175

 DEIR at 4.7-17.    
176

 EPA, Comment letter to US Department of State regarding the Supplemental Draft Environmental Impact 

Statement from TransCanada’s proposed Keystone XL project, 2013. 
177

 Environmental Working Group, Poisons in the Pipeline, Tests Find Toxic Stew in Oil Spill, June 2013, page 6. 
178

 See http://www.epa.gov/enbridgespill/.  
179

 Michigan Department of Community Health, Acute Health Impacts of the Enbridge Oil Spill, November 2010. 

http://www.michigan.gov/documents/mdch/enbridge_oil_spill_epi_report_with_cover_11_22_1 0_339101_7.pdf 

(last accessed 19 June 2013); U.S Department of Health and Human Services and ATSDR, Kalamazoo 

River/Enbridge Spill: Evaluation of Crude Oil Release to Talmadge Creek and Kalamazoo River on Residential 

Drinking Water Wells in Nearby Communities, 27 February 2013, p. 90. 

http://www.michigan.gov/documents/mdch/enbridge_oil_spill_epi_report_with_cover_11_22_1 0_339101_7.pdf 

(last accessed 20 June 2013) 

http://www.fra.dot.gov/eLib/details/L04717
http://www.dfg.ca.gov/ospr/NRDA/Cantara.aspx
http://www.epa.gov/enbridgespill/
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(ii) The DEIR’s Analysis Illegally Defers Mitigation of Public Safety Precautions.   

 

Formulation of mitigation measures should not be deferred until some future time.
180

  

Numerous cases illustrate that reliance on tentative plans for future mitigation after completion 

of the CEQA process significantly undermines CEQA’s goals of full disclosure and informed 

decision making.
181

  An EIR cannot rely on any management plans, studies, or reports developed 

after the EIR process.
182

    

 

 Mitigation Measure BIO-7 requires Phillips 66 to amend and submit for review and 

approval to the County Planning Department, its Santa Maria Refinery Spill Prevention, Control 

and Countermeasure Plan.
183

  This amendment and review has not yet occurred, and will not 

occur until after the close of the CEQA process.  CEQA specifically forbids any post-project 

approval bilateral negotiation between project proponent and lead agency.
184

  The DEIR’s 

cursory analysis is unclear regarding whether the Spill Prevention, Control and Countermeasure 

Plan will also address the risk of fire or explosion and danger to the public.  This mitigation 

measure cannot comply with CEQA until the County has had an opportunity to review, approve 

and include that Countermeasure Plan in a revised document.  

 

 The DEIR also includes an exhaustive discussion of certain State regulatory bodies 

charged with public safety duties.  The DEIR does no more than highlight the current regulatory 

setting, with sparse discussion of relevance to the Project.  For instance, the DEIR outlines the 

authority delegated to the California Public Utilities Commission to inspect and maintain safety 

at railroad crossings, yet does not make any demonstration that Phillips 66 has or will reach out 

to the Commission to institute proceedings to ensure safety given a higher frequency of rail cars 

and traffic or “virtual pipelines” of highly flammable material passing through some of the most 

densely populated  and environmentally sensitive (e.g., water supply for most of the state) areas 

in the United States.
 185

   

 

Similarly, the DEIR also notes the California Accident Release Prevention Program, 

which mirrors the Federal Risk Management program.
186

  These programs would document 

hazard review, provide process hazard analyses, incident investigation, and ensures maintenance 

and mechanical integrity of the refinery.
187

  The DEIR notes these critical requirements, 

however, “if applicable.”
188

  Its analysis has not only deferred mitigation of public safety 

impacts, but also pushes that mitigation beyond certainty.    

 

The DEIR relies on plans that are not yet approved, and because it fails to provide 

enforceable measures and performance standards, there is no assurance the Project’s impacts 

                                                 
180

 CEQA Guidelines section 15126.4(a)(1)(b).   
181

 See eg. Communities for a Better Environment v. City of Richmond, 184 Cal. App. 4
th

 70, 92 (2010).   
182

 Id. 
183

 DEIR at 4.4-28.  
184

 Communities for a Better Environment v. City of Richmond, 184 Cal. App. 4th at 93. 
185

 DEIR at 4.7-45. 
186

 DEIR at 4.7-51.   
187

 Id.  
188

 Id. 
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related to hazards would not be significant and that they would be mitigated at all.
189

 A revised 

EIR must identify all feasible mitigation measures and analyze alternatives that would 

substantially lessen the significant impacts of the Project. 

 

(iii) The DEIR’s Analysis of Risk of Oil Spill and Train Derailment is 

Innaccurate and Misleading.   

 

In detailing the current setting of transporting crude by rail, the DEIR acknowledges the 

extent of dangers, for instance, the fatal accident in Lac-Mégantic, Canada.
190

  The DEIR then 

begins its analysis of the risk of this similar Project, and either dispels those potential 

catastrophic incidents with either an assertion of improbability or a conclusory analysis.   

 

An Inappropriate Threshold of Significance 

 

First, the DEIR ignores the potentially catastrophic consequences of an accident by 

focusing on the alleged improbability of one occurring.
191

  It finds the risk of oil spill to pose less 

than significant impact.   

 

However, “a substantial, or potentially substantial, adverse change in any of the physical 

conditions within the area affected by the project,” constitutes a significant effect on the 

environment.
192

  Probability does not factor into the evaluation of this adverse change alone 

without consideration for the magnitude of potentially catastrophic harm; the correct inquiry is 

whether the potential for such an adverse change exists.  Regardless, the many recent incidents 

involving crude shipped by rail have shown that such accidents are reasonably foreseeable.  

 

The DEIR instead incorporates a threshold of significance to measure risks to public 

safety that is based on probability.
193

  The DEIR’s analysis relies on the Santa Barbara County 

Public Safety Thresholds.
194

  The analysis interprets the Santa Barbara thresholds to identify a 

significant impact based on “amber or red regions” of the Santa Barbara County Safety Criteria.  

These amber or red regions are determined by Fig. 4.7-5 in the DEIR.  The amber or red regions 

are determined by comparing the number of injuries or fatalities of an activity with the frequency 

per year.  This probability-based criteria is not compatible with CEQA.  This is particularly the 

case for a “new” (transport of tar sands or Bakken crude) activity in a “virtual pipeline” that 

poses different impacts, making any historical analysis of frequency outdated and therefore 

irrelevant.     

 

The DEIR commits the same error in regards to cumulative impacts: the analysis notes 

the proximity of the proposed Phillips pipeline (Pipeline Project) route would be located 

relatively close to the UPRR railroad in Price Canyon and the subsequent overlap in dangers if a 

derailed train/oil spill interacted with failure of the pipeline.  The DEIR offers the assurance that 

                                                 
189

 See Sacramento Old City Ass’n v. City Council (1991) 229 Cal. App. 3d 1011.   
190

 DEIR at 4.7-17. 
191

 DEIR at 4.7.56.   
192

 CEQA Guidelines section 15382.  
193

 DEIR at 4.7-55.   
194

 Id. 
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the resulting “oil spill and fire,” is highly unlikely, and therefore considered less than 

significant.
195

      

  

 Second, the DEIR further dispels any significant risks to public safety on the basis of 

generalized and conclusory statements that are specifically prohibited under CEQA.
196

  The 

following are examples:   

 

“With the increase level of train traffic that would occur with the Rail Spur Project, there 

would be an increased risk of accidents at these road crossings. However, given that the 

trains on site would only be moving at speeds of around three miles per hour these 

impacts would be considered less than significant.”
197

   

 

In regards to security, “the Applicant indicates that the site has a comprehensive security 

system designed to address all security issues.  The security system is periodically tested 

to confirm its effectiveness.  It must meet or exceed Industry standards while addressing 

Homeland Security issues.”
198

 

 

In regards to a discussion on injury and fatality rates: “as rail traffic would occur 

regardless of whether additional crude oil cars were added to the train, the transportation 

of crude oil would not increase the accident/trauma-related injuries and fatalities 

associated with rail accidents.
199

  

 

“Given the properties of crude oil, the likelihood of an explosion is virtually non-existent 

and consequently explosion scenarios are not addressed further in this document.”
200

  

 

 It is remarkable that the DEIR does not even address first response or other emergency 

precautions.  This is particularly the case given the potential inability, as recent news has 

informed, of first responders to control fires from rail spills or explosions.     

 

 History of Violations 

 

 Given that this Project would implement operations to allow Phillips 66 to transport 

highly volatile materials up and down the West Coast through highly populated areas, Phillips 

66’s regulatory compliance record is highly relevant.  In 2004, a leaking crude oil pipeline 

“caused a release” at the Santa Maria facility.
201

  The DEIR, especially in the context of 

switching to a different quality crude slate, should have provided more information regarding 

                                                 
195

 DEIR at 4.7-63. 
196

 See Berkeley Keep Jets Over the Bay Com. v. Board of Port Cmrs. (2001) 91 Cal. App. 4th 1344, 1371 (striking 

down an EIR “for failing to support its many conclusory statements by scientific or objective data”); San Joaquin 

Raptor Rescue Center v. County of Merced (2007) 149 Cal. App. 4th 645, 659  (“[D]ecision makers and general 

public should not be forced to . . . ferret out the fundamental baseline assumptions that are being used for purposes 

of the environmental analysis.”).   
197

 DEIR at 4.7-57. 
198

 DEIR at 4.7-7.  
199

 DEIR at 4.7-28. 
200

 DEIR at 4.7-37. 
201

 DEIR at 4.7-37.  
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whether this incident was similar to the failed pipe in the crude unit that caused the Chevron 

Richmond Refinery August 6 2012 fire.    

 

According to the U.S. Environmental Protection Agency (“EPA”) the Refinery ranked as 

the 8th most toxic polluter of all California facilities with large chemical releases.  Phillips 66 

was ranked 12th on the Toxic 100 Air Polluters index.
202

  This index, prepared by the Political 

Economy Research Institute, identifies the top U.S. air polluters among the world's largest 

corporations and ranks corporations based on the chronic human health risk from all of their U.S. 

polluting facilities.
203

  

 

The DEIR should have provided this additional information to properly evaluate the 

Project.  Overall, its conclusory analysis and incompatible threshold of significance violate 

CEQA.  The DEIR failed to properly assess, or even identify, the Project’s significant, perhaps 

even catastrophic, risks to public safety, omitting any consideration of proper and critical 

mitigation.
204

 

 

D. The DEIR Fails to Adequately Analyze the Project’s Impacts Related 

Biological Resources.    

 

The DEIR fails to sufficiently analyze significant environmental effects on biological 

resources in and around the site of the Project.  Specifically, the DEIR should be revised to 

ensure that the on-site federally-endangered Nipomo Mesa Lupine and off-site prime agricultural 

farmland are adequately protected. 

 

(i) The DEIR does Not Adequately Analyze the Project’s Impact on 

Endangered Species.   

 

CEQA mandates a finding of significance for any impact that “restrict[s] the range of an 

endangered, rare or threatened species.”
205

  The Supreme Court applied this requirement, making 

clear that any impacts to federally designated critical habitat are per se significant.
206

  The 

reasoning is manifest: the federal agency charged with the protection of a listed species has the 

requisite expertise to determine the habitat areas that, if impacted, would “restrict the range” of 

the listed species, and that determination must be respected by state and local agencies under 

CEQA.
207

   

 

                                                 
202

 See EPA 2011 Toxics Release Inventory and the Political Economy Research Institute Toxic 100 Air Polluters, 

available at http://www.peri.umass.edu/toxicair_current/ (last accessed, Jan 20, 2014).   
203

 The index relies on the U.S. EPA’s Risk Screening Environmental Indicators (“RSEI”), which assesses the 

chronic human health risk from industrial toxic releases. The underlying data for RSEI is the EPA’s Toxics Release 

Inventory (“TRI”), in which facilities across the U.S. report their releases of toxic chemicals. In addition to the 

amount of toxic chemicals released, RSEI also includes the degree of toxicity and population exposure.  
204

 Cf: DEIR at 4.7-58.   
205

 CEQA Guidelines § 15065(a)(1).   
206

 Vineyard Area Citizens for Responsible Growth, Inc., v. City of Rancho Cordova, 40 Cal. 4th 412, 425, 449 

(2007) (EIR invalidated for failure to consider significant any reduction in water flow in designated critical habitat 

area for the Central Valley steelhead trout).   
207

 CEQA Guidelines § 15065(a)(1); see also 16 U.S.C. § 1532(5)(A)(i) (defining critical habitat as the areas “on 

which are found those physical or biological features essential to the conservation of the species”). 

http://www.peri.umass.edu/toxicair_current/
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Federally-and State-Endangered Nipomo Mesa Lupine 

 

The Initial Study and DEIR identifies the Nipomo Mesa Lupine, a state and federally  

listed endangered plant species, as a biological resource that will be impacted through the 

construction and operational phases of the project.  The document further identifies additional 

significant impacts to other ground-dwelling and animal species, including mortality impact on 

the American Badger, which is a fully protected species under California law, and impacts on 

dune shrub and dune habitats.  However, the DEIR fails to mitigate the significant impacts posed 

to those, and other biological resources by this Project.  In particular, without disclosing a switch 

to a different crude feedstock, the DEIR never analyzes the issues of impact or how to avoid, 

minimize or  protect endangered species from that new feedstock and its plethora of different 

chemical compositions.     

 

The Santa Maria Refinery property is home to the last remaining population of the 

federally-endangered Nipomo Mesa lupine.
208

  Based on the botanical surveys for the DEIR, 

“[t]he current determination of presence/absence of Nipomo lupine within the Project Site cannot 

be adequately determined.”
209

  Though no blooming specimens were identified during the 

surveys, Figure 4.4-2 Sensitive Species Survey Map
210

 shows two locations in the northern part 

of the Biological Survey Area (BSA), which according to the legend were mapped by CNPS in 

2006.  As represented by Figure 4.4-2, the Nipomo Mesa lupine, like many annual plants, moves 

around on the landscape to take advantage of preferred ecological conditions, and under drought 

conditions the Nipomo Mesa lupine can persist as an underground seed bank without producing 

above-ground individuals.
211

  Consequently, despite the botanical survey’s inability to detect the 

species, this Project will certainly directly impact previously occupied habitat, will likely 

indirectly impact extant habitat and populations and may impact and possibly eradicate the last 

remaining population of this highly endangered lupine on the planet. 

 

To mitigate for the possibility of this impact, the DEIR proposes mitigation measure 

BIO-1: before project activities are undertaken, a focused survey shall be conducted during a 

normal rainfall season to determine whether the Nipomo Mesa lupine is present within the 

project site.
212

  If the survey determines that the lupine is present, Phillips 66 will apply for an 

Incidental Take Permit with the California Department of Fish and Wildlife.
213

  

 

The DEIR claims that, with mitigation measure BIO-5a, which involves the development 

of a Dune Scrub Habit Restoration Plan, the impacts on the Nipomo Mesa lupine would be less 

than significant.
214

  However, the Dune Scrub Habitat Restoration Plan does not purport to 

preserve existing populations of Nipomo Mesa lupine, but instead to “restor[e] and enhanc[e] 

central dune scrub habitat immediately adjacent to known Nipomo Mesa lupine populations.”
215

 

                                                 
208

 USFWS letter, attached to Initial Study, Appendix C. 
209

 DEIR at 4.4-17. 
210

 DEIR at 4.4-16 
211

 FWS letter; DEIR at 4.4-17. 
212

 DEIR at 4.4-17. 
213

 DEIR at 4.4-17. 
214

 DEIR 4.4-17. 
215

 DEIR at 4.4-22 (emphasis added). 
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Therefore the proposed mitigation is inadequate to fully mitigate direct and indirect impacts to 

the Nipomo Mesa lupine.  

 

Additionally, if the pre-project survey does not find that the lupine is present, no 

mitigation is proposed to be implemented.  However, the seeds of the Nipomo Mesa lupine often 

require scouring in order for germination to occur, so there is a possibility that even with a 

normal rainfall season, the seeds may not germinate and produce above-ground individuals 

unless the seeds are scoured.
216

  Another survey that simply searches for blooming specimens 

may not prove sufficient to detect this endangered plant’s populations.  In any event, any of these 

mitigation measures, analyses or even consultation with the Fish and Wildlife Service performed 

after certification of this deficient DEIR constitutes illegally deferred mitigation.
217

    

 

The DEIR should be revised to provide for the protection of this federally and state-

endangered species.  Further, any revisions must address the direct and indirect impacts to this 

species from proximity to the storage and partial refining of tar sands crude – prior to project 

approval.  The DEIR should also be revised to consider an alternative location for construction 

activities in order to avoid disturbing any Nipomo Mesa lupine populations and habitat identified 

in future surveys.  

 

(ii) The DEIR does Not Adequately Analyze the Project’s Impacts 

Related to Rare Plants and Plant Communities. 

 

The DEIR appears to downplay the status of the Silver Dune Lupine – Mock Heather Scrub 

Alliance which is present on the proposed project.
218

  It is actually a plant alliance that is 

considered highly imperiled and is tracked by the California Department of Fish and Wildlife.
219

  

 

Although the DEIR addresses the Global (G3) and State Rank (S3), it fails to describe the 

significance of these ranks.  Global G3 rank indicates that the alliance is “moderate risk of 

extinction or elimination due to a restricted range, relatively few populations or occurrences, 

recent and widespread declines, or other factors” globally and the S3 rank indicates that it is 

“Vulnerable in the jurisdiction due to a restricted range, relatively few populations or 

occurrences, recent and widespread declines, or other factors making it vulnerable to 

extirpation.”
 220

  In the case of the S3 rank, the jurisdiction is the State of California.  The DEIR 

fails to identify the number of acres of any of the plant alliances that occur on site, including the 

highly imperiled Silver Dune Lupine-Mock Heather Scrub Alliance.  Therefore it is impossible 

to evaluate the direct or indirect impacts to this rare alliance or any of the alliances from the 

proposed project. 

 

(iii) The DEIR does Not Adequately Analyze the Project’s Impacts 

Related to Wildlife.  

 

                                                 
216

 See USFWS letter. 
217

 Communities for a Better Environment v. City of Richmond, 184 Cal. App. 4th at 93. 
218

 DEIR at 4.4-3 
219

 See https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=24716&inline=1  at PDF page 50 
220

 http://www.natureserve.org/publications/ConsStatusAssess_RankMethodology.pdf  

https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=24716&inline=1
http://www.natureserve.org/publications/ConsStatusAssess_RankMethodology.pdf
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The DEIR documents that American badgers occur on the proposed project site
221

.  The 

DEIR recognizes that they are a Species of Special Concern, but it fails to recognize that they are 

also a fully protected species as a furbearing mammal under California Code of Regulations Title 

14 Section 460.  By simply excluding badgers from their dens, as proposed in Bio-4, does not 

answer the question if that exclusion results in “take” of the badger or not.  Additional 

monitoring of the displaced badger(s) is(are) required. 

 

In addition, the DEIR documents that burrowing owls occur on the proposed project 

site.
222

  The DEIR recognizes that burrowing owls are Species of Special Concern, but it fails to 

identify any avoidance or mitigation strategy for the owls.  Burrowing owls are in decline 

throughout California, and as the DEIR recognizes has not reproduced successfully in the central 

coast in the last 20 years.  However, that does not eliminate the need to provide mitigation 

habitat for the owls that will be impacted by the proposed project.  The DEIR needs to comply 

with the California Department of Fish and Wildlife’s recent guidance on burrowing owl,
223

 

which requires projects to: 

 

“Mitigate for permanent impacts to nesting, occupied and satellite burrows and 

burrowing owl habitat with  

 

(a) permanent conservation of similar vegetation communities (grassland, scrublands, 

desert, urban, and agriculture) to provide for burrowing owl nesting, foraging, wintering, 

and dispersal (i.e., during breeding and non-breeding seasons) comparable to or better 

than that of the impact area, and  

(b) sufficiently large acreage, and presence of fossorial mammals.” (at 12). 

 

Other requirements for mitigation are also included in the California Department of Fish 

and Wildlife’s guidance, requirements omitted from the DEIR’s analysis.  

 

(iv) The DEIR does Not Adequately Analyze the Project’s Impacts 

Related to Agricultural Activities.   

 

The DEIR fails to include a comprehensive analysis of agricultural site constraints.  

Without a full investigation, the DEIR has no basis to conclude that the proposed construction of 

Project components in an agricultural area would not result in impacts.  Site constraints, such as 

the presence of livestock, and the potential impact of diesel exhaust on pasture and cattle,  must 

be identified prior to Project approval.  An EIR must include objective measurements of a 

cumulative impact when such data are available (or can be produced by further study) and are 

necessary to ensure disclosure of the impact.
224

  

 

 San Luis Obispo County is one of the leading agricultural production counties in 

California.
225

 The site of the Proposed Project borders prime farmlands on its southern border,
226

 

                                                 
221

 DEIR at 4.4-20 
222

 DEIR at 4.4-29 
223

 http://www.dfg.ca.gov/wildlife/nongame/docs/BUOWStaffReport.pdf  
224

 See Kings County Farm Bureau, 221 Cal. App. 3d at 729. 
225

 DEIR at 4.2-1. 

http://www.dfg.ca.gov/wildlife/nongame/docs/BUOWStaffReport.pdf
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and a portion of the project site currently supports grazing activities.
227

 Despite this, the DEIR 

asserts that the construction of a rail spur and the travel of up to 250 unit trains, each with 73 to 

80 tank cars each year would have no significant and unavoidable impacts to agricultural 

resources.  

 

The DEIR acknowledges that construction and operations activities could result in 

significant impacts on the productivity of adjacent farmlands—dust and contaminated air 

emissions, hazardous materials spills, and increased water use, among other impacts, could 

adversely affect agricultural lands adjacent to the project site by contaminated soil and water and 

putting strain on already limited water resources.
228

  Further, the DEIR, by cross-referencing to 

other mitigation measures, including oil spill control and fugitive dust monitoring, asserts that 

the impacts on adjacent agricultural lands could be mitigated to less than significant.
229

  This 

conclusory assessment is insufficient.  Agricultural impacts are considered significant if they 

impair the agricultural use of other property.
230

  The DEIR’s “bundled” mitigation measures do 

not provide substantial evidence that the Project will not significantly impact adjacent 

agricultural properties. 

 

E. The Project is Inconsistent with State and Local Plans. 

 

An EIR shall discuss any inconsistencies between the proposed project and applicable 

general plans, specific plans and regional plans.
231

  Such regional plans include, but are not 

limited to, the applicable air quality attainment or maintenance plan or State Implementation 

Plan, area-wide waste treatment and water quality control plans, regional transportation plans, 

regional housing allocation plans, regional blueprint plans, plans for the reduction of greenhouse 

gas emissions, habitat conservation plans, natural community conservation plans and regional 

land use plans for the protection of the coastal zone.
232

  An applicable plan, policy, or regulation 

is one that has already been adopted and thus legally applies to a project.
233

   This necessarily 

includes County General Plans, such as the SLO County General Plan, adopted by the County in 

2010, and other applicable State and Federal regulations, executive orders and policies.   

 

The DEIR fails to discuss any potential inconsistency with applicable plans, polices, and 

regulations including (1) the San Luis Obispo County General Plan, (2) Contra Costa County’s 

Industrial Safety Ordinance, and General Plan, (3) the United States Chemical Safety Board, 

OSHA regulations and other federal guidance regarding risk analysis and hazards prevention, 

and (4) the California Global Warming Solutions Act (AB 32).  

 

The San Luis Obispo County General Plan sets forth goals to improve the environment, 

based on public, community-based input from County Residents.  The Plan sets forth goals 

                                                                                                                                                             
226

 DEIR at 4.2-15, Figure 4.2-3. 
227

 DEIR at 4.2-2. 
228

 DEIR at 4.2-22. 
229

 DEIR at 4.2-22. 
230

 DEIR at 4.2-19. 
231

 CEQA Guidelines § 15125(d). 
232 See, San Franciscans Upholding the Downtown Plan v. City & Cnty. of San Francisco (2002) 102 Cal.App.4th 

656, 678. 
233

 Chaparral Greens v. City of Chula Vista (1996) 50 CA4th 1134, 1145, n7.   

John
Line

John
Text Box
CBE-34

John
Line

John
Text Box
CBE-35



38 
 

relating to the community’s expressed needs to see a decrease in air pollution, decrease in traffic 

and traffic related noise, and decreased industrial development.
234

  The Project, however, will 

increase all of those issues, wholly conflicting with the General Plan’s over-arching 

environmental goals.   

 

Additionally, because this Project is integrally related to the Propane Fuel Recovery 

Project at the Refinery’s Rodeo facility, and because the two facilities are connected by pipeline, 

what takes place at the Santa Maria facility, impacts the Rodeo facility, triggering Rodeo, and 

Contra Costa County Local Plans and Ordinances.  By increasing regional and state processing 

of, and reliance on fossil fuels, the Project conflicts with Contra Costa County’s General Plan, to 

the extent that plan sets goals to increase the usage of renewable energy such as wind and 

solar.
235

  Phillips 66’s switch to denser, higher sulfur crude, as well as its storage, transport and 

the process for recovery of propane and butane at the Rodeo facility, as a result of this Project 

conflicts with the Contra Costa County Industrial Safety Ordinance that requires Inherently Safer 

Systems.  The pending project proposals at both facilities are also inconsistent with the 

recommendations of the Chemical Safety Board (“CSB”). 

 

In particular, the CSB found a catastrophic and hazardous failure from running higher 

sulfur crude in existing refineries built before 1985.
236

  The CSB identified that corrosion at the 

Chevron Richmond Refinery, which led to the pipe rupture, was in large part caused by sulfur 

compounds in the crude processed at the Richmond refinery.
237

  It also found that such sulfur 

corrosion is not a new phenomenon, and that the petroleum industry is well aware of its potential 

to cause serious impacts on refinery equipment.
238

  The DEIR fails to recognize the CSB’s 

analysis and fails to address any proposed recommendations made by the CSB.  Thus, it is 

unclear whether there would be a potential conflict between what the Project entails and what the 

CSB has set forth as its recommendations for refinery safety.  What appears clear, is that the 

types of crude that the Refinery will be importing by rail will dramatically increase the overall 

sulfur content in the Refinery’s crude slate, and would thus likely cause similar issues to those 

experienced at the Chevron Refinery, which lead to the Chevron Refinery fire, in August, 

2012.
239

   

 

Moreover, because there will be an increase in the presence of harmful chemicals, raising 

serious safety and hazards concerns, the Project has the potential to conflict with the 

Occupational Health and Safety Act (OSHA) employee protection standards, as well as the 

President’s August, 2013 Executive Order (EO) to improve chemical safety and security. 

 

                                                 
234

 SLO County General Plan, Adopted: August 1994, Revised:  June, 2010, Chapter 1, Land Use, available at:  

http://www.slocity.org/communitydevelopment/download/unifiedgeneralplan/Chapter1-

Land%20Use%20June2010.pdf.  
235

 See generally, Contra Costa County General Plan, 2005-2020, Adopted January 18, 2005, Reprinted July, 2010, 

available at:  http://contra.napanet.net/depart/cd/current/advance/GeneralPlan/General%20Plan.pdf.  
236

 See, Chemical Safety Board, Chevron Richmond Refinery Interim Investigation Report, April 2013, available at:  

http://www.csb.gov/assets/1/19/Chevron_Interim_Report_Final_2013-04-17.pdf, last accessed, Jan. 26, 2014.   
237

 Id. 
238

 Id., at 15.   
239

 See, Chemical Safety Board, Chevron Richmond Refinery Interim Investigation Report, April 2013, supra.   

http://www.slocity.org/communitydevelopment/download/unifiedgeneralplan/Chapter1-Land%20Use%20June2010.pdf
http://www.slocity.org/communitydevelopment/download/unifiedgeneralplan/Chapter1-Land%20Use%20June2010.pdf
http://contra.napanet.net/depart/cd/current/advance/GeneralPlan/General%20Plan.pdf
http://www.csb.gov/assets/1/19/Chevron_Interim_Report_Final_2013-04-17.pdf
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The DEIR does little more than simply mention OSHA, and provides cursory statements 

in section 4.3, relating to Air Quality Impacts, and elsewhere, that diminish the relevance of the 

Act.  For example, without stating a current or anticipated, foreseeable increase in the presence 

of hydrogen sulfide, the DEIR states that the hydrogen sulfide levels within the crude slate are 

“not expected to produce substantial impacts beyond possible OSHA related worker exposure 

issues…”
240

  The DEIR even claims that such issues are outside the scope of the EIR.
241

  In 

section 4.7, in the context of Hazards assessment, the DEIR states only that the Project’s security 

vulnerability assessments must comply with OSHA Process Safety Management and EPA rules 

relating to risk management.  The DEIR fails to acknowledge, however, that such issues must be 

raised, and included in a potential conflicts analysis, as the components and implications of the 

Project may conflict with such rules, given the potential hazards and dangerous impacts the 

Project may have on workers.   

 

The President’s August, 2013 EO, was signed and executed for the purpose of creating a 

comprehensive plan to address increasing chemical safety concerns throughout various industrial 

facilities, including refineries.
242

  To that end, the President ordered a federal working group that 

includes, inter alia, OSHA and the EPA, to begin the process of improving operational 

coordination with State and Local partners, as well as owners and operators of industrial 

facilities increasing their use of hazardous chemicals.  By simply dismissing, or failing to 

adequately analyze the increase in safety and hazards impacts that will result from the Project, 

the DEIR fails to demonstrate compliance with new federal initiatives such as the EO and 

forthcoming recommendations which will result from CSB’s investigations.  The DEIR, 

therefore, fails to sufficiently address potential conflicts with existing laws, rules, or regulations, 

in violation of CEQA.
243

   

 

Finally, although the DEIR mentions the Global Warming Solutions Act of 2006 (AB 32) 

in its list of applicable regulations in the documents “Regulatory Setting” section, the DEIR’s 

analysis fails to fully recognize that “[g]lobal warming poses a serious threat to the economic 

well-being, public health, natural resources, and the environment of California.”  The DEIR 

further fails to actually identify, much less analyze the project’s true GHG emission levels, in the 

context of the current state-wide 2020 greenhouse gas emissions reduction goals, which are, 

pursuant to AB 32, signed into law.  The DEIR’s omission of an adequate GHG analysis, stands 

in stark contrast to statements made by Phillips 66 officials themselves, relating to the possible 

conflict between the law and their strategy for their two California refiners.  Asked what he 

thought the permitting track is for delivering Bakken crude or Canadian heavy crude to 

California by rail, CEO Garland replied, “I think we are pushing it.  I think there is some 

resistance, given the heavy nature of the crudes and the carbon footprint of the crudes and AB 32 

                                                 
240

 DEIR, 4.3-52.   
241

 Id.   
242

 See Executive Order Improving Chemical Safety and Security, August 1, 2013, available at:  

http://www.whitehouse.gov/the-press-office/2013/08/01/executive-order-improving-chemical-facility-safety-and-

security.  
243

 See generally, Guidelines § 15125(d); see also, Chaparral Greens v. City of Chula Vista (1996) 50 CA4th 1134, 

1145.   

http://www.whitehouse.gov/the-press-office/2013/08/01/executive-order-improving-chemical-facility-safety-and-security
http://www.whitehouse.gov/the-press-office/2013/08/01/executive-order-improving-chemical-facility-safety-and-security
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cap and trade, et cetera, et cetara [sic] in California.”
244

  

 

The DEIR fails to address the above examples of the Project’s conflicts with local, State 

and Federal plans.  Overall, the DEIR’s description of the Project and its environmental setting is 

inaccurate and inadequate to the extent that it improperly minimizes the environmental effects 

discussed further throughout this comment.   

 

III. THE EIR FAILS TO ADEQUATELY ANALYZE THE PROJECT’S 

CUMULATIVE ENVIRONMENTAL IMPACTS FROM OTHER REFINING-

RELATED PROJECTS. 

 

An EIR must discuss a Project’s significant cumulative impacts.
245

  A legally adequate 

cumulative impacts analysis views a particular project over time and in conjunction with other 

related past, present, and reasonably foreseeable future projects whose impacts might compound 

or interrelate with those of the project at hand.  “Cumulative impacts can result from individually 

minor but collectively significant projects taking place over a period of time.”
246

 

A project has a significant cumulative effect if it has an impact that is individually limited 

but “cumulatively considerable.”
247

  “Cumulatively considerable” is defined as meaning that “the 

incremental effects of an individual project are significant when viewed in connection with the 

effects of past projects, the effects of other current projects, and the effects of probable future 

projects.”
248

  Cumulative impacts analysis is necessary because “environmental damage often 

occurs incrementally from a variety of small sources [that] appear insignificant when considered 

individually, but assume threatening dimensions when considered collectively with other sources 

with which they interact.”
249

  The DEIR fails to meet this requirement; for the following reasons, 

its analysis of cumulative impacts is incomplete, cursory and superficial.   

 

Initially, the DEIR’s analysis does not comply with CEQA’s requirement that agencies 

first determine whether cumulative impacts to a resource are significant, and then to determine 

whether a project’s impacts are cumulatively considerable (i.e., significant when considered in 

conjunction with other past, present and reasonably foreseeable projects).
250

  The DEIR skips the 

first step and focuses only on the second.
251

  This error caused the document to underestimate the 

significance of the Project’s cumulative impacts because it focused on the significance of the 

Project’s impacts on their own as opposed to considering them in the context of the cumulative 

problem.  It is wholly inappropriate to end a cumulative analysis on account of a determination 

that a project’s individual contribution would be less than significant.  Rather, this should 

constitute the beginning of the analysis. 

                                                 
244

 Transcript of Jan. 30, 2013 Phillips 66 Fourth-Quarter Earnings Conference Call, available at: 

http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/PSX-Transcript-2013-01-30T.pdf, last 

accessed Jan. 26, 2014, 2013.  
245

 CEQA Guidelines section 15130(a).   
246

 CEQA Guidelines section 15355(b).   
247

 Id. §§ 15065(a)(3), 15130(a). 
248

 Id. § 15065(a)(3). 
249

 Communities for a Better Env’t v. Cal. Res. Agency (2002) 103 Cal.App.4th 98, 114. 
250

 CEQA Guidelines § 15064(h)(1). 
251

 See eg. DEIR at 4.7-61.  

http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/PSX-Transcript-2013-01-30T.pdf
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Second, the DEIR’s scope is limited largely to direct, immediate impacts within the 

immediate Project vicinity.  For example, the analysis of cumulative hazards of transporting 

crude by rail, the analysis of impacts is limited to the County, despite the fact that Project-related 

rail traffic would pose the same risks throughout its California wide route. 

Third, the list of reasonably foreseeable future projects considered in the EIR is under 

inclusive, especially in light of the potential geographic scope of certain potentially significant 

impacts.  One of the EIR’s most egregious deficiencies is the document’s failure to disclose that 

several California refiners are considering developing “Crude By Rail” projects that could bring 

in tar sands-based dilbit or Bakken crudes to each of the Bay Area refineries.
252

  Each of the Bay 

Area’s refineries have either recently permitted projects or have pending permits that will 

facilitate transporting and refining tar sands crude.  These refinery projects, including at least 

three projects proposed by Phillips 66 (Santa Maria Facility Throughput Extension Project, this 

Project, and the Ferndale Washington Crude Unloading Facility Project), as well as several 

others including the Valero Crude by Rail Project, the Tesoro Project, and the WesPac Pittsburg 

Energy Infrastructure Project could result in the delivery of tar sands diluted with other 

chemicals to the Bay Area. 

The California Attorney General has even expressed concern, and recently wrote the 

attached letter to the City of Pittsburg
253

, inquiring about the link of the WesPac project to other 

refineries in the Bay Area.  This County should also ask the same relevant questions.   

Although the DEIR mentions these Santa Maria projects, and purports to analyze the 

cumulative environmental impacts from the projects it identifies (it uses the wrong baseline, the 

permit levels), it does not come close to disclosing the full list of projects with staggering 

environmental impacts on the Bay Area.
254

   

Three other projects omitted from consideration in the DEIR’s analysis of cumulative 

environmental impacts include
255

: 

 

(i) Phillips 66 Ferndale, Washington Crude Unloading Facility Project  

 

Phillips 66 was recently issued a permit to construct a new crude rail unloading facility at 

its Ferndale Refinery in Washington.  The DEIR must state whether this Project anticipates, 

depends on, or is in any other way related to the Washington project.    

 

(ii) Phillips 66 Rodeo Propane Fuel Recovery Project 

 

In particular, despite the clear relationship between the Santa Maria projects and the 

Rodeo Refinery project described above, the DEIR fails to evaluate the Project’s cumulative 

                                                 
252

 See Karras and Fox Rodeo Reports.   
253

 See Letter from Attorney General, Kamala D. Harris, to City of Pittsburg, Recirculated Environmental Impact 

Report for the WesPac Energy Infrastructure Project, dated January 15, 2014, attached as Exhibit 25.  
254

 See DEIR Table 3.1.   
255

 This list does not include the nearby oilfield expansion project proposed by Freeport McMoran, which is under 

construction and discussed in the Fox Santa Maria Report.   
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impacts of Santa Maria semi-refined products in, and in transport to, Rodeo.  These include a 

cumulatively considerable increase in criteria and toxic air contaminant air emissions and 

greenhouse gas emissions.  This includes cumulative environmental impacts of refining 

increased volumes of tar sands crude. 

 

(iii) WesPac Pittsburg Energy Infrastructure Project 

WesPac Energy–Pittsburg LLC (WesPac) proposes to modernize and reactivate the 

existing oil storage and transfer facilities located at the NRG Energy, Inc.(NRG, formerly GenOn 

Delta, LLC) Pittsburg Generating Station.  The proposed WesPac Energy– Pittsburg Terminal 

(Terminal) would be designed to receive crude oil and partially refined crude oil from trains, 

marine vessels, and pipelines, store oil in existing or new storage tanks, and then transfer oil to 

nearby refineries, including the Phillips 66 San Francisco Refinery’s Rodeo facility.
256

  

The Terminal Project consists of the modernization and reactivation of the following 

components at the NRG facility: (1) marine terminal; (2) onshore storage terminal, including 

both East and South Tank Farms; and (3) the existing San Pablo Bay Pipeline. In addition, the 

project consists of the construction and operation of new facilities, including: (1) Rail Transload 

Facility; (2) Rail Pipeline; (3) KLM Pipeline connection; and (4) new ancillary facilities, 

including an office and control building, warehouse, electrical substation, and others as described 

below.
257

   

For the delivery of crude oil and partially refined crude oil by train, a new Rail Transload 

Operations Facility would be constructed on a 9.8-acre vacant rail yard, to be leased from BNSF 

Railway Company.  All products handled at the facility would be transported by rail, ship, barge, 

or pipeline; no products would be transported by truck as part of the proposed project.
258

  The 

Terminal would operate with an average throughput of 242,000 barrels (BBLs)1 of crude oil or 

partially refined crude oil per day, and would have a maximum capacity throughput of 375,000 

BBLs per day.
259

  The total annual throughput for the entire Terminal would be approximately 

88,300,000 BBLs of crude oil and/or partially refined crude oil per year.
260

  

 

As mentioned above, the Phillips San Francisco Refinery is one of the refineries that may 

receive crude oil and/or deliver-crude oil to the Terminal.
261

  Therefore, the DEIR should have 

included an analysis of this WesPac project in the cumulative impact analysis, both because the 

physical construction and operation of this facility will contribute to cumulative environmental 

impacts and because it could facilitate greater amounts of crude delivery to and from the Santa 

Maria facility.  The DEIR must be revised to take into account each of the cumulative projects 

that has the potential to result in cumulatively considerable environmental impacts.  Furthermore, 

the DEIR must identify feasible mitigation measures capable of reducing these environmental 

impacts.  

 

                                                 
256

 WesPac RDEIR at 2.0-1. 
257

 Id. at 2.0-4. 
258

 Id. at 2.0-1.   
259

 Id. at 2.0-2. 
260

 Id. 
261

 Id.   

John
Line

John
Text Box
CBE-39



43 
 

Climate Change Implications 

 

Furthermore, it is important to acknowledge that climate change is the classic example of 

a cumulative effects problem; emissions from numerous sources combine to create the most 

pressing environmental and societal problem of our time.
262

  As one appellate court recently 

held, “the greater the existing environmental problems are, the lower the threshold for treating a 

project’s contribution to cumulative impacts as significant.”
263

 

Canadian tar sands crude is considered to be the dirtiest, most carbon-intensive fuels on 

the planet.  NASA climatologist Jim Hansen explains:  

 

With today’s technology there are roughly 170 billion barrels of oil 

to be recovered in the tar sands, and an additional 1.63 trillion 

barrels of worth underground if every last bit of bitumen could be 

separated from sand. "The amount of CO2 locked up in Alberta tar 

sands is enormous," notes mechanical engineer John Abraham of 

the University of Saint Thomas in Minnesota, another signer of the 

Keystone protest letter from scientists. "If we burn all the tar sand 

oil, the temperature rise, just from burning that tar sand, will be 

half of what we've already seen"—an estimated additional nearly 

0.4 degree Celsius from Alberta alone.  

 

Notwithstanding the clear evidence documenting the effect that petroleum-refining has on 

GHG emissions, and enormous increase that would result from the transport, processing and 

refining of tar sands crudes.  The DEIR should have acknowledged the switch to this different 

quality crude oil feedstock and provided a suitable cumulative impacts analysis.   

 

IV. THE DEIR FAILS TO ANALYZE A REASONABLE RANGE OF PROJECT 

ALTERNATIVES  

An EIR “must consider a reasonable range of potentially feasible alternatives” to a 

project.
264

 An alternative is feasible if it is “capable of being accomplished in a successful 

manner within a reasonable period of time, taking into account economic, environmental, social, 

and technological factors.”
265

  

Although “CEQA establishes no categorical legal imperative as to the scope of 

alternatives to be analyzed in an EIR[,] [e]ach case must be evaluated on its facts.”
266

  The scope 

of alternatives is judged by the rule of reason.
267

  Generally, the scope of alternatives is sufficient 

so long as the EIR provides “information sufficient to permit a reasonable choice of alternatives 

                                                 
262

 Kings County Farm (“Perhaps the best example [of a cumulative impact] is air pollution, where thousands of 

relatively small sources of pollution cause serious a serious environmental health problem.”).   
263

 Communities for Better Env’t v. Cal. Res. Agency (2002) 103 Cal. App. 4th 98, 120.   
264

 14 Cal. Code Reg. § 15126.6(a). 
265

 Cal. Pub. Res. Code § 21061.1. 
266

 Citizens of Goleta Valley v. Bd. of Supervisors (1990) 52 Cal. 3d 553, 556 (Goleta II). 
267

 14 Cal. Code Reg. § 15126.6(a) (“There is no ironclad rule governing the nature or scope of the alternatives to be 

discussed other than the rule of reason.”). 
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so far as environmental aspects are concerned.”
268

  In addition, the EIR must include “sufficient 

information about each alternative to allow meaningful evaluation, analysis, and comparison 

with the proposed project.”
269

  “The degree of specificity required in an EIR ‘will correspond to 

the degree of specificity involved in the underlying activity which is described in the EIR.’”
270

 

Thus, an EIR for a specific project must necessarily be more detailed than an EIR for the 

approval of a general plan.
271

 

The DEIR fails to identify a reasonable range of alternatives and to discuss the 

alternatives in sufficient detail to allow meaningful evaluation and analysis.
272

  The DEIR 

analyzed only three alternatives: a no project alternative, a loop rail unloading configuration 

alternative, and a reduced rail deliveries alternative.
273

  The DEIR also identified four 

alternatives that were considered, but rejected because they were either not technically feasible, 

failed to attain the basic objectives of the project, or would result in greater impacts than the 

proposed project.  These rejected alternatives included two trucking alternatives, a marine 

transport alternative, and a rail unloading at the Santa Maria Pumping Station alternative.
274

 

 

(a) The DEIR Fails to Consider a Reasonable Range of Alternatives.   

 

The DEIR, however, fails to consider even the most simple of alternatives, for example, 

an alternative rail route that avoids the populations with the highest density in Central and 

Northern California.  Currently, the Rail Spur Project proposes a rail route that would bring 

trains of crude oil through heavily populated urban areas, exposing large numbers of people to 

the criteria air emissions associated with locomotive operation, and greatly increasing the human 

health and safety risks of potential accidents or spills.  A spill in the Sacramento-San Joaquin 

Delta, for example, could jeopardize the water supply for much of the State.  Instead of directing 

trains through Northern California, along the Sacramento River and through the City of Oakland, 

the DEIR should analyze an alternate rail route that would avoid bringing rails cars containing 

highly flammable and volatile crude or semi-refined gas oil through high population areas.  

 

The DEIR should also be revised to include an analysis of alternative modes of 

transporting crude oil from oilfields across North America.  For example, the DEIR analyzed 

only one marine transport alternative, and did not analyze a pipeline alternative.  Parties 

objecting to the EIR are not responsible for formulating alternatives for consideration—the lead 

agency bears this burden.
275

  Objecting parties will rarely have access to the same information 

that the lead agency does, and thus will be limited in their ability to suggest sufficiently detailed 

and specific alternatives.
276

  The DEIR failed to include these two, and other reasonable 

alternatives in its analysis. 

                                                 
268

 Found. for San Francisco’s Architectural Heritage v. San Francisco (1980) 106 Cal. App. 3d. 893, 910. 
269

 14 Cal. Code Reg. § 15126.6(d). 
270

 Al Larson Boat Shop, Inc. v. Bd. of Harbor Commrs. (2d Dist. 1993) 18 Cal. App. 4th 729, 746 (quoting 14 Cal. 

Code Reg. § 15146). 
271

 See Al Larson Boat Shop, Inc. v. Bd. of Harbor Commrs. (2d Dist. 1993) 18 Cal. App. 4th 729, 746. 
272

 See 14 Cal. Code Reg. § 15126.6(d). 
273

 DEIR at 5-24. 
274

 DEIR at 5-15 to 5-23, Tables 5.1 and 5.2. 
275

 See Laurel Heights I, 47 Cal. 3d at 406. 
276

 See Laurel Heights I, 47 Cal. 3d at 406. 
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(b) The DEIR Fails to Consider Alternatives that Would Lessen the Significant 

Impacts of the Project. 

 

In addition to failing to assess a reasonable range of alternatives, the DEIR fails to 

analyze alternatives that would avoid or substantially lessen the significant impacts of the 

project.
277

  Of the three alternatives analyzed, the DEIR identifies the no project alternative as 

the environmentally superior alternative.   

 

However, when the no project alternative is the environmentally superior alternative, 

CEQA requires an EIR to identify the next environmentally superior alternative.  The DEIR 

identifies the reduced rail deliveries alternative as the next environmentally superior alternative, 

but notes that certain environmental impacts of the reduced rail deliveries alternative depend 

heavily upon the question of whether the County would be preempted by federal law from 

regulating locomotive emissions outside of the Santa Maria Refinery site.
278

  As discussed 

above, the argument that the County may be preempted from regulating air impacts outside of 

the project site is invalid. Consequently, according to the County itself, the reduced rail 

deliveries alternative would offer no advantage over the Proposed Project in terms of NOx, ROG, 

and diesel particulate emissions, and only a minimal advantage in terms of hazard risks, noise, 

GHG emissions, and health risks.
279

  Even assuming arguendo that preemption applies, the 

reduced rail deliveries alternative, while better than the proposed Project, still has significant 

impacts.  

The DEIR’s failure to consider even an alternative with more than minimal 

environmental advantages over the proposed project is contrary to the purpose of the CEQA 

alternatives requirement.  An EIR must identify a range of reasonable alternatives “which would 

feasibly attain most of the basic objectives of the project but would avoid or substantially lessen 

any of the significant effects of the project.”
280

  None of the alternatives considered in the DEIR, 

including the reduced rail deliveries alternative, would avoid or substantially lessen the 

significant impacts of the Project; the range of alternatives considered in the DEIR is 

insufficient. 

/ 

/ 

/ 

/ 

/ 

/ 

 

 

                                                 
277

 See CEQA Guidelines, 14 Cal. Code Reg. § 15126(a). 
278

 DEIR at 5-35 to 5-36. 

 
280

 14 Cal. Code Reg. § 15126.6(a) (emphasis added). 
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V. CONCLUSION 

The DEIR remains woefully inadequate under CEQA.  The County must substantially 

revise and recirculate the document in order to correct its numerous defects.  We appreciate the 

opportunity to submit our initial comments on the DEIR and will submit further comments, if 

necessary, as soon as possible.  

 

Sincerely,  

 

/s/ 

 

Roger Lin 

Greg Karras 

Yana Garcia  

Heather Lewis 

On behalf of Communities for a Better Environment 

 

Devorah Ancel 

Staff Attorney 

On behalf of the Sierra Club  

 

Diane Bailey 

Jackie Prange 

On behalf of the Natural Resources Defense Council 

 

Ileene Anderson 

Staff Attorney 

On behalf of the Center for Biological Diversity 

 

Tia Lebherz 

Northern California Organizer 

On behalf of Food & Water Watch 

 

Jason Flanders 

Program Director 

On behalf of San Francisco Baykeeper 

 

David Monkawa  

On behalf of California Nurses Association 
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I. INTRODUCTION 
 
 The Phillips 66 Santa Maria Refinery (SMR), located in San Louis Obispo 
County, is proposing to modify an existing rail spur to accommodate train delivery of 
crude oil, to replace local supplies.  The proposed tracks and unloading facilities would 
be designed to accommodate unit trains of up to 80 tank cars and associated locomotives 
and other supporting cars as well as periodic manifest trains of fewer cars not dedicated 
to SMR oil. (Project).  I was asked by the Sierra Club to review the Draft Environmental 
Impact Report (DEIR)1 on this Project and prepare comments on the adequacy of the 
project description and the hazards and hazardous materials section.  
 
 My evaluation, presented below, indicates the DEIR's Project description is 
incomplete.  First, it fails to disclose the baseline crude slate composition, which 
determines the CEQA baseline emissions from crude import through refining.  Second, it 
fails to disclose the link between the Rail Spur Project and two other directly related 
projects: (1) the Propane Recovery Project at Phillips 66's Rodeo facility,2 which is 
linked by pipeline to the Rodeo Refinery, and (2) the Throughput Increase Project at the 
Santa Maria Refinery3.  The impacts of these directly related projects should be evaluated 
as a single project.  Together, they result in many significant impacts that were not 
disclosed in the Rail Spur Project DEIR. 
  
 The DEIR fails to evaluate the impacts resulting from a significant switch in 
crude slate, the raison d'etre for the Project.  The entire Project, including crude slate 
change, would result in significant unmitigated air quality, global warming, worker and 
public health, odor, risk of upset, public safety, visual, noise, and other impacts, either 
not disclosed or not mitigated in the DEIR.  Finally, the DEIR fails to evaluate reasonable 
alternatives to the Project and to impose all feasible mitigation. 
 
 My resume is included in Attachment 1 to these comments.  I have over 40 years 
of experience in the field of environmental engineering, including air emissions and air 
pollution control; greenhouse gas emission inventory and control; air quality 
management; water quality and water supply investigations; hazardous waste 
investigations; hazard investigations; risk of upset modeling; environmental permitting; 
nuisance investigations (odor, noise); environmental impact reports, including 
CEQA/NEPA documentation; risk assessments; and litigation support.   
 
 I have M.S. and Ph.D. degrees in environmental engineering from the University 
of California at Berkeley with minors in Hydrology and Mathematics.  I am a licensed 

                                                 
1 Marine Research Specialists (MRS), Phillips 66 Company Rail Spur Extension Project Public Draft 
Environmental Impact Report and Vertical Coastal Access Assessment, November 2013. 
2 Contra Costa County Department of Conservation and Development, Phillips 66 Propane Recovery 
Project, Final Environmental Impact Report, November 2013 (FEIR). 
3 Marine Research Specialists, Phillips 66 Santa Maria Refinery Throughput Increase Project, Final 
Environmental Impact Report, October 2012 (SMF FEIR), Available at: 
http://slocleanair.org/phillips66feir. 
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professional engineer (chemical, environmental) in five states, including California; a 
Board Certified Environmental Engineer, certified in Air Pollution Control by the 
American Academy of Environmental Engineers; and a Qualified Environmental 
Professional, certified by the Institute of Professional Environmental Practice. 
 
 I have prepared comments, responses to comments and sections of EIRs for both 
proponents and opponents of projects on air quality, water supply, water quality, 
hazardous waste, public health, risk assessment, worker health and safety, odor, risk of 
upset, noise, land use and other areas for well over 100 CEQA documents. This work 
includes Environmental Impact Reports (EIRs), Negative Declarations (NDs), and 
Mitigated Negative Declarations (MNDs) for all California refineries as well as various 
other permitting actions for tar sands and light shale crude refinery upgrades in Indiana, 
Louisiana, Michigan, Ohio, South Dakota, Utah, and Texas and liquefied natural gas 
(LNG) facilities in Texas, Louisiana, and New York.  I was a consultant to a former 
owner of the subject Refinery on CEQA and other environmental issues for over a decade 
and am thus very familiar with both the Rodeo Refinery and the Santa Maria Refinery 
and their joint operations. 
 
 My work has been cited in two published CEQA opinions: (1) Berkeley Keep Jets 
Over the Bay Committee, City of San Leandro, and City of Alameda et al. v. Board of 
Port Commissioners (August 30, 2001) 111 Cal.Rptr.2d 598 and Communities for a 
Better Environment v. South Coast Air Quality Management Dist. (2010) 48 Cal.4th 310.   
 
II.  THE PROJECT IS PIECEMEALED 
 
 The DEIR only evaluated a portion of the Project.  The Project as described in the 
DEIR is narrowly defined as a modification to an existing rail spur extension to allow 
crude to be delivered to the Santa Maria Refinery by train for processing.  DEIR, p. 2-1. 
However, as explained below, the Rail Spur Project is actually only one of the 
components of a much larger project consisting of at least three parts: (1) Throughput 
Increase Project; (2) Rail Spur Project; and (3) Propane Recovery Project at Rodeo. 
 
 The Santa Maria Refinery currently receives all crude oil by pipeline from various 
mostly local sources, including the Outer Continental Shelf (60-85%), Price 
Canyon/Santa Maria Valley/San Joaquin Valley (5-20%), San Ardo (5-10%), and Canada 
(2-7%).  DEIR, p. 2-27.  Most all of these sources, particularly the major ones -- offshore 
platforms and local oil fields -- are in decline.  DEIR, p. ES-18 (“However, if and when 
local crude oil production (the major source of oil for the SMR) declines, the Rail Spur 
Project...would allow the SMR to maintain operating up to its permitted throughput 
levels.”), p. 2-30 ("In addition, production from offshore Santa Barbara County [the 
major source of SMR's crude] has been in decline for a number of years... This declining 
production... generates the need for the Rail Spur Project.”), p. 6-3 (“California 
production of crude oil per year has been in decline since 1986...The decline has average 
about 1.7% per year since 1995.  More recently, the decline has averaged over 3% 
annually since the year 2000... Delivery of other North American crudes to California 
could help to offset the need for foreign imports as local production declines.”)  Thus, the 
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Throughput Project likely could not be implemented but for the Rail Spur Project, which 
allows crudes to be imported to replace declining local sources.   
 

A. Link With Crude Throughput Increase Project 
 
 Thus, Phillips 66 is arguing on the one hand that the Rail Spur Project is required 
to replace dwindling local crude supplies while on the other it has proposed to increase its 
throughput capacity, without disclosing the source of the new crude.  Clearly, Phillips 66 
anticipated the need to increase its crude supply, given the diminishing local supplies, 
when it was planning  the Crude Throughput Increase Project in 2008,4 at a time it faced 
dwindling local crude supplies at high costs.  Thus, the need to import more cost-
effective crudes from distant sources, accessible only by rail, must have been on the table 
at the time the Throughput Increase Project was developed.   
 
 The decline in local crude supplies is not news and has long been known.5  In fact, 
given the admitted declining local sources of crude, it is not believable that the SMR 
could increase its throughput by 10%, when a 3% annual decline in its major source of oil 
is projected, without changing its source of crude.  This is prima facie evidence that the 
Throughput Increase Project and the Rail Spur project are related and were likely planned 
together.  Thus, one of the key purposes of the Rail Spur Project is to build the 
infrastructure to allow crude oil to be imported from distant sources to replace declining 
local crude oil sources and facilitate a 10% increase in crude throughput, separately 
permitted.   
 
 The average baseline crude throughput for Santa Maria (2010-2012) is 
38,029 barrels per day (BPD).  DEIR Table 2.7.  The Throughput Increase Project 
increased the permit level from 44,500 BPD (Throughput FEIR, p. ES-4) by 10% to a 
maximum of 48,950 BPD or by 4,450 BPD.  Throughput FEIR, p. 1-1.  Thus, the SMR 
was operating at 6,471 BPD below the CEQA baseline for the Rail Spur Project and 
10,921 BPD below the projected future daily maximum throughput.  It is unlikely that the 
permitted crude throughput of 48,950 BPD (DEIR, p. 2-28) could be supplied locally, 
given the decline in locally available crudes.   
 
 Thus, the Rail Spur Project is required to achieve the increase in throughput.  The 
Rail Spur Project essentially opens up new markets for the Santa Maria Refinery, 
allowing it to replace declining local sources, supply the 10% permitted throughput 
increase, and compete with any increase in locally produced crudes.  This ties the Rail 
Spur Project directly to the Throughput Increase Project.  Thus, these two projects are 
different sides of the same coin and should have been evaluated as a single project.   
 
 The Rail Spur Project will allow an increase in crude processing of up to 
10,921 BPD.  The DEIR did not, but must, analyze all of the impacts of this increase in 
                                                 
4 The DEIR was issued August 2011, Available at: http://www.slocleanair.org/COP3.php. 
5 California Energy Commission, Transportation Energy Forecasts and Analyses for the 2009 Integrated 
Energy Policy Report, May 2010. 
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crude throughput processing capacity, including the increase in emission of processing an 
additional 10,921 BPD of crude and the increase in emissions of a change in the crude 
slate itself.  The DEIR analyzes none of the impacts associated with a 10,921 BPD 
increase in crude throughput or the change in crude slate. 
 

B. Link With Propane Recovery Project at Rodeo 
 
 Both of these Santa Maria projects are directly related to a third project at Phillips 
66's San Francisco Refinery, located in Rodeo in the San Francisco Bay Area.  The 
Rodeo Refinery and the Santa Maria Refinery are connected by a 200-mile pipeline, used 
to transport semirefined products from Santa Maria to Rodeo for finishing into market 
products.  DEIR, p. 2-3.  These two locations, although more than 200 miles apart, are 
considered one location.6  The Phillips 66 website similarly describes these facilities thus:  
“The San Francisco Refinery is comprised of two facilities linked by a 200-mile pipeline. 
The Santa Maria facility is located in Arroyo Grande, Calif., while the Rodeo facility is in 
the San Francisco Bay Area.”7  
 
 The two facilities operate in unison, the Santa Maria Refinery supplying 
feedstocks, naphtha and gas oil, to Rodeo via pipeline to be upgraded into finished 
petroleum products, such as gasoline and jet fuel.  DEIR, p. 2-3.  Thus, these two 
refineries are inextricably linked.  Changes in operations at one of them manifest as 
changes in the other.  A change in crude slate at Santa Maria, for example, will manifest 
as changes in emissions from refining the resulting semi-refined products at Rodeo. 
 
 The Rodeo Refinery is proposing to recover an additional 4,200 barrels per day 
(BPD) of propane and 3,800 BPD of butane from the refinery fuel gas (RFG) 
(collectively known as “liquefied petroleum gas” or LPG) to export for sale (Project).8  
My review of the FEIR for that project indicates that the Rodeo Refinery as operated in 
the baseline would be unable to recover this amount of LPG without increases in the 
amount of propane- and butane-containing feed to the affected units.  Fox Report9, 
Comment II. 
 
 The partially refined products from the increase in crude throughput at Santa 
Maria will be sent to the Rodeo Refinery for further processing.  As explained below, 
these partially refined products include significant amounts of propane and butane that 
will be recovered at Rodeo under the Propane Recovery Project to meet its design LPG 
recovery goal.  Thus, cumulative impacts of these three projects -- crude throughput 

                                                 
6 BAAQMD, Review of Current Air Monitoring Capabilities near Refineries in the San Francisco Bay 
Area, July 3, 2013; p. 1-5, Available at: 
http://www.baaqmd.gov/~/media/Files/Technical%20Services/DRI_Final_Report_061113.ashx. 
7 http://www.phillips66.com/EN/about/our-businesses/refining-marketing/refining/Pages/index.aspx. 
8 Contra Costa County Department of Conservation and Development, Phillips 66 Propane Recovery 
Project, Final Environmental Impact Report, November 2013 (FEIR). 
9 See Fox Rodeo Report, Comment II. 
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increase + rail spur to supply the increased crude + project to recover propane/butane 
from the increased throughput -- should have been evaluated as a single project. 
  
  The link between the Santa Maria Refinery semi-refined products (gas oil, 
naptha) and the Rodeo Propane Recovery Project is clearly shown in the Rodeo Refinery 
block flow diagrams from the Rodeo Propane Recovery DEIR.  The block flow diagram 
for the existing Rodeo Refinery (Rodeo DEIR Figure 3-4) shows “SMGO” entering the 
Refinery at the U-240 Prefractionator unit (Prefrac unit).  See Rodeo DEIR, p. 3-12 
(“Heavy gas oil (HGO) streams from Unit 200 and HGO purchased from outside of the 
Refinery are fractionated in the Unit 240 prefractionator.”)  SMGO is Santa Maria Gas 
Oil.  This Rodeo DEIR figure is reproduced here as Figure 1 for ease of reference.  The 
U-240 Prefrac unit at Rodeo separates Santa Maria gas oil and other gas oils into lighter 
hydrocarbon fractions that are currently blended into the Rodeo Refinery Fuel Gas, 
shown in Rodeo DEIR Figure 3-5 (see lower left hand corner, blue arrow labeled U-
240/244/248 S-RFG being routed to U-240 Fuel Gas Treating), but which will be further 
processed into propane and butane in new units added to the Rodeo Refinery as part of 
the Propane Recovery Project.   
 

Figure 1 
Overall Existing Rodeo Refinery  

Block Flow Diagram 
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 Under the Propane Recovery Project at Rodeo, the output from the Prefrac unit is 
sent to the proposed “RFG Propane Recovery Unit” instead of the Refinery Fuel Gas 
system. This unit is the heart of the Propane Recovery Project.  Rodeo DEIR, Table 3-2.  
Propane and butane are recovered in this unit.  This new propane/butane extraction unit is 
shown in Propane Recovery Project DEIR in Figure 3-6, which is reproduced here as 
Figure 2 for ease of reference.   
 

Figure 2 
Proposed Rodeo Refinery  

Fuel Gas System Block Flow Diagram   

 
   

 
 The RFG Propane Recovery Unit is the big yellow box in the middle of Figure 2.  
Blue arrows in the lower left hand corner of Figure 2 identify the inputs to this unit, 
which are various refinery streams.  These streams include “U-240/244/248 S-RFG.”  
This designation means that Refinery Fuel Gas (RFG) from Unit U-240 is sent to the 
RFG Propane Recovery Unit.  (This stream was formerly sent to the U-240 Fuel Gas 
Treating Unit.  Rodeo DEIR, Fig. 3-6.)  As Santa Maria Gas Oil (SMGO) is one of the 
inputs to Unit U-240, changes at the Santa Maria Refinery would be transmitted directly 
to the Propane Recovery Project via the U-240 Prefrac Unit at Rodeo.  
 
 This establishes a direct link between the Rodeo Propane Recovery Project and 
the two modifications at the Santa Maria Refinery -- the Throughput Increase Project and 
the Rail Spur Project to supply the increase in crude.  This is the “nexus” to the larger 
project with the potential to change crude oil feedstocks.  
 
 The increase in throughput at the Santa Maria Refinery would increase the 
amount of SMGO and naphtha processed at Rodeo into propane and butane.  As 

John Peirson
Line

John Peirson
Text Box
CBE-45



 
 
 

7

discussed elsewhere in these comments, the new rail spur at the Santa Maria Refinery 
would enable tar sands and other crudes to be imported to and processed at Santa Maria.  
Tar sands crudes imported by rail are blended with a diluent that is rich in butane and 
propane.  Other potential imports, including Bakken crudes, also are rich in propane and 
butane feedstocks required at Rodeo.  Thus, both projects proposed for the Santa Maria 
Refinery will have a direct impact on the amount of propane and butane available for 
recovery at Rodeo, making up for the deficit in the propane and butane in Rodeo refinery 
fuel gas for LPG recovery.   
 
 Thus, there is both a direct pipeline link between the two facilities, an explicit 
statement that the Santa Maria Throughput Increase Project was developed to send more 
semi-refined product to the Rodeo Refinery, a pipeline linking the two facilities, and a 
direct process link between those products and the input to the Propane Recovery Project 
disclosed on the process flow diagrams.  These factors establish a nexus between the 
Santa Maria Rail Spur and Throughput Increase Projects and the Propane Recovery 
Project at Rodeo.  Thus, these projects are integrally related and should be evaluated as a 
single project under CEQA.  
 
III. THE PROJECT WOULD REPLACE THE EXISTING CRUDE SLATE 

WITH    CHEMICALLY DISTINCT CRUDES  
 
 The DEIR strongly hints that the Project would import Bakken crudes, noting the 
Rail Spur Project would import crude oil “sourced from oilfields throughout North 
America based on market economics and other factors.  The most likely sources would be 
the Bakken field in North Dakota or Canada.”  DEIR, p. ES-3.  Elsewhere, the DEIR 
indicates: “These could include fields as far away as the Bakken field in North Dakota or 
Canada.”  DEIR, p. 2-21.  See also:  “The most likely sources of crude oil for the SMR 
would be North Dakota, Canadian, and Mid Continent area.” DEIR, p. 4.12-21.  This 
crude is chemically distinct from the existing crude slate.  Further, as discussed below, 
the Rail Spur Project is also designed to import Canadian tar sands crudes.  These tar 
sands crudes are also chemically distinct from the baseline crude slate.  These differences 
in crude slate composition will result in significant impacts that were not disclosed in the 
DEIR. 
 

A. Bakken Crudes As Feedstock for the Santa Maria Refinery 
 
 The Project description suggests that Bakken crudes would be imported by rail.  
While we believe this is unlikely for the reasons outlined below, the DEIR must 
nevertheless, given its assertions, evaluate the impact of refining this crude, which is 
chemically distinct from the current crude slate and from tar sands.   
 
 A refiner’s choice of crude oil is influenced by the specific collection of 
processing units at the refinery and their design. Refinery configurations are unique and 
are typically designed to process a specific crude slate.  The challenge for a refinery, 
then, is finding the cheapest crude that is compatible with the refinery's design. 
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 The Santa Maria Refinery is designed to refine heavy, high sulfur crudes, such as 
those available locally with a general composition as summarized in Table 1, below.  
DEIR, p. 2-3.   
 

Table 1 
Properties of Crude Oil Currently Refined at Santa Maria (DEIR, Table 2.6). 

 
  

The Santa Maria Refinery consists of atmospheric pressure distillation, vacuum 
distillation, delayed coking, and sulfur recovery, designed specifically to breakdown 
these local heavy high sulfur crudes into semirefined products. The semi-refined products 
-- gas oil and naphtha -- require additional refining at Rodeo to convert them into 
gasoline and other finished products.  DEIR, Sec. 2.0.  Thus, major changes in the crude 
slate at Santa Maria would necessarily result in major design changes at both the Santa 
Maria and Rodeo Refineries.  More naphtha, especially lighter napthas, and less gas oil 
would be produced at Santa Maria, requiring accommodations in throughputs and process 
design at Rodeo, e.g., contributing to propane and butane that would be recovered at 
Rodeo with the Propane Recovery Project.  The DEIR does not disclose any refinery 
design changes at either location.  Thus, the DEIR is either deficient in this regard, i.e., 
for not disclosing design changes and their impacts, or Bakken crude is not a serious 
option.  
 

All refineries have criteria for accepting crudes for processing.  These were not 
disclosed in the DEIR and should have been as environmental impacts cannot be fully 
assessed without them.  The switch from a heavy high sulfur crude (current) to very light 
low sulfur crude (Bakken) would require process design changes, such as changes to the 
distillation units, idling of the coker and sulfur recovery units, and new tankage.  The 
DEIR does not disclose any refinery design changes. 
  
 Bakken crude10 is a “light” (i.e., very volatile) crude with a high API gravity 
(>40o) and very low sulfur content (<0.2%)11 that is not similar to the current crude 

                                                 
10 Cenovus, Bakken Light Crude Oil, Available at: 
http://www.cenovus.com/contractor/docs/CenovusMSDS_BakkenOil.pdf. See also crude composition data 
at: Enbridge Pipelines Inc. 2013 Crude Characteristics No. 44, Available at: 
http://www.enbridge.com/DeliveringEnergy/Shippers/~/media/www/Site%20Documents/Delivering%20En
ergy/2013%20Mainline%20Crude%20Characteristics.pdf. 
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feedstock shown in Table 1.  When refined, it yields very little residuum (coker feed) and 
large amounts of gasoline.  Figure 3  The current slate, which is similar to the Kern 
County crude shown in Figure 3, consists of heavy (API 19o) (i.e., not volatile), sour 
(4.6% sulfur) crude.  When refined, it yields large amounts of residuum, which must be 
processed in the cokers to extract lighter products amenable to pipelines transport and 
further processing at Rodeo.   
 

Figure 3 
Composition of Bakken Compared to  

Typical Heavy Crude (Kern) 

 
 

  
 

The Rail Spur Project is being designed to import essentially 100% of the 
Refinery’s permitted daily throughput crude capacity by rail12 and 73% of its annual 

                                                                                                                                                 
11 Bakken has recently soured and sulfur content of 0.17-2.0 ppm are now reported. Prices fell with the 
souring. See https://www.onepetro.org/conference-paper/SPE-141434-MS; 
http://www.reuters.com/article/2013/05/29/column-kemp-bakken-pipelines-idUSL5N0EA3SU20130529. 
12 In the Rail Spur baseline, assumed to be 2010 to 2012, the Refinery processed an average of 38,029 
BPD.  DEIR, Table 2.7.  The permitted maximum daily throughput in the baseline is 44,500 BPD.  DEIR, 
Table 3.1.  The Rail Spur Project is designed to import one unit train per day, carrying up to 2,190,000 
gallons or up to 51,143 BPD of crude oil.  DEIR, pp. ES-5, 1-4.  An FEIR has been issued for a throughput 
increase project which would increase the daily permit level by 10% to a maximum of 48,950 BPD (DEIR, 
p. 2-28 and Table 3.2) and the annual throughput from 16,242,500 BPY to 17,866,750 BPY.  Throughput 
FEIR, p. 2-26.   
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average throughput.13  While small amounts of Bakken could be blended with locally 
sourced or heavy high sulfur crudes or imported tar sand crudes without significant 
refinery design changes, it is unlikely that Bakken would ever comprise a large fraction 
of the Santa Maria crude slate without major capital projects not disclosed in the DEIR.  
The Santa Maria Refinery is not designed to process light sweet crude.  Further, as 
discussed elsewhere in these comments, light sweet crudes such as Bakken generally 
command a premium in the market.  Thus, it is unlikely that Bakken crudes would 
comprise a significant fraction of the Santa Maria slate as long as cheaper Canadian tar 
sands crudes are available.   
 
 A switch to Bakken would require significant modifications at both the Santa 
Maria and Rodeo Refineries that are not disclosed in the DEIR.  The cokers and sulfur 
recovery unit, for example, would likely be idled or modified to reduce their processing 
rates if large amounts of Bakken were refined as Bakken contains very little residuum, 
i.e., the coker feed, and very little sulfur.  New storage tanks would be required, or an 
increase in permitted throughputs of existing storage tanks and changes in the design of 
tank vapor control systems to handle higher vapor pressure materials would be required.  
The capital investment in most of the existing refining equipment would be lost along 
with the income from selling sulfur and coke.  An entirely different refinery would be 
required to capture maximum value from Bakken crude.  No such changes are disclosed 
in the DEIR. 
  
 Further, emissions from the Refinery and pump stations along the pipeline 
connecting Santa Maria and Rodeo would be significantly different from those in the 
baseline.  If the crude slate were switched to Bakken, combustion emissions at the Santa 
Maria Refinery would decrease, offsetting some of the increases in locomotive emissions.  
However, volatile organic compound (VOC) and hazardous air pollutant (e.g., benzene) 
emissions from tanks and fugitive components, including pump stations along the 
pipeline (Santa Margarita, Shandon, Cuesta), would significantly increase, likely enough 
to trigger PSD review for the rail spur as a major modification.  These increases would 
also result in significant worker and public health impacts.   
 
 Changes in the type and amount of semi-refined products sent to Rodeo would 
also change, resulting in changes in emissions at Rodeo.  The DEIR does not disclose any 
changes in emissions at the Santa Maria or Rodeo Refineries from processing the rail-
imported crude.  This omission either eliminates Bakken as the major crude import, 
pointing to a heavy, higher sulfur crude, such as tar sands, or renders the DEIR deficient 
for failing to analyze the impacts of the crude switch.   
 
 
 
 

                                                 
13 The 2012 throughput was 13,274,829 bbl/year, 3-year average throughput was 13,858,563 bbl/year.  The 
project maximum delivery assuming 250 trains/year @ 73 rail cars/train and 30,000 bbl/car =13,035,714 
bbl/year or 73% of the permitted throughput of 17,866,750 bbl/year.  DEIR, p. 2-26. 
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B. Tar Sands Crudes as Feedstock for the Santa Maria Refinery 
 
 Canadian tar sands crudes are a “North American sourced crude” that could be 
imported by the Rail Spur Project. These crudes are also chemically distinct from the 
current crude slate.  The DEIR does not mention Canadian tar sands crudes, which we 
believe are the most likely crude source.  They are likely not mentioned as tar sands 
crudes have numerous well documented environmental problems14 and would not be 
welcome in California due to their well known adverse impacts.  However, the Project 
design and various other information in the DEIR indicate the Project is being designed 
to import both tar sands crudes and Bakken crudes.  Thus, the DEIR must be revised to 
evaluate the impacts of importing up to 100% of both crudes, which have different 
impacts.  The evidence indicating the Project is designed to import tar sands crudes is 
summarized in this comment. 
 
 The Project description indicates the Rail Spur Project would import crude oil 
“sourced from oilfields throughout North America based on market economics and other 
factors...”  DEIR, p. ES-3.  Tar sands crudes are North American sourced crudes.  
Further, as defined by the International Energy Agency, and acknowledged in the Land 
Use Permit Application, the term “crude oil” comprises crude oil, natural gas liquids, 
refinery feedstocks, and additives as well as other hydrocarbons (including emulsified 
oils, synthetic crude oil, mineral oils extracted from bituminous minerals such as oil 
shale, bituminous sand, etc., and oils from coal liquefaction). Crude oil is a mineral oil 
consisting of a mixture of hydrocarbons of natural origin and associated impurities, such 
as sulphur.15  The DEIR does not propose any condition excluding tar sands crudes.  
Thus, tar sands crudes cannot be ruled out.  In fact, the Project is being designed to 
import tar sands crude.  The evidence supporting this is outlined below. 
 
 1. Tank Car Capacity 
 
 The Project is designed to use two different sized rail cars in the unit trains: 
(1) 80 rail cars carrying 23,500 gallons each and (2) 73 railcars carrying 30,000 gallons 
each.  DEIR ES-5.  The capacity of a rail car is determined by the weight of the loaded 
car and the maximum allowed weight on the rail line, which is ultimately determined by 
the density of the material contained in the car.  The maximum allowable weight on most 
freight rail lines coming out of Canada is 286,000 lbs, including the weight of the car.16   
 
 For light crudes, such as Bakken, the ideal rail tank car has a capacity of 30,000 to 
32,000 gallons, given the 286,000 lb rail line weight restriction.  For heavier crudes, such 

                                                 
14 EIP, Tar Sands: Feeding U.S. Refinery Expansions with Dirty Fuel, June 2008, Available at: 
http://environmentalintegrity.org/pdf/publications/Tar_Sand_Report.pdf. 
15 http://www.slocounty.ca.gov/Assets/PL/Santa+Maria+Refinery+Rail+Project/phillipslanduse.pdf. 
16 Allowable Gross Weight Map, Available at: 
http://www.uprr.com/aboutup/maps/attachments/allow_gross_full.pdf.  See also 49 CFR 179.13, Tank Car 
Capacity and Gross Weight Limitation. 
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as tar sands, the ideal tank car has a capacity of about 25,000 gallons, given this limit.17  
Thus, the Project described in the DEIR contemplates both Bakken and tar sands, as it 
describes the Project as using tank cars carrying either 23,500 gallons (a classic tar sands 
railcar) or 30,000 gallons (a classic light crude railcar) of crude oil.  The Bakken train 
configuration option would allow the import of more crude than the permitted maximum 
daily crude throughput (51,143 BPD vs 48,950 BPD).   
 
 2. Hydrogen Sulfide Levels 
 
 The DEIR includes an odor impact analysis that assumes “the expected H2S 
content of the crude oil vapor could be about one percent” based on the Applicant's 
expected H2S content of crude oil vapor.  DEIR, p. 4.3-51.  This is much higher than H2S 
levels in Bakken crude vapors.  Bakken crude oil contains less than 0.2% H2S and the 
headspace vapors would be significantly lower.  Thus, the Applicant is expecting to 
import high H2S crudes.  Tar sands crudes contains high H2S concentrations.18 
 
 3. Vapor Pressure Limits 
 
 Phillips 66 asserted in its responses to comments on the Draft EIR for the Propane 
Recovery Project at Rodeo that: “Prior to shipment of the intermediates produced at 
Santa Maria, the semi-refined material is stored in tankage.  The tankage has vapor 
pressure limits imposed by the County Air District which acts as a constraint regarding 
how much butane/propane can be included in the intermediates.  Accordingly... no new 
propane/butane can be added to the intermediates sent from Santa Maria to Rodeo 
regardless of the types of crude that may be processed at Santa Maria.”19  If true, this 
eliminates Bakken as a crude that would imported by the rail spur, as it contains high 
concentrations of volatile components that would significantly increase vapor pressure of 
material stored in tanks. This points to the import of tar sand crudes, which are similar to 
the heavy crudes currently refined at Santa Maria. 
 
 4. Cost-Advantaged Crudes 
 
 The DEIR indicates one of the purposes of the Project is to obtain “competitively 
priced crude oil.”  DEIR, p. 2-30.  Tar sands and Bakken are both “competitively priced”, 
cost-advantaged crudes because they are stranded, with no pipeline access and thus must 
be delivered by rail.20  As refineries are not equipped to take delivery of large amounts of 

                                                 
17 Association of American Railroads, Moving Crude Petroleum by Rail, May 2013, p. 10. 
18 http://www.crudemonitor.ca/home.php. 
19 Letter from Mark E. Evans, Phillips 66 San Francisco Refinery Manager, to Chair Karen Mitchoff and 
Members of the Contra Costa County Board of Supervisors, Re: Phillips 66 Propane Recovery Project, p. 6, 
January 6, 2014, Available at:  http://64.166.146.155/docs/2014/BOS/20140121_330/16707_Exhibit7-
P66Response.pdf. 
20 Small amounts of Canadian tar sands crudes are currently arriving on the west coast by ship.  However, 
the pipeline capacity to transport the tar sands crude to the west coast and the rail capacity to transport it to 
the west coast for subsequent water delivery is currently very limited.  However, projects are underway to 
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crude by rail, which requires large unit trains, significant infrastructure improvements, 
such as the Santa Maria Rail Spur Project, are required to import them to the west coast.  
The most cost advantaged of those available is tar sands crudes, which are both closer to 
Santa Maria and have less value in the refining market due to their composition, which is 
similar to the heavy sour crudes now processed at Santa Maria. 
 
 Cost-advantaged crude sells at a discount relative to crude oils tied to the global 
benchmark, North Sea Brent crude.  A recent presentation by a Phillips 66 competitor 
identified tar sands crudes as the most competitively priced crudes to import into the 
California market by rail.21  The cost-advantaged crude oils identified by Valero are 
shown in Figure 4. 
 

                                                                                                                                                 
alleviate these bottlenecks, including a Phillips 66 project at its Ferndale facility in Washington.  The 
Ferndale project would allow direct import of tar sands crude at the Rodeo Marine Terminal. 
21 Valero, UBS Global Oil and Gas Conference, May 21-22, 2013, p. 10, Available at: 
http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx. provided as Appendix D to 
TGG Comments. 
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Figure 4 
Cost-Advantaged Crudes 

That Could Be Imported By Rail22 

 

                                                 
22 Brent is light sweet crude oil sourced from the North Sea, priced at export point there.  It has an API 
gravity of 37.9o and 0.45% sulfur.  LLS is light Louisiana sweet, priced at St. James, LA.  It has an API 
gravity of 37.0o and 0.38% sulfur.  MARS is a medium sour blended crude marketed into the Gulf coast 
and mid-continent regions, priced at Clovelly LA.  It has an API gravity of 28.7o and 1.8% sulfur.  Maya is 
a heavy sour crude oil from Mexico, priced at export point there.  It has an API gravity of 22o and 3.3% 
sulfur.  WTI Cush. is West Texas Intermediate crude priced at Cushing, OK, a major trading hub for crude 
oil.  It is a light crude oil with an API gravity of 39.0o and 0.4% sulfur (see also 
http://en.wikipedia.org/wiki/West_Texas_Intermediate).  WTI Mid. is West Texas Intermediate (API 
gravity of 39.0o and 0.4% sulfur) priced at Midland TX (proximate to Permian Basin production).  WTS is 
west Texas Sour priced at Midland, TX and an API gravity of 33.5o and 1.9% sulfur.  Syncrude is a light 
sweet synthetic Canadian tar sands crude consisting of a bottomless blend of hydrotreated naphtha, 
distillate, and gas oil fractions produced from a coker and hydrocracker based upgrader facility in Canada; 
priced at Edmonton Alberta.  It typically has an API gravity of 31.0o to 33.0o and 0.1% to 0.2% sulfur (see 
also http://www.crudemonitor.ca/crude.php?acr=SYN).  WCS is Western Canadian Select, priced at 
Hardesty, Alberta.  This is a tar sands DilBit crude with API gravity of 20.0o to 21.0o and 3.4% to 3.7% 
sulfur (see also http://www.crudemonitor.ca/crude.php?acr=WCS).   
Sources: Valero crude price data (in Figure 2) are sourced to Argus, so crude specifications in this footnote 
are based on Argus Methodology and Specifications: Americas Crude (Last Updated: May 2013)    
http://media.argusmedia.com/~/media/Files/PDFs/Meth/argus_americas_crude.pdf and (for Brent) Argus 
Crude (Updated: June 2013) http://media.argusmedia.com/~/media/Files/PDFs/Meth/argus_crude.pdf, 
The pricing locations specified are those shown in Valero, UBS Global Oil and Gas Conference, May 21-
22, 2013, p. 8, Available at: http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx,  
provided as Appendix D to TGG Comments. 
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 The largest growth in cost-advantaged crudes is coming from U.S. shale crudes 
and heavy Canadian tar sands crudes, both of which are “North American-sourced crude 
oils.”  Valero's list of cost-advantaged crudes in Figure 4 indicates that the most cost-
advantaged crude is Western Canadian Select (WCS).23  A recent Phillips 66 
presentation, Figure 5, indicates it is clearly considering Canadian tar sands crude 
options.24 

Figure 5 
Phillips 66 Cost Advantaged Crude Activities 

 

 Western Canadian Select is a “DilBit”, which is Canadian tar sands bitumen 
diluted to pipeline specifications with 25% to 30% diluent.  The diluent is typically 
natural gas condensate, pentanes, or naphtha.25  Most of the tar sands crudes are too 
heavy to flow in a pipeline or to be transported in the type of railcars proposed for the 
Project (i.e., no steam coils or steaming facilities at Santa Maria).  Thus, they must be 

                                                 
23 Cenovus Energy, Western Canadian Select (WCS) Fact Sheet, Available at: 
http://www.cenovus.com/operations/doing-business-with-us/marketing/western-canadian-select-fact-
sheet.html.  See also CrudeMonitor.ca - Canadian Crude Quality Monitoring, Available at: 
http://www.crudemonitor.ca/crude.php?acr=WCS.  
24 Phillips 66, Crude by Rail & Intermodal Supply Chain, Optimization and Opportunities, Refiner-Led 
Summit 2013, Opening Keynote Panel, August 21, 2013. 
25 Gary R.  Brierley, Visnja A.  Gembicki, and Tim M.  Cowan, Changing Refinery Configurations for 
Heavy and Synthetic Crude Processing, Available at: 
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId
=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138.  
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diluted or thinned with a lighter hydrocarbon stream to reduce viscosity and density to 
meet pipeline specifications.   

 The potential rail import of DilBits cannot be eliminated and is the most likely rail 
import due to economic considerations.  The failure to disclose the potential import of tar 
sands crudes, which are chemically distinct from the current crude slate, is a significant 
omission as the emissions from handling this material are different from the baseline 
crude slate.  The emissions of some pollutants, VOCs and HAPs, for example, are large 
and will result in significant air quality, odor, and worker and public health impacts.   

 Western Canadian Select sells for a discount of nearly $40/bbl compared to ICE 
Brent.26  Assuming Valero's reported light crude rail delivery cost of about $13/bbl to 
$15/bbl,27 WCE would arrive at Santa Maria at a discount of about $23/bbl to $25/bbl 
relative to ICE Brent.  Rail delivery costs for heavy crude would be somewhat higher, 
and heavy, sour crudes are less valuable than Brent (the global benchmark for light, sweet 
crudes).  Still, the price of WCS delivered to Santa Maria is likely lower (and very likely 
competitive), compared with all the other cost-advantaged crudes (Fig. 4).  Thus, the 
most likely crude to be imported by rail is one of the tar sands crudes, which are 
compatible with the design of the Santa Maria Refinery. 

 The cost advantage of delivering North American-sourced light sweet crudes 
(e.g., Bakken) by rail is less than for tar sands crudes. The North American light crudes 
are discounted less relative to conventional light sweet crudes (ICE Brent) as North 
American light crudes have more desirable qualities and are further away from Santa 
Maria than Canadian tar sands.  The cost advantage of these crudes, e.g., Bakken, may be 
small (or completely disappear) after adding the cost of transport by rail to Santa Maria.  
However, the competitive position of Bakken (and other crudes) will depend in part on 
the pricing dynamics in the crude markets,28 and also how specific refineries are 
configured.29  Thus, Bakken cannot be eliminated and must be analyzed in the DEIR. 

                                                 
26 Brent crude is a major trading classification of sweet light crude oil sourced from the North Sea.  Brent is 
the leading global price benchmark for Atlantic basin crude oils and is used to price two thirds of the 
world's internationally traded crude oil supplies.  It contains about 0.37% sulfur and has an API gravity of 
38.06o.  It is traded on the electronic IntercontinentalExchange, know as ICE.  See: 
http://en.wikipedia.org/wiki/Brent_Crude. 
27 Valero, May 21-22, 2013, p. 11.  This is consistent with recently reported rail  delivery rates to Los 
Angeles of $9.50 - $10.50/bbl (Tesoro, Deutsche Bank Energy Conference, January 9, 2014, pdf 14). 
28 Crude pricing is highly dynamic and varies in part based on crude flows. To the extent that California 
(and other North American coastal markets) are importing Brent and other waterborne crudes, delivered 
costs typically include a small premium to cover the cost of importing the crudes by tanker. In Valero’s 
analysis in Figure 4, Brent-priced crude is assumed to be imported into East Coast US (PA/NJ), with the 
delivered price there at a $2 premium over Brent. Market analysis typically assumes that overseas tanker 
delivery (e.g., from Brent to East or Gulf Coast) costs about $2/barrel. 
29 Bakken and other light, sweet shale crudes are especially attractive for less complex refineries that are 
configured for light, sweet crudes, as opposed to more complex refineries that can process heavier, sour 
feedstocks. 
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IV. ENVIRONMENTAL IMPACTS FROM CRUDE SLATE CHANGES NOT 
 EVALUATED 
 
 The Project would replace up to 100% of the current crude slate with crudes 
imported from other unidentified and chemically distinct sources, e.g., Bakken light 
sweet crudes or Canadian tar sands crudes.  The environmental impacts of refining 
depend upon the composition of the crude slate, as discussed elsewhere in these 
comments.  The specific chemicals emitted during refining depend upon the chemicals in 
the starting crude.  Thus, the composition of the baseline crude slate is essential to 
determine environmental impacts.   
 

A. Why Crude Slate Composition Matters 
 
 The Project proposes to dramatically change 100% of the crude slate, from heavy 
high sulfur locally sourced crudes to light low sulfur crude or heavy high sulfur tar sands 
crudes.  However, the DEIR is silent on the composition of these new crude(s) that would 
be imported by rail and the resulting impacts relative to the baseline crude slate.  The 
composition of the crude slate determines air quality, worker and public heath, risk of 
upset, and other impacts of the Project and must be disclosed. The specific chemicals 
emitted during refining depend upon the chemicals in the starting crude.  Thus, the 
composition of the baseline crude slate is essential to determine environmental impacts.   
 
 Volatile chemicals in the crude, such as benzene, hydrogen sulfide, and 
mercaptans, for example, are emitted from tanks, pumps, connectors, and valves that 
transport, store and process the crude.  Total crude sulfur content as reported in the DEIR 
cannot be used to evaluate odor and health impacts from transport, storing, and 
processing this crude as the impacts depend upon the concentration of specific sulfur 
compounds in rail-imports versus the current slate, e.g., the amount of hydrogen sulfide 
and mercaptans, which most commonly cause odor problems at refineries.  The DEIR 
does not relate even the single crude analysis to any of its impact analyses.  In fact, the 
DEIR did not analyze any of the impacts of a crude switch.  
 
 Hazardous air pollutants or HAPs (e.g., benzene) and other Toxic Air 
Contaminants (TACs (e.g., H2S) are present in the crude slate and its semi-refined 
byproducts. These are emitted from thousands of fittings, valves, pumps, compressors, 
vents, and tanks at the Refinery and along the pipeline connecting Santa Maria and 
Rodeo.  These emissions were not evaluated in the DEIR. 
 
 Refining rearranges the composition of the crude to make marketable products.  
This requires the input of electricity, heat, and steam.  These are generated by burning 
fuel, which releases large amounts of greenhouse gases, nitrogen oxides (NOx), sulfur 
oxides (SOx), and other chemicals of concern.  The amount of electricity, heat and steam 
depend upon the chemicals in the crude.  Some of the potential "North American sourced 
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crudes" may require much more electricity, heat, and steam to refine than the current 
slate, increasing emissions and other impacts relative to the baseline crude slate. 
 

B. Crude Slate Baseline Is Not Identified 
 
 As this Project involves replacing up to 100% of the current crude slate with 
dramatically different crudes, baseline crude composition must be reported and impacts 
must be estimated for the crude switch, relative to baseline crudes.  The DEIR does not 
include baseline crude composition nor does it evaluate any environmental impacts 
resulting from importing a new crude slate.  
 
 The DEIR only includes one analysis of a current crude, a sample collected in 
March 2008, which is not even in the baseline years and is incomplete.  See Table 1.  It is 
unknown where the sample was collected, how it was analyzed, and how it relates to the 
long-term average slate in the baseline years 2010 - 2012.  The Santa Maria Refinery 
processes crudes from many local and offshore sources that change over time.  Is the 
sample in Table 1 of just one of these crudes, or is it the typical blend that is refined in 
the baseline?  Regardless, one snapshot sample is not sufficient to establish the 2010 - 
2012 baseline crude composition.   
 
 Further, the reported crude sample data is just for gross lumped parameters such 
as API gravity and total sulfur content.  These lumped parameters are not useful for 
evaluating environmental impacts.  The specific chemicals in the crude and their 
concentrations are required to evaluate impacts.  A good crude assay is essential for 
comprehensive crude oil evaluation.30  The type of data required to evaluate emissions 
would require, at a minimum, the following information for both the current slate and the 
unidentified “North American-sourced crudes”:  

 Trace elements (As, B, Cd, Cl, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, U, V, Zn) 

 Nitrogen (total & basic) 

 Sulfur (total, mercaptans, H2S) 

 Residue properties (saturates, aromatics, resins) 

 Acidity 

 Aromatics content 

 Asphaltenes (pentane, hexane and heptane insolubles) 

 Hydrogen content 

 Carbon residue (Ramsbottom, Conradson) 

 Distillation yields 

 Properties by cut 

                                                 
30 CCQTA February 7, 2012, p. 10. 
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 Hydrocarbon analysis by gas chromatography 

 Flammability 

 This type of information is reported in a crude assay or “fingerprint” of the oil, 
which are likely available to Phillips 66 but were excluded from the DEIR, foreclosing 
any meaningful public review of environmental impacts.  The DEIR does not identify any 
specific “North American-sourced crudes” that would be imported, contains only a 
single, limited crude assay for the current refinery slate which is inadequate to assess the 
baseline (a 2 year period, not a snapshot sample), or the crude(s) that would be imported 
by rail.  The DEIR also does not contain an analysis of the impact of changes in crude 
quality on air emissions, odor impact, worker and public health impact, risk of upset, and 
other impact areas.  Thus, the public is left to guess what the impacts might be.   

 The DEIR should have evaluated the impacts of refining the alternate crude slates 
the Project is being designed for, as reflected in the unit train specifications.  These 
include both light sweet Bakken and heavy sour tar sands crudes.  Alternatively, the 
DEIR should evaluate these impacts and include mitigation conditions prohibiting their 
import as publicly available information indicates that Phillips 66 is considering both as 
they would likely arrive at the Refinery with pricing that is competitive relative to other 
crudes.   

 The specific chemicals in the crude, for example, determine which ones will be 
volatile and lost through equipment leaks and outgassed from tanks, which ones will be 
difficult to remove at Santa Marian and Rodeo (thus determining how much hydrogen 
and energy must be expended to remove them), which ones will cause malodors, and 
which ones might aggravate corrosion, leading to accidental releases from pipelines and 
other refinery equipment. 
 
V. SIGNIFICANT IMPACTS OF CRUDE SLATE CHANGES NOT 

DISCLOSED 
 
 The Project would change up to 100% of the baseline crude slate from locally 
sourced heavy high sulfur crudes to a light low sulfur crude or heavy high sulfur tar sands 
crudes.  None of the impacts of the crude switch were disclosed in the DEIR nor any of 
the information required to assess these impacts. 

A. Impacts From Unique Suite Of Sulfur Compounds Not Evaluated 

 The DEIR reports the amount of total sulfur in a single sample of a currently 
refined crude.  The DEIR also analyzes the odor impacts of unloading an unidentified 
crude, assuming a crude vapor concentration of 1% H2S (9600 ppm).  DEIR, p. 4.3-51 
and Appx. B, p. B-10.  The basis for this assumption, e.g., the type of crude and the 
identification and concentration of all sulfur compounds in its vapors were not disclosed.  
Odor impacts were just evaluated for unloading, but nowhere else, e.g., crude tanks at the 
Refinery, processing units within the Refinery.  Worker and public health impacts from 
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emissions of sulfur species were not identified nor were risk of accidents from sulfur-
induced corrosion. 

 The DEIR's assumption that 100% of the sulfur is H2S is wrong.  Sulfur in the 
potential import crudes comprises a complex collection of individual chemical 
compounds including hydrogen sulfide, mercaptans, thiophene, benzothiophene, methyl 
sulfonic acid, dimethyl sulfone, thiacyclohexane, etc.  Each crude has a different suite of 
individual sulfur chemicals.  The environmental impacts of “sulfur”, including odor, 
health impacts and risk of upset, depend upon the specific sulfur chemicals and their 
relative concentrations, not on the “gross” amount of total sulfur expressed as weight 
percent sulfur in the crude oil, or only as H2S in unidentified crude vapors.   

 The role of specific sulfur compounds was clearly and tragically demonstrated in 
the recent (August 2012) catastrophic accident at the Chevron Richmond Refinery.  This 
accident was caused by the erroneous assumption that sulfur is sulfur, which led to 
significant corrosion.  See next comment.  Similarly, while the lighter sulfur compounds 
such as mercaptans and disulfides found in light sweet crudes may not significantly 
increase the overall weight percent sulfur in the crude slate, they do lead to impacts, such 
as aggressive sulfidation corrosion, which can lead to accidental releases.  These 
compounds concentrate in the lower boiling naphtha fractions produced at Santa Maria 
and would contribute to aggressive sulfidation corrosion in the convection section of 
naphtha hydrotreating furnaces at Rodeo.31   

 The specific sulfur compounds in a crude also will determine which compounds 
will be emitted from storage tanks and fugitive component, some of which could result in 
significant odor impacts, e.g., mercaptans, and health impacts.  The DEIR is silent on 
sulfur speciation, lumping all sulfur into only H2S.  DEIR, pp. 4.3-51, B-5.  

 Regardless of what crude might be brought in by rail, there are potentially 
significant environmental impacts that will result due to the unique sulfur speciation 
profile of each crude that have not been disclosed in the DEIR.  The DEIR lumps all 
sulfur compounds together. 

B. Accidental Releases From The Refinery May Increase 
 

The Santa Maria Refinery was built in 1955 before current American Petroleum 
Institute (API) standards were developed to control corrosion and before piping 
manufacturers began producing carbon steel in compliance with current metallurgical 
codes.  Thus, the metallurgy used throughout much of the Refinery is likely not adequate 
to handle the unique chemical composition of tar sands crudes without significant 
upgrades.  There is no assurance that required metallurgical upgrades would occur if tar 
sands crudes dominate the crude slate, as they are very expensive and are not required by 
any regulatory framework.  Experience with changes in crude slate at the Chevron 

                                                 
31 See, for example, Jim McLaughlin, Changing Your Crude Slate, Becht New, May 24, 2013, Available at: 
http://becht.com/news/becht-news/. 
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Refinery in Richmond suggest required metallurgical upgrades are ignored, leading to 
catastrophic accidents.32  The DEIR is silent on corrosion issues and metallurgical 
conditions of the Refinery. 

 
Both DilBit and SynBit crudes, which are cost-advantaged North American 

crudes that could be imported by rail, have high Total Acid Numbers (TAN), which 
indicates high organic acid content, typically naphthenic acids.  These acids are known to 
cause corrosion at high temperatures, such as occur in many refining units, e.g., in the 
feed to cokers.  As a rule-of-thumb, crude oils with a TAN number greater than 0.5 
mgKOH/g33 are considered to be potentially corrosive and indicates a level of concern.  
A TAN number greater than 1.0 mgKOH/g is considered to be very high.  Canadian tar 
sands crudes are high TAN crudes.  The DilBits, for example, range from 0.98 to 2.42 
mgKOH/g.34 

 
Sulfidation corrosion from elevated concentrations of sulfur compounds in some 

of the heavier distillation cuts is also a major concern, especially in the vacuum 
distillation column, coker, and hydrotreater units.  The specific suite of sulfur compounds 
may lead to increased corrosion.  The IS/MND did not disclose either the specific suite of 
sulfur compounds or the TAN for the proposed crude imports. 

 
A crude slate change could result in corrosion from, for example, the particular 

suite of sulfur compounds or naphthenic acid content, that leads to significant accidental 
releases, even if the crude slate is within the current design slate basis, due to 
compositional differences.   

 
This recently occurred at the Chevron Richmond Refinery in the San Francisco 

Bay.  This refinery gradually changed crude slates, while staying within its established 
crude unit design basis for total weight percent sulfur of the blended feed to the crude 
unit.  The sulfur composition at Chevron Richmond significantly changed over time.35  
This change increased corrosion rates in the 4-sidecut line, which led to a catastrophic 
pipe failure in the #4 Crude Unit on August 6, 2012.  This release sent 15,000 people 
from the surrounding area for medical treatment due to the release and created huge black 
clouds of pollution billowing across the San Francisco Bay.   

 

                                                 
32 U.S. Chemical Safety and Hazard Investigation Board, Interim Investigation Report, Chevron Richmond 
Refinery Fire, Chevron Richmond Refinery, Richmond, California, August 6, 2012, Draft for Public 
Release, April 15, 2013, Available at: http://www.csb.gov/chevron-refinery-fire/. 
33 The Total Acid Number measures the composition of acids in a crude. The TAN value is measured as the 
number of milligrams (mg) of potassium hydroxide (KOH) needed to neutralize the acids in one gram of 
oil. 
34 www.crudemonitor.ca. 
35 US Chemical Safety and Hazard Investigation Board, 2013, p.34 (“While Chevron stayed under its 
established crude unit design basis for total wt. % sulfur of the blended feed to the crude unit, the sulfur 
composition significantly increased over time.  This increase in sulfur composition likely increased 
corrosion rates in the 4-sidecut line.”). 
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These types of accidents can be reasonably expected to result from incorporating 
tar sands crudes into crude oils processed at the SMR. Even if the range of sulfur and 
gravity of the crudes remains the same, unless significant upgrades in metallurgy occur, 
as these crudes have a significant concentration of sulfur in the heavy components of the 
crude coupled with high TAN and high solids, which aggravate corrosion.  The gas oil 
and vacuum residue piping, for example, may not be able to withstand naphthenic acid or 
sulfidation corrosion from tar sands crudes, leading to catastrophic releases.36  
Catastrophic releases of air pollution from these types of accidents were not considered in 
the IS/MND. 

 
Refinery emissions released in upsets and malfunctions can, in some cases, be 

greater than total operational emissions recorded in formal inventories.  For example, a 
recent investigation of 18 Texas oil refineries between 2003 and 2008 found that “upset 
events” were frequent, with some single upset events producing more toxic air pollution 
than what was reported to the federal Toxics Release Inventory database for the entire 
year.37 

C. Emissions From Diluent Were Not Evaluated 

 The majority of the crudes that will be imported by rail will likely be a blend of 
bitumen and diluent due to their discounted price compared to conventional light sweet 
crudes such as Bakken.  Pure undiluted tar sands bitumen is unlikely as the Project 
description does not disclose any equipment that would be necessary to handle pure 
bitumen, e.g., rail cars with steam soils, steaming facilities.  Undiluted bitumen would 
eliminate the diluent impacts discussed in this section, but would significantly increase 
the impacts from refining the heavy ends from increased use of utilities that increase 
combustion emissions.  Setting aside undiluted bitumen, this leaves the question of the 
amount of diluent that would be mixed with the crude, which ultimately determines 
impacts. 

 When heavy crude is shipped by pipeline, it needs to be diluted so that it will flow 
in the pipe.  Bitumen blended to pipeline specifications can be loaded on and off 
conventional rail tank cars like other light crudes.  However, bitumen can also be 
transported by rail as “RailBit”, using 15% to 20% diluent.  The amount of diluent 
depends on the type of rail tank car and design details of the offloading facilities, which 
are not disclosed in the DEIR, which suggests conventional rail cars designed for DilBits 
and a conventional unloading terminal.  Thus, I assume that one of the materials that will 
be transported by rail is conventional pipeline-quality DilBits with 20% to 30% diluent.   

 The mixture of diluent and bitumen does not behave the same as a conventional 
heavy crude, such as present in the current crude slate, because the distribution of 
hydrocarbons is very different.  The blended lighter diluent generally evaporates readily 
                                                 
36 See, for example, Turini and others, 2011. 
37 J. Ozymy and M.L. Jarrell, Upset over Air Pollution: Analyzing Upset Event Emissions at Petroleum 
Refineries, Review of Policy Research, v. 28, no. 4, 2011. 
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when exposed to ambient conditions, leaving behind the heavy ends, the vacuum gas oil 
(VGO) and residuum.38  Thus, when a DilBit is released accidentally, it will generally 
create a difficult to cleanup spill as the heavier bitumen will be left behind.39  Further, in 
a storage tank, the diluent also can be rapidly evaporated and emitted through tank 
openings, emitting high amounts of VOCs and HAPs.   

 These conventional DilBits, which are the most likely “North American-sourced 
crudes” to be imported by rail over the long term, given the current economic outlook, 
are sometimes referred to as “dumbbell” or “barbell” crudes as the majority of the diluent 
is C5 to C12 and the majority of the bitumen is C30+ boiling range material, with very little 
in between.40  This means these crudes have a lot of material boiling at each end of the 
boiling point curve, but little in the middle.  Thus, they yield very little middle distillate 
fuels, such as diesel, heating oil, kerosene, and jet fuel and more coke, than other heavy 
crudes.  A typical DilBit, for example, will have 15% to 20% by weight light material, 
basically the added diluent, 10% to 15% middle distillate, and the balance, >75% is 
heavy residual material (vacuum gas oil and residue) exiting the distillation column.  
These characteristics distinguish DilBits from crudes currently refined at Santa Maria.41  
Thus, they could generate more coke than the current crude slate, which was not 
disclosed in the DEIR. 

 The large amount of light material that distills below 149 C is very volatile and 
can be emitted to the atmosphere from storage tanks and equipment leaks of fugitive 
components (pumps, compressors, valves, fittings) in much larger amounts than other 
heavy crudes that it would replace.  The DEIR does not indicate whether other heavy 
crudes processed at the Refinery currently arrive with diluent.  Thus, the use of diluent to 
transport tar sands crudes is likely an important difference between the current heavy 
crude slates processed at the Refinery and the tar sands crudes that could replace them.  
This diluent will have impacts during railcar unloading as well as within the Refinery. 

  The diluent is a low molecular weight organic material with a high vapor 
pressure that contains high levels of VOCs, sulfur compounds, and HAPs.  These would 
be emitted during unloading and present in emissions from the crude tank(s) and fugitive 
components from its entry into the Refinery with the crude until it is recovered and 
marketed at Rodeo. The presence of diluent would increase the vapor pressure of the 

                                                 
38 The residuum is the residue obtained from the oil after nondestructive distillation has removed all of the 
volatile materials.  Residua are black, viscous materials.  They may be liquid at room temperature (from the 
atmospheric distillation tower) or almost solid (generally vacuum residua), depending upon the nature of 
the crude oil. 
39 A Dilbit Primer: How It's Different from Conventional Oil, Inside Climate News.  Available at: 
http://insideclimatenews.org/news/20120626/dilbit-primer-diluted-bitumen-conventional-oil-tar-sands-
Alberta-Kalamazoo-Keystone-XL-Enbridge?page=show. 
40 Gary R. Brierley and others, Changing Refinery Configuration for Heavy and Synthetic Crude 
Processing, 2006, Available at: 
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId
=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138.  
41 Stratiev and others, 2010, Table 1, compared to DilBit crude data on www.crudemonitor.ca. 
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crude, substantially increasing VOC and HAP emissions from tanks and fugitive 
component leaks compared to those from displaced heavy crudes not blended with 
diluent and does not address diluent-derived emissions.  
 The composition of some typical diluents/condensates is reported on the website, 
www.crudemonitor.ca.42  The specific diluents that would be present in imported crudes 
is unknown.  The CrudeMonitor information indicates that diluents contain very high 
concentrations (based on 5-year averages, v/v basis) of the hazardous air pollutants 
(HAPs) benzene (7,200 ppm to 9,800 ppm); toluene (10,300 ppm to 25,300 ppm); ethyl 
benzene (900 ppm to 2,900 ppm); and xylenes (4,600 ppm to 23,900 ppm).   
 
 The sum of these four compounds is known as “BTEX” or benzene-toluene-
ethylbenzene-xylene.  The BTEX in diluent ranges from 27,000 ppm to 60,900 ppm.  The 
BTEX in DilBits, blended from these materials, ranges from 8,000 ppm to 12,300 ppm.43  
Similarly, the BTEX in synthetic crude oils (SCOs) ranges from 6,100 ppm to 14,100 
ppm.44  These are very high concentrations that were not considered in the emission 
calculations in the DEIR or the health risk assessment.  These high levels could result in 
significant worker and public health impacts. 
 
 The DEIR does not disclose the BTEX concentrations in the baseline crude slate 
nor the BTEX concentrations in the range of crudes that could be imported.  Rather, it 
contains only a single mass fraction crude vapor speciation profile that is used only to 
estimate canister ROG emissions from unloading of trains.   However, BTEX from the 
crude would be emitted from nearly every tank and fugitive component in the Refinery.  
The DEIR did not evaluate the worker or public health impacts from these emissions 
anywhere at the facility.  Benzene is a carcinogen, the principal one that would be 

                                                 
42 Condensate Blend (CRW) - http://www.crudemonitor.ca/condensate.php?acr=CRW;  Fort Saskatchewan 
Condensate (CFT) - http://www.crudemonitor.ca/condensate.php?acr=CFT;  Peace Condensate (CPR) -
 http://www.crudemonitor.ca/condensate.php?acr=CPR; Pembina Condensate (CPM) -
 http://www.crudemonitor.ca/condensate.php?acr=CPM; Rangeland Condensate (CRL) -
 http://www.crudemonitor.ca/condensate.php?acr=CRL; Southern Lights Diluent (SLD) -
 http://www.crudemonitor.ca/condensate.php?acr=SLD. 
43 DilBits:  Access Western Blend (AWB) - http://www.crudemonitor.ca/crude.php?acr=AWB; Borealis 
Heavy Blend (BHB) - http://www.crudemonitor.ca/crude.php?acr=BHB;  Christina Dilbit Blend (CDB) -
http://www.crudemonitor.ca/crude.php?acr=CDB; Cold Lake (CL) - 
http://www.crudemonitor.ca/crude.php?acr=CL; Peace River Heavy (PH) - 
http://www.crudemonitor.ca/crude.php?acr=PH; Seal Heavy (SH) - 
http://www.crudemonitor.ca/crude.php?acr=SH; Statoil Cheecham Blend (SCB) - 
http://www.crudemonitor.ca/crude.php?acr=SCB; Wabasca Heavy (WH) - 
http://www.crudemonitor.ca/crude.php?acr=WH; Western Canadian Select (WCS) - 
http://www.crudemonitor.ca/crude.php?acr=WCS; Albian Heavy Synthetic (AHS) (DilSynBit) - 
http://www.crudemonitor.ca/crude.php?acr=AHS. 
44 SCOs: CNRL Light Sweet Synthetic (CNS) - http://www.crudemonitor.ca/crude.php?acr=CNS; Husky 
Synthetic Blend (HSB) - http://www.crudemonitor.ca/crude.php?acr=HSB; Long Lake Light Synthetic 
(PSC) - http://www.crudemonitor.ca/crude.php?acr=PSC; Premium Albian Synthetic (PAS) - 
http://www.crudemonitor.ca/crude.php?acr=PAS; Shell Synthetic Light (SSX) - 
http://www.crudemonitor.ca/crude.php?acr=SSX; Suncor Synthetic A (OSA) - 
http://www.crudemonitor.ca/crude.php?acr=OSA; Syncrude Synthetic (SYN) - 
http://www.crudemonitor.ca/crude.php?acr=SYN. 
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emitted by the Project.45  These emissions would results in significant worker and public 
health impacts. 
  

Table 2 
Comparison of BTEX Levels 
in Potential Crude Imports 

 Current 
Crude 
Slate 

(in crude  
vapors) 

DEIR, p. B-5
(wt.%)46 

Diluents 
(5-yr Avg)47

 
 
 

(wt.%) 

Christina 
DilBit48 

(5-yr Avg)
 
 

(wt.%) 

Western 
Canadian 
Select49 

(5-yr Avg) 
 

(wt.%) 

Bakken50

Crude 
 
 
 

(wt.%) 

Benzene ? 0.83-1.27 0.27 0.15 0.1-1.0 
Ethylbenzene ? 0.11-0.33 0.06 0.06 0.33 
Toluene ? 1.32-2.89 0.44 0.27 0.92 
Xylenes ? 0.59-2.71 0.34 0.27 1.4 

 
 The CrudeMonitor information also indicates that these diluents contain elevated 
concentrations of volatile mercaptans (9.9 to 103.5 ppm), which are highly odiferous and 
toxic compounds that will create odor and nuisance problems at the Refinery in the 
vicinity of the unloading area, crude storage tanks and supporting fugitive components.  
Mercaptans can be detected at concentrations substantially lower than will be present in 
emissions from the crude tanks and fugitive emissions from the unloading rack and 

                                                 
45 Ethylbenzene was classified by OEHHA as a weak carcinogen in 2007.  
See:  http://oehha.ca.gov/tcdb/index.asp.  
46 DEIR did not report BTEX composition of the crudes. 
47 The reported range includes the following diluents: Condensate Blend, Saskatchewan Condensate, Peace 
Condensate, Pembina Condensate, Rangeland Condensate, and Southern Lights Diluent.  The composition 
data for all of these diluents is found at http://www.crudemonitor.ca. Concentrations reported in volume % 
(v/v) in this source were converted to weight % by dividing by the ratio of compound density in kg/m3 at 
25 C (benzene =876.5 kg/m3, toluene = 0.866.9 kg/m3, ethylbenzene 866.5 kg/m3, and the xylenes 863 
kg/m3) to crude oil density in kg/m3, as reported at www.crudemonitor.ca, 5-year average.  See also 
Cenovus Energy Inc. Material Safety Data Sheet, Condensate (Sour) and Condensate (Sweet), Available at: 
http://www.cenovus.com/contractor/msds.html. 
48 Christina DilBit Blend (CDB) -.http://www.crudemonitor.ca/crude.php?acr=CDB.  Concentrations 
reported in volume % (v/v) converted to weight % as explained in footnote 47. 
49 Western Canadian Select (WCS) - http://www.crudemonitor.ca/crude.php?acr=WCS. Concentrations 
reported in volume % (v/v) converted to weight % as explained in footnote 47. 
50 Cenovus Energy, Material Safety Data Sheet for Light Crude Oil, Bakken (benzene), Available at: 
http://www.cenovus.com/contractor/docs/CenovusMSDS_BakkenOil.pdf.  Other components of BTEX 
from Keystone DEIS, Tables 3.13-1 (density) and 3.13-2 (BTEX).  Concentrations reported in volume % 
(v/v) converted to weight % as explained in footnote 47. 
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related components, including pumps, valves, flanges, and connectors.51  In fact, 
mercaptans are added to natural gas in very tiny amounts so that the gas can be smelled to 
facilitate detecting leaks.   
 
 Thus, unloading, storing, handling and refining bitumens mixed with diluent and 
shale crudes such as Bakken would emit VOCs, HAPs, and malodorous sulfur 
compounds, not found in comparable levels in the existing slate of heavy high sulfur 
local crudes, depending upon the rail-imported DilBit or shale crude source.  There are no 
restrictions on the crudes, diluent source or their compositions nor any requirements to 
monitor emissions from tanks and leaking equipment where DilBit-blended and other 
light crudes would be handled.   
 

D. Increased Combustion Emissions From Tar Sands Bitumen Not Evaluated 
 
 Tars sands are one group of crudes that could plausibly be imported by rail, as 
discussed elsewhere in these comments.  The composition of tar sands crudes is 
chemically different from other heavy crudes currently processed at the Refinery as they 
are tar sands bitumen mixed with diluent.  They are unique for two major reasons: 
(1) presence of large quantities of volatile diluent full of VOCs and toxic chemicals as 
discussed above and (2) unique chemical composition of the bitumen, the heavy fraction.  
The previous comment discussed diluent.  This comment discusses the unique 
composition of tar sands bitumens that require more intense processing and thus result in 
higher emissions.    
 
 Tar sands bitumens are composed of higher molecular weight chemicals and are 
deficient in hydrogen compared to conventional heavy crudes.  This means more energy 
will be required to convert them into the same slate of refined products.  Thus, most fired 
sources in both the Santa Maria and Rodeo Refiners —heaters, boilers, etc.—will have to 
work harder to generate the same quantity and quality of refined products.  This will 
increase all utilities required to run the refineries - electricity, natural gas, hydrogen, 
water, and steam.  These increases in emissions were not disclosed in the DEIR.  This 
section discusses these bitumens and their impact on refining emissions. 
 
 Refining converts crude oils into transportation fuels.  This is done by removing  
contaminants (sulfur, nitrogen, metals) and breaking down and reassembling chemicals 
present in the crude oil charge by adding hydrogen, removing carbon as coke, and 
applying heat, pressure, and steam in the presence of various catalysts.  More intensive 
refining is required to convert tar sands crudes into useful products than other heavy 
crudes.  This means a greater amount of energy must be expended to yield the same 
product slate.  Thus, all of the combustion sources in a refinery, such as heaters and 
boilers, must work harder and thus emit more pollutants, than when refining conventional 
heavy and other crudes.  The DEIR fails completely to analyze the impact of crude 

                                                 
51 American Industrial Hygiene Association, Odor Thresholds for Chemicals with Established Occupational 
Health Standards, 1989; American Petroleum Institute, Manual on Disposal of Refinery Wastes, Volume 
on Atmospheric Emissions, Chapter 16 - Odors, May 1976, Table 16-1. 
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composition on the resulting emissions from generating increased amount of these 
utilities.    
 
 Canadian tar sands bitumen is distinguished from conventional petroleum by the 
small concentration of low molecular weight hydrocarbons and the abundance of high 
molecular weight polymeric material.52  Crudes derived from Canadian tar sands 
bitumen—DilBits, SCOs and SynBits—are heavier, i.e., have larger, more complex 
molecules such as asphaltenes,53 some with molecular weights above 15,000.54  They 
generally have higher amounts of coke-forming precursors; larger amounts of 
contaminants (sulfur, nitrogen nickel, vanadium) that require more intense processing to 
remove; and are deficient in hydrogen, compared to other heavy crudes.  
 
 Thus, to convert them into the same refined products requires more utilities -- 
electricity, water, heat, and hydrogen.  This requires that more fuel be burned in most 
every fired source at a refinery and that more water be circulated in heat exchangers and 
cooling towers.  Further, this requires more fuel to be burned in any supporting off-site 
facilities.  Under CEQA, these indirect increases in emissions caused by a project must be 
included in the impact analysis.  These increases in fuel consumption release increased 
amounts of NOx, SOx, VOCs, CO, PM10, PM2.5, and HAPs as well as greenhouse gas 
emissions (GHG).  Some of the principal differences are identified below, followed by a 
discussion of the impacts these differences have on emissions. 
 
 1. Higher Concentrations of Asphaltenes and Resins 
 
 The severity (e.g., temperature, amount of catalyst, hydrogen) of hydrotreating 
depends on the type of compound a contaminant is bound up in.  Lower molecular weight 
compounds are easier to remove.  The difficulty of removal increases in this order: 
paraffins, naphthenes, and aromatics.55  Most of the contaminants of concern in tar sands 
crudes are bound up in high molecular weight aromatic compounds such as asphaltenes 
that are difficult to remove, meaning more heat, hydrogen, and catalyst are required to 
convert them to lower molecular weight blend stocks.  Some tar sands-derived vacuum 
gas oils (VGOs), for example, contain no paraffins of any kind.  All of the molecules are 

                                                 
52 O.P. Strausz, The Chemistry of the Alberta Oil Sand Bitumen, Available at: 
http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/22_3_MONTREAL_06-77_0171.pdf.  
53 Asphaltenes are nonvolatile fractions of petroleum that contain the highest proportions of heteroatoms, 
i.e., sulfur, nitrogen, oxygen.  The asphaltene fraction is that portion of material that is precipitated when a 
large excess of a low-boiling liquid hydrocarbon such as pentane is added.  They are dark brown to black 
amorphous solids that do not melt prior to decomposition and are soluble in benzene and aromatic 
naphthas. 
54 O.P. Strausz, The Chemistry of the Alberta Oil Sand Bitumen, Available at: 
http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/22_3_MONTREAL_06-77_0171.pdf.  
55 Gary et al., 2007, p. 200. 
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aromatics, naphthenes, or sulfur species that require large amounts of hydrogen to 
hydrotreat, compared to other heavy crudes.56  
 
 Asphaltenes and resins generally occur in tar sands bitumens in much higher 
amounts than in other heavy crudes.  They are the nonvolatile fractions of petroleum and 
contain the highest proportions of sulfur, nitrogen, and oxygen.57  They have a marked 
effect on refining and result in the deposition of high amounts of coke during thermal 
processing in the coker.  They also form layers of coke in hydrotreating reactors, such as 
those at Rodeo, requiring increased heat input, leading to localized or even general 
overheating and thus even more coke deposition.  This seriously affects catalyst activity 
resulting in a marked decrease in the rate of desulfurization.  They also require more 
intense processing in the coker required to break them down into lighter products.  These 
factors require increases in steam and heat input, both of which generate combustion 
emissions -- NOx, SOx, CO, VOCs, PM10, and PM2.5. 
 
 Further, if the crude includes a synthetic crude, SCO, for example, the material 
has been previously hydrotreated.  Thus, the remaining contaminants (e.g., sulfur, 
nitrogen), while present in small amounts, are much more difficult to remove (due to their 
chemical form, buried in complex aromatics), requiring higher temperatures, more 
catalyst, and more hydrogen.58  
 
 The higher amounts of asphaltenes and resins generate more heavy feedstocks 
that require more severe processing than lighter feedstocks.  The coker, for example, 
makes more coker distillate and gas oil, that would contribute to the propane and butane 
that would be recovered at Rodeo, compared to conventional heavy crudes.  Similarly, 
the Crude Unit makes more atmospheric and vacuum gas oils that would be sent to 
Rodeo,59 increasing emissions there, including fugitive VOC emissions from equipment 
leaks and combustion emissions from burning more fuel. 

 
 2. Hydrogen Deficiency 
 
 Tar sands crudes are hydrogen-deficient compared to heavy and conventional 
crude oils and thus require substantial hydrogen addition during refining, beyond that 
required to remove contaminants (sulfur, nitrogen, metals) from non-tar-sands crudes.  
This again means more combustion emissions from burning more fuel.  As the refining 
processes that use hydrogen, e.g., hydrotreating, are all located at Rodeo, this is further 
                                                 
56 See, for example, the discussion of hydrotreating and hydrocracking of Athabasca tar sands cuts in 
Brierley et al. 2006, pp. 11-17. 
57 James G. Speight, The Desulfurization of Heavy Oils and Residua, Marcel Dekker, Inc., 1981, Tables 1-
1, 2-2, 2-3, 2-4 and p. 13 and James G. Speight, Synthetic Fuels Handbook: Properties, Process, and 
Performance, McGraw-Hill, 2008, Tables A.2, A.3, and A.4. 
58 See, for example, Brierley et al. 2006, p. 8 ("The sulfur and nitrogen species left in the kerosene and 
diesel cuts are the most refractory, difficult-to-treat species that could not be removed in the upgrader's 
relatively high-pressure hydrotreaters."); Turini et al. 2011  p. 4. 
59 See, for example, Turini et al. 2011, p. 9. 
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evidence that a crude slate switch involving tar sands would necessarily be directly linked 
to Rodeo. 
  
3. Higher Concentrations of Catalyst Contaminants 
 

Tar sands bitumens contain about 1.5 times more sulfur, nitrogen, oxygen, nickel 
and vanadium than typical heavy crudes.60  Thus, much more hydrogen per barrel of feed 
and higher temperatures would be required at Rodeo to remove the larger amounts of 
these poisons from semi-refined products.  These impurities are removed by reacting 
hydrogen with the crude fractions over a fixed catalyst bed at elevated temperature.  The 
oil feed is mixed with substantial quantities of hydrogen either before or after it is 
preheated, generally to 500 F to 800 F.  The amount of hydrogen required for a particular 
application depends on the hydrogen content of the feed and products and the amount of 
the contaminants to be removed.  Hydrogen consumption is typically about 70 standard 
cubic foot per barrel (scf/bbl) of feed per percent sulfur, about 320 scf/bbl feed per 
percent nitrogen, and 180 scf/bbl per percent oxygen removed.61 

 
Canadian tar sands crudes generally have higher nitrogen content, 3,000 to >6,000 

ppm62 and specifically higher organic nitrogen content, particularly in the naphtha range, 
than other heavy crudes.63  This nitrogen is mostly bound up in complex aromatic 
compounds that require a lot of hydrogen to remove.  This would affect emissions at 
Rodeo in five ways. 

 
 First, additional hydrotreating is required to remove them, which increases 
hydrogen and energy input.  Second, they deactivate the cracking catalysts, which 
requires more energy and hence more emissions to achieve the same end result.  Third, 
they increase the nitrogen content of the fuel gas fired in combustion sources, which 
increases NOx emissions from all fired sources that use refinery fuel gas. Fourth, nitrogen 
in tar sands crudes is present in higher molecular weight compounds than in other heavy 
crudes and thus requires more hydrogen and energy to remove.  Fifth, some of this 
nitrogen will be converted to ammonia and other chemically bound nitrogen compounds, 
such as pyridines and pyrroles.  These become part of the fuel gas and could increase 
NOx from fired sources.  They further may be routed to the flares, where they would 
increase NOx. 
 

                                                 
60 See, for example, USGS, 2007, Table 1.    
61 James H. Gary, Glenn E. Handwerk, and Mark J. Kaiser, Petroleum Refining: Technology and 
Economics, 5th Ed., CRC Press, 2007, p. 200 and A.M. Aitani, Processes to Enhance Refinery-Hydrogen 
Production, Int. J. Hydrogen Energy, v. 21, no. 4, pp. 267-271, 1996. 
62 Murray R. Gray, Tutorial on Upgrading of Oil Sands Bitumen, University of Alberta, Available at: 
http://www.ualberta.ca/~gray/Links%20&%20Docs/Web%20Upgrading%20Tutorial.pdf.  
63 See, for example, James G. Speight, Synthetic Fuels Handbook:  Properties, Process, and Performance, 
McGraw-Hill, 2008, Appendix A.  
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 These types of chemical differences between the current crude slate and the new 
crude slate facilitated by the Rail Spur Project were not addressed at all in the DEIR.  
While both the Santa Maria and Rodeo Refineries may currently be operating within their 
permit limits, and may even continue to do so, the potential subject increases must be 
measured and evaluated relative to the CEQA baseline. 
 

E. Increased Metal Content Not Evaluated 
 
 The baseline slate includes very little tar sands crudes, potentially from 2% to 7% 
of the crude slate.  DEIR, p. 2-27.  The Project could increase the import of heavy sour 
tar sands crude by up to the entire permitted capacity of the Refinery.  These crudes have 
higher metal content than the baseline crude slate. 64  This represents a significant 
increase in a type of crude that will increase emissions compared to the current Refinery 
slate.  The impacts from this change were not evaluated in the DEIR. 

 The U.S. Geological Survey (“USGS”), for example, reported that “natural 
bitumen,” the source of all Canadian tar sands-derived oils, contains 102 times more 
copper, 21 times more vanadium, 11 times more sulfur, six times more nitrogen, 11 times 
more nickel, and 5 times more lead than conventional heavy crude oil, such as those 
currently refined from local sources.65   
 
 The environmental damage caused by these metal pollutants includes 
bioaccumulation of toxic chemicals up the food chain and a direct health hazard from air 
emissions.  These metals, for example, mostly end up in the coke.  Thus, higher levels of 
metals will be present in the coke.  The DEIR indicates that "[m]etals that are present in 
coke have been detected in grouondwater at concentrations above the California 
Department of Health maximum contamination levels (MCL) in the area around the coke 
pile runoff area..."  DEIR, p. 4.7-39/40.  Thus, a switch to tar sands crude could 
contribute to this existing significant impact from the coke pile, which was not disclosed 
in the DEIR. 
 
 Further, larger amounts of coke may be produced by the tar sands crudes than the 
current crude slate.  The metal content of fugitive dust from coke piles could increase to 
dangerous levels.  The California Air Resources Board, for example, has classified lead 

                                                 
64 Straatiev and other, 2010, Table 1; Brian Hitchon and R.H. Filby, Geochemical Studies - 1 Trace 
Elements in Alberta Crude Oils, http://www.ags.gov.ab.ca/publications/OFR/PDF/OFR_1983_02.PDF;  
F.S. Jacobs and R.H. Filby, Trace Element Composition of Athabasca Tar Sands and Extracted Bitumens, 
Atomic and Nuclear Methods in Fossil Energy Research, 1982, pp 49-59; James G. Speight, The 
Desulfurization of Heavy Oils and Residua, Marcel Dekker, Inc., 1981, Tables 1-1, 2-2, 2-3, 2-4 and p. 13 
and James G. Speight, Synthetic Fuels Handbook: Properties, Process, and Performance, McGraw-Hill, 
2008, Tables A.2, A.3, and A.4; Pat Swafford, Evaluating Canadian Crudes in US Gulf Coast Refineries, 
Crude Oil Quality Association Meeting, February 11, 2010, Available at: http://www.coqa-
inc.org/20100211_Swafford_Crude_Evaluations.pdf . 
65 R.F. Meyer, E.D. Attanasi, and P.A. Freeman, Heavy Oil and Natural Bitumen Resources in Geological 
Basins of the World, U.S. Geological Survey Open-File Report 2007-1084, 2007, p. 14, Table 1, Available 
at http://pubs.usgs.gov/of/2007/1084/OF2007-1084v1.pdf. 
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as a pollutant with no safe threshold level of exposure below which there are no adverse 
health effects.  Thus, just the increase in lead from switching up to tar sands crude is a 
significant impact that was not disclosed in the DEIR.  Accordingly, crude quality is 
critical for a thorough evaluation of the impacts of a crude switch, such as facilitated by 
rail import.   
 
sec. 4.11 public services and utilities, does not address how a local train accident would 
be handled, given existing services and utilities.  It couldn’t be, which is a significant 
unmitigated impact. 
 
VI. HAZARDS AND HAZARDOUS MATERIALS IMPACTS ARE 

SIGNIFICANT 
 
 Section 4.7 of the DEIR contains the “hazards and hazardous materials” impact 
analyses, sometimes call the risk of upset analysis.  This section evaluates two separate 
impacts: (1) on-site accidents from crude oil unloading through pipeline transport to 
storage tanks at the Refinery and (2) rail transport accidents.  The supporting material 
includes extensive discussion of the applicable regulatory framework and general 
methods used to analyze these types of impacts.  However, the project-specific results 
and conclusions appear magically, with no support for or explanation of how the 
conclusions were reached.  The available information indicates that the DEIR’s analysis 
is fatally flawed and the risk of upset impacts are highly significant. 
 

A. Crude Slate Not Disclosed 
 

As explained elsewhere in these comments, the composition of the crude slate 
must be known to evaluate impacts.  This is particularly critical for the analysis of 
accidents as the probability, severity, and consequences of an accident depend directly 
on the chemicals in the crude.  They determine, for example, the flammability of the 
crude and its potential to corrode tank cars, pumps, pipelines, tanks, and other 
equipment hand store and transport the crude.  The Federal Railroad Administration, 
for example, has observed “an increasing number of incidents involving damage to 
tank cars in crude oil service in the form of severe corrosion of the internal surface of 
the tank, manway covers, and valves and fittings,” and suggested that this may 
involve contaminated oil.5  Further, some types of crudes are more challenging to 
contain and cleanup in the event of an accidental release. 

 
 As the DEIR admits: “the thermal radiation hazards from hydrocarbon pool fires 
depends on a number of parameters, including the composition of the hydrocarbon 
mixture...”  DEIR, p. 4.7-15.  The Project involves a dramatic change in crude slate 
composition, especially its hydrocarbon composition.  The crude slate will change from a 
relatively inflammable material with high molecular weight hydrocarbons to new crudes 
ranging from light, highly volatile crudes with low molecular weight hydrocarbons such 
as propane and butane (Bakken) to heavy, highly corrosive tar sands crudes blended with 
condensates that can cause different types of accidents.  See Comments V and VI.B. 
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 The DEIR asserts that “[r]adiative properties of the fire were based on a detailed 
analysis of typical crude oil that would be delivered by rail”.  DEIR, p. 4.7-16.  However, 
the DEIR does not identify this crude further.  Where is the detailed crude analysis that 
the fire analyses was based on?  What specific crude was analyzed, i.e., was it Bakken or 
tar sands or something else?  How representative is it of the range of crudes that would be 
imported by rail?  Where are the assumed properties used to assess flammability and the 
resulting analysis itself?  What is the basis of the burning rate of 0.228 mm/s assumed for 
“light crude oil”?  DEIR, p. 4.7-16.   
 
 The hazards section of the DEIR does not acknowledge that a range of crudes will 
be imported by rail with widely varying properties, or indicate that crude composition 
was considered in any other aspects of the various hazard analyses except fire hazard.  
The DEIR, for example, notes that unloaded crude would be sent by pipeline to “be 
stored in the existing refinery storage tanks.  Therefore, crude oil storage would not result 
in any increase in fire and explosion risk at the refinery”.  DEIR, p. 4.7-57.  This is wrong 
because the projected change in crude slate composition will increase the probability of 
accidental releases from the tank farm and their consequences, as the stored crudes will 
be either more volatile, flammable, and/or corrosive.  The DEIR has failed to analyze 
these impacts. 
 

B. Risk of Upset Impacts Are Significant 
 
 The DEIR evaluated several crude release accident scenarios: (1) tank farm 
releases; (2) on-site crude railcar accident pool fires; (3) on-site crude railcar accident 
BLEVES; (4) crude pipeline accident pool fires; (5) off-site train accidents.  DEIR, Appx. 
H.  The DEIR suggests that none of these accident scenarios result in significant impacts.  
DEIR, Sec. 4.7.4.   
 
 However, the DEIR buries the supporting analyses in dense appendices that are 
not accessible to the typical DEIR reviewer.  The DEIR fails to explain how to translate 
the results of these analyses into impact conclusions that can be understood by non-
subject-matter experts, thus preventing meaningful public review of the impacts.  The 
DEIR further incorrectly summarizes the results of these analyses in the text as 
insignificant, when, in fact, they are highly significant.  Finally, the DEIR uses the wrong 
significance thresholds, fails to evaluate the impact of crude slate changes, and fails to 
evaluate impacts to on-site workers, the most at risk population. 
 

1. Worker Impacts Excluded 
 
 The DEIR fails to evaluate the impacts to workers, arguing that “OSHA related 
worker issues are outside the scope of the EIR.” DEIR, p. 4.3-52.  The DEIR specifically 
excludes workers from its risk of upset significance criteria, arguing they do not apply to 
occupational safety, viz., “Occupational risk, which is governed by state and federal 
OSHAs is considered to be more voluntary and is generally judged according to more 
lenient standards of significance than those used for involuntary exposure”.  DEIR, p. 
4.7-55.   
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 However, neither state nor federal OSHA nor other regulations cover the types of 
involuntary risks imposed by unit train accidents and exploding pipelines and tanks on 
workers in the vicinity of these facilities.  A death is a death and it should not matter 
whether it is an on-site worker, off-site worker, or other member of the public.  A worker 
is a member of society at large and is protected by CEQA.  None of the federal and state 
laws reviewed in DEIR Section 4.7.2 include any measures to protect any workers, on-
site or off-site, from train, pipeline, and tank farm accidents.   
 
 Regardless, CEQA is not a gap-filling regulatory program.  CEQA covers all 
impacts to all media -- the public, air, water, land, biological resources -- regardless of 
how they may be classified, i.e., on-site workers, off-site workers, residents, threatened 
and endangered species, etc.  These types of catastrophic events are entirely outside of 
the jurisdiction of OSHA or any other federal or state regulatory program and must be 
evaluated in the DEIR.  The DEIR must be revised to address worker impacts and be 
recirculated. 
 

2. Tank Farm Accidents Are Significant 
 
 The DEIR states that imported crude would be sent through a 3,525-foot long 
pipeline to existing refinery storage tanks, concluding:  “Therefore, crude oil storage 
would not result in any increase in fire and explosion risk at the refinery.”  DEIR, p. 4.7-
57.  The DEIR does not contain any analysis to support this assertion.  See, for example, 
Appendix H, which does not include a storage tank scenario, but rather only rail car and 
pipeline accident scenarios.   
 
 This unsupported assertion is incorrect because it assumes no change in properties 
of stored crude.  The Project would change the composition of the crude slate.  If highly 
flammable Bakken crudes were imported, for example, the risk of fire and explosion 
would significantly increase at the tank farm, impacting not only workers, but also offsite 
parties.  The flammability classification of Bakken is rated at Level 4, the highest 
flammability classification, the same as for methane and propane gases.66  On January 2, 
2014, the Pipeline and Hazardous Materials Safety Administration (PHMSA) issued  a 
safety alert addressing the flammability characteristics of crude oil produced from the 
Bakken Shale formation.67  Alternatively, if tar sands crudes were imported, corrosion 
issues could arise at the existing tanks, leading to accidental releases.  Neither of these 
risk scenarios was identified or evaluated in the DEIR.   
 
 Rather, the DEIR only contains a description of the existing tank farm.  DEIR, 
Sec. 4.7.1.5,  stating: “Thermal radiation impacts from crude oil tank fires could cause 
injury 220 feet away.” DEIR, p. 4.7-37.  The DEIR goes on to explain that the closest 
receptor is further away.  Thus, the DEIR asserts: “Given the properties of crude oil, the 

                                                 
66 Cenovus MSDS sheet for Bakken Crude. 
67 PHMSA, Safety Alert, January 2, 2014: Preliminary Guidance from Operation Classification. 
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likelihood of an explosion is virtually non-existent and consequently explosion scenarios 
are not addressed further in this document.”  DEIR, p. 4.7-37.   
 
 However, the analyses supporting the claimed 220-foot injury distance is not 
included in the DEIR and apparently based on the crude slate currently processed at the 
Santa Maria Refinery.  Further, the nature of the “injury” is not disclosed.  Regardless, a 
switch from current crude to Bakken crude would significantly increase the injury 
distance, likely far in excess of the 425-foot distance to the nearest receptor.  Thus, 
accidental releases from the tank farm were not analyzed in the DEIR and are 
likely highly significant. 
 

3. Pipeline Accidents Are Significant 
 
 The DEIR contains a crude pipeline accident analysis for a pool fire, assuming a 
spill of 692,000 barrels of crude for wind speeds of 1 meter per second (m/s) (about 
2 miles per hour (mi/hr)) and 20 m/s (about 45 mi/hr).  DEIR, Appx. H, pp. H-14 to 
H-17.  This analysis is dismissed with the misleading characterization that “[w]orst-case 
thermal radiation injury levels would extend approximately 800 meters from the pool fire 
that could result from a catastrophic pipeline failure on the refinery site.  Based on this 
modeling, it was determined that there would not be any potential for offsite injuries 
associated with worst-case unloading facility crude oil spill and fire.”  DEIR, p. 4.7-57.   
 
 The supporting analyses are included in Appendix H, in a format that is not 
accessible to the average reviewer.  Thus, they are extracted and summarized in Table 3.     
 

Table 3 
Crude Pipeline Accident Pool Fire 

(DEIR, Appx. H) 

Heat Flux (kW/m2) = 5 10 12.5 
Wind Speed (m/s) Impact Distance (ft) 

1 1647 889 764 
20 2641 1555 1273 

        

 
 The impact metric in these analyses is “heat flux” expressed as kilowatts per 
square meters (kW/m2).  Heat flux is thermal radiation intensity,  the measure used in the 
DEIR to determine the resulting injury to exposed parties.  DEIR, Table 4.7.2.  The DEIR 
states that it “assumed that all persons exposed to 10 kW/m2 would suffer serious 
injuries.  Serious injuries would start to be realized at and above 5 kW/m2... Exposure to 
thermal radiation levels in excess of 10 kW/m2 would likely begin to generate fatalities in 
less than 1 minute.  All persons exposed to thermal radiation within the flame area were 
assumed to suffer fatalities regardless of exposure duration.”  DEIR, p. 4.7-19.  See also 
DEIR Table 4.7-4.  The three heat flux criteria reported in Table -- were selected by the 
DEIR preparers to evaluate the significance of accident scenarios.   
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 Any population located between the accident site up to the reported impact 
distance, e.g., as far away as 2,641 feet in Table 3, would experience significant impacts.  
At a heat flux of 5 kW/m2, 10% injury would be experienced in the exposed population 
up to 2,641 feet from the accident if the wind were blowing at 20 m/s during the accident.  
Up to 1,555 feet from the accident, 100% of the exposed population would be injured, 
including second-degree burns in 14 seconds and 10% fatality at 60 seconds.  And up to 
1,273 feet from the accident, significant fatalities would occur. 
 
 A pipeline accident could occur anywhere along the pipeline route, but would 
most likely occur at the tank farm, where the crude oil is transferred into tankage.  
Assuming a pipeline accident at the tank farm under calm wind conditions (1 m/s or 
about 2 mi/hr), significant impacts would occur up to 1,647 feet from the accident site.  
The impacted area includes an industrial area 425 feet northeast of the tank farm and a 
residence within the industrial area at 1,200 feet.  DEIR, p. 4.7-37.  At a wind speed of 
20 m/s (about 45 mi/hr), all persons up to 2,641 feet away would be seriously impacted 
and within a radius of 1,273 feet from the accident site, they would all be killed. 
 
 Thus, clearly, a pipeline accident involving the new crude slate has the potential 
to result in significant off-site (as well as even more significant on-site worker) impacts 
that were incorrectly described in the DEIR.  The actual modeling indicates that off-site 
parties would be killed.  This is a significant impact.   
 

4.  On-Site Train Accidents Are Significant 
  
 The DEIR also included on-site crude rail car accidents resulting in both pool 
fires and Boiling Liquid Expanding Vapor Explosions or “BLEVEs” for wind speeds 
ranging from 1 m/s to 20 m/s.  DEIR, Appx. H. The DEIR asserts, based on these 
analyses buried in Appendix H, that “potential hazards associated with the unloading 
facility are considered less than significant” and “[h]azards associated with the onsite 
portion of the Rail Spur Project would be less than significant (Class III”).”  DEIR, pp. 
4.7-57/58 (emphasis in original).  No significance thresholds are articulated to support 
these conclusions nor is any explanation provided to explain the basis for the DEIR’s 
conclusion.   
 
 However, independent analyses based on the railcar accident modeling in 
Appendix H coupled with significance levels scattered about in the DEIR indicates that 
the risks from train accidents within the Refinery boundary result in significant on-site 
and off-site impacts for both pool fires and BLEVEs. 
 
 a. Pool Fires 
 
 The DEIR analyzes pool fires resulting from a crude railcar accident in which 
54,476 barrels of crude (i.e., the entire contents of a unit train) are released for wind 
speeds ranging from 1 m/s to 20 m/s (2 mi/hr to 45 mi/hr).  DEIR, pp. H-2 to H-9.  These 
analyses report “heat flux” in kW/m2 as a function of distance from the release, for 
distances of 100 to 1,000 meters (328 to 3,281 feet).  An accident could occur anywhere 

John
Line

John
Line

John Peirson
Text Box
CBE-65

John Peirson
Text Box
CBE-64



 
 
 

36

within the Refinery boundary shown on Figure 2-1.  The results of the DEIR’s railcar 
pool fire analyses are buried in Appendix H in a format not accessible to the average 
reviewer.  Thus, they are summarized in Table 4.    
 

Table 4 
Summary of Crude Railcar Accident Analysis 

of Pool Fires 
(DEIR, Appx. H) 

Heat Flux (kW/m2) = 5 10 12.5 

Wind Speed (m/s) Impact Distance (ft) 

1 775 407 331 
5 876 495 410 
10 928 541 446 
20 1404 958 810 

 
 The interpretation of these data (and other similar data extracted from Appendix 
H and summarized in these comments) requires a map that shows the location of 
potentially exposed populations relative to the accident sites (anywhere along the rail line 
within the Refinery boundary).  It is common to include such a map in an EIR to locate 
the sensitive receptors.  However, the DEIR fails to include a sensitive receptor map and 
is thus deficient.  The boundaries of the Refinery are shown in DEIR Fig. 2-1. This figure 
and Google Earth maps indicate that the northeastern boundary of the Refinery at roughly 
the elbow of Highway 1, where the Southern Pacific rail line enters the Refinery, abuts 
industrial and residential property to the east and north and recreational areas in the 
Coastal Zone to the west.  Sensitive receptors are located in these areas, for example, 
residences along Monadella Street and in areas to the north and south of Highway 1 
(Willow Road) and users of the Oceano Dunes State Vehicular Recreation Area and Oso 
Flaco Lake and Dunes to the west.  
 
 The results of the railcar accident modeling summarized in Table 4 indicate that 
both on-site and off-site impacts are significant.   When the wind speed is 20 m/s 
(45 mi/hr), the heat flux is 5 kW/m2 at up to 1,404 feet from the accident site and 12.5 
kW/m2 up to 810 feet from the accident site.  A comparison of Figures 2-1 and 2-4 
indicates that if the accident occurred near the junction of Willow Road and U.S. 1, off-
site sensitive receptors would be located within 1,404 feet of the accident site.  Thus, 
significant off-site impacts would occur from an accident within the Refinery boundary.   
 
 Further, refinery workers would be present throughout the Refinery and at the 
unloading facility.  These workers would be the most highly exposed populations and 
would experience significant mortality.   
 
 Thus, railcar accidents within the Refinery boundary would result in significant 
impacts to both on-site and off-site populations.  These were not disclosed in the DEIR, 
but rather buried in a maze of tables that are not explained or analyzed. 
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 b.  BLEVES 
 
 The DEIR also evaluated the radiant heat exposure and explosion over pressures 
resulting from a railcar accident involving a Boiling Liquid Expanding Vapor Explosion 
or “BLEVEs.”   However, the DEIR fails to discuss the results of this analysis, which is 
buried in DEIR Appendix H in a format not accessible to the average reviewer.  Thus, 
they are summarized in Table 5.   
 

Heat flux for the BLEVE analysis is reported in the DEIR in units of kilojoules 
per square meter (kJ/m2), which is just another measure of heat density, similar to kW/m2 
used to evaluate pool fires, but just expressed in different units.  The DEIR explains that 
at a heat density (or radiation dosage) of 40 kJ/m2, 10% injury will result, at 150 kJ/m2, 
100% injury will result, and at 250 kJ/m2, 1% fatalities will occur.  DEIR, Table 4.7.4. 

 
Table 5 

Results of Radiation Exposure Analysis 
from Railcar Accident BLEVE 

(DEIR, p. H-13) 

Impact 
Distance 

(ft)

Radiant 
Heat 

Significance 
Threshold 
(kJ/m2)

1,690 40
1,194 80
1,066 100
859 150
830 160
643 250  

 
 Table 5 shows that significant impacts, 20% injury, will occur at up to 1,690 feet 
from the accident site.  As discussed above, if the accident occurs near the vicinity of the 
intersection of Highway 1 and Willow Road, within the Refinery boundary, significant 
impacts will result outside of the Refinery, in industrial/residential areas to the east and in 
the Coastal Zone areas to the west.  Further, workers within 1,690 feet of the accident 
would also experience significant impacts, and those within 643 feet of the accident may 
die.  These are significant impacts that were not disclosed in the DEIR.  
 

5.  Offsite Impacts From Train Accidents Are Significant 
  
 The DEIR also evaluated train accident impacts outside of the Refinery, within 
San Luis Obispo County (SLOC).  The DEIR asserts this analysis was prepared following 
guidelines of the American Institute of Chemical Engineers, Center for Chemical Process 
Safety (CCPS, 1995) and the parameters discussed in DEIR Section 4.7.1.3.  DEIR, p. 
4.7-61.  However, this analysis does not follow the CCPS method; it uses the wrong 
significance thresholds; it fails to discuss or analyze in any fashion the factors that 
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actually affect rail accidents; it is totally unsupported; it fails to analyze the most 
significant impacts, which occur outside of San Luis Obispo County; it is based on 
outdated information; and it ignores most impacts caused by rail accidents, including the 
impacts of spilled crude oils to water, land, and biological resources and public health 
impacts from exposure to toxic fumes and smoke.  Each of these issues is discussed 
below. 
 
 a.  Significance Threshold 
 
 The San Luis Obispo County Initial Study Checklist defines significant risk if the 
project will “result in a risk of explosion or release of hazardous substances,” or “create 
any other health hazard or potential impact.”  Rather than use this definition of significant 
risk, the DEIR sets it aside and adopts a probability-based risk profile curve approach 
from Santa Barbara County to evaluate risks associated with crude oil unit train 
transportation.  DEIR, p. 4.7-55, Table 4.7.12, Fig. 4.7-5.    
 
 This method minimizes the significance of many potential injuries and deaths by 
assigning probabilities that a certain number of injuries or deaths will occur, based on 
statistics that do not capture the proposed increase in rail traffic.   Under the San Luis 
Obispo definition, the mere “risk” of an explosion, a release of crude oil, any health 
hazard or any potential impact is significant.  Thus, as there is ample evidence that 
spectacular accidents involving crude-carrying unit trains with well documented property 
damage and death have recently occurred, train accidents are per se significant.   
 
 The complex (and unsupported) probability-based risk profile method used in the 
DEIR seeks to downplay the very well documented significant consequences of accidents 
involving unit train accidents carrying crude oils.  These accidents will happen, they will 
result in significant impacts, and the DEIR should focus on minimizing their occurrence, 
rather than burying the fact that they do occur in a maze of unsupported and incoherent 
probability analysis.  Further, the DEIR’s analysis is based on very out of data 
information that does not consider recent history. 
 
 b.  The DEIR Fails To Acknowledge Recent History 
 

The DEIR’s analysis is based on outdated accident statistics, from CCSP 
(1995), published long before the recent surge in the transport of crude oil by rail.  
Recent history indicates that the accidents involving unit trains carrying crude oil 
have sky-rocketed.  They also demonstrate the unique set of challenges posed by 
highly flammable materials, such as Bakken crudes, transported in unsafe tanker 
cars configured in unit trains that are “virtual pipelines” of highly flammable 
material, which now dominate the industry.  Risks are compounded when highly 
flammable material, such as Bakken crudes, are shipped in large amounts.68 

                                                 
68 National Transportation Safety Board, Safety Recommendation R-14-4 to -6, January 21, 2014, 
Available at:  http://www.ntsb.gov/doclib/recletters/2014/R-14-004-006.pdf. 
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 Historically, most crude oil has been transported in pipelines. However, in places 
like North Dakota and Canada that have seen huge recent increases in crude oil 
production, the existing crude oil pipeline network lacks capacity to handle the higher 
volumes being produced.  Pipelines also lack the operational flexibility and geographic 
reach to serve many potential markets, especially the west coast.  Railroads, though, have 
capacity, flexibility, and reach to fill the gap. 
 
 Small amounts of crude oil have long been transported by rail, but since 2009 the 
increase in rail crude oil movements has been enormous.  In the United States, crude oil 
shipments have increased from 10,800 car loads in 2009 to about 400,000 in 2013.  In 
Canada, shipments of crude oil by rail increased from a mere 500 car loads in 2009 to 
160,000 car loads in 2013.69  Continued large increases are expected in 2014.  Crude oil 
accounted for 0.8 percent of total Class I carload originations for all of 2012, 1.1 percent 
in the fourth quarter of 2012, and 1.4 percent in the first quarter of 2013. It was just 
0.03 percent in 2008.70   

 

This recent rise in crude transportation by rail has resulted in soaring numbers 
of crude oil releases to the environment in the form of both accidents and “non-
accident” releases such as leaks. The Pipeline and Hazardous Materials Safety 
Administration (PHMSA) incident records underscore these growing risks. The 
number of incidents involving crude oil transportation by rail are as follows: 

 2009: 0 
 2010: 9 
 2011: 34 
 2012: 86 
 2013: 85 (partial)71 

 
Similar statistics were published by the Wall Street Journal, based on data 

generated by the Association of American Railroads (“AAR”):72
 

 

                                                 
69 TSBC, Rail Safety Recommendations, January 23, 2014, Available at: 
http://www.tsb.gc.ca/eng/recommandations-recommendations/rail/2014/rec-r1401-r1403.pdf. 
70 American Association of Railroads, “Moving Crude Petroleum by Rail,” 
https://www.aar.org/keyissues/Documents/Background-Papers/Crude-oil-by-rail.pdf; May 2013, at 3-5. 
71 Data derived from PHMSA incident reports - http://www.phmsa.dot.gov/hazmat/library/data-
stats/incidents. 
72 The Wall Street Journal, “Officials Tighten Crude-Shipping Standards,” 
http://online.wsj.com/news/articles/SB10001424127887323838204578654463632065372; August. 
7, 2013. (Also included as Attachment 3.) 
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Figure 6 
Industry shipment and incident reports 

 
 
 
 An article in the January 21, 2014 Contra Costa Times, which serves one of the 
areas through which the Project’s unit trains would pass, similarly explains that more 
crude oil was spilled in U.S. rail accidents in 2013 than in the nearly four decades since 
the federal government began collecting data on such spills.  More than 1.15 million 
gallons of crude oil was spilled from rail cars in 2013 alone.  By comparison, U.S. 
railroads spilled a combined 800,000 gallons of crude oil between 1975 and 2012.73 
These data do not include Canada, where more than 1.5 million gallons of crude oil were 
spilled in the Lac- Mégantic, Quebec accident on July 6, 2013, when a runaway train 
derailed, exploded, and killed 47 people.  The cargo was Bakken crude from North 
Dakota.   
 
 The subject unit trains are “virtual pipelines” that pass through heavily populated 
residential areas.  When such large volumes of flammable crude oil are on a single train 
involved in an accident, as seen in the Lac-Mégantic accident described below, they 
explode in  spectacular fireballs.  The resulting accidents can cause major loss of life, 
property damage, and environmental consequences.  The sharp increase in crude oil rail 

                                                 
73 Curtis Tate, Data: Oil Spills from Rail Cars Massive, Contra Costa Times, January 21, 2014. 
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shipments has significantly increased safety risks to the public.74  Crude oil is 
problematic when released because it is flammable, especially Bakken crude.  The risk is 
compounded because it is commonly shipped in large amounts.  These increased risks 
have not been evaluated in the DEIR. 
 
 Unfortunately, the surge of incidents and releases has not been matched by an 
increase in the resources available to responders and regulators, pointing to the need for 
mitigation.  The DEIR fails to address the lack of adequate resources anywhere along the rail 
route, even in SLOC, to address the type of catastrophic accident that is likely to occur.  

Example of some recent accidents follow.   
 

 1. Lac-Mégantic 
 

On July 5, 2013, a train hauling 72 DOT-111 tanker cars loaded with 2.0 million 
gallons of crude from the Bakken shale oil field in North Dakota, one of the crudes 
proposed to be imported by the Rail Spur Project, slammed into Lac-Mégantic, a town of 
6,000 located in Quebec. Owned by an American company – Montreal, Maine and 
Atlantic Railway – the train had only a single staffer, who abandoned the train in order to 
sleep in a motel before a replacement crew arrived to complete the train’s journey to an 
oil refinery on Canada’s east coast. The brakes on the five-locomotive train 
malfunctioned, and it began a seven-mile roll toward the small town. Reaching a speed 
in excess of 60 mi/hr, the train reached a bend in the tracks, derailing and dumping 1.5 
million gallons of Bakken crude, which caught fire and incinerated dozens of buildings. 
Forty-seven people were killed.  About 1.6 million gallons of Bakken crude oil were 
released, covering an area of 77 acres.  Oil spilled into the Chaudière River and was 
transported as far as 74 miles away.75  While this accident occurred in Canada, the freight 
railroad operating environment in Canada is similar to that in the United States. 

                                                 
74 Association of American Railroads, Bureau of Explosives, Annual Report of Hazardous Materials 
Transported by Rail, BOE 12-1, 2013. 
75 NTSB, Safety Recommendation In reply refer to: R-14-4 through -6; January 21, 2014. Available at: 
http://www.ntsb.gov/doclib/recletters/2014/R-14-004-006.pdf. 
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Figure 7  
Post-Accident Aerial Photo of Lac-Megantic (Reuters) 

 
 
 

The DOT-111 tanker cars involved in this accident are the same ones that the 
DEIR suggests will be used to import this very same crude, but notes that “nearly 25 
percent of the DOT-111 fleet carrying crude today meets the higher design standards...”  
DEIR, p. 4.7-15.  Will the DEIR's tank car fleet be within the 25% safe or the 75% unsafe 
DOT-111 fleet? 

 
The DEIR pretends to analyze a similar accident within SLOC, but amazingly, 

fails to find any significant impacts by using probabilistic methods.  However, regardless 
of the estimated probability, when an accident occurs, the resulting impacts are highly 
significant.  Further information regarding the Lac-Mégantic accident is provided in 
Attachment 2, “Analysis of the Potential Costs of Accidents/Spills Related to Crude by 
Rail.”76 This analysis demonstrates that the costs of crude-by-rail accidents/spills can be 
very large, and that a major unit train accident/spill could cost $1 billion or more for a 
single event.  Such accidents are per se significant and must be addressed and mitigated 
in the DEIR. 
 

As explained in Attachment 2, the Lac-Mégantic rail accident/spill will likely 
have costs on the order of $500 million to $1 billion excluding any civil or criminal 
damages. Costs/damages for a similar incident could have been substantially higher had 
it occurred in a more populated area, such as the San Francisco Bay Area or Los 
Angeles, areas through which the Project’s similarly configured and loaded unit trains 
will pass. Lac-Mégantic is also relevant in that it shows how an accident involving 
highly flammable light crude (such as the Bakken crude) can have devastating 

                                                 
76 This analysis was prepared by The Goodman Group, Ltd, a consulting firm specializing in energy and 
regulatory economics, on behalf of Oil Change International. 
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consequences even in a small town in terms of loss of human life and widespread 
explosion and fire damage to surrounding property.  The DEIR failed to recognize this 
demonstrated significant impact, instead dismissing it with unsupported probability 
analyses. 

  2. Marshall, Michigan 
 
 Attachment 2 also analyzes the spill of tar sands DilBit from Enbridge’s Line 6B 
in Marshall, Michigan: This rupture in 2010 had costs of about $1 billion for Enbridge. 
The spill volumes at Marshall (840,000 gallons) were within the range of the amount of 
spill possible for this Project (and, in fact, substantially less than the maximum spill) if a 
crude by rail unit train released much of its cargo.  Costs/damages for similar incidents 
within California could be substantially higher if it occurred in a more populated area, 
such as the Bay Area or Los Angeles.  Marshall is also relevant in showing the high 
potential cost of dilbit spills into water (and rail lines are often very close to water, e.g., 
along the Sacramento River and within the Sacramento-San Joaquin Delta, the water 
supply for most of California's agriculture and drinking water). 

 
 3. Alabama 

 
On November 8, 2013, a 90-car unit train carrying 2.7 million gallons of 

Bakken crude oil in DOT-11 tank cars derailed and exploded in a rural wetland in 
western Alabama, spilling crude oil into the surrounding wetlands and igniting a fire 
that burned for several days.77 No injuries resulted from the accident, but a similar 
accident in a more populated location would certainly have caused serious risk to 
public safety. 

 

                                                 
77 Karlamangla, Soumya, “Train in Alabama oil spill was carrying 2.7 million gallons of crude.” Los 
Angeles Times, http://articles.latimes.com/2013/nov/09/nation/la-na-nn-train-crash-alabama-oil-
20131109, November 9, 2013. 
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Figure 8 
Aerial photo of Alabama derailment and explosion (Reuters) 

 
 
  4.  Casselton, North Dakota 
 
 On December 30, 2013, a similar explosion occurred in Casselton, North Dakota, 
causing a fiery accident resulting in the town being evacuated.  The BNSF train was more 
than 100 cars, all DOT-111, and about a mile long, of which at least 10 cars were 
destroyed.78  Several of the DOT-111 tank cars ruptured and released crude oil that 
ignited.  The post-accident fire destroyed two locomotives and thermally damaged 
several additional tank cars causing violent, fiery eruptions.  Dense, toxic smoke forced a 
temporary evacuation of the town.  Apparently, another train carrying grain derailed first, 
causing the adjacent Bakken oil filled cars to derail,79 thus highlighting the hazards 
associated with multiple trains using the same or adjacent tracks, as proposed by the Rail 
Spur Project.  The coastal line, for example, carries passenger traffic along the Pacific 
coast.  Thus, human life could be put at risk, rather than just a train carrying grain. 
 
  5.  New Brunswick, Canada 
 
 On January 7, 2014, 17 cars in a 122-unit train derailed and exploded near Plaster 
Rock, New Brunswick.  No one was injured, but about 150 people were evacuated.  The 
petroleum products originated in Western Canada and were destined for the Irving Oil 
Refinery in St. John.80 
 
 
  

                                                 
78 DOT-111 Tank Car, Wikipedia. 
79 NTSB, Staff Recommendation R-14-01 - 03, January 23, 2014. 
80 DOT-111 Tank Car, Wikipedia. 
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c.  The DEIR Fails To Evaluate Crude By Rail As A Security Risk 
 

The explosions in Lac-Mégantic and Alabama were accidents, but they could 
easily have been created by terrorists. The fact that terrorists haven’t yet targeted rail 
tank cars carrying crude oil doesn’t mean it won’t occur in the future. The recent 
Canadian accidents demonstrate the amount of death and destruction that can happen if 
a rail tank car overturns. Terrorists will have read about these accidents. Without any 
additional security precautions, crude oil tank cars will be seen as a soft target for an 
attack, particularly, since they are often manned by small crews and often left 
unattended. 

 
 d.  Off-Site Train Accident Analysis Unsupported 
 
 The results of the off-site train accident analysis appears full blown in Table 4.7-
12 for a 72.6 mile segment of rail line from Highway 101 to Nipomo, broken into small 
segments.  This table is apparently the basis of Figure 4.7-5, which presents the 
frequency of injuries and fatalities as a function of the number of each.  Both of these 
summary results are presented with no supporting analysis, equations, citations, or 
explanatory material.  Table 4.7-12 is also presented in Appendix H at H-19 and H-20, 
again with no supporting analysis, equation, citations, or explanatory material.  
 
 The DEIR asserts this analysis was prepared following guidelines of the 
American Institute of Chemical Engineers, Center for Chemical Process Safety (CCPS, 
1995) and the parameters discussed in DEIR Section 4.7.1.3.  DEIR, p. 4.7-61.  However, 
I am very familiar with these guidelines and have used them in many similar analyses.  I 
cannot follow or verify the risk analyses in DEIR Sec. 4.7.  The following bulleted items 
list the columns in Table 4.7.12 and their support or lack thereof based on my review of 
the DEIR: 
 

 Accident Probability (year): no support 

 Probability Density: Table 4.7.6 (“default population densities”) 

 # of Trains per year: DEIR, pp. ES-3, 1-4 

 Ignition: All Spill Probability (per year): no support 

 Ignition: Small Spill Probability (per year): no support 

 Ignition: Large Spill Probability (per year): no support 

 No Ignition: All Spill Probability (per year): no support 

 No Ignition: Small Spill Probability (per year): no support 

 No Ignition: Large Spill Probability (per year): no support 

 
 The calculations and inputs to arrive at Table 4.7.12 are many and complex and 
MUST be included in an appendix to the DEIR, to the same level of detail as Appendix B 
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for air emission calculations.  The methods and inputs include, for example, the following 
types of standard calculations and inputs, none of which are disclosed in the DEIR:   
 

To evaluate whether a train accident is significant, one must estimate two numbers: 1) the 
probability that a consequence (e.g., injury or fatality) will occur from the accident and 2) the 
number of individuals that will be affected. 
 
 These two numbers are usually calculated using standard procedures described in the 
Guidelines for Chemical Transportation Risk Analysis (CCPS, 1995).  The first number, the 
probability that an incident outcome (i.e., a fatality or injury) will occur is given by: 
 
 

 kigikig PLRATF ,,,        (1) 

 
where: 
 
 Fg,i,k = frequency of incident outcome k for release size i on segment g 
 T = trips per year 
 A = accident rate per mile 
 Ri = release probability for release size i 
 Lg = length of segment g in miles 
 Pi,k = probability of incident outcome k for release size i 
 g = segment counter 
 i = release size counter 
 k = incident outcome counter 
 
The second number, the associated consequences or number of persons exposed, is given by: 
 

 kigkikig PFPDCAN ,,,,         (2) 

 
where: 
 
 Ng,i,k = number of fatalities (or injuries) for incident outcome k for release size i on segment g 
CAI,k = consequence area associated with incident outcome k for release size i 
 PDg = population density for segment g 
 PFI,k = probability of injury/fatality for incident outcome k for release size i  
 g = segment counter 
 i = release size counter 
 k = incident outcome counter 

 
 Without the type of information used in the above equations, the DEIR’s train 
accident analysis is wholly unsupported.  The DEIR must be revised to reveal and 
support all of the input assumptions represented by the variables used in these equations.  
The revised DEIR must be recirculated. 
 
 The unsupported information in Table 4.7.12 was then used to create injury and 
fatality risk charts that plot the frequency of accidents per year versus the number of 
injuries and fatalities in Figure 4.7-5.  These are compared with Santa Barbara risk 
thresholds.  There is no explanation for how the unsupported probability data from Table 
4.7.6 was used to generate these risk curves.  A complex series of calculations and 
various assumptions are typically involved, but none of these were disclosed in the DEIR, 
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preventing public review.  The DEIR must be expanded to support this analysis and 
recirculated to give the public an opportunity for input.  
 
 e.  Entire Route In California Not Analyzed 
  
 The train accident analysis fails to analyze the risk of accident along the entire 
route within California, but rather stops at the northern San Luis Obispo County border 
and assumes no trains arrive or depart from the south.  The DEIR indicates that unit trains 
will travel 68 miles81 one-way within San Luis Obispo County and an additional 390 
miles one-way outside of the County.  DEIR, p. 4.3-42.  Thus, the DEIR only analyzed 
the risk of train accidents for 17% of the route.  This significantly understates the risk and 
consequences of train accidents as the County is sparsely populated.  The projected rail 
route passes through some of the most densely populated areas with some of the most 
valuable real estate in the United States.   
 
 The DEIR fails to include a map that shows the route(s) that Project trains would 
follow.  However, it does disclose that Union Pacific would be the carrier and includes a 
map of Union Pacific rail lines in California.  DEIR, Fig. 4.12-2.  This map indicates that 
trains may pass through some of the most densely populated areas in the United States, 
exposing some of the most sensitive and vulnerable public resources to significant 
adverse impacts. 
 
 The DEIR suggests that unit trains would most likely enter the northern part of the 
state, follow the rail line along the Sacramento River to Roseville, through Sacramento, 
Oakland, Santa Clara, San Jose, and down the coastal line to the Refinery.  DEIR, p. 
4.12-7 & Fig. 4.12-2.  However, elsewhere, the DEIR indicates that trains could arrive 
from the north or the south (DEIR, p. 2-21), thus also passing through the densely 
populated Los Angeles area. 
 
 Unit trains approaching from the north would parallel the water supply for most 
of California, the Sacramento River and the Sacramento-San Joaquin Delta, and pass 
through some of the most densely populated areas and most valuable real estate in the 
world in the San Francisco Bay Area and Silicon Valley.  An accident on the Mulford 
line between Santa Clara and Oakland or in San Jose, for example, which the DEIR 
indicates would be used (DEIR, p. 4.12-7), could have catastrophic effects on 
infrastructure, workers, and residents.  As discussed elsewhere, the DEIR should have 
considered an alternate route, down the eastern side of the Central Valley, with a new 
connecting rail spur from Bakersfield to the Refinery, to avoid these significant impacts. 
 
 The federal preemption arguments in the DEIR do not prevent the County from 
requiring mitigation for significant impacts that occur on private land.  Further, there is 
no preemption of the County’s authority to refuse to issue a land use permit if Phillips 66 
does not mitigate significant impacts that occur anywhere within California. 
 

                                                 
81 Elsewhere, the DEIR reports 72.6 miles within SLOC.  DEIR, Table 4.7-12. 
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f.  Track and Rail Car Condition Not Addressed 
 
 Unit trains loaded with up to 2.2 million gallons of crude oil (DEIR, p. 2-21) will 
travel one way over about 460 miles of rail line within California nearly every day.  
DEIR, p. 4.3-42.  These trains can weigh up to 15,000 tons and extend for well over a 
mile.  Rail accidents are the result of either an error on the part of the railroad operating 
personnel or a technical failure in the track, tank car design, and train control equipment.  
DEIR, p. 4.7-25, CCSP 1995, p. 64.  The latter two can be anticipated and mitigated.  The 
primary contributing factors to rail accidents that could have and should have been 
evaluated in the DEIR are track conditions, train speed, and railcar design.  
 
 Derailment rates are high on low class track and reduce rapidly as track quality 
improves.  Broken rail is the factor most likely to pose the greatest risk to train operations 
as accidents due to broken rails are more frequent and more severe than average.  They 
have been the cause of major derailments involving dangerous goods in both the U.S. and 
Canada.82  
 
 The DEIR made no attempt to assess track quality for the mainline route within 
California that would be used by unit trains.  Rather, it dismisses the issue by stating that: 
“[m]ainline track is generally Class 5 or 6...”  DEIR, p. 4.7-25.   “Generally”?  Is this 
true, especially along sections currently with light unit train traffic, such as coastal line?  
The DEIR is silent on track condition, which is a serious oversight.  A survey could have 
and should have been conducted as an input to the risk of upset analysis and to evaluate 
alternate routes to mitigate impacts. 
 
 The severity and consequences of a derailment are related to speed because the 
energy dissipated during a derailment depends on the kinetic energy of the train, thus its 
speed and mass.  Federal Railroad Administration data for mainline freight trains shows 
the number of cars derailed, an indicator of accident severity, is highly correlated with 
speed.  Thus, speed reduction has the potential to reduce the severity and consequences of 
derailments.83  The DEIR did not consider speed reduction. 
 
 Another key factor that affects both the probability and consequences of train 
accidents is the design and condition of the tank cars.  CCSP 1995.  The DEIR suggests 
that DOT-111 rail cars would be used.  However, while the DEIR recognizes safety 
issues with these cars (see, e.g., p. 4.7-17, and 4.7-25) and explicitly recognizes that only 
about 25% of the current fleet has been upgraded to NTSB standards, it does not consider 
these flaws in its analyses and does nothing to assure that the Project will use the safest 
cars available that meet the most current safety standards.  DEIR, p. 4.7-25.  The DEIR 

                                                 
82 Transportation Safety Board of Canada, Rail Recommendations R14-01, R14-02, R14-03, January 23, 
2014, Available at: http://www.tsb.gc.ca/eng/recommandations-recommendations/rail/2014/rec-r1401-
r1403.asp#appx-a. 
83 C.P.L. Barkan, C.T. Dick and R. Anderson, Analysis of Railroad Derailment Factors Affecting 
Hazardous Materials Transportation Risk, Transportation Research Board Annual Meeting, 2003. 
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does not require any specific railcars nor safety standards for the rail cars that would be 
used in Project unit trains. 
 
 This is a serious flaw as it is widely acknowledged that the existing fleet of DOT-
111 tank cars is unsafe for transporting crude oil or other hazardous materials.  There are 
about 228,000 Class 111 tank cars currently in service in North America.  Among many 
other deficiencies, the head and shells of DOT-111s are paper thin, and they lack many 
other vital safety features, such as head shields and protection for top fittings.  As 
explained by the Transportation Safety Board of Canada (TSBC): “Many Class 111 tank 
cars do not have top fitting protection, head shields or thermal protection, and are not 
jacketed.  The sides and heads of these tank cars are typically constructed with 7/16-inch-
thick steel plate, which is thinner than some other classes of tank cars.  When involved in 
accidents, these Class 111 tank cars are vulnerable to head and shell damage due to 
impacts, as well as fitting damage, which can result in the release of product.  
Furthermore, without thermal protection, additional product can be released through 
excessive venting of the safety relief device(s), or worse, through a thermal tear, which 
can result in complete product loss.”84 
 

Figure 9 
Class 111 Tank Cars 

Assumed in DEIR to Transport Crude (TSBC) 

 
 
 
 Rail tank cars should be able to withstand “rollover” accidents. But when pre-
2011 DOT-111s are involved in accidents, even at low speeds, almost all of the tank cars 
rupture and release their contents. This was documented by the National Transportation 
Safety Board (“NTSB”) in its “Cherry Valley accident report,” cited in the Advanced 
Notice of Proposed Rulemaking for Hazardous Materials: Rail Petitions and 
Recommendations to Improve the Safety of Railroad Tank Car Transportation.85  In that 

                                                 
84 Transportation Safety Board of Canada, Rail Recommendation R14-01, R14-02, R14-03, January 23, 
2014, Available at:  http://www.tsb.gc.ca/eng/recommandations-recommendations/rail/2014/rec-r1401-
r1403.asp. 
85 PHMSA-2012-0082 (HM-251), 78 FR 54,849 (Sept. 6, 2013). 
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low-speed accident (36 mph), 13 of 15 tank cars ruptured.   The NTSB noted that similar 
disastrous failure rates had been observed in other accidents (New Brighton, PA – 12 of 
23 cars were breached; Arcadia, OH – 28 of 32 were breached). 
 
 The Cenovus Material Safety Data Sheet (MSDS) for Bakken crudes rates its 
flammability at Level 4, which is the highest rating, the same as for methane and propane 
gases.  Under Canadian regulations, propane must be carried in DOT-112 or DOT-114 
tank cars, but not in the U.S.  Thus, while the use of DOT-111 tank cars would be illegal 
in Canada, they could be used in the U.S. where Bakken crudes originates86 and appear to 
be approved by the DEIR for use on this Project.  After the Lac- Mégantic accident in 
Canada, the Canadian government proposed to reclassify crude oil as a highly hazardous 
material, upgrading its classification from flammable and non-explosive.87  The DEIR is 
seriously deficient for failing to call out this significant risk, the use of unsafe railcars to 
import highly flammable Bakken crudes through densely populated areas to the Refinery 
in “virtual pipelines”.  This is reckless. 
 

C. Mitigation Is Inadequate 
 
 The DEIR does not impose any mitigation for accidents involving the import and 
storage of a new crude slate as it alleges there are no significant impacts.  (Crossbucks 
will be installed at all railroad spur crossing with the Refinery.  DEIR, p. IST-37.)  
However, as I demonstrate above, this conclusion is wrong.  The import of a new slate of 
crudes by rail will result in many significant impacts.  These must be mitigated.  The 
following sections discuss some of the mitigation measures that I recommend. 
 
 Notably, on January 23, 2014, the National Transportation Safety Board 
(NTSB)88 issued a series of recommendations to the Department of Transportation to 
address the safety risk of transporting crude oil by rail.89  In an unprecedented move, the 
NTSB issued these recommendation in coordination with the Transportation Safety 
Board of Canada. 90 These recommendations include tougher standards for all Classs-111 

                                                 
86 DOT-111 Tank Car, Wikipedia. 
87 Canada Orders Reinforced Fuel Trains After Disaster, January 10, 2014, Available at: 
http://crooksandliars.com/2014/01/canada-orders-reinforced-fuel-trains-after. 
88 NTSB Calls for Tougher Standards on Trains Carrying Crude Oil, January 23, 2014, Available at: 
http://www.ntsb.gov/news/2014/140123.html; FuelFix, Wreck Investigators Urge Tighter Rules for Oil 
Trains, January 23, 2014, Available at: http://fuelfix.com/blog/2014/01/23/rail-wreck-investigators-urge-
tighter-rules-for-oil-trains/; The Globe and Mail, Canadian and U.S. Safety Watchdogs Warn of Oil-by-
Rail's Risks in Push for Tighter Rules, January 23, 2014, Available at: 
http://www.theglobeandmail.com/news/politics/new-federal-rail-safety-proposal-to-tighten-scrutiny-of-
crude-shipments/article16461771/#dashboard/follows/. 
89 NTSF, Safety Recommendation Letter R-14-001-003, January 23, 2014, Available at: 
http://www.ntsb.gov/doclib/recletters/2014/R-14-001-003.pdf and NTSB Safety Recommendation Letter 
R-14-004-006, January 21, 2014, Available at:  http://www.ntsb.gov/doclib/recletters/2014/R-14-004-
006.pdf. 
90 TSB and NTSB Call on Canadian and U.S. Regulators to Improve the Safe Transportation of Crude by 
Rail, Available at:  http://www.tsb.gc.ca/eng/medias-media/communiques/rail/2014/r13d0054-
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tank cars, not just new ones; strategic route planning; and emergency response assistance 
plans along routes where large volume of liquid hydrocarbons are shipped.  All of these 
recommendations should be included as mitigation for the Rail Spur Project. 
 

1. Community Emergency Preparedness Response 
 

When a crude oil spill occurs, local response assets are generally the first ones 
on scene. These assets will include those provided by police departments, fire fighters, 
and emergency managers. Many times however, these response individuals are unaware 
of the nature of, and the threat posed by the materials that are being transported through 
their communities. 

 
 The public services and utilities section of the DEIR (Sec. 4.11), does not address 
how a local train accident would be handled.  The DEIR concedes elsewhere that “In the 
unlikely event of an oil spill along the UPRR mainline tracks, there would likely be no oil 
spill containment or cleanup equipment available, and it would likely take some time for 
emergency response teams to mobilize adequate spill response equipment.  Depending 
upon the location of the spill this could allow enough time for the spill to impact sensitive 
habitat and plants and animal species."  DEIR, p. ES-7.  Elsewhere the DEIR admits that 
“[o]peration of the Rail Spur Project could increase demand for fire protection and 
emergency response services.”  DEIR, pp. ES-9.    
 
 The only mitigation proposed for these deficiencies is implementation of a “Fire 
Protection Plan, Emergency Response Plan, Spill Prevention Control and 
Countermeasure Plan, training requirement for CALFIRE and the SMR fire brigade” 
within the Refinery.   DEIR, pp. ES-9, IST-33.  This is not adequate to address accidents 
along the 458 miles of track within California as it effectively places the burden of 
remediating the environmental consequences of an accident on local communities along 
the route.  The DEIR failed to evaluate any alternatives to this do-nothing approach.  The 
applicant could require its carrier to develop a comprehensive plan to ensure the 
availability of necessary response resources, including identifying and contracting the 
personnel and equipment necessary to respond to accidents along the route. 
 

Congress, recognizing a gap in communication, mandated in the “9/11 Act”91 

that rail companies transporting security sensitive materials, including toxic-by-
inhalation materials, but not including crude oil, improve communication with local 
officials. Rail carriers are now required to identify a point of contact and to provide 
information to (1) state and/or regional “Fusion Centers” that have been established to 
coordinate with state, local and tribal officials on security issues and which are located 
within the area encompassed by the rail carrier’s rail system; and (2) state, local, and 
tribal officials in jurisdictions that may be affected by a rail carrier’s routing decisions 

                                                                                                                                                 
20140123.asp; See also:  Rail Recommendations R14-01, R14-02, R14-03 at 
http://www.tsb.gc.ca/eng/recommandations-recommendations/rail/2014/rec-r1401-r1403.asp and 
Backgrounder at http://www.tsb.gc.ca/eng/medias-media/fiches-facts/r13d0054/r13d0054-20140123.asp. 
91 Implementing Recommendations of the 9/11 Commission Act of 2007, Pub. L. 110-53; 121 Stat. 266. 
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and who directly contact the railroad to discuss routing decisions.92 This knowledge 
enables local communities to have a better understanding of what is being transported 
near their homes and schools. 

 
According to the mandate of the 9/11 Act, rail carriers transporting security 

sensitive materials are required to select lower-risk routes, based on an analysis of the 
safety and security risks presented various routes, railroad storage facilities and 
proximity of high-consequence targets along the route. The results of this analysis 
could dictate the rerouting of the security sensitive materials to other locations 

Crude oil is not currently defined as “security sensitive” so the additional 
reporting requirement does not apply to rail carriers transporting crude oil, despite its 
obvious hazards.  However, the DEIR should find the subject crudes as “security 
sensitive” and implement 9/11 Act requirements. 

 
The lack of regulatory guidance on communication about the movement of 

crude oil via rail with local officials, neighbors and local businesses is inconsistent 
with the Administration’s initiatives goal to improve preparedness. President Obama 
issued a proclamation on August 30, 2013 stating that September 2013 was National 
Preparedness Month. In this document, the President also stated that Americans should 
“refocus our efforts on readying ourselves, our families, our neighborhoods, and our 
Nation for any crisis we may face.” Additionally he directed the Federal Emergency 
Management Agency to “launch a comprehensive campaign to build and sustain 
national preparedness with private sector, non-profit, and community leaders and all 
levels of government.”93 Private sector and community preparedness can’t occur if the 
federal government fails to require the disclosure of information that could help 
communities become more prepared. 

 
 The failure to share information also contradicts the mission of the Citizen 
Corps, a FEMA-managed initiative. Its mission “is to harness the power of every 
individual through education, training, and volunteer service to make communities 
safer, stronger, and better prepared to respond to the threats of terrorism, crime, public 
health issues, and disasters of all kinds.” http://www.ready.gov/citizen-corps. Disasters 
of all kinds include spills created by overturned rail tank cars carrying crude oil. 
 

 FEMA released a report on the Citizen Corps in September 2012. In this 
document entitled “Citizen Corps Councils Registration and Profile Data FY2011 
National Report,” FEMA Administrator Fugate stated that the Citizen Corps Councils 
provide ‘“the table”‘ for collaboration to “(i)ntegrate whole community representatives 
with emergency managers to ensure disaster preparedness and response planning 
represents the whole community and integrates nontraditional resources.”94 Again, 

                                                 
92 http://www.gpo.gov/fdsys/pkg/FR-2008-11-26/html/E8-27826.htm. 
93 http://community.fema.gov/gf2.ti/f/280514/8233733.1/PDF/-
/Presidential_Proclamation__National_Preparedness_Month_2013.pdf. 
94 FEMA, “Citizen Corps Councils Registration and Profile Data FY2011 National Report,” 
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without access to accurate information, the whole community is unable to adequately 
plan and integrate resources for disaster response and preparedness in line with FEMA 
objectives. 

 
Finally, the failure to share information also contradicts recommendations provided 

by former Director of EPA’s Office of Emergency Management Deborah Dietrich 
regarding coordination between the Citizen Corps and Local Emergency Planning 
Committees (LEPCs). Ms. Dietrich sent an August 2009 letter to all State Emergency 
Response Commission (SERC) Chairs recommending that all LEPCs work more closely 
with the Citizen Corps regarding the Emergency Planning and Community Right to 
Know Act of 1986 (EPCRA). She told them to consider “whether working more closely 
with the Citizen Corps could make your EPCRA and RMP work more effective.”95 

Without basic knowledge about crude oil moving through their communities by rail, these 
planning committees are unable to accomplish their intended goal. 
 

2. Rail Car Design 
 
 The DEIR suggests that DOT-111 non-pressurized tank cars would be used.  
DEIR, p. 4.7-25.  However, as documented above, based on recent accidents and various 
proposed rulemakings, these railcars are known to pose significant risks when used to 
transport crude oil in unit trains. 
 
 Railcars are typically (99%) owned by the refiner, a leasing company, or a 
midstream producer, rather than the railroads.96  Thus, there is no pre-emption issue and 
Phillips 66 has control over its railcars.  The County can and should establish standards 
that the Project’s railcars must meet.  These standards should include the use of DOT-112 
or DOT-114 when transporting Level 4 material such as Bakken and otherwise, the use of 
DOT-111 built to the most current standards, currently as of October 1, 2011, which 
include increased head and shell thickness; normalized steel; 1/2-inch thick head shield; 
and top fitting protection.  DEIR, p. 4.7-25. 
 

3. Train Staffing 
 
 A unit train carrying crude oil can weigh up to 15,000 tons and extend for up to a 
mile in length.  Directing such a vehicle from point of origin to its destination is an 
inordinately demanding task, especially given the enormous risks involved if a mistake is 
made.   
 

                                                                                                                                                 
https://s3-us-gov-west-1.amazonaws.com/dam-production/uploads/20130726-1854-25045-
2121/citizen_corps_councils_final_report_9_27_2012.pdf, September 2012. 
95 Dietrich, Deborah, Letter to SERC Chairpersons, 
ftp://tbrpc.org/dri/Documents/LEPC/MISCELLANEOUS/EPA's%20EPCRA%20Letter.pdf. 
August 20, 2009. 
96 AAR, Moving Crude by Rail, May 2013, p. 9. 
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 The range of tasks and responsibilities imposed on train staff includes powering 
up, maintaining speed (in compliance with ever-changing speed limits, changing grades, 
and track conditions), constant visual surveillance of the track and traffic control signals, 
continuously operating the radio, completing required paperwork, and remaining aware 
of other rail traffic.   
 
 Further, FRA rules require that each car in a hazmat train be inspected visually for 
defects, signs of tampering, and/or the presence of improvised explosive devices.  49 
CFR 174.9(b).  This could require over a mile of visual tank car inspections, thus 
requiring a solo staffer to be away from the locomotive for long periods. 
 
 In the event of derailment, collision, mechanical breakdown, etc, a massive piece 
of equipment such as a unit train cannot be safely operated by one individual.  
Redundancy in staffing is required to maintain safe operations.  This has been recognized 
by the Federal Aviation Administration, which requires two pilots for all commercial 
flights.  Crude unit trains should be subject to the same requirement.  
 
 Thus, the DEIR should include a condition requiring that Phillips 66 negotiate a 
contract with UPRR that requires at least two operators on each unit train carrying crude 
oil. 
 

4. Alternate Route Should Be Required 
 
 The DEIR should have analyzed the safety and security risks of alternate 
transportation routes, including  consideration of the crude volumes; track type, class, and 
maintenance schedule; track grade and curvature; environmentally sensitive or significant 
areas; population density along the routes; emergency response capability along the 
routes; passenger traffic along the route(s) (i.e., shared track); railway infrastructure (e.g., 
signaling, track class, crossings, wayside systems, traffic density); geography; and areas 
of high consequence as defined in 49 CFR 172.820(c).  Based on this analysis, the DEIR 
should have selected the route posing the least overall safety and security risk. 
 
 In particular, the DEIR should have selected a route to prevent catastrophic 
release or explosion in proximity to densely populated areas, including urban areas and 
events or venues with large numbers of people in attendance, iconic buildings, 
landmarks, or environmentally sensitive areas.97   The route selected in the DEIR 
(without any analysis or justification at all) violates every tenant of safety analysis.  The 
proposed route passes through some of the most densely populated and environmentally 
sensitive areas in the world.   
 
 The coastal route selected in the DEIR overlaps with passenger routes and passes 
through some of the most densely populated areas in the United States. The Capitol 
Corridor line travels between San Jose and Sacramento.  The Pacific Surfliner travels 
along the coast between San Luis Obispo and San Diego.  The San Joaquin line runs 

                                                 
97 73 FR 20752 (April 16, 2008). 
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between Bakersfield and the San Francisco Bay Area.  The California Zephyr runs 
between Emeryville and Chicago.  The Coast Starlight run between Los Angeles and 
Chicago.  DEIR, Sec. 4.12. 
 
 Further, the chosen route passes over 99 bridges and major road crossing in just 
San Luis Obispo County alone, of which only 33 are grade-separated crossings, where 
the railroad passes above or below the crossing.  DEIR, p. 4.7-28.  The DEIR failed to 
inventory bridges and crossing anywhere else.  DEIR, Sec. 4.7 & 4.12.  However, there 
are likely many in densely populated areas that unit trains will pass through.  Many of 
these are likely unseparated and thus would increase the potential for accidents.  DEIR, p. 
4.7-28.  As it could take over an hour for a unit train to pass through any given crossing,  
massive traffic jams could result in areas like the San Francisco Bay Area, Silicon Valley, 
and the greater Los Angeles area.  The interaction of train traffic and rail traffic was not 
evaluated in the DEIR.  Any increase in congestion due to this Project would be a 
significant impact that was not analyzed or mitigated. 
 
 The 9/11 Act, generally used to argue for safety of existing railroads, was enacted 
in 2007, when just 5,897 carloads of crude petroleum originated on U.S. Class I railroads. 
Last year, that number grew to 233,819 carloads – a growth of more than 3865%.98

  In 
2013, that number has grown again, totaling 299,052 through the first 3 quarters 
(averaging about 100,000 per quarter).  Assuming volumes will be similar in the fourth 
quarter, there will be about 400,000 carloads for all of 2013 – a growth of about 6700% 
relative to carloads in 2007.99

  This exponential growth in unit shipments of crude by rail 
and associated incidents, as well as the recent Lac-Mégantic disaster, compel the 
conclusion that unit shipments of crude oil demand enhanced safety standards and should 
be subjected to the re-routing standards as “security sensitive” materials as set forth in the 
9/11 Act. 
 
 Finally, hybrid logistics, where crude is offloaded from rail at intermediate 
terminals, with transport via water and/or pipelines used for final delivery to the 
Refinery, should have been considered as alternatives to a 100% by rail delivery route.  
These are clearly on Phillip 66's100 and other refiner's 101plates. 
 

5. Mitigation Is Deferred To The Future 
 
 The DEIR recommends several mitigation measures that would be developed in 
the future, outside of the CEQA review process.  Thus should be fully developed as part 
of the DEIR to assure adequate public review. 
 

                                                 
98 AAR May 2013. 
99 AAR, August 29, 2013; AAR November 7, 2013. 
100 Phillips 66, Crude by Rail & Intermodal Supply Chain, Optimization and Opportunities, Refiner-Led 
Summit 2013, Opening Keynote Panel, August 21, 2013. 
101 Tesoro, Deutsche Bank Energy Conference, January 9, 2014. 
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 First, prior to issuance of construction permits and notice to proceed, various fire 
protection and emergency response services would be developed including: "Fire 
Protection Plan, Emergency Response Plan, Spill Prevention Control and 
Countermeasure Plan, training requirement for CALFIRE and the SMR fire brigade."  
DEIR, pp. ES-9, IST-33.  These updated plans should be included as appendices to the 
DEIR for public review. 
 
 Second, the Applicant also "shall investigate methods for reducing the onsite 
emissions, both from fugitive components and from locomotives" and "implement a 
program to limit onsite idling" prior to issuance of the Notice to Proceed, and thus 
outside of CEQA review.  DEIR, p. IST-1. 
  
VII. ALTERNATIVES 
 
 The DEIR considered five major alternatives to the Project: (1) truck 
transportation; (2) marine transportation; (3) alternative rail unloading sites; (4) loop rail 
unloading configuration; (5) reduced rail deliveries; (6) no project alternative.  DEIR, 
Sec. 5.1.   None of these alternatives significantly reduce impacts.  Thus, they are not 
“alternatives” to the Project under CEQA. 
 
 The DEIR failed to evaluate other feasible alternatives that would have lesser 
impacts and more benefits.  These include: (1) use of crude from the Price Canyon Oil 
Field Project Expansion, which proposes to increase local output,102 to the extent 
available, rather than importing by rail; (2) continue production from existing or other 
nearby oil fields using enhanced oil recovery; (3) use of alternate rail route through the 
Central Valley with new connector rail line  west from Bakersfield; (4) hybrid delivery 
options (e.g., partial delivery by sea or pipeline); (5) restrict crudes that can be imported. 
 
 The DEIR also failed to conduct any analysis at all of the no project alternative, 
rejecting it out of hand as it would not meet any of the project objectives.  DEIR, p. 5-24.  
What are they?  However, economic interests (at the expense of environmental impacts) 
is not a valid consideration under CEQA.  When the no project alternative is the most 
environmentally superior then the next most environmentally preferred must be selected.  
DEIR, p. 5-33 
 
 The purpose of the Rail Spur Project, evidentially, is to reduce operating cost by 
importing cheaper oil.  However, this should not be allowed at expense of the potentially 
catastrophic environment consequences, which are externalities that must be weighed, 
mitigated, or replaced when mitigations are not effective.  Local sources of crude can be 
secured without the Rail Spur Project.  New oil fields are currently being developed.  The 
use of locally sourced crudes is the next most environmentally preferred. 
 
 

                                                 
102 Price Canyon Oilfield Project (Freeport McMoran Oil & Gas), Available at: 
http://www.slocounty.ca.gov/planning/environmental/EnvironmentalNotices/PXP.htm. 
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Phyllis Fox 

Ph.D, PE, BCEE, QEP 

Environmental Management 
745 White Pine Ave. 
Rockledge, FL 32955 

321-626-6885 
PhyllisFox@gmail.com 

 
Dr. Fox has over 40 years of experience in the field of environmental engineering, including air 
pollution control (BACT, BART, MACT, LAER, RACT), cost effectiveness analyses, air quality 
management, water quality and water supply investigations, hazardous waste investigations, 
environmental permitting, nuisance investigations (odor, noise), environmental impact reports, 
CEQA/NEPA documentation, risk assessments, and litigation support.   

EDUCATION  

Ph.D.  Environmental/Civil Engineering, University of California, Berkeley, 1980. 
M.S.   Environmental/Civil Engineering, University of California, Berkeley, 1975. 
B.S.    Physics (with high honors), University of Florida, Gainesville, 1971. 

REGISTRATION 
 
Registered Professional Engineer: Arizona (2001-present: #36701), California (2002-present; CH 
6058), Florida (2001-present; #57886), Georgia (2002-present; #PE027643), Washington (2002-
present; #38692), Wisconsin (2005-present; #37595-006) 
Board Certified Environmental Engineer, American Academy of Environmental Engineers,  
 Certified in Air Pollution Control (DEE #01-20014), 2002-present 
Qualified Environmental Professional (QEP), Institute of Professional Environmental  
 Practice (QEP #02-010007), 2001-present 

PROFESSIONAL HISTORY 

Environmental Management, Principal, 1981-present 
Lawrence Berkeley National Laboratory, Principal Investigator, 1977-1981 
University of California, Berkeley, Program Manager, 1976-1977 
Bechtel, Inc., Engineer, 1971-1976, 1964-1966 

PROFESSIONAL AFFILIATIONS 

American Chemical Society (1981-2010) 
Phi Beta Kappa (1970-present) 
Sigma Pi Sigma (1970-present) 
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Who's Who Environmental Registry, PH Publishing, Fort Collins, CO, 1992. 
Who's Who in the World, Marquis Who's Who, Inc., Chicago, IL, 11th Ed., p. 371, 1993-present. 
Who's Who of American Women, Marquis Who's Who, Inc., Chicago, IL, 13th Ed., p. 264, 1984-
present. 
Who's Who in Science and Engineering, Marquis Who's Who, Inc., New Providence, NJ, 5th Ed., 
p. 414, 1999-present. 
Who’s Who in America, Marquis Who’s Who, Inc., 59th Ed., 2005. 
Guide to Specialists on Toxic Substances, World Environment Center, New York, NY, p. 80, 
1980. 
National Research Council Committee on Irrigation-Induced Water Quality Problems 
(Selenium), Subcommittee on Quality Control/Quality Assurance (1985-1990). 
National Research Council Committee on Surface Mining and Reclamation, Subcommittee on 
Oil Shale (1978-80) 
 

REPRESENTATIVE EXPERIENCE 

Performed environmental and engineering investigations, as outlined below, for a wide range of 
industrial and commercial facilities including: petroleum refineries and upgrades thereto; 
reformulated fuels projects; refinery upgrades to process heavy sour crudes, including tar sands 
and light sweet crudes from the Eagle Ford and Bakken Formations; petroleum distribution 
terminals; coal export terminals; LNG export, import, and storage terminals; shale oil plants; 
coal gasification & liquefaction plants; conventional and thermally enhanced oil production; 
underground storage tanks; pipelines; gasoline stations; landfills; railyards; hazardous waste 
treatment facilities; nuclear, hydroelectric, geothermal, wood, biomass, waste, tire-derived fuel, 
gas, oil, coke and coal-fired power plants; transmission lines; airports; hydrogen plants; 
petroleum coke calcining plants; coke plants; activated carbon manufacturing facilities; asphalt 
plants; cement plants; incinerators; flares; manufacturing facilities (e.g., semiconductors, 
electronic assembly, aerospace components, printed circuit boards, amusement park rides); 
lanthanide processing plants; ammonia plants; nitric acid plants; urea plants; food processing 
plants; almond hulling facilities; composting facilities; grain processing facilities; grain 
elevators; ethanol production facilities; soy bean oil extraction plants; biodiesel plants; paint 
formulation plants; wastewater treatment plants; marine terminals and ports; gas processing 
plants; steel mills; iron nugget production facilities; pig iron plant, based on blast furnace 
technology; direct reduced iron plant; acid regeneration facilities; railcar refinishing facility; 
battery manufacturing plants; pesticide manufacturing and repackaging facilities; pulp and paper 
mills; olefin plants; methanol plants; ethylene crackers; selective catalytic reduction (SCR) 
systems; selective noncatalytic reduction (SNCR) systems; halogen acid furnaces; contaminated 
property redevelopment projects (e.g., Mission Bay, Southern Pacific Railyards, Moscone Center 
expansion, San Diego Padres Ballpark); residential developments; commercial office parks, 
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campuses, and shopping centers; server farms; transportation plans; and a wide range of mines 
including sand and gravel, hard rock, limestone, nacholite, coal, molybdenum, gold, zinc, and oil 
shale. 

 

EXPERT WITNESS/LITIGATION SUPPORT 

� For plaintiffs, expert witness in civil action relating to alleged violations of the Clean Air 
Act, Prevention of Significant Deterioration, for historic modifications (1997-2000) at the 
Cemex cement plant in Lyons, Colorado.  Reviewed produced documents, prepared expert 
and rebuttal reports on PSD applicability based on NOx emission calculations for a 
collection of changes considered both individually and collectively.  Deposed August 2011.  
United States  v. Cemex, Inc., In U.S. District Court for the District of Colorado (Civil 
Action No. 09-cv-00019-MSK-MEH).  Case settled June 13, 2013. 

� For plaintiffs, in civil action relating to alleged violations of the Clean Air Act, Prevention of 
Significant Deterioration, for historic modifications (1988 – 2000) at James De Young Units 
3, 4, and 5.  Reviewed produced documents, analyzed CEMS and EIA data, and prepared 
netting and BACT analyses for NOx, SO2, and PM10.  Expert report February 24, 2010 and 
affidavit February 20, 2010.  Sierra Club v. City of Holland, et al., U.S. District Court, 
Western District of Michigan.   

� For plaintiffs, in civil action alleging failure to obtain MACT permit, expert on potential to 
emit hydrogen chloride (HCl) from a new coal-fired boiler.  Reviewed record, estimated HCl 
emissions, wrote expert report June 2010 and March 2013 (Cost to Install a Scrubber at the 
Lamar Repowering Project Pursuant to Case-by-Case MACT), deposed August 2010 and 
March 2013. Wildearth Guardian et al. v. Lamar Utilities Board, Civil Action No. 09-cv-
02974, U.S. District Court, District of Colorado.  Case settled August 2013. 

� For plaintiffs, expert witness on permitting, emission calculations, and wastewater treatment 
for coal to gasoline plant.  Reviewed produced documents.  Assisted in preparation of 
comments on draft minor source permit.  Wrote two affidavits on key issues in case.  
Presented direct and rebuttal testimony 10/27 - 10/28/10 on permit enforceability and failure 
to properly calculate potential to emit, including underestimate of flaring emissions and 
omission of VOC and CO emissions from wastewater treatment, cooling tower, tank roof 
landings, and malfunctions.  Sierra Club, Ohio Valley Environmental Coalition, Coal River 
Mountain Watch, West Virginia Highlands Conservancy v. John Benedict, Director, Division 
of Air Quality, West Virginia Department of Environmental Protection and TransGas 
Development System, LLC, Appeal No. 10-01-AQB.  Virginia Air Quality Board remanded 
the permit on March 28, 2011 ordering reconsideration of potential to emit calculations, 
including: (1) support for assumed flare efficiency; (2) inclusion of startup, shutdown and 
malfunction emissions; and (3) inclusion of wastewater treatment emissions in potential to 
emit calculations. 
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� For plaintiffs, expert on BACT emission limits for gas-fired combined cycle power plant.  
Prepared declaration in support of CBE's Opposition to the United States' Motion for Entry 
of Proposed Amended Consent Decree.  Assisted in settlement discussions.  U.S. EPA, 
Plaintiff, Communities for a Better Environment, Intervenor Plaintiff, v. Pacific Gas & 
Electric Company, et al., U.S. District Court, Northern District of California, San Francisco 
Division, Case No. C-09-4503 SI. 

� Technical expert in confidential settlement discussions with large coal-fired utility on BACT 
control technology and emission limits for NOx, SO2, PM, PM2.5, and CO for new natural 
gas fired combined cycle and simple cycle turbines with oil backup.  (July 2010).  Case 
settled. 

� For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for historic modifications (1998-
99) at Gallagher Units 1 and 3.  Reviewed produced documents, prepared expert and rebuttal 
reports on historic and current-day BACT for SO2, control costs, and excess emissions of 
SO2.  Deposed 11/18/09.  United States et al. v. Cinergy, et al., In U.S. District Court for the 
Southern District of Indiana, Indianapolis Division, Civil Action No. IP99-1693 C-M/S.  
Settled 12/22/09. 

� For plaintiffs, expert witness on MACT, BACT for NOx, and enforceability in an 
administrative appeal of draft state air permit issued for four 300-MW pet-coke-fired CFBs.  
Reviewed produced documents and prepared prefiled testimony.  Deposed 10/8/09 and 
11/9/09. Testified 11/10/09. Application of Las Brisas Energy Center, LLC for State Air 
Quality Permit; before the State Office of Administrative Hearings, Texas.  Permit remanded 
3/29/10 as LBEC failed to meet burden of proof on a number of issues including MACT.  
Texas Court of Appeals dismissed an appeal to reinstate the permit.  The Texas Commission 
on Environmental Quality and Las Brisas Energy Center, LLC sought to overturn the Court 
of Appeals decision but moved to have their appeal dismissed in August 2013. 

� For defense, expert witness in unlawful detainer case involving a gasoline station, minimart, 
and residential property with contamination from leaking underground storage tanks.  
Reviewed agency files and inspected site.  Presented expert testimony on July 6, 2009, on 
causes of, nature and extent of subsurface contamination.  A. Singh v. S. Assaedi, in Contra 
Costa County Superior Court, CA.  Settled August 2009. 

� For plaintiffs, expert witness on netting and enforceability for refinery being upgraded to 
process tar sands crude.  Reviewed produced documents.  Prepared expert and rebuttal 
reports addressing use of emission factors for baseline, omitted sources including coker, 
flares, tank landings and cleaning, and enforceability.  Deposed. In the Matter of Objection to 
the Issuance of Significant Source Modification Permit No. 089-25484-00453 to BP 
Products North America Inc., Whiting Business Unit, Save the Dunes Council, Inc., Sierra 
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Club., Inc., Hoosier Environmental Council et al., Petitioners, B. P. Products North 
American, Respondents/Permittee, before the Indiana Office of Environmental Adjudication. 

� For plaintiffs, expert witness on BACT, MACT, and enforceability in appeal of Title V 
permit issued to 600 MW coal-fired power plant burning Powder River Basin coal.  Prepared 
technical comments on draft air permit.  Reviewed record on appeal, drafted BACT, MACT, 
and enforceability pre-filed testimony.  Drafted MACT and enforceability pre-filed rebuttal 
testimony.  Deposed March 24, 2009.  Testified June 10, 2009.  In Re: Southwestern Electric 
Power Company, Arkansas Pollution Control and Ecology Commission, Consolidated 
Docket No. 08-006-P. Recommended Decision issued December 9, 2009 upholding issued 
permit.  Commission adopted Recommended Decision January 22, 2010. 

� For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for historic modifications (1989-
1992) at Wabash Units 2, 3 and 5.  Reviewed produced documents, prepared expert and 
rebuttal report on historic and current-day BACT for NOx and SO2, control costs, and excess 
emissions of NOx, SO2, and mercury.  Deposed 10/21/08.  United States et al. v. Cinergy, et 
al., In U.S. District Court for the Southern District of Indiana, Indianapolis Division, Civil 
Action No. IP99-1693 C-M/S.  Testified 2/3/09.  Memorandum Opinion & Order 5-29-09 
requiring shutdown of Wabash River Units 2, 3, 5 by September 30, 2009, run at baseline 
until shutdown, and permanently surrender SO2 emission allowances. 

� For plaintiffs, expert witness in liability phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for three historic modifications 
(1997-2001) at two portland cement plants involving three cement kilns.  Reviewed 
produced documents, analyzed CEMS data covering subject period, prepared netting analysis 
for NOx, SO2 and CO, and prepared expert and rebuttal reports. United States  v. Cemex 
California Cement, In U.S. District Court for the Central District of California, Eastern 
Division, Case No. ED CV 07-00223-GW (JCRx), Settled 1/15/09. 

� For intervenors Clean Wisconsin and Citizens Utility Board, prepared data requests, 
reviewed discovery and expert report.  Prepared prefiled direct, rebuttal and surrebuttal 
testimony on cost to extend life of existing Oak Creek Units 5-8 and cost to address future 
regulatory requirements to determine whether to control or shutdown one or more of the 
units. Oral testimony 2/5/08.  Application for a Certificate of Authority to Install Wet Flue 
Gas Desulfurization and Selective Catalytic Reduction Facilities and Associated Equipment 
for Control of Sulfur Dioxide and Nitrogen Oxide Emissions at Oak Creek Power Plant Units 
5, 6, 7 and 8, WPSC Docket No. 6630-CE-299. 

� For plaintiffs, expert witness on alternatives analysis and BACT for NOx, SO2, total PM10, 
and sulfuric acid mist in appeal of PSD permit issued to 1200 MW coal fired power plant 
burning Powder River Basin and/or Central Appalachian coal (Longleaf). Assisted in drafting 
technical comments on NOx on draft permit.  Prepared expert disclosure.  Presented 8+ days 
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of direct and rebuttal expert testimony.  Attended all 21 days of evidentiary hearing from 
9/5/07 – 10/30/07 assisting in all aspects of hearing.  Friends of the Chatahooche and Sierra 
Club v. Dr. Carol Couch, Director, Environmental Protection Division of Natural Resources 
Department, Respondent, and Longleaf Energy Associates, Intervener. ALJ Final Decision 
1/11/08 denying petition.  ALJ Order vacated & remanded for further proceedings, Fulton 
County Superior Court, 6/30/08.  Court of Appeals of GA remanded the case with directions 
that the ALJ's final decision be vacated to consider the evidence under the correct standard of 
review, July 9, 2009.  The ALJ issued an opinion April 2, 2010 in favor of the applicant. 
Final permit issued April 2010. 

� For plaintiffs, expert witness on diesel exhaust in inverse condemnation case in which Port 
expanded maritime operations into residential neighborhoods, subjecting plaintiffs to noise, 
light, and diesel fumes.  Measured real-time diesel particulate concentrations from marine 
vessels and tug boats on plaintiffs’ property.  Reviewed documents, depositions, DVDs, and 
photographs provided by counsel.  Deposed.  Testified October 24, 2006. Ann Chargin, 
Richard Hackett, Carolyn Hackett, et al. v. Stockton Port District, Superior Court of 
California, County of San Joaquin, Stockton Branch, No. CV021015.  Judge ruled for 
plaintiffs. 

� For plaintiffs, expert witness on NOx emissions and BACT in case alleging failure to obtain 
necessary permits and install controls on gas-fired combined-cycle turbines. Prepared and 
reviewed (applicant analyses) of NOx emissions, BACT analyses (water injection, SCR, ultra 
low NOx burners), and cost-effectiveness analyses based on site visit, plant operating 
records, stack tests, CEMS data, and turbine and catalyst vendor design information.  
Participated in negotiations to scope out consent order. United States v. Nevada Power. Case 
settled June 2007, resulting in installation of dry low NOx burners (5 ppm NOx averaged 
over 1 hr) on four units and a separate solar array at a local business.  

� For plaintiffs, expert witness in appeal of PSD permit issued to 850 MW coal fired boiler 
burning Powder River Basin coal (Iatan Unit 2) on BACT for particulate matter, sulfuric acid 
mist and opacity and emission calculations for alleged historic violations of PSD.  Assisted in 
drafting technical comments, petition for review, discovery requests, and responses to 
discovery requests.  Reviewed produced documents.  Prepared expert report on BACT for 
particulate matter. Assisted with expert depositions. Deposed February 7, 8, 27, 28, 2007.  In 
Re PSD Construction Permit Issued to Great Plains Energy, Kansas City Power & Light – 
Iatan Generating Station, Sierra Club v. Missouri Department of Natural Resources, Great 
Plains Energy, and Kansas City Power & Light. Case settled March 27, 2007, providing 
offsets for over 6 million ton/yr of CO2 and lower NOx and SO2 emission limits.  

� For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for historic modifications of coal-
fired boilers and associated equipment.  Reviewed produced documents, prepared expert 
report on cost to retrofit 24 coal-fired power plants with scrubbers designed to remove 99% 
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of the sulfur dioxide from flue gases.  Prepared supplemental and expert report on cost 
estimates and BACT for SO2 for these 24 complaint units.  Deposed 1/30/07 and 3/14/07.  
United States and State of New York et al. v. American Electric Power, In U.S. District Court 
for the Southern District of Ohio, Eastern Division, Consolidated Civil Action Nos. C2-99-
1182 and C2-99-1250.  Settlement announced 10/9/07. 

� For plaintiffs, expert witness on BACT, enforceability, and alternatives analysis in appeal of 
PSD permit issued for a 270-MW pulverized coal fired boiler burning Powder River Basin 
coal (City Utilities Springfield Unit 2).  Reviewed permitting file and assisted counsel draft 
petition and prepare and respond to interrogatories and document requests. Reviewed 
interrogatory responses and produced documents.  Assisted with expert depositions.  
Deposed August 2005.  Evidentiary hearings October 2005.  In the Matter of Linda 
Chipperfield and Sierra Club v. Missouri Department of Natural Resources. Missouri 
Supreme Court denied review of adverse lower court rulings August 2007. 

� For plaintiffs, expert witness in civil action relating to plume touchdowns at AEP’s Gavin 
coal-fired power plant.  Assisted counsel draft interrogatories and document requests.  
Reviewed responses to interrogatories and produced documents.  Prepared expert report 
“Releases of Sulfuric Acid Mist from the Gavin Power Station.”  The report evaluates 
sulfuric acid mist releases to determine if AEP complied with the requirements of CERCLA 
Section 103(a) and EPCRA Section 304.  This report also discusses the formation, chemistry, 
release characteristics, and abatement of sulfuric acid mist in support of the claim that these 
releases present an imminent and substantial endangerment to public health under Section 
7002(a)(1)(B) of the Resource Conservation and Recovery Act (“RCRA”).  Citizens Against 
Pollution v. Ohio Power Company, In the U.S. District Court for the Southern District of 
Ohio, Eastern Division, Civil Action No. 2-04-cv-371.  Case settled 12-8-06. 

� For petitioners, expert witness in contested case hearing on BACT, enforceability, and 
emission estimates for an air permit issued to a 500-MW supercritical Power River Basin 
coal-fired boiler (Weston Unit 4).  Assisted counsel prepare comments on draft air permit 
and respond to and draft discovery.  Reviewed produced file, deposed (7/05), and prepared 
expert report on BACT and enforceability. Evidentiary hearings September 2005.  In the 
Matter of an Air Pollution Control Construction Permit Issued to Wisconsin Public Service 
Corporation for the Construction and Operation of a 500 MW Pulverized Coal-fired Power 
Plant Known as Weston Unit 4 in Marathon County, Wisconsin, Case No. IH-04-21.  The 
Final Order, issued 2/10/06, lowered the NOx BACT limit from 0.07 lb/MMBtu to 0.06 
lb/MMBtu based on a 30-day average, added a BACT SO2 control efficiency, and required a 
0.0005% high efficiency drift eliminator as BACT for the cooling tower.  The modified 
permit, including these provisions, was issued 3/28/07.  Additional appeals in progress. 

� For plaintiffs, adviser on technical issues related to Citizen Suit against U.S. EPA regarding 
failure to update New Source Performance Standards for petroleum refineries, 40 CFR 60, 
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Subparts J, VV, and GGG.  Our Children’s Earth Foundation and Sierra Club v. U.S. EPA et 
al. Case settled July 2005.  CD No. C 05-00094 CW, U.S. District Court, Northern District of 
California – Oakland Division.  Proposed revisions to standards of performance for 
petroleum refineries published 72 FR 27178 (5/14/07). 

� For interveners, reviewed proposed Consent Decree settling Clean Air Act violations due to 
historic modifications of boilers and associated equipment at two coal-fired power plants.  In 
response to stay order, reviewed the record, selected one representative activity at each of 
seven generating units, and analyzed to identify CAA violations. Identified NSPS and NSR 
violations for NOx, SO2, PM/PM10, and sulfuric acid mist.  Summarized results in an expert 
report. United States of America, and Michael A. Cox, Attorney General of the State of 
Michigan, ex rel. Michigan Department of Environmental Quality, Plaintiffs, and Clean 
Wisconsin, Sierra Club, and Citizens' Utility Board, Intervenors, v. Wisconsin Electric 
Power Company, Defendant, U.S. District Court for the Eastern District of Wisconsin, Civil 
Action No. 2:03-CV-00371-CNC. Order issued 10-1-07 denying petition.  

� For a coalition of Nevada labor organizations (ACE), reviewed preliminary determination to 
issue a Class I Air Quality Operating Permit to Construct and supporting files for a 250-MW 
pulverized coal-fired boiler (Newmont).  Prepared about 100 pages of technical analyses and 
comments on BACT, MACT, emission calculations, and enforceability.  Assisted counsel 
draft petition and reply brief appealing PSD permit to U.S. EPA Environmental Appeals 
Board (EAB).  Order denying review issued 12/21/05.  In re Newmont Nevada Energy 
Investment, LLC, TS Power Plant, PSD Appeal No. 05-04 (EAB 2005). 

� For petitioners and plaintiffs, reviewed and prepared comments on air quality and hazardous 
waste based on negative declaration for refinery ultra low sulfur diesel project located in 
SCAQMD. Reviewed responses to comments and prepared responses.  Prepared declaration 
and presented oral testimony before SCAQMD Hearing Board on exempt sources (cooling 
towers) and calculation of potential to emit under NSR.  Petition for writ of mandate filed 
March 2005.  Case remanded by Court of Appeals to trial court to direct SCAQMD to re-
evaluate the potential environmental significance of NOx emissions resulting from the 
project in accordance with court’s opinion.  California Court of Appeals, Second Appellate 
Division, on December 18, 2007, affirmed in part (as to baseline) and denied in part.  
Communities for a Better Environment v. South Coast Air Quality Management District and 
ConocoPhillips and Carlos Valdez et al v. South Coast Air Quality Management District and 
ConocoPhillips. Certified for partial publication 1/16/08. Appellate Court opinion upheld by 
CA Supreme Court 3/15/10.  (2010) 48 Cal.4th 310.   

� For amici seeking to amend a proposed Consent Decree to settle alleged NSR violations at 
Chevron refineries, reviewed proposed settlement, related files, subject modifications, and 
emission calculations. Prepared declaration on emission reductions, identification of NSR 
and NSPS violations, and BACT/LAER for FCCUs, heaters and boilers, flares, and sulfur 
recovery plants.  U.S. et al. v. Chevron U.S.A., Northern District of California, Case No. C 
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03-04650.  Memorandum and Order Entering Consent Decree issued June 2005.  Case No. C 
03-4650 CRB. 

� For petitioners, prepared declaration on enforceability of periodic monitoring requirements, 
in response to EPA’s revised interpretation of 40 CFR 70.6(c)(1). This revision limited 
additional monitoring required in Title V permits. 69 FR 3203 (Jan. 22, 2004).  
Environmental Integrity Project et al. v. EPA (U.S. Court of Appeals for the District of 
Columbia).  Court ruled the Act requires all Title V permits to contain monitoring 
requirements to assure compliance.  Sierra Club v. EPA, 536 F.3d 673 (D.C. Cir. 2008). 

� For interveners in application for authority to construct a 500 MW supercritical coal-fired 
generating unit before the Wisconsin Public Service Commission, prepared pre-filed written 
direct and rebuttal testimony with oral cross examination and rebuttal on BACT and MACT 
(Weston 4).  Prepared written comments on BACT, MACT, and enforceability on draft air 
permit for same facility. 

� For property owners in Nevada, evaluated the environmental impacts of a 1,450-MW coal-
fired power plant proposed in a rural area adjacent to the Black Rock Desert and Granite 
Range, including emission calculations, air quality modeling, comments on proposed use 
permit to collect preconstruction monitoring data, and coordination with agencies and other 
interested parties.  Project cancelled. 

� For environmental organizations, reviewed draft PSD permit for a 600-MW coal-fired power 
plant in West Virginia (Longview). Prepared comments on permit enforceability; coal 
washing; BACT for SO2 and PM10; Hg MACT; and MACT for HCl, HF, non-Hg metallic 
HAPs, and enforceability. Assist plaintiffs draft petition appealing air permit. Retained as 
expert to develop testimony on MACT, BACT, offsets, enforceability. Participate in 
settlement discussions.  Case settled July 2004. 

� For petitioners, reviewed record produced in discovery and prepared affidavit on emissions 
of carbon monoxide and volatile organic compounds during startup of GE 7FA combustion 
turbines to successfully establish plaintiff standing.  Sierra Club et al. v. Georgia Power 
Company (Northern District of Georgia).   

� For building trades, reviewed air quality permitting action for 1500-MW coal-fired power 
plant before the Kentucky Department for Environmental Protection (Thoroughbred).  

� For petitioners, expert witness in administrative appeal of the PSD/Title V permit issued to a 
1500-MW coal-fired power plant. Reviewed over 60,000 pages of produced documents, 
prepared discovery index, identified and assembled plaintiff exhibits.  Deposed.  Assisted 
counsel in drafting discovery requests, with over 30 depositions, witness cross examination, 
and brief drafting.  Presented over 20 days of direct testimony, rebuttal and sur-rebuttal, with 
cross examination on BACT for NOx, SO2, and PM/PM10; MACT for Hg and non-Hg 
metallic HAPs; emission estimates for purposes of Class I and II air modeling; risk 
assessment; and enforceability of permit limits. Evidentiary hearings from November 2003 to 
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June 2004.  Sierra Club et al. v. Natural Resources & Environmental Protection Cabinet, 
Division of Air Quality and Thoroughbred Generating Company et al. Hearing Officer 
Decision issued August 9, 2005 finding in favor of plaintiffs on counts as to risk, BACT 
(IGCC/CFB, NOx, SO2, Hg, Be), single source, enforceability, and errors and omissions.  
Assist counsel draft exceptions. Cabinet Secretary issued Order April 11, 2006 denying 
Hearing Offer’s report, except as to NOx BACT, Hg, 99% SO2 control and certain errors and 
omissions. 

� For citizens group in Massachusetts, reviewed, commented on, and participated in permitting 
of pollution control retrofits of coal-fired power plant (Salem Harbor). 

� Assisted citizens group and labor union challenge issuance of conditional use permit for a 
317,000 ft2 discount store in Honolulu without any environmental review.  In support of a motion 
for preliminary injunction, prepared 7-page declaration addressing public health impacts of 
diesel exhaust from vehicles serving the Project. In preparation for trial, prepared 20-page 
preliminary expert report summarizing results of diesel exhaust and noise measurements at two 
big box retail stores in Honolulu, estimated diesel PM10 concentrations for Project using ISCST, 
prepared a cancer health risk assessment based on these analyses, and evaluated noise impacts.   

� Assisted environmental organizations to challenge the DOE Finding of No Significant Impact 
(FONSI) for the Baja California Power and Sempra Energy Resources Cross-Border 
Transmissions Lines in the U.S. and four associated power plants located in Mexico (DOE EA-
1391).  Prepared 20-page declaration in support of motion for summary judgment addressing 
emissions, including CO2 and NH3, offsets, BACT, cumulative air quality impacts, alternative 
cooling systems, and water use and water quality impacts.  Plaintiff’s motion for summary 
judgment granted in part.  U.S. District Court, Southern District decision concluded that the 
Environmental Assessment and FONSI violated NEPA and the APA due to their inadequate 
analysis of the potential controversy surrounding the project, water impacts, impacts from NH3 
and CO2, alternatives, and cumulative impacts.  Border Power Plant Working Group v. 
Department of Energy and Bureau of Land Management, Case No. 02-CV-513-IEG (POR) (May 
2, 2003). 

� For Sacramento school, reviewed draft air permit issued for diesel generator located across from 
playfield.  Prepared comments on emission estimates, enforceability, BACT, and health impacts 
of diesel exhaust.  Case settled.  BUG trap installed on the diesel generator. 

�  Assisted unions in appeal of Title V permit issued by BAAQMD to carbon plant that 
manufactured coke.  Reviewed District files, identified historic modifications that should 
have triggered PSD review, and prepared technical comments on Title V permit.  Reviewed 
responses to comments and assisted counsel draft appeal to BAAQMD hearing board, 
opening brief, motion to strike, and rebuttal brief.  Case settled. 

� Assisted California Central Coast city obtain controls on a proposed new city that would 
straddle the Ventura-Los Angeles County boundary.  Reviewed several environmental 
impact reports, prepared an air quality analysis, a diesel exhaust health risk assessment, and 
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detailed review comments.  Governor intervened and State dedicated the land for 
conservation purposes April 2004. 

� Assisted Central California city to obtain controls on large alluvial sand quarry and asphalt 
plant proposing a modernization.  Prepared comments on Negative Declaration on air 
quality, public health, noise, and traffic. Evaluated process flow diagrams and engineering 
reports to determine whether proposed changes increased plant capacity or substantially 
modified plant operations.  Prepared comments on application for categorical exemption 
from CEQA.  Presented testimony to County Board of Supervisors.  Developed controls to 
mitigate impacts. Assisted counsel draft Petition for Writ. Case settled June 2002.  
Substantial improvements in plant operations were obtained including cap on throughput, 
dust control measures, asphalt plant loadout enclosure, and restrictions on truck routes. 

� Assisted oil companies on the California Central Coast in defending class action citizen’s 
lawsuit alleging health effects due to emissions from gas processing plant and leaking 
underground storage tanks.  Reviewed regulatory and other files and advised counsel on 
merits of case.  Case settled November 2001. 

� Assisted oil company on the California Central Coast in defending property damage claims 
arising out of a historic oil spill.  Reviewed site investigation reports, pump tests, leachability 
studies, and health risk assessments, participated in design of additional site characterization 
studies to assess health impacts, and advised counsel on merits of case.  Prepare health risk 
assessment. 

� Assisted unions in appeal of Initial Study/Negative Declaration ("IS/ND") for an MTBE 
phaseout project at a Bay Area refinery.  Reviewed IS/ND and supporting agency permitting 
files and prepared technical comments on air quality, groundwater, and public health 
impacts.  Reviewed responses to comments and final IS/ND and ATC permits and assisted 
counsel to draft petitions and briefs appealing decision to Air District Hearing Board.  
Presented sworn direct and rebuttal testimony with cross examination on groundwater 
impacts of ethanol spills on hydrocarbon contamination at refinery. Hearing Board ruled 5 to 
0 in favor of appellants, remanding ATC to district to prepare an EIR. 

� Assisted Florida cities in challenging the use of diesel and proposed BACT determinations in 
prevention of significant deterioration (PSD) permits issued to two 510-MW simple cycle 
peaking electric generating facilities and one 1,080-MW simple cycle/combined cycle 
facility.  Reviewed permit applications, draft permits, and FDEP engineering evaluations, 
assisted counsel in drafting petitions and responding to discovery.  Participated in settlement 
discussions.  Cases settled or applications withdrawn. 

� Assisted large California city in federal lawsuit alleging peaker power plant was violating its 
federal permit.  Reviewed permit file and applicant's engineering and cost feasibility study to 
reduce emissions through retrofit controls.  Advised counsel on feasible and cost-effective 
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NOx, SOx, and PM10 controls for several 1960s diesel-fired Pratt and Whitney peaker 
turbines.  Case settled. 

� Assisted coalition of Georgia environmental groups in evaluating BACT determinations and 
permit conditions in PSD permits issued to several large natural gas-fired simple cycle and 
combined-cycle power plants.  Prepared technical comments on draft PSD permits on BACT, 
enforceability of limits, and toxic emissions.  Reviewed responses to comments,  advised 
counsel on merits of cases, participated in settlement discussions, presented oral and written 
testimony in adjudicatory hearings, and provided technical assistance as required.  Cases 
settled or won at trial. 

� Assisted construction unions in review of air quality permitting actions before the Indiana 
Department of Environmental Management ("IDEM") for several natural gas-fired simple 
cycle peaker and combined cycle power plants. 

� Assisted coalition of towns and environmental groups in challenging air permits issued to 
523 MW dual fuel (natural gas and distillate) combined-cycle power plant in Connecticut.  
Prepared technical comments on draft permits and 60 pages of written testimony addressing 
emission estimates, startup/shutdown issues, BACT/LAER analyses, and toxic air emissions. 
Presented testimony in adjudicatory administrative hearings before the Connecticut 
Department of Environmental Protection in June 2001 and December 2001. 

� Assisted various coalitions of unions, citizens groups, cities, public agencies, and developers 
in licensing and permitting of over 110 coal, gas, oil, biomass, and pet coke-fired power 
plants generating over 75,000 MW of electricity.  These included base-load, combined cycle, 
simple cycle, and peaker power plants in Alaska, Arizona, Arkansas, California, Colorado, 
Georgia, Florida, Illinois, Indiana, Kentucky, Michigan, Missouri, Ohio, Oklahoma, Oregon, 
Texas, West Virginia, Wisconsin, and elsewhere. Prepared analyses of and comments on 
applications for certification, preliminary and final staff assessments, and various air, water, 
wastewater, and solid waste permits issued by local agencies.  Presented written and oral 
testimony before various administrative bodies on hazards of ammonia use and 
transportation, health effects of air emissions, contaminated property issues, BACT/LAER 
issues related to SCR and SCONOx, criteria and toxic pollutant emission estimates, MACT 
analyses, air quality modeling, water supply and water quality issues, and methods to reduce 
water use, including dry cooling, parallel dry-wet cooling, hybrid cooling, and zero liquid 
discharge systems. 

� Assisted unions, cities, and neighborhood associations in challenging an EIR issued for the 
proposed expansion of the Oakland Airport.  Reviewed two draft EIRs and prepared a health 
risk assessment and extensive technical comments on air quality and public health impacts.  
The California Court of Appeals, First Appellate District, ruled in favor of appellants and 
plaintiffs, concluding that the EIR "2) erred in using outdated information in assessing the 
emission of toxic air contaminants (TACs) from jet aircraft; 3) failed to support its decision 
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not to evaluate the health risks associated with the emission of TACs with meaningful 
analysis," thus accepting my technical arguments and requiring the Port to prepare a new 
EIR.  See Berkeley Keep Jets Over the Bay Committee, City of San Leandro, and City of 
Alameda et al. v. Board of Port Commissioners (August 30, 2001) 111 Cal.Rptr.2d 598. 

� Assisted lessor of former gas station with leaking underground storage tanks and TCE 
contamination from adjacent property.  Lessor held option to purchase, which was forfeited 
based on misrepresentation by remediation contractor as to nature and extent of 
contamination.  Remediation contractor purchased property.  Reviewed regulatory agency 
files and advised counsel on merits of case.  Case not filed. 

� Advised counsel on merits of several pending actions, including a Proposition 65 case 
involving groundwater contamination at an explosives manufacturing firm and two former 
gas stations with leaking underground storage tanks. 

� Assisted defendant foundry in Oakland in a lawsuit brought by neighbors alleging property 
contamination, nuisance, trespass, smoke, and health effects from foundry operation.  
Inspected and sampled plaintiff's property.  Advised counsel on merits of case. Case settled. 

� Assisted business owner facing eminent domain eviction.  Prepared technical comments on a 
negative declaration for soil contamination and public health risks from air emissions from a 
proposed redevelopment project in San Francisco in support of a CEQA lawsuit.  Case 
settled. 

� Assisted neighborhood association representing residents living downwind of a Berkeley 
asphalt plant in separate nuisance and CEQA lawsuits.  Prepared technical comments on air 
quality, odor, and noise impacts, presented testimony at commission and council meetings, 
participated in community workshops, and participated in settlement discussions. Cases 
settled. Asphalt plant was upgraded to include air emission and noise controls, including 
vapor collection system at truck loading station, enclosures for noisy equipment, and 
improved housekeeping. 

� Assisted a Fortune 500 residential home builder in claims alleging health effects from faulty 
installation of gas appliances.  Conducted indoor air quality study, advised counsel on merits 
of case, and participated in discussions with plaintiffs.  Case settled. 

� Assisted property owners in Silicon Valley in lawsuit to recover remediation costs from 
insurer for large TCE plume originating from a manufacturing facility.  Conducted 
investigations to demonstrate sudden and accidental release of TCE, including groundwater 
modeling, development of method to date spill, preparation of chemical inventory, 
investigation of historical waste disposal practices and standards, and on-site sewer and 
storm drainage inspections and sampling.  Prepared declaration in opposition to motion for 
summary judgment.  Case settled. 

Attachment 1 
Page 13 of 36



PHYLLIS FOX, PH.D., PAGE 14 

 

� Assisted residents in east Oakland downwind of a former battery plant in class action lawsuit 
alleging property contamination from lead emissions.  Conducted historical research and dry 
deposition modeling that substantiated claim.  Participated in mediation at JAMS.  Case 
settled. 

� Assisted property owners in West Oakland who purchased a former gas station that had 
leaking underground storage tanks and groundwater contamination.  Reviewed agency files 
and advised counsel on merits of case.  Prepared declaration in opposition to summary 
judgment.  Prepared cost estimate to remediate site.  Participated in settlement discussions. 
Case settled. 

� Consultant to counsel representing plaintiffs in two Clean Water Act lawsuits involving 
selenium discharges into San Francisco Bay from refineries.  Reviewed files and advised 
counsel on merits of case. Prepared interrogatory and discovery questions, assisted in 
deposing opposing experts, and reviewed and interpreted treatability and other technical 
studies.  Judge ruled in favor of plaintiffs. 

� Assisted oil company in a complaint filed by a resident of a small California beach 
community alleging that discharges of tank farm rinse water into the sanitary sewer system 
caused hydrogen sulfide gas to infiltrate residence, sending occupants to hospital.  Inspected 
accident site, interviewed parties to the event, and reviewed extensive agency files related to 
incident.  Used chemical analysis, field simulations, mass balance calculations, sewer 
hydraulic simulations with SWMM44, atmospheric dispersion modeling with SCREEN3, 
odor analyses, and risk assessment calculations to demonstrate that the incident was caused 
by a faulty drain trap and inadequate slope of sewer lateral on resident's property.  Prepared a 
detailed technical report summarizing these studies.  Case settled. 

� Assisted large West Coast city in suit alleging that leaking underground storage tanks on city 
property had damaged the waterproofing on downgradient building, causing leaks in an 
underground parking structure.  Reviewed subsurface hydrogeologic investigations and 
evaluated studies conducted by others documenting leakage from underground diesel and 
gasoline tanks.  Inspected, tested, and evaluated waterproofing on subsurface parking 
structure.  Waterproofing was substandard.  Case settled. 

� Assisted residents downwind of gravel mine and asphalt plant in Siskiyou County, 
California, in suit to obtain CEQA review of air permitting action.  Prepared two declarations 
analyzing air quality and public health impacts. Judge ruled in favor of plaintiffs, closing 
mine and asphalt plant. 

� Assisted defendant oil company on the California Central Coast in class action lawsuit 
alleging property damage and health effects from subsurface petroleum contamination.  
Reviewed documents, prepared risk calculations, and advised counsel on merits of case.  
Participated in settlement discussions.  Case settled. 
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� Assisted defendant oil company in class action lawsuit alleging health impacts from 
remediation of petroleum contaminated site on California Central Coast.  Reviewed 
documents, designed and conducted monitoring program, and participated in settlement 
discussions.  Case settled. 

� Consultant to attorneys representing irrigation districts and municipal water districts to 
evaluate a potential challenge of USFWS actions under CVPIA section 3406(b)(2).  
Reviewed agency files and collected and analyzed hydrology, water quality, and fishery data. 
 Advised counsel on merits of case.  Case not filed. 

� Assisted residents downwind of a Carson refinery in class action lawsuit involving soil and 
groundwater contamination, nuisance, property damage, and health effects from air 
emissions. Reviewed files and provided advise on contaminated soil and groundwater, toxic 
emissions, and health risks.  Prepared declaration on refinery fugitive emissions.  Prepared 
deposition questions and reviewed deposition transcripts on air quality, soil contamination, 
odors, and health impacts.  Case settled. 

� Assisted residents downwind of a Contra Costa refinery who were affected by an accidental 
release of naphtha.  Characterized spilled naphtha, estimated emissions, and modeled 
ambient concentrations of hydrocarbons and sulfur compounds.  Deposed.  Presented 
testimony in binding arbitration at JAMS.  Judge found in favor of plaintiffs. 

� Assisted residents downwind of Contra Costa County refinery in class action lawsuit alleging 
property damage, nuisance, and health effects from several large accidents as well as routine 
operations.  Reviewed files and prepared analyses of environmental impacts.  Prepared 
declarations, deposed, and presented testimony before jury in one trial and judge in second. 
Case settled. 

� Assisted business owner claiming damages from dust, noise, and vibration during a sewer 
construction project in San Francisco.  Reviewed agency files and PM10 monitoring data and 
advised counsel on merits of case.  Case settled. 

� Assisted residents downwind of Contra Costa County refinery in class action lawsuit alleging 
property damage, nuisance, and health effects. Prepared declaration in opposition to 
summary judgment, deposed, and presented expert testimony on accidental releases, odor, 
and nuisance before jury.  Case thrown out by judge, but reversed on appeal and not retried. 

� Presented testimony in small claims court on behalf of residents claiming health effects from 
hydrogen sulfide from flaring emissions triggered by a power outage at a Contra Costa 
County refinery.  Analyzed meteorological and air quality data and evaluated potential health 
risks of exposure to low concentrations of hydrogen sulfide.  Judge awarded damages to 
plaintiffs. 

� Assisted construction unions in challenging PSD permit for an Indiana steel mill. Prepared 
technical comments on draft PSD permit, drafted 70-page appeal of agency permit action to 
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the Environmental Appeals Board challenging permit based on faulty BACT analysis for 
electric arc furnace and reheat furnace and faulty permit conditions, among others, and 
drafted briefs responding to four parties.  EPA Region V and the EPA General Counsel 
intervened as amici, supporting petitioners.  EAB ruled in favor of petitioners, remanding 
permit to IDEM on three key issues, including BACT for the reheat furnace and lead 
emissions from the EAF. Drafted motion to reconsider three issues.  Prepared 69 pages of 
technical comments on revised draft PSD permit. Drafted second EAB appeal addressing 
lead emissions from the EAF and BACT for reheat furnace based on European experience 
with SCR/SNCR. Case settled.  Permit was substantially improved. See In re: Steel 
Dynamics, Inc., PSD Appeal Nos. 99-4 & 99-5 (EAB June 22, 2000). 

� Assisted defendant urea manufacturer in Alaska in negotiations with USEPA to seek relief 
from penalties for alleged violations of the Clean Air Act.  Reviewed and evaluated 
regulatory files and monitoring data, prepared technical analysis demonstrating that permit 
limits were not violated, and participated in negotiations with EPA to dismiss action.  Fines 
were substantially reduced and case closed. 

� Assisted construction unions in challenging PSD permitting action for an Indiana grain mill. 
Prepared technical comments on draft PSD permit and assisted counsel draft appeal of 
agency permit action to the Environmental Appeals Board challenging permit based on faulty 
BACT analyses for heaters and boilers and faulty permit conditions, among others.  Case 
settled. 

� As part of a consent decree settling a CEQA lawsuit, assisted neighbors of a large west coast 
port in negotiations with port authority to secure mitigation for air quality impacts.  Prepared 
technical comments on mobile source air quality impacts and mitigation and negotiated a $9 
million CEQA mitigation package.  Represented neighbors on technical advisory committee 
established by port to implement the air quality mitigation program.  Program successfully 
implemented. 

� Assisted construction unions in challenging permitting action for a California hazardous 
waste incinerator. Prepared technical comments on draft permit, assisted counsel prepare 
appeal of EPA permit to the Environmental Appeals Board. Participated in settlement 
discussions on technical issues with applicant and EPA Region 9.  Case settled. 

� Assisted environmental group in challenging DTSC Negative Declaration on a hazardous 
waste treatment facility.  Prepared technical comments on risk of upset, water, and health 
risks.  Writ of mandamus issued. 

� Assisted several neighborhood associations and cities impacted by quarries, asphalt plants, 
and cement plants in Alameda, Shasta, Sonoma, and Mendocino counties in obtaining 
mitigations for dust, air quality, public health, traffic, and noise impacts from facility 
operations and proposed expansions. 
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� For over 100 industrial facilities, commercial/campus, and redevelopment projects, 
developed the record in preparation for CEQA and NEPA lawsuits. Prepared technical 
comments on hazardous materials, solid wastes, public utilities, noise, worker safety, air 
quality, public health, water resources, water quality, traffic, and risk of upset sections of 
EIRs, EISs, FONSIs, initial studies, and negative declarations.  Assisted counsel in drafting 
petitions and briefs and prepared declarations. 

� For several large commercial development projects and airports, assisted applicant and 
counsel prepare defensible CEQA documents, respond to comments, and identify and 
evaluate "all feasible" mitigation to avoid CEQA challenges.  This work included developing 
mitigation programs to reduce traffic-related air quality impacts based on energy 
conservation programs, solar, low-emission vehicles, alternative fuels, exhaust treatments, 
and transportation management associations. 

 

SITE INVESTIGATION/REMEDIATION/CLOSURE 

� Technical manager and principal engineer for characterization, remediation, and closure of 
waste management units at former Colorado oil shale plant.  Constituents of concern 
included BTEX, As, 1,1,1-TCA, and TPH.  Completed groundwater monitoring programs, 
site assessments, work plans, and closure plans for seven process water holding ponds, a 
refinery sewer system, and processed shale disposal area.  Managed design and construction 
of groundwater treatment system and removal actions and obtained clean closure. 

� Principal engineer for characterization, remediation, and closure of process water ponds at a 
former lanthanide processing plant in Colorado. Designed and implemented groundwater 
monitoring program and site assessments and prepared closure plan. 

� Advised the city of Sacramento on redevelopment of two former railyards.  Reviewed work 
plans, site investigations, risk assessment, RAPS, RI/FSs, and CEQA documents.  
Participated in the development of mitigation strategies to protect construction and utility 
workers and the public during remediation, redevelopment, and use of the site, including 
buffer zones, subslab venting, rail berm containment structure, and an environmental 
oversight plan. 

� Provided technical support for the investigation of a former sanitary landfill that was 
redeveloped as single family homes.  Reviewed and/or prepared portions of numerous 
documents, including health risk assessments, preliminary endangerment assessments, site 
investigation reports, work plans, and RI/FSs. Historical research to identify historic waste 
disposal practices to prepare a preliminary endangerment assessment. Acquired, reviewed, 
and analyzed the files of 18 federal, state, and local agencies, three sets of construction field 
notes, analyzed 21 aerial photographs and interviewed 14 individuals associated with 
operation of former landfill.  Assisted counsel in defending lawsuit brought by residents 
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alleging health impacts and diminution of property value due to residual contamination.  
Prepared summary reports. 

� Technical oversight of characterization and remediation of a nitrate plume at an explosives 
manufacturing facility in Lincoln, CA.  Provided interface between owners and consultants. 
Reviewed site assessments, work plans, closure plans, and RI/FSs. 

� Consultant to owner of large western molybdenum mine proposed for NPL listing.  
Participated in negotiations to scope out consent order and develop scope of work.  
Participated in studies to determine premining groundwater background to evaluate 
applicability of water quality standards.  Served on technical committees to develop 
alternatives to mitigate impacts and close the facility, including resloping and grading, 
various thickness and types of covers, and reclamation. This work included developing and 
evaluating methods to control surface runoff and erosion, mitigate impacts of acid rock 
drainage on surface and ground waters, and stabilize nine waste rock piles containing 328 
million tons of pyrite-rich, mixed volcanic waste rock (andesites, rhyolite, tuff). Evaluated 
stability of waste rock piles.  Represented client in hearings and meetings with state and 
federal oversight agencies. 

 

REGULATORY (PARTIAL LIST) 

� In July 2013, prepared technical report on fugitive particulate matter emissions from coal 
train staging at the proposed Coyote Island Terminal, Oregon, for draft Permit No. 25-0015-
ST-01. 

� In July 2013, prepared technical comments on air quality impacts of the Finger Lakes LPG 
Storage Facility as reported in various Environmental Impact Statements. 

� In June 2013, prepared technical report on a Mitigated Negative Declaration for a new rail 
terminal at the Valero Benicia Refinery to import increased amounts of "North American" 
crudes in.  Comments addressed air quality impacts of refining increased amounts of tar 
sands crudes. 

� In May 2013, prepared comments on draft PSD permit for major expansion of midwest 
refinery to process 100% tar sands crudes, including a complex netting analysis involving 
debottlenecking and piecemealing and BACT analyses. 

� In April 2013, prepared technical report on the Draft Supplemental Environmental Impact 
Statement (DSEIS) for the Keystone XL Pipeline on air quality impacts from refining 
increased amount of tar sands crudes at Refineries in PADD 3. 

� In October 2012, prepared technical report on the Environmental Review for the Coyote 
Island Terminal Dock at the Port of Morrow on fugitive particulate matter emissions. 
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� Prepared cost analyses and comments on New York’s proposed BART determinations for 
NOx, SO2, and PM and EPA’s proposed approval of BART determinations for Danskammer 
Generating Station under New York Regional Haze State Implementation Plan and Federal 
Implementation Plan, 77 FR 51915 (August 28, 2012). 

� Prepared cost analyses and comments on NOx BART determinations for Regional Haze 
State Implementation Plan for State of Nevada, 77 FR 23191 (April 18, 2012) and 77 FR 
25660 (May 1, 2012). 

� Prepared analyses of and comments on New Source Performance Standards for Greenhouse 
Gas Emissions for New Stationary Sources: Electric Utility Generating Units, 77 FR 22392 
(April 13, 2012). 

� Prepared comments on CASPR-BART emission equivalency and NOx and PM BART 
determinations in EPA proposed approval of State Implementation Plan for Pennsylvania 
Regional Haze Implementation Plan, 77 FR 3984 (January 26, 2012). 

� Prepared comments and statistical analyses on hazardous air pollutants (HAPs) emission 
controls, monitoring, compliance methods, and the use of surrogates for acid gases, organic 
HAPs, and metallic HAPs for proposed National Emission Standards for Hazardous Air 
Pollutants from Coal- and Oil-Fired Electric Utility Steam Generating Units, 76 FR 24976 
(May 3, 2011). 

� Prepared  cost analyses and comments on NOx BART determinations and emission 
reductions for proposed Federal Implementation Plan for Four Corners Power Plant, 75 FR 
64221 (October 19, 2010). 

� Prepared cost analyses and comments on NOx BART determinations for Colstrip Units 1- 4 
for Montana State Implementation Plan and Regional Haze Federal Implementation Plan, 77 
FR 23988 (April 20, 2010).  

� For EPA Region 8, prepared report: Revised BART Cost Effectiveness Analysis for Tail-End 
Selective Catalytic Reduction at the Basin Electric Power Cooperative Leland Olds Station 
Unit 2 Final Report, March 2011, in support of 76 FR 58570 (Sept. 21, 2011). 

� For EPA Region 6, prepared report: Revised BART Cost-Effectiveness Analysis for 
Selective Catalytic Reduction at the Public Service Company of New Mexico San Juan 
Generating Station, November 2010, in support of 76 FR 52388 (Aug. 22, 2011). 

� For EPA Region 6, prepared report: Revised BART Cost-Effectiveness Analysis for Flue Gas 
Desulfurization at Coal-Fired Electric Generating Units in Oklahoma: Sooner Units 1 & 2, 
Muskogee Units 4 & 5, Northeastern Units 3 &4, October 2010, in support of 76 FR 16168 
(March 26, 2011).  My work was upheld in: State of Oklahoma v. EPA, App. Case 12-9526 
(10th Cri. July 19, 2013). 
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� Identified errors in N2O emission factors in the Mandatory Greenhouse Gas Reporting Rule, 
40 CFR 98, and prepared technical analysis to support Petition for Rulemaking to Correct 
Emissions Factors in the Mandatory Greenhouse Gas Reporting Rule, filed with EPA on 
10/28/10. 

� Assist interested parties develop input for and prepare comments on the Information 
Collection Request for Petroleum Refinery Sector NSPS and NESHAP Residual Risk and 
Technology Review, 75 FR 60107 (9/29/10). 

� Technical reviewer of EPA's "Emission Estimation Protocol for Petroleum Refineries," 
posted for public comments on CHIEF on 12/23/09, prepared in response to the City of 
Houston's petition under the Data Quality Act (March 2010). 

� Prepared comments on SCR cost effectiveness for EPA's Advanced Notice of Proposed 
Rulemaking, Assessment of Anticipated Visibility Improvements at Surrounding Class I 
Areas and Cost Effectiveness of Best Available Retrofit Technology for Four Corners Power 
Plant and Navajo Generating Station, 74 FR 44313 (August 28, 2009). 

� Prepared comments on Proposed Rule for Standards of Performance for Coal Preparation and 
Processing Plants, 74 FR 25304 (May 27, 2009). 

� Prepared comments on draft PSD permit for major expansion of midwest refinery to process 
up to 100% tar sands crudes. Participated in development of monitoring and controls to 
mitigate impacts and in negotiating a Consent Decree to settle claims in 2008. 

� Reviewed and assisted interested parties prepare comments on proposed Kentucky air toxic 
regulations at 401 KAR 64:005, 64:010, 64:020, and 64:030 (June 2007). 

� Prepared comments on proposed Standards of Performance for Electric Utility Steam 
Generating Units and Small Industrial-Commercial-Industrial Steam Generating Units, 70 
FR 9706 (February 28, 2005). 

� Prepared comments on Louisville Air Pollution Control District proposed Strategic Toxic Air 
Reduction regulations. 

� Prepared comments and analysis of BAAQMD Regulation, Rule 11, Flare Monitoring at 
Petroleum Refineries. 

� Prepared comments on Proposed National Emission Standards for Hazardous Air Pollutants; 
and, in the Alternative, Proposed Standards of Performance for New and Existing Stationary 
Sources: Electricity Utility Steam Generating Units (MACT standards for coal-fired power 
plants). 

� Prepared Authority to Construct Permit for remediation of a large petroleum-contaminated 
site on the California Central Coast.  Negotiated conditions with agencies and secured 
permits. 
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� Prepared Authority to Construct Permit for remediation of a former oil field on the California 
Central Coast. Participated in negotiations with agencies and secured permits. 

� Prepared and/or reviewed hundreds of environmental permits, including NPDES, UIC, 
Stormwater, Authority to Construct, Prevention of Significant Deterioration, Nonattainment 
New Source Review, Title V, and RCRA, among others.  

� Participated in the development of the CARB document, Guidance for Power Plant Siting 
and Best Available Control Technology, including attending public workshops and filing 
technical comments. 

� Performed data analyses in support of adoption of emergency power restoration standards by 
the California Public Utilities Commission for “major” power outages, where major is an 
outage that simultaneously affects 10% of the customer base. 

� Drafted portions of the Good Neighbor Ordinance to grant Contra Costa County greater 
authority over safety of local industry, particularly chemical plants and refineries. 

� Participated in drafting BAAQMD Regulation 8, Rule 28, Pressure Relief  Devices, 
including participation in public workshops, review of staff reports, draft rules and other 
technical materials, preparation of technical comments on staff proposals, research on 
availability and costs of methods to control PRV releases, and negotiations with staff. 

� Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors, 
including participation in public workshops, review of staff reports, proposed rules and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and cost of low-leak technology, and negotiations with staff. 

� Participated in amending BAAQMD Regulation 8, Rule 25, Pumps and Compressors, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and costs of low-leak and seal-less technology, and negotiations with staff. 

� Participated in amending BAAQMD Regulation 8, Rule 5, Storage of Organic Liquids, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and costs of controlling tank emissions, and presentation of testimony before 
the Board. 

� Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors at 
Petroleum Refinery Complexes, including participation in public workshops, review of staff 
reports, proposed rules and other supporting technical material, preparation of technical 
comments on staff proposals, research on availability and costs of low-leak technology, and 
presentation of testimony before the Board. 
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� Participated in amending BAAQMD Regulation 8, Rule 22, Valves and Flanges at Chemical 
Plants, etc, including participation in public workshops, review of staff reports, proposed 
rules, and other supporting technical material, preparation of technical comments on staff 
proposals, research on availability and costs of low-leak technology, and presentation of 
testimony before the Board. 

� Participated in amending BAAQMD Regulation 8, Rule 25, Pump and Compressor Seals, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability of low-leak technology, and presentation of testimony before the Board. 

� Participated in the development of the BAAQMD Regulation 2, Rule 5, Toxics, including 
participation in public workshops, review of staff proposals, and preparation of technical 
comments. 

� Participated in the development of SCAQMD Rule 1402, Control of Toxic Air Contaminants 
from Existing Sources, and proposed amendments to Rule 1401, New Source Review of 
Toxic Air Contaminants, in 1993, including review of staff proposals and preparation of 
technical comments on same. 

� Participated in the development of the Sunnyvale Ordinance to Regulate the Storage, Use 
and Handling of Toxic Gas, which was designed to provide engineering controls for gases 
that are not otherwise regulated by the Uniform Fire Code. 

� Participated in the drafting of the Statewide Water Quality Control Plans for Inland Surface 
Waters and Enclosed Bays and Estuaries, including participation in workshops, review of 
draft plans, preparation of technical comments on draft plans, and presentation of testimony 
before the SWRCB. 

� Participated in developing Se permit effluent limitations for the five Bay Area refineries,  
including review of staff proposals, statistical analyses of Se effluent data, review of 
literature on aquatic toxicity of Se, preparation of technical comments on several staff 
proposals, and presentation of testimony before the Bay Area RWQCB. 

� Represented the California Department of Water Resources in the 1991 Bay-Delta Hearings 
before the State Water Resources Control Board, presenting sworn expert testimony with 
cross examination and rebuttal on a striped bass model developed by the California 
Department of Fish and Game. 

� Represented the State Water Contractors in the 1987 Bay-Delta Hearings before the State 
Water Resources Control Board, presenting sworn expert testimony with cross examination 
and rebuttal on natural flows, historical salinity trends in San Francisco Bay, Delta outflow, 
and hydrodynamics of the South Bay. 

� Represented interveners in the licensing of over 20 natural-gas-fired power plants and one 
coal gasification plant at the California Energy Commission and elsewhere.  Reviewed and 
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prepared technical comments on applications for certification, preliminary staff assessments, 
final staff assessments, preliminary determinations of compliance, final determinations of 
compliance, and prevention of significant deterioration permits in the areas of air quality, 
water supply, water quality, biology, public health, worker safety, transportation, site 
contamination, cooling systems, and hazardous materials.  Presented written and oral 
testimony in evidentiary hearings with cross examination and rebuttal.  Participated in 
technical workshops. 

� Represented several parties in the proposed merger of San Diego Gas & Electric and 
Southern California Edison.  Prepared independent technical analyses on health risks, air 
quality, and water quality.  Presented written and oral testimony before the Public Utilities 
Commission administrative law judge with cross examination and rebuttal. 

� Represented a PRP in negotiations with local health and other agencies to establish impact of 
subsurface contamination on overlying residential properties.  Reviewed health studies 
prepared by agency consultants and worked with agencies and their consultants to evaluate 
health risks. 

WATER QUALITY/RESOURCES 

� Directed and participated in research on environmental impacts of energy development in the 
Colorado River Basin, including contamination of surface and subsurface waters and 
modeling of flow and chemical transport through fractured aquifers. 

� Played a major role in Northern California water resource planning studies since the early 
1970s.  Prepared portions of the Basin Plans for the Sacramento, San Joaquin, and Delta 
basins including sections on water supply, water quality, beneficial uses, waste load 
allocation, and agricultural drainage. Developed water quality models for the Sacramento 
and San Joaquin Rivers. 

� Conducted hundreds of studies over the past 40 years on Delta water supplies and the 
impacts of exports from the Delta on water quality and biological resources of the Central 
Valley, Sacramento-San Joaquin Delta, and San Francisco Bay.  Typical examples include: 

1. Evaluate historical trends in salinity, temperature, and flow in San Francisco Bay 
and upstream rivers to determine impacts of water exports on the estuary;  

2. Evaluate the role of exports and natural factors on the food web by exploring the 
relationship between salinity and primary productivity in San Francisco Bay, 
upstream rivers, and ocean; 

3. Evaluate the effects of exports, other in-Delta, and upstream factors on the 
abundance of salmon and striped bass;  

4. Review and critique agency fishery models that link water exports with the 
abundance of striped bass and salmon;  
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5. Develop a model based on GLMs to estimate the relative impact of exports, 
water facility operating variables, tidal phase, salinity, temperature, and other 
variables on the survival of salmon smolts as they migrate through the Delta; 

6. Reconstruct the natural hydrology of the Central Valley using water balances, 
vegetation mapping, reservoir operation models to simulate flood basins, 
precipitation records, tree ring research, and historical research; 

7. Evaluate the relationship between biological indicators of estuary health and 
down-estuary position of a salinity surrogate (X2);   

8. Use real-time fisheries monitoring data to quantify impact of exports on fish 
migration;  

9. Refine/develop statistical theory of autocorrelation and use to assess strength of 
relationships between biological and flow variables; 

10. Collect, compile, and analyze water quality and toxicity data for surface waters in 
the Central Valley to assess the role of water quality in fishery declines;  

11. Assess mitigation measures, including habitat restoration and changes in water 
project operation, to minimize fishery impacts;  

12. Evaluate the impact of unscreened agricultural water diversions on abundance of 
larval fish;  

13. Prepare and present testimony on the impacts of water resources development on 
Bay hydrodynamics, salinity, and temperature in water rights hearings;   

14. Evaluate the impact of boat wakes on shallow water habitat, including 
interpretation of historical aerial photographs; 

15. Evaluate the hydrodynamic and water quality impacts of converting Delta islands 
into reservoirs;  

16. Use a hydrodynamic model to simulate the distribution of larval fish in a tidally 
influenced estuary; 

17. Identify and evaluate non-export factors that may have contributed to fishery 
declines, including predation, shifts in oceanic conditions, aquatic toxicity from 
pesticides and mining wastes, salinity intrusion from channel dredging, loss of 
riparian and marsh habitat, sedimentation from upstream land alternations, and 
changes in dissolved oxygen, flow, and temperature below dams. 

 

� Developed, directed, and participated in a broad-based research program on environmental 
issues and control technology for energy industries including petroleum, oil shale, coal 
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mining, and coal slurry transport.  Research included evaluation of air and water pollution, 
development of novel, low-cost technology to treat and dispose of wastes, and development 
and application of geohydrologic models to evaluate subsurface contamination from in-situ 
retorting.  The program consisted of government and industry contracts and employed 45 
technical and administrative personnel. 

� Coordinated an industry task force established to investigate the occurrence, causes, and 
solutions for corrosion/erosion and mechanical/engineering failures in the waterside systems 
(e.g., condensers, steam generation equipment) of power plants.  Corrosion/erosion failures 
caused by water and steam contamination that were investigated included waterside 
corrosion caused by poor microbiological treatment of cooling water, steam-side corrosion 
caused by ammonia-oxygen attack of copper alloys, stress-corrosion cracking of copper 
alloys in the air cooling sections of condensers, tube sheet leaks, oxygen in-leakage through 
condensers, volatilization of silica in boilers and carry over and deposition on turbine blades, 
and iron corrosion on boiler tube walls.  Mechanical/engineering failures investigated 
included: steam impingement attack on the steam side of condenser tubes, tube-to-tube-sheet 
joint leakage, flow-induced vibration, structural design problems, and mechanical failures 
due to stresses induced by shutdown, startup and cycling duty, among others.  Worked with 
electric utility plant owners/operators, condenser and boiler vendors, and architect/engineers 
to collect data to document the occurrence of and causes for these problems, prepared reports 
summarizing the investigations, and presented the results and participated on a committee of 
industry experts tasked with identifying solutions to prevent condenser failures. 

� Evaluated the cost effectiveness and technical feasibility of using dry cooling and parallel 
dry-wet cooling to reduce water demands of several large natural-gas fired power plants in 
California and Arizona. 

� Designed and prepared cost estimates for several dry cooling systems (e.g., fin fan heat 
exchangers) used in chemical plants and refineries. 

� Designed, evaluated, and costed several zero liquid discharge systems for power plants. 

� Evaluated the impact of agricultural and mining practices on surface water quality of Central 
Valley steams.  Represented municipal water agencies on several federal and state advisory 
committees tasked with gathering and assessing relevant technical information, developing 
work plans, and providing oversight of technical work to investigate toxicity issues in the 
watershed. 

AIR QUALITY/PUBLIC HEALTH 

� Prepared or reviewed the air quality and public health sections of hundreds of EIRs and EISs 
on a wide range of industrial, commercial and residential projects. 

� Prepared or reviewed hundreds of NSR and PSD permits for a wide range of industrial 
facilities. 

Attachment 1 
Page 25 of 36



PHYLLIS FOX, PH.D., PAGE 26 

 

� Designed, implemented, and directed a 2-year-long community air quality monitoring 
program to assure that residents downwind of a petroleum-contaminated site were not 
impacted during remediation of petroleum-contaminated soils. The program included real-
time monitoring of particulates, diesel exhaust, and BTEX and time integrated monitoring 
for over 100 chemicals. 

� Designed, implemented, and directed a 5-year long source, industrial hygiene, and ambient 
monitoring program to characterize air emissions, employee exposure, and downwind 
environmental impacts of a first-generation shale oil plant.  The program included stack 
monitoring of heaters, boilers, incinerators, sulfur recovery units, rock crushers, API 
separator vents, and wastewater pond fugitives for arsenic, cadmium, chlorine, chromium, 
mercury, 15 organic indicators (e.g., quinoline, pyrrole, benzo(a)pyrene, thiophene, benzene), 
sulfur gases, hydrogen cyanide, and ammonia.  In many cases, new methods had to be 
developed or existing methods modified to accommodate the complex matrices of shale plant 
gases. 

� Conducted investigations on the impact of diesel exhaust from truck traffic from a wide 
range of facilities including mines, large retail centers, light industrial uses, and sports 
facilities.  Conducted traffic surveys, continuously monitored diesel exhaust using an 
aethalometer, and prepared health risk assessments using resulting data. 

� Conducted indoor air quality investigations to assess exposure to natural gas leaks, 
pesticides, molds and fungi, soil gas from subsurface contamination, and outgasing of 
carpets, drapes, furniture and construction materials.  Prepared health risk assessments using 
collected data. 

� Prepared health risk assessments, emission inventories, air quality analyses, and assisted in 
the permitting of over 70 1 to 2 MW emergency diesel generators. 

� Prepare over 100 health risk assessments, endangerment assessments, and other health-based 
studies for a wide range of industrial facilities. 

� Developed methods to monitor trace elements in gas streams, including a continuous real-
time monitor based on the Zeeman atomic absorption spectrometer, to continuously measure 
mercury and other elements. 

� Performed nuisance investigations (odor, noise, dust, smoke, indoor air quality, soil 
contamination) for businesses, industrial facilities, and residences located proximate to and 
downwind of pollution sources. 
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PUBLICATIONS AND PRESENTATIONS (Partial List - Representative 

Publications) 

J.P. Fox, T.P. Rose, and T.L. Sawyer, Isotope Hydrology of a Spring-fed Waterfall in Fractured 
Volcanic Rock, 2007. 

C.E. Lambert, E.D. Winegar, and Phyllis Fox, Ambient and Human Sources of Hydrogen 
Sulfide: An Explosive Topic, Air & Waste Management Association, June 2000, Salt Lake City, 
UT. 

San Luis Obispo County Air Pollution Control District and San Luis Obispo County Public 
Health Department, Community Monitoring Program, February 8, 1999. 

The Bay Institute, From the Sierra to the Sea.  The Ecological History of the San Francisco Bay-
Delta Watershed, 1998. 

J. Phyllis Fox, Well Interference Effects of HDPP’s Proposed Wellfield in the Victor Valley 
Water District, Prepared for the California Unions for Reliable Energy (CURE), October 12, 
1998. 

J. Phyllis Fox, Air Quality Impacts of Using CPVC Pipe in Indoor Residential Potable Water 
Systems, Report Prepared for California Pipe Trades Council, California Firefighters Association, 
and other trade associations, August 29, 1998. 

J. Phyllis Fox and others, Authority to Construct Avila Beach Remediation Project, Prepared for 
Unocal Corporation and submitted to San Luis Obispo Air Pollution Control District, June 1998. 

J. Phyllis Fox and others, Authority to Construct Former Guadalupe Oil Field Remediation 
Project, Prepared for Unocal Corporation and submitted to San Luis Obispo Air Pollution 
Control District, May 1998. 

J. Phyllis Fox and Robert Sears, Health Risk Assessment for the Metropolitan Oakland 
International Airport Proposed Airport Development Program, Prepared for Plumbers & 
Steamfitters U.A. Local 342, December 15, 1997. 

Levine-Fricke-Recon (Phyllis Fox and others), Preliminary Endangerment Assessment Work 
Plan for the Study Area Operable Unit, Former Solano County Sanitary Landfill, Benicia, 
California, Prepared for Granite Management Co. for submittal to DTSC, September 26, 1997. 

Phyllis Fox and Jeff Miller, "Fathead Minnow Mortality in the Sacramento River," IEP 
Newsletter, v. 9, n. 3, 1996. 

Jud Monroe, Phyllis Fox, Karen Levy, Robert Nuzum, Randy Bailey, Rod Fujita, and Charles 
Hanson, Habitat Restoration in Aquatic Ecosystems.  A Review of the Scientific Literature 
Related to the Principles of Habitat Restoration, Part Two, Metropolitan Water District of 
Southern California (MWD) Report, 1996. 
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Phyllis Fox and Elaine Archibald, Aquatic Toxicity and Pesticides in Surface Waters of the 
Central Valley, California Urban Water Agencies (CUWA) Report, September 1997. 

Phyllis Fox and Alison Britton, Evaluation of the Relationship Between Biological Indicators 
and the Position of X2, CUWA Report, 1994. 

Phyllis Fox and Alison Britton, Predictive Ability of the Striped Bass Model, WRINT DWR-206, 
1992. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the North Canyon Area of 
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of 
Environmental Management, 1991. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the East Canyon Area of 
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of 
Environmental Management, 1991. 

Phyllis Fox, Trip 2 Report, Environmental Monitoring Plan, Parachute Creek Shale Oil 
Program, Unocal Report, 1991. 

J. P. Fox and others, "Long-Term Annual and Seasonal Trends in Surface Salinity of San 
Francisco Bay," Journal of Hydrology, v. 122, p. 93-117, 1991. 

J. P. Fox and others, "Reply to Discussion by D.R. Helsel and E.D. Andrews on Trends in 
Freshwater Inflow to San Francisco Bay from the Sacramento-San Joaquin Delta," Water 
Resources Bulletin, v. 27, no. 2, 1991. 

J. P. Fox and others, "Reply to Discussion by Philip B. Williams on Trends in Freshwater Inflow 
to San Francisco Bay from the Sacramento-San Joaquin Delta," Water Resources Bulletin, v. 27, 
no. 2, 1991. 

J. P. Fox and others, "Trends in Freshwater Inflow to San Francisco Bay from the Sacramento-
San Joaquin Delta," Water Resources Bulletin, v. 26, no. 1, 1990. 

J. P. Fox, "Water Development Increases Freshwater Flow to San Francisco Bay," SCWC 
Update, v. 4, no. 2, 1988. 

J. P. Fox, Freshwater Inflow to San Francisco Bay Under Natural Conditions, State Water 
Contracts, Exhibit 262, 58 pp., 1987. 

J. P. Fox, "The Distribution of Mercury During Simulated In-Situ Oil Shale Retorting," 
Environmental Science and Technology, v. 19, no. 4, pp. 316-322, 1985. 

J. P. Fox, "El Mercurio en el Medio Ambiente: Aspectos Referentes al Peru," (Mercury in the 
Environment:  Factors Relevant to Peru) Proceedings of Simposio Los Pesticidas y el Medio 
Ambiente," ONERN-CONCYTEC, Lima, Peru, April 25-27, 1984.  (Also presented at Instituto 
Tecnologico Pesquero and Instituto del Mar del Peru.) 
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J. P. Fox, "Mercury, Fish, and the Peruvian Diet," Boletin de Investigacion, Instituto Tecnologico 
Pesquero, Lima, Peru, v. 2, no. 1, pp. 97-116, l984. 

J. P. Fox, P. Persoff, A. Newton, and R. N. Heistand, "The Mobility of Organic Compounds in a 
Codisposal System," Proceedings of the Seventeenth Oil Shale Symposium, Colorado School of 
Mines Press, Golden, CO, 1984. 

P. Persoff and J. P. Fox, "Evaluation of Control Technology for Modified In-Situ Oil Shale 
Retorts," Proceedings of the Sixteenth Oil Shale Symposium, Colorado School of Mines Press, 
Golden, CO, 1983. 

J. P. Fox, Leaching of Oil Shale Solid Wastes:  A Critical Review, University of Colorado 
Report, 245 pp., July 1983. 

J. P. Fox, Source Monitoring for Unregulated Pollutants from the White River Oil Shale Project, 
VTN Consolidated Report, June 1983. 

A. S. Newton, J. P. Fox, H. Villarreal, R. Raval, and W. Walker II, Organic Compounds in Coal 
Slurry Pipeline Waters, Lawrence Berkeley Laboratory Report LBL-15121, 46 pp., Sept. 1982. 

M. Goldstein et al., High Level Nuclear Waste Standards Analysis, Regulatory Framework 
Comparison, Battelle Memorial Institute Report No. BPMD/82/E515-06600/3, Sept. 1982. 

J. P. Fox et al., Literature and Data Search of Water Resource Information of the Colorado, 
Utah, and Wyoming Oil Shale Basins, Vols. 1-12, Bureau of Land Management, 1982. 

A. T. Hodgson, M. J. Pollard, G. J. Harris, D. C. Girvin, J. P. Fox, and N. J. Brown, Mercury 
Mass Distribution During Laboratory and Simulated In-Situ Retorting, Lawrence Berkeley 
Laboratory Report LBL-12908, 39 pp., Feb. 1982. 

E. J. Peterson, A. V. Henicksman, J. P. Fox, J. A. O'Rourke, and P. Wagner, Assessment and 
Control of Water Contamination Associated with Shale Oil Extraction and Processing, Los 
Alamos National Laboratory Report LA-9084-PR, 54 pp., April 1982. 

P. Persoff and J. P. Fox, Control Technology for In-Situ Oil Shale Retorts, Lawrence Berkeley 
Laboratory Report LBL-14468, 118 pp., Dec. 1982. 

J. P. Fox, Codisposal Evaluation: Environmental Significance of Organic Compounds, 
Development Engineering Report, 104 pp., April 1982. 

J. P. Fox, A Proposed Strategy for Developing an Environmental Water Monitoring Plan for the 
Paraho-Ute Project, VTN Consolidated Report, Sept. 1982. 

J. P. Fox, D. C. Girvin, and A. T. Hodgson, "Trace Elements in Oil Shale Materials," Energy and 
Environmental Chemistry, Fossil Fuels, v.1, pp. 69-101, 1982. 
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M. Mehran, T. N. Narasimhan, and J. P. Fox, "Hydrogeologic Consequences of Modified In-situ 
Retorting Process, Piceance Creek Basin, Colorado," Proceedings of the Fourteenth Oil Shale 
Symposium, Colorado School of Mines Press, Golden, CO, 1981 (LBL-12063).  

U. S. DOE (J. P. Fox and others), Western Oil Shale Development:  A Technology Assessment, v. 
1-9, Pacific Northwest Laboratory Report PNL-3830, 1981. 

J. P. Fox (ed), "Oil Shale Research," Chapter from the Energy and Environment Division Annual 
Report 1980, Lawrence Berkeley Laboratory Report LBL-11989, 82 pp., 1981 (author or co-
author of four articles in report). 

J. P. Fox, The Partitioning of Major, Minor, and Trace Elements during In-Situ Oil Shale 
Retorting, Ph.D. Dissertation, U. of Ca., Berkeley, also Report LBL-9062, 441 pp., 1980 (Diss. 
Abst. Internat., v. 41, no. 7, 1981). 

J.P. Fox, "Elemental Composition of Simulated In Situ Oil Shale Retort Water," Analysis of 
Waters Associated with Alternative Fuel Production, ASTM STP 720, L.P. Jackson and C.C. 
Wright, Eds., American Society for Testing and Materials, pp. 101-128, 1981. 

J. P. Fox, P. Persoff, P. Wagner, and E. J. Peterson, "Retort Abandonment -- Issues and Research 
Needs," in Oil Shale:  the Environmental Challenges, K. K. Petersen (ed.), p. 133, 1980 
(Lawrence Berkeley Laboratory Report LBL-11197).  

J. P. Fox and T. E. Phillips, "Wastewater Treatment in the Oil Shale Industry," in Oil Shale:  the 
Environmental Challenges, K. K. Petersen (ed.), p. 253, 1980 (Lawrence Berkeley Laboratory 
Report LBL-11214). 

R. D. Giauque, J. P. Fox, J. W. Smith, and W. A. Robb, "Geochemical Studies of Two Cores 
from the Green River Oil Shale Formation," Transactions, American Geophysical Union, v. 61, 
no. 17, 1980. 

J. P. Fox, "The Elemental Composition of Shale Oils," Abstracts of Papers, 179th National 
Meeting, ISBN 0-8412-0542-6, Abstract No. FUEL 17, 1980. 

J. P. Fox and P. Persoff, "Spent Shale Grouting of Abandoned In-Situ Oil Shale Retorts," 
Proceedings of Second U.S. DOE Environmental Control Symposium, CONF-800334/1, 1980 
(Lawrence Berkeley Laboratory Report LBL-10744). 

P. K. Mehta, P. Persoff, and J. P. Fox, "Hydraulic Cement Preparation from Lurgi Spent Shale," 
Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of Mines Press, Golden, 
CO, 1980 (Lawrence Berkeley Laboratory Report LBL-11071). 

F. E. Brinckman, K. L. Jewett, R. H. Fish, and J. P. Fox, "Speciation of Inorganic and 
Organoarsenic Compounds in Oil Shale Process Waters by HPLC Coupled with Graphite 
Furnace Atomic Absorption (GFAA) Detectors," Abstracts of Papers, Div. of Geochemistry, 
Paper No. 20, Second Chemical Congress of the North American Continent, August 25-28, 1980, 
Las Vegas (1980). 
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J. P. Fox, D. E. Jackson, and R. H. Sakaji, "Potential Uses of Spent Shale in the Treatment of Oil 
Shale Retort Waters," Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of 
Mines Press, Golden, CO, 1980 (Lawrence Berkeley Laboratory Report LBL-11072). 

J. P. Fox, The Elemental Composition of Shale Oils, Lawrence Berkeley Laboratory Report LBL-
10745, 1980. 

R. H. Fish, J. P. Fox, F. E. Brinckman, and K. L. Jewett, Fingerprinting Inorganic and 
Organoarsenic Compounds in Oil Shale Process Waters Using a Liquid Chromatograph 
Coupled with an Atomic Absorption Detector, Lawrence Berkeley Laboratory Report LBL-
11476, 1980. 

National Academy of Sciences (J. P. Fox and others), Surface Mining of Non-Coal Minerals, 
Appendix II: Mining and Processing of Oil Shale and Tar Sands, 222 pp., 1980. 

J. P. Fox, "Elemental Composition of Simulated In-Situ Oil Shale Retort Water," in Analysis of 
Waters Associated with Alternative Fuel Production, ASTM STP 720, L. P. Jackson and C. C. 
Wright (eds.), American Society for Testing and Materials, pp. 101-128, 1980. 

R. D. Giauque, J. P. Fox, and J. W. Smith, Characterization of Two Core Holes from the Naval 
Oil Shale Reserve Number 1, Lawrence Berkeley Laboratory Report LBL-10809, 176 pp., 
December 1980. 

B. M. Jones, R. H. Sakaji, J. P. Fox, and C. G. Daughton, "Removal of Contaminative 
Constituents from Retort Water: Difficulties with Biotreatment and Potential Applicability of 
Raw and Processed Shales," EPA/DOE Oil Shale Wastewater Treatability Workshop, December 
1980 (Lawrence Berkeley Laboratory Report LBL-12124). 
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_____________________________________________
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Rail Petitions and Recommendations To Improve the 

Safety of Railroad Tank Car Transportation 
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_____________________________________________

Comments of the Natural Resources Defense Council, 
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Friends of Grays Harbor 

Natural Resources Council of Maine 
Benicia Good Neighbor Steering Committee  

Community In-power and Development Association 
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Audubon Society of New Hampshire 

Submitted December 5, 2013 
_____________________________________________

I. INTRODUCTION 

 These comments are submitted, in response to the above-captioned Advance Notice of 
Proposed Rulemaking by the Sierra Club, Oil Change International and the Natural Resources 
Defense Council on behalf of their millions of members and active supporters, and on behalf of 
Earthjustice, ForestEthics, Public Citizen, Friends of the Earth, Spokane Riverkeeper, Columbia 
Riverkeeper, Puget Soundkeeper Alliance, Friends of Grays Harbor, Natural Resources Council 
of Maine, Benicia Good Neighbor Steering Committee, Community In-power and Development 
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1. Introduction 
 

This analysis was prepared by The Goodman Group, Ltd. (TGG), a consulting firm 
specializing in energy and regulatory economics,1 on behalf of Oil Change International. 
Any findings, conclusions or opinions are those of TGG and the authors and do not 
necessarily reflect those of Oil Change International. 

The costs of crude by rail (CBR) accidents/spills can be very large. This analysis 
demonstrates that a major crude by rail (CBR) unit train accident/spill could cost $1 
billion or more for a single event. 

The following examples provide key support for our findings: 

1. The explosion, fire and spill of Bakken crude from a train derailment in Lac-
Mégantic, QC (2013): The Lac-Mégantic rail accident/spill will likely have costs in 
the order of $500 million to $1 billion. Costs/damages for a similar incident could 
have been substantially higher had it occurred in a more populated area. Lac-
Mégantic is also relevant in that it shows how an accident involving highly 
flammable light crude (such as the Bakken crude) can have devastating 
consequences even in a small town in terms of loss of human life and 
widespread explosion and fire damage to surrounding property. 
 

2. The spill of tar sands dilbit2 from Enbridge’s Line 6B in Marshall, MI (2010): This 
rupture had costs of about $1 billion for Enbridge. The spill volumes at Marshall 
were within the range of the amount of spill possible (and, in fact, substantially 
less than the maximum spill) if a crude by rail unit train released much of its 
cargo. Costs/damages for similar incident could have also been substantially 
higher had it occurred in a more populated area. Marshall is also relevant in 

                                            
1 www.thegoodman.com This analysis was co-authored by Ian Goodman and Brigid Rowan. 
2 Diluted bitumen. Raw bitumen (a very heavy asphalt-like crude produced from the Alberta tar sands) is 
diluted for the purposes of rail and pipeline transport. Bitumen is transported in various forms, including a) 
SCO (raw bitumen upgraded to light synthetic crude oil), b) raw bitumen mixed with a petroleum-based 
diluent (such as naphtha or condensate) to make it less viscous, or c) raw bitumen (no diluent). SCO and 
dilbit (diluted bitumen to pipeline specifications, 25–30% diluent) can be transported in standard (non-
coiled and non-insulated) tank cars and pipelines. Railbit (bitumen with 15–20% diluent) and raw bitumen 
can be transported in coiled and insulated tank cars (which are also sometimes used to transport dilbit). 
Keystone XL Draft Supplemental EIS, p. 1.4-49. Accessed October 30, 2013.    
http://keystonepipeline-xl.state.gov/documents/organization/205654.pdf  
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showing the high potential cost of dilbit spills into water (and rail lines are often 
highly proximate to water).3 

The AAR petition for rulemaking states:4 

AAR surveyed its members for information on derailments involving packing 
group I and II materials from '2004-2008. The derailments resulted in one fatality 
and eleven injuries, the release of approximately 925,000 gallons of these 
hazardous materials, and cleanup costs totaling approximately $63 million. 

The Village of Barrington petition for rulemaking responds:5  

Furthermore, while AAR claims that derailment costs totaled approximately $64 
million over the past five years, including equipment, lading, response and 
environmental remediation costs," [footnote 17 in original: March 9, 2011 Petition 
for Rulemaking letter to Dr. Magdy EI-Sibae from Michael Rush of the 
Association of American Railroads at page 2, footnote 7.] Petitioners question the 
accuracy of industry's cost-benefit claims. In reviewing the derailment cost chart 
at Attachment B of AAR's petition, PHMSA should note that there is no apparent 
accounting for costs associated with civil litigation in the wake of derailments. 
However, in the Cherry Valley/Rockford derailment, CN paid over $36 million in 
October of 2011 to settle a lawsuit brought by the family of only one victim. AAR's 
chart, however, reflects costs of only $8 million for that incident. [footnote 18 in 
original: At the very least, Petitioners believe it would make sense for the PHMSA 
to ascertain the costs stemming from civil litigation for the entire list of 
derailments incidents that the AAR provided to your office on March 9, 2011. 
Even if it doesn't yet completely balance the cost-benefit equation in favor of 
public safety, Petitioners would guess that the plaintiffs' bar would look forward to 
securing ever higher awards for future victims of derailments based on the public 
record demonstrating that industry chose to do nothing meaningful in terms of 
investing in a retrofit program of tank cars that are known to be dangerous and 
that are increasingly serving as a rolling pipeline for the ethanol and crude oil 
industries.] 

                                            
3 The discussion of the costs of the Lac-Mégantic disaster and the Marshall, MI pipeline rupture is partly 
based on excerpts from a TGG report filed as written expert testimony at Canada’s National Energy 
Board: 
“The Relative Economic Costs and Benefits of the Line 9B Reversal and Line 9 Capacity Expansion,” 
August 8, 2013, pp. 38-41. Accessed October 23, 2013. 
https://www.neb-one.gc.ca/ll-eng/livelink.exe?func=ll&objId=985663&objAction=Open  
4 See http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0005 p. 2. Accessed October 
29, 2013. 
5 See http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0006 p. 8. Accessed October 
29, 2013.  
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In fact, even a single accident relating to a crude by rail unit train can have dramatically 
higher costs than the costs taken into account in the AAR’s cost-benefit claims. As 
further explained in this briefing, this analysis will demonstrate that a major crude by rail 
unit train accident/spill, involving either dilbit or a very light crude such as Bakken, could 
cost $1 billion or more for a single event. 

We have limited our cost analysis to environmental and socio-economic impacts that 
directly affect economic activity and can be somewhat readily (albeit approximately) 
quantified using market economics. These costs escalate very quickly in more densely 
populated urban areas. Moreover, as we have witnessed firsthand in Quebec, in 
summer 2013, unconventional crudes (such as Bakken and dilbit) have hazardous 
characteristics (notably flammability), such that their unsafe transport can result in the 
loss of human life. We have not attempted to assign a cost to potential effects on 
human health and safety or to broader effects on ecosystems (notably residual effects).6 

As noted above, two relevant examples to support our findings that a single unit-train 
accident/spill could result in very large costs are the following: 

1. the explosion, fire and spill of Bakken crude from a train derailment in Lac-
Mégantic, QC (2013). 

2. the spill of tar sands dilbit from Enbridge’s Line 6B in Marshall, MI (2010). 

For each example, TGG will provide:  

1. description of the disaster; 
2. the cost and sources of the cost data;  
3. the relevance of the example to estimating the potential costs of CBR 

accidents/spills. 

 

                                            
6 Residual effects are those effects remaining after implementation of mitigation measures, such as 
emergency response and decontamination efforts. 
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2. Estimated Costs of the Crude by Rail Disaster at Lac-
Mégantic 

2.1. Description of Disaster 
 

According to the Transportation Safety Board of Canada (TSB), “[o]n July 6 2013, a unit 

train carrying petroleum crude oil operated by Montreal, Maine & Atlantic Railway 
(MMA) derailed numerous cars in Lac-Mégantic, Quebec, and a fire and explosions 
ensued.”7 

The train with five locomotives was pulling 72 DOT-111 tanker cars full of light crude oil 
from the Bakken shale play in North Dakota to the Irving Oil refinery in Saint John, New 
Brunswick. The train was operated by Montreal Maine & Atlantic Railway. The train 
broke away and derailed, unleashing an explosive ball of burning Bakken crude, which 
incinerated the downtown core of this small Quebec town.8 

Quebec’s Department of Sustainable Development, Environment and Parks reports that 
this rail accident released 6.0 million litres9 of crude oil into the environment (affecting 
soil, water and air).10 Among its other findings (as of October 28, 2013): 

A total of 7.7 million litres11 of crude oil were on the runaway MMA train 

from a total of 72 tankers, 63 spilled and 9 avoided spilling during the accident 

43 million litres of oily water have been recovered from Lac-Mégantic’s city 

centre (sewer system, lake, and grounds)  

52,000 litres of oily water removed from the nearby Chaudière River 

                                            
7 See TSB website, Railway investigation R13D0054. Accessed October 29, 2013.  
 http://www.bst-tsb.gc.ca/eng/enquetes-investigations/rail/2013/R13D0054/R13D0054.asp  
8 “Lac-Mégantic: What we know, what we don’t,” Montreal Gazette, July 22, 2013. Accessed August 2, 
2013. 
http://www.montrealgazette.com/news/M%C3%A9gantic+What+know+what+know/8626661/story.html  
9 Equivalent to 1.6 million gallons. 
10 See Quebec Department of Sustainable Development, Environment and Parks website, Train Accident 
in Lac-Mégantic (content in French: Ministère du Développement durable, de l'Environnement, de la 
Faune et des Parcs (MDDEFP), Accident ferroviaire à Lac-Mégantic),.Accessed November 8, 2013 
http://www.mddep.gouv.qc.ca/lac-megantic/index.htm; and  specifically 
Summary Table on quantities of oil estimated as of October 28, 2013 (Tableau-Synthèse: Estimation au 
28 octobre 2013 des quantités de pétrole brut léger impliquées dans l’accident à Lac-Mégantic) 
http://www.mddefp.gouv.qc.ca/lac-megantic/20131028-tableau-synthese-petrole.pdf 
11 Equivalent to 2.0 million gallons. 
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the oily water recovered has concentrations of oil ranging from 2% to 50%, and it 
is not possible to determine the exact amount of oil actually recovered. 

“The catastrophe killed 47 residents and levelled more than 40 buildings.” 12  

According to a September 11, 2013 TSB news release, “TSB test results indicate that 

the level of hazard posed by the petroleum crude oil transported in the tank cars on the 
accident train was not accurately documented.” The crude was “offered for transport, 

packaged, and transported as a Class 3, PG III product, which represented it as a lower 
hazard, less volatile flammable liquid.”13 

2.2. Costs and Sources of Cost Data 
 

The TSB investigation into the accident is still ongoing.14 It is still too early to know the 
final costs for this disaster (including decontamination, town reconstruction, economic 
recovery, and compensation for victims’ families); but TGG estimates these costs to 
be in the hundreds of millions (in the order of $500 million to $1 billion).  

Preliminary clean-up bills for damage to the town doubled in the weeks following the 
accident from $4 million to almost $8 million. The MM&A Railway stated at the end of 
July that it was unable to pay clean-up costs because it was not getting funds from its 
insurers. At the time, MM&A had outstanding bills for $7.8 million. MM&A also publicly 
raised the concern that it could go bankrupt.15 In response, the Quebec government 
ordered World Fuel Services Corp. to assist with the clean-up. World Fuel “purchased 

the oil from producers in North Dakota’s Bakken region, then leased and loaded rail 

                                            
12 McNish, Jacquie and Justin Giovanetti, “Oil Company Disputes Lac-Méganitc Cleanup Order,” Globe 
and Mail. Accessed August 4.  
http://www.theglobeandmail.com/news/national/oil-company-disputes-lac-megantic-cleanup-
order/article13518237/ 
13 “TSB calls on Canadian and U.S. regulators to ensure properties of dangerous goods are accurately 
determined and documented for safe transportation,” TSB News release, September 11, 2013. Accessed 
October 29, 2013.  
http://www.bst-tsb.gc.ca/eng/medias-media/communiques/rail/2013/r13d0054-20130911.asp  
The news release further explains that this misclassification may partly explain why the crude ignited so 
quickly following the rupture. 
14 See the TSB active investigation page for Lac-Mégantic:  
http://www.bst-tsb.gc.ca/eng/enquetes-investigations/rail/2013/R13D0054/R13D0054.asp.  
15 Blatchford, Andy, “Railway says it can’t pay for Lac-Mégantic disaster cleanup” 
http://www.theglobeandmail.com/news/national/mma-lays-off-nearly-one-third-of-quebec-workforce-
union/article13496970/#dashboard/follows/ 
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cars and arranged for their transport to an Irving Oil refinery in New Brunswick.”16 World 
Fuel is disputing the cleanup order. 

“In the end, says one expert in civil responsibility, taxpayers could be stuck with a 
bill in the hundreds of millions of dollars. 

Quebec law professor Daniel Gardner says he highly doubts MM&A has enough 
coverage to absorb the massive, combined financial liabilities of damages like 
environmental cleanup, emergency-crew salaries and lawsuits. 

In fact, he believes the Lac-Megantic derailment could have more financial 
consequences than any other land disaster in North American history. 

“The whole cost of this will be far closer to $1 billion than to $500 million,” said 

the Universite Laval academic, adding he would be surprised if the railway had a 
total of $500 million in coverage. 

“What will probably happen? ...The company will go bankrupt, insurance 
coverage won’t be enough.” 

Gardner expects governments will wind up covering the difference.17 

On August 7, 2013, MM&A filed for bankruptcy in both Canada (Quebec) and the US 
(Maine).18 

“It has become apparent that the obligations of both companies now 
exceed the value of their assets, including prospective insurance 
recoveries,” MM&A chairman Edward Burkhardt said in a statement 

Wednesday. 

Filing for bankruptcy is “the best way to ensure fairness of treatment to all 
in these tragic circumstances,” he said. 

The decision means the company will start a judge-supervised process to 
determine how much money will be paid to its various creditors. The 
process, which allows the company to tackle its unmanageable debt load 
and remain viable, can be lengthy and typically places secured creditors 
ahead of those seeking compensation through a lawsuit. 

                                            
16 See footnote 12. 
17 See footnote 15. 
18 Mackrael, Kim and Tu Thanh Ha, “MM&A files for creditor protection after Lac-Mégantic rail disaster” 
Globe and Mail. Accessed August 7.  
http://www.theglobeandmail.com/news/national/rail-company-involved-in-megantic-disaster-files-for-
bankruptcy/article13644535/#dashboard/follows/  

Attachment 2 
Page 9 of 19



November 8, 2013 
TGG Analysis of Potential Costs of CBR Accidents/Spills  

Page 7 of 16  
   

MM&A’s insurance provider, XL Group, has so far declined to cover the 

cleanup bills, leaving the province to step in and pay more than $8-million 
to ensure the work continues. 

The court documents indicate that XL has no plans to contribute to 
continuing environmental recovery costs because it has decided to 
prioritize claims from victims affected by the disaster. MM&A’s insurance 

policy with XL covers the company for up to $25-million, according to the 
court documents. 

Because of the number of claims and the amounts being claimed, the 
insurer “cannot provide for payment of covered environmental cleanup 

costs to the detriment of the third-party claimants, especially where the 
amounts of the claims exceed the limit of the coverage,” the documents 

state. 

Based on the information provided above, the now bankrupt MM&A has liabilities in 
excess of assets, minimal insurance coverage ($25 million); and the insurer has so far 
refused to pay environmental cleanup costs.  

Ongoing squabbling has recently intensified between Quebec and the Canadian federal 
government over who should pay for the clean-up, economic recovery and town 
reconstruction. Quebec is insisting that the federal government pitch in more than the 
$60M they have committed to. In the October 2013 Throne Speech, the federal 
government promised to help more with decontamination and reconstruction but have 
yet to commit to an exact amount. 

The Quebec government has still not supplied the federal government with a cost 
estimate for the cleanup and reconstruction. Federal officials refuse to commit to a fixed 
amount without a final bill.19 

While MM&A is bankrupt, some $25 million in derailment insurance policy is earmarked 
by the US bankruptcy trustee for the victim’s families. There is a possibility that 

additional compensation could be obtained for the families from a second insurance 
policy or from the sale of the company’s assets, but these amounts are uncertain.20 

                                            
19 The Globe and Mail, “Throne Speech to promise help with Lac-Mégantic cleanup, but not a ‘blank 
cheque,’ insiders say,” October 15, 2013. 
http://www.theglobeandmail.com/news/politics/throne-speech-to-promise-help-with-lac-megantic-cleanup-
but-not-a-blank-cheque-insiders-say/article14883079/#dashboard/follows/  
20Montreal Gazette, “Quebec rail victims could begin to see compensation in mid-2014: U.S. trustee,” 
October 22, 2013. 
http://www.montrealgazette.com/business/Quebec+rail+victims+could+begin+compensation+mid2014/90
66861/story.html  
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Certainly, even individual victims of derailment have recently received compensation 
greater than $25 million,21 therefore higher compensation, if available, would be 
justifiable. 

On the decontamination costs alone there are a series of estimates: 

 In late July 2013, a Quebec-based Ecotoxicologist, Emilien Pelletier, estimates 
that the bill just for decontamination would be $500 million and that doesn’t 

include town reconstruction.22 
 

 In early August 2013, MM&A was reported to have estimated the 
decontamination costs at $200 million in court documents.23 

 
 In an October 2013 article, the Quebec government recently estimated the soil 

decontamination costs alone at $150 million.24 
 

Overall costs estimates vary from several hundred million dollars to $1 billion: 

 As indicated above, Quebec law professor, Daniel Gardner, estimated in August 
that the costs would far closer to $1 billion than $500 million.25 

 
 In September 2013, the Toronto Star reported that cleanup costs are pegged as 

high as $500 million by some estimates.26 
 

 On October 15, 2013, the Globe and Mail (Canada’s National paper), indicated 

that “[e]xperts and government officials expect that the bill will easily reach 
$200-million, and could even end up in the vicinity of $1-billion.”27 

 
In light of the above, it would appear that the minimum decontamination costs would be 
$200 million and the minimum total costs (decontamination, town reconstruction and 

                                            
21 See footnote 5. 
22 See http://www.ledevoir.com/environnement/actualites-sur-l-environnement/383941/blanchet  
23 See http://www.theglobeandmail.com/news/national/quebec-could-still-be-on-hook-for-cleanup-
bill/article13680378/#dashboard/follows/ and 
http://www.thestar.com/news/canada/2013/08/09/lac_megantic_cleanup_to_stretch_into_next_year.html  
24 See 
http://www.thestar.com/news/canada/2013/10/03/lacmegantic_ottawa_to_pitch_in_more_money_for_clea
nup_of_train_derailment.html  
25 See footnote 15. 
26 See 
http://www.thestar.com/news/canada/2013/09/24/lac_megantic_cleanup_quebec_asks_federal_governm
ent_to_share_bill.html#  
27 See footnote 19. 
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economic recovery, and compensation for victims’ families) would be approximately 
$500 million. The total bill could escalate to $1 billion and beyond. The updated 
information is consistent with TGG’s August 2013 estimate from the NEB expert report: 

“It is far too early to know the final costs for this disaster but they are estimated 
to be in the hundreds of millions, and possibly exceed $1 billion.” 28 

2.3. Relevance of Lac-Mégantic to Estimating the Costs of CBR 
Accidents/Spills 

 

The Lac-Mégantic tragedy is directly relevant to an estimation of the costs of a major 
CBR accident/spill for the following reasons: 

1. It demonstrates the consequences of a CBR accident in a small town by a lake, 
thus proximate to people, water and economic activity. 

2. The Lac-Mégantic tragedy demonstrates the effect of a rupture of 63 tank cars on 
a unit train with a total of 72 tankers, all carrying Bakken crude. 

3. Bakken crude, which caused the explosion, is very light, and has hazardous 
characteristics (notably flammability).  

4. Rail is now transporting over 600,000 barrels per day (and over 60% of the total) 
from Bakken production.29 

5. More generally, the rapid expansion of CBR results from the rapid expansion in 
production and transport of unconventional crudes (Bakken and other light 
crudes from shale/tight oil plays and dilbit and other heavy crudes from Canadian 
tar sands).30  

                                            
28 See footnote 3, p. 39. 
29 See North Dakota Pipeline Authority website. Accessed October 30, 2013. 
http://northdakotapipelines.com/directors-cut/. 
Monthly Updates for April 2013-October 2013 (February 2013-August 2013 data), reporting transport by 
rail ranging from 600,000 to 700,000 barrel per day, comprising 61-75% of total Bakken production.  
30 To date, a sizable proportion of overall recent CBR activity relates to Bakken production. The Keystone 
XL Draft Supplemental EIS (KXL DSEIS) assumes that CBR could be rapidly expanded to transport 
expanded Canadian tar sands production of dilbit and other heavy crudes, so as to provide a viable 
alternative to expanded pipeline capacity. The KXL DSEIS analysis of tar sands CBR is flawed and 
potentially misleading because it assumes that CBR can be quickly and vastly scaled up, with no 
significant operating, logistical, economic or regulatory constraints. Nonetheless, some Western 
Canadian production is already being transported by rail into the US (including dilbit, railbit, and raw 
bitumen, from both tar sands and non-tar sands), and there is a potential for further expansion of CBR 
transport of unconventional Canadian crudes. 
See footnote 29; Titterton, Paul, Tank Car Update: Presentation to SWARS, February 28, 2013. 
Accessed October 30, 2013.  
http://www.swrailshippers.com/swars_pdfs/2013_gatx_presentation.pdf;  
(footnote continued on next page) 
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6. In addition to the devastation of the Lac-Mégantic town center, there has been 
significant release of crude oil (6.0 million liters or 1.6 million gallons) into the 
environment (affecting soil, water and air).31 

7. There are very serious concerns about who will bear the financial responsibility 
for the disaster. 

Although the Lac-Mégantic accident/spill was devastating and will likely have costs in 
the order of $500 million to $1 billion, it is nowhere near a worst-case scenario for a 
CBR accident.   

Costs/damages for a similar incident could have been substantially higher had it 
occurred in a more populated area. Lac-Mégantic demonstrates how an accident 
involving highly flammable light crude (such as the Bakken crude) can have devastating 
consequences even in a small town in terms of loss of human life and widespread 
explosion and fire damage to surrounding property. In an urban area, the effects of such 
an accident could be catastrophic and costs could easily escalate to the multi-billion 
dollar range.32 

                                                                                                                                             
(footnote continued from previous page) 
Keystone XL Draft Supplemental EIS, pp. 1.4-33 – 1.4-60. Accessed October 30, 2013.    
http://keystonepipeline-xl.state.gov/documents/organization/205654.pdf; 
Goodman, Ian and Brigid Rowan, Report evaluating the adequacy of the Keystone XL (KXL) Draft 
Supplemental Environmental Impact Statement (DSEIS) Market Analysis, April 22, 2013, pp. 33-50, 
Adobe pp. 267-284 
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20
on%20the%20Keystone%20XL%20DSEIS.4.22.13.pdf  
31 There have been concerns that the spill affected water quality and drinking water in Lac-Mégantic and 
nearby towns. Authorities continue to monitor water quality.  
“Government Examining Lac-Mégantic Health Risks,” The Record, July 31, 2013. Accessed August 2, 
2013. 
http://www.sherbrookerecord.com/content/gov%E2%80%99t-examining-lac-megantic-health-risks;  
see also footnote 10. 
32 In the context of the PHMSA rulemaking and elsewhere, some may submit that the Lac-Mégantic 
accident is an exceptional and possibly worst-case scenario that is unlikely to be repeated. And this 
particular accident certainly has some attributes that may be atypical or even unique. That said, this 
accident also occurred in a relatively small town. A similar explosion and fire in a more dense urban area 
could have had even worse consequences and higher costs. In an urban area, the particular factors in 
Lac-Mégantic (unattended train rolling down steep grades to crash at high speeds) may be far less likely 
to occur. On the other hand, in an urban area, there are other risk factors, such as increased danger of 
collisions with other trains (or other vehicles), as well as proximity to large populations and other 
infrastructure. 

It may also be pointed out that the Lac-Mégantic accident occurred in Canada and that the 
estimated costs are in Canadian dollars. But in fact, the Lac-Mégantic accident is very relevant for the 
US. First, US and Canadian dollars now have similar value, so the cost estimates for Lac-Mégantic 
accident would be similar if presented in US dollars. Second, the accident occurred very close to the US 
border, on a train that had originated in the US (North Dakota), traveled through numerous US states and 
cities, and would have again passed through the US (Maine) on its intended routing between Quebec and 
New Brunswick. 
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3. Estimated Costs of Enbridge’s Line 6B Spill in Marshall, MI  

3.1. Description of Disaster 
 

According to the NTSB, following its investigation of the Enbridge Line 6B Spill 
(emphasis added):33 

On Sunday, July 25, 2010, at about 5:58 p.m., a 30 inch-diameter pipeline (Line 
6B) owned and operated by Enbridge Incorporated ruptured and spilled crude oil 
into an ecologically sensitive area near the Kalamazoo River in Marshall, Mich., 
for 17 hours until a local utility worker discovered the oil and contacted Enbridge 
to report the rupture. 

The NTSB found that the material failure of the pipeline was the result of multiple 
small corrosion-fatigue cracks that over time grew in size and linked together, 
creating a gaping breach in the pipe measuring over 80 inches long. 

"This investigation identified a complete breakdown of safety at Enbridge. Their 
employees performed like Keystone Kops and failed to recognize their pipeline 
had ruptured and continued to pump crude into the environment," said NTSB 
Chairman Deborah A.P. Hersman. "Despite multiple alarms and a loss of 
pressure in the pipeline, for more than 17 hours and through three shifts they 
failed to follow their own shutdown procedures." 

[…] 

Over 840,000 gallons of crude oil - enough to fill 120 tanker trucks - spilled into 
hundreds of acres of Michigan wetlands, fouling a creek and a river. A Michigan 
Department of Community Health study concluded that over 300 individuals 
suffered adverse health effects related to benzene exposure, a toxic component 
of crude oil. 

Line 6B had been scheduled for a routine shutdown at the time of the rupture to 
accommodate changing delivery schedules. Following the shutdown, operators in 
the Enbridge control room in Edmonton, Alberta, received multiple alarms 
indicating a problem with low pressure in the pipeline, which were dismissed as 

                                            
33 NTSB Press Release, “Pipeline Rupture and Oil Spill Accident Caused by Organizational Failures and 
Weak Regulations,” July 10, 2012.  Accessed August 3, 2012. 
http://www.ntsb.gov/news/2012/120710.html  
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being caused by factors other than a rupture. "Inadequate training of control 
center personnel" was cited as contributing to the accident. 

The investigation found that Enbridge failed to accurately assess the structural 
integrity of the pipeline, including correctly analyzing cracks that required repair. 
The NTSB characterized Enbridge's control room operations, leak detection, and 
environmental response as deficient, and described the event as an 
"organizational accident." 

Following the first alarm, Enbridge controllers restarted Line 6B twice, pumping 
an additional 683,000 gallons of crude oil, or 81 percent of the total amount 
spilled, through the ruptured pipeline. The NTSB determined that if Enbridge's 
own procedures had been followed during the initial phases of the accident, the 
magnitude of the spill would have been significantly reduced. Further, the NTSB 
attributed systemic flaws in operational decision-making to a "culture of 
deviance," which concluded that personnel had a developed an operating culture 
in which not adhering to approved procedures and protocols was normalized. 

The NTSB also cited the Pipeline and Hazardous Materials Safety 
Administration's weak regulations regarding pipeline assessment and repair 
criteria as well as a cursory review of Enbridge's oil spill response plan as 
contributing to the magnitude of the accident. 

The investigation revealed that the cracks in Line 6B that ultimately ruptured 
were detected by Enbridge in 2005 but were not repaired. A further examination 
of records revealed that Enbridge's crack assessment process was inadequate, 
increasing the risk of a rupture. 

"This accident is a wake-up call to the industry, the regulator, and the public. 
Enbridge knew for years that this section of the pipeline was vulnerable yet they 
didn't act on that information," said Chairman Hersman. "Likewise, for the 
regulator to delegate too much authority to the regulated to assess their own 
system risks and correct them is tantamount to the fox guarding the hen house. 
Regulators need regulations and practices with teeth, and the resources to 
enable them to take corrective action before a spill. Not just after." 

As a result of the investigation, the NTSB reiterated one recommendation to 
PHMSA and issued 19 new safety recommendations to the Department of the 
Transportation, PHMSA, Enbridge Incorporated, the American Petroleum 
Institute, the International Association of Fire Chiefs, and the National 
Emergency Number Association. 
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3.2. Costs and Sources of Cost Data 
 

As of March 31, 2013, Enbridge indicated in its First Quarter Interim Report to 
Shareholders that the total clean-up for the spill is now estimated to cost approximately 
$1 billion. Enbridge’s civil penalty for the spill was only $3.7 million.34 Enbridge also 
points out that there is a possibility that the clean-up bill will continue to increase as the 
clean-up is still ongoing. 
 
No lives were lost, but as the NTSB citation above indicates: “over 300 individuals 
suffered adverse health effects related to benzene exposure, a toxic component of 
crude oil.” Furthermore, “[o]ver 840,000 gallons of crude oil - enough to fill 120 tanker 
trucks - spilled into hundreds of acres of Michigan wetlands, fouling a creek and a river.”  

3.3. Relevance of Marshall, MI to Estimating the Costs of CBR 
Accidents/Spills 

 

The Marshall, MI pipeline disaster is also highly relevant to an estimation of the costs of 
a major CBR accident/spill for the following reasons: 

1. It demonstrates the costs of a dilbit spill in an environmentally sensitive area 
(with wetlands and proximity to waterways and human population) in a non-urban 
area.35 Marshall, MI is not dissimilar to the many areas through which trains are 
also routed (along waterways in order to minimize elevation and through 
population centers throughout the US).  
 

2. The spill volumes at Marshall were within the range of the amount of spill 
possible (and, in fact, substantially less than the maximum spill) if a crude by rail 
unit train released much of its cargo. 840,000 gallons (or 3.3 million liters) were 
spilled at Marshall, the equivalent of the full cargo release of 27 tank cars 
(carrying 31,000 gallons) or 34 tank cars (carrying 25,000 gallons).36 With 

                                            
34 Enbridge First Quarter Interim Report to Shareholders for the Three Months Ended March 31, 2013, 
Section 11 Contingencies, Adobe p. 67. Accessed August 3, 2013. 
See http://www.enbridge.com/InvestorRelations/FinancialInformation/InvestorDocumentsandFilings.aspx 
and then click on FIRST QUARTER REPORT under 2013. 
35 The population of Marshall is approximately 7,000. 
36 Maximum capacity per tank car typically varies between 25,000 and 31,800 gallons of crude, based on 
factors including maximum weight limits, tank car design, and type of crude. Capacity will generally be 
lower for heavy crudes (such as the dilbit spilled at Marshall), which weigh more per gallon than light 
crudes (such as the Bakken crude spilled at Lac-Mégantic). Likewise, capacity will be lower for tank cars 
(footnote continued on next page) 
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transport by unit trains on the rise, and unit trains carrying up to 100+ tank cars, it 
would be possible for a unit train to spill significantly higher volumes than the 
840,000 gallons (or 3.3 million liters) released at Marshall. The 6.0 million liters 
released at Lac-Mégantic (almost twice the amount released at Marshall) provide 
support for this finding.   
 

3. In light of recent findings regarding the Line 6B spill, the EPA has recently 
expressed concerns regarding the additional impacts of tar sands crude spills 
(versus conventional oil), with a particular concern about spills on waterways.37 
 

Regarding the need for improved safety regulation for CBR, there are a number of 
regulatory lessons from the Marshall, MI rupture that should be considered: 

1. The NTSB investigation also clearly indicates that in the case of Enbridge, and 
with respect to the regulation of pipeline operators, “trust us” isn’t good enough. 

Chair Hersman has insightfully pointed out that “for the regulator to delegate too 
much authority to the regulated to assess their own system risks and correct 
them is tantamount to the fox guarding the hen house.”38 Chair Hersman’s words 

are even more relevant for the regulation of transport of hazardous materials by 
rail, which is in many ways both weaker and more fragmented than the regulation 
of liquid pipelines.39 
 

2. The NTSB investigation pointed out that the Marshall rupture was “a wake-up 
call” to industry, the regulator, and the public.” Enbridge knew for years that the 

                                                                                                                                             
(footnote continued from previous page) 
which have higher tare (unloaded) weights (such as those with heater coils and insulation, which are also 
sometimes used to transport dilbit).  
37 Comments of EPA on the Department of State’s Keystone XL Draft Supplement Environmental Impact 
Statement (DSEIS). Accessed October 30, 2013. 
http://epa.gov/compliance/nepa/keystone-xl-project-epa-comment-letter-20130056.pdf  
38 See footnote 33. 
39 As described in various other documents in the current proceeding, there is a long history of problems 
in regard to transport of hazardous materials (notably flammable liquids) by rail, with only a very slow and 
partial response to tighten standards to insure public safety. See Village of Barrington, Illinois and The 
Regional Answer to Canadian National (TRAC) - Petition for Rulemaking (P-1587); National 
Transportation Safety Board - Accident Report - Derailment of CN Freight Train U70691-18 With 
Subsequent Hazardous Materials Release and Fire Cherry Valley, Illinois June 19, 2009; and National 
Transportation Safety Board - Safety Recommendation - R-12-5 through -8, R-07-4 (Reiteration) 

In the case of liquid pipelines, the pipeline owner/operator is typically responsible for construction 
and operation of all facilities within its transport system that are handling hazardous materials (notably 
flammable liquids), including pipes, valves, and pumping stations. By contrast, in the case of rail, the 
railroads provide motive power and crews to move hazardous materials (notably flammable liquids) in 
tank cars which are typically owned, loaded, and unloaded by shippers and other entities besides the 
railroads. 
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pipeline was vulnerable; much as the rail industry knows that another CBR spill is 
only a matter of time.  

Although the Line 6B rupture caused widespread devastation to the Kalamazoo and 
surrounding wetlands and, at $1 billion in clean-up costs, holds the record for the single 
most expensive onshore spill in US history,40 it is nowhere near the worst-case scenario 
for a CBR disaster. Similar to the Lac-Mégantic tragedy involving a CBR release of 
Bakken, the costs/damages for a CBR dilbit spill could be substantially higher in a more 
populated area, and costs could easily escalate to the multi-billion dollar range. The 
clean-up of dilbit, especially in waterways is particularly problematic and expensive. 
Moreover, the condensate can be highly flammable when spilled and this flammability 
could have catastrophic consequences in a more densely populated area. 

 

                                            
40 See footnote 33. 
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4. Conclusion 
 

As the examples of the Lac-Mégantic CBR tragedy and the Marshall, MI pipeline rupture 
have demonstrated, a major CBR unit train accidents/spill could cost $1 billion or more 
for a single event. 

Unit trains now transport unconventional crude, including both dilbit and Bakken, 
through densely populated urban areas, and this form of transport is rapidly growing. An 
accident/spill in an urban area could damage and disrupt major infrastructure, result in 
serious and widespread water and soil contamination, and possibly cause loss of life.  
The costs of a major unit train derailment in an urban centre could easily escalate into 
the multi-billion dollar range. 
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CANADA NEWS

Officials Tighten Crude-Shipping Standards
Updated Aug. 7, 2013 10:09 p.m. ET

The Federal Railroad Administration plans to start asking shipping companies to supply testing data they use

to classify their crude-oil shipments, saying it is concerned that some shipments are being transported in

tank cars that aren't safe enough.

In a letter to American Petroleum Institute CEO Jack Gerard last week, the FRA said it is investigating

whether some crude shipments contain chemicals—possibly from the hydraulic-fracturing process used to

extract it—that make them more hazardous than their classification indicates.

The agency told the API it also suspects that mixes of crude

and other chemicals might be the cause of an increase in

damage to tank cars caused by "severe corrosion." If shippers

can't supply their testing data, the FRA said in the letter, it will

work with the Pipeline and Hazardous Materials Safety

Administration to test the shipments independently.

Companies routinely add highly corrosive hydrochloric acid to

fracking fluid to break down rock formations. They also add

certain chemicals to kill microorganisms and reduce friction in

oil. Frack fluids are exempt from federal disclosure laws, but

some companies voluntarily provide details, and some states

require a thorough ingredient list.

The action is the latest by the agency to toughen regulation of the transport by rail of crude oil after a runaway

train hauling 72 tank cars with crude oil derailed and exploded last month, killing 47 people and ravaging the

Quebec town of Lac-Mégantic.

The latest FRA action "looks like a shot over the bow," said Grady Cothen, a former FRA safety official who

is now a transportation-policy consultant. "They seem to be saying, 'Get your house in order or we'll do it for

you.' "

The Quebec disaster follows a number of serious accidents involving hazardous materials and tank cars in

recent years that have raised federal regulators' concern. More than 34 million barrels of crude were

delivered to U.S. refineries by train in 2012, a fivefold increase compared with a year earlier, according to the

Energy Information Administration, the statistical arm of the U.S. Energy Department. The volume is

Oil containers sit at a train depot outside Williston, N.D.,

last month. Oil producers and refiners are increasingly

using rail in North Dakota and Texas, w here there

aren't enough pipelines. Getty Images

By BETSY MORRIS and RUSSELL GOLD
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expected to increase again in 2013.

The Canadian Transportation Safety Board said it would analyze and compare numerous fluid samples

taken from the Lac-Mégantic accident "to verify the properties of the petroleum product in these tank cars"

and to help figure out "why the oil created such a fierce fire that night." It is also analyzing metallurgical

samples, damage records and photographs to determine how well the tank cars involved in the derailment

were prepared to withstand a crash.

The company that operated that train, Montreal, Maine & Atlantic Railway Ltd., filed for bankruptcy protection

Wednesday in U.S. Bankruptcy Court in Bangor, Maine. Its Canadian counterpart filed for protection from

creditors.

The FRA moves will likely pose difficulties for some shippers. Oil producers and refiners are increasingly

using rail in Texas and North Dakota, where there aren't enough pipelines to get the crude to markets that will

command the highest price.

Prentiss Searles, marketing-issues manager for the American Petroleum Institute, said the institute was

reviewing the letter to see what, if anything, needed to be done to respond to the FRA's concerns.

"Ultimately, we're going to follow the rules and requirements that currently exist. If somebody made a mistake

and put the wrong type of crude in the wrong type of tank care, that should not happen," he said.

EOG Resources Inc., a Houston-based energy producer that

ships crude from rail yards in Texas and North Dakota, said it

was "in close communication with our railroad carriers and is

currently reviewing the topics raised by the Federal Railroad

Administration." Jeff Hume of Continental Resources Inc., an

Oklahoma City-based crude producer, said: "We meet all

[Department of Transportation] specifications. If the DOT

deems it necessary to change those specifications, we will

support what safety experts recommend."

In the detailed letter to the Petroleum Institute, Thomas J.

Herrmann, acting director of FRA's office of safety assurance

and compliance, spelled out numerous reasons for the

agency's concern. In one example, the FRA said a company

was shipping crude that should have been classified as

flammable in a tank car that hadn't been designed for that material. The agency could "only speculate as to

the number of potential crude-oil shipments that are being made in violation of Hazardous Material

Regulations," he wrote.

Shippers need to know the chemical makeup of substances they are shipping, the letter said. But FRA said

its audits indicate the oil is often classified based on outdated testing and testing that doesn't reflect all the

batches of oil from different sources and wells that are being mixed. Crude is frequently shipped in unit trains

made up of scores of tank cars, containing oil from different shippers and many wells, some of which has

been blended together.

The FRA also noted recurring problems with what it said appeared to be overloaded tank cars. Proper tank-

car loading is based on a calculation that involves relative temperatures and gravity to determine the quantity

to load without overloading that will result in leaks.
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George King, an engineer and technology consultant for Apache Corp., said hydrochloric acid used in

fracking typically doesn't return to the surface. "I have never seen anything stronger than a very, very weak

vinegar come back in terms of acid," he said.

However, Mr. King said the acid won't mix with crude oil and if stored in a tanker, will settle to the bottom.

"Could it be corrosive on steel? Yes," he said.

—Daniel Gilbert contributed to this article.
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Phyllis Fox 

Ph.D, PE, BCEE, QEP 

Environmental Management 
745 White Pine Ave. 
Rockledge, FL 32955 

321-626-6885 
PhyllisFox@gmail.com 

 
Dr. Fox has over 40 years of experience in the field of environmental engineering, including air 
pollution control (BACT, BART, MACT, LAER, RACT), cost effectiveness analyses, air quality 
management, water quality and water supply investigations, hazardous waste investigations, 
environmental permitting, nuisance investigations (odor, noise), environmental impact reports, 
CEQA/NEPA documentation, risk assessments, and litigation support.   

EDUCATION  

Ph.D.  Environmental/Civil Engineering, University of California, Berkeley, 1980. 
M.S.   Environmental/Civil Engineering, University of California, Berkeley, 1975. 
B.S.    Physics (with high honors), University of Florida, Gainesville, 1971. 

REGISTRATION 
 
Registered Professional Engineer: Arizona (2001-present: #36701), California (2002-present; CH 
6058), Florida (2001-present; #57886), Georgia (2002-present; #PE027643), Washington (2002-
present; #38692), Wisconsin (2005-present; #37595-006) 
Board Certified Environmental Engineer, American Academy of Environmental Engineers,  
 Certified in Air Pollution Control (DEE #01-20014), 2002-present 
Qualified Environmental Professional (QEP), Institute of Professional Environmental  
 Practice (QEP #02-010007), 2001-present 

PROFESSIONAL HISTORY 

Environmental Management, Principal, 1981-present 
Lawrence Berkeley National Laboratory, Principal Investigator, 1977-1981 
University of California, Berkeley, Program Manager, 1976-1977 
Bechtel, Inc., Engineer, 1971-1976, 1964-1966 

PROFESSIONAL AFFILIATIONS 

American Chemical Society (1981-2010) 
Phi Beta Kappa (1970-present) 
Sigma Pi Sigma (1970-present) 
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Who's Who Environmental Registry, PH Publishing, Fort Collins, CO, 1992. 
Who's Who in the World, Marquis Who's Who, Inc., Chicago, IL, 11th Ed., p. 371, 1993-present. 
Who's Who of American Women, Marquis Who's Who, Inc., Chicago, IL, 13th Ed., p. 264, 1984-
present. 
Who's Who in Science and Engineering, Marquis Who's Who, Inc., New Providence, NJ, 5th Ed., 
p. 414, 1999-present. 
Who’s Who in America, Marquis Who’s Who, Inc., 59th Ed., 2005. 
Guide to Specialists on Toxic Substances, World Environment Center, New York, NY, p. 80, 
1980. 
National Research Council Committee on Irrigation-Induced Water Quality Problems 
(Selenium), Subcommittee on Quality Control/Quality Assurance (1985-1990). 
National Research Council Committee on Surface Mining and Reclamation, Subcommittee on 
Oil Shale (1978-80) 
 

REPRESENTATIVE EXPERIENCE 

Performed environmental and engineering investigations, as outlined below, for a wide range of 
industrial and commercial facilities including: petroleum refineries and upgrades thereto; 
reformulated fuels projects; refinery upgrades to process heavy sour crudes, including tar sands 
and light sweet crudes from the Eagle Ford and Bakken Formations; petroleum distribution 
terminals; coal export terminals; LNG export, import, and storage terminals; shale oil plants; 
coal gasification & liquefaction plants; conventional and thermally enhanced oil production; 
underground storage tanks; pipelines; gasoline stations; landfills; railyards; hazardous waste 
treatment facilities; nuclear, hydroelectric, geothermal, wood, biomass, waste, tire-derived fuel, 
gas, oil, coke and coal-fired power plants; transmission lines; airports; hydrogen plants; 
petroleum coke calcining plants; coke plants; activated carbon manufacturing facilities; asphalt 
plants; cement plants; incinerators; flares; manufacturing facilities (e.g., semiconductors, 
electronic assembly, aerospace components, printed circuit boards, amusement park rides); 
lanthanide processing plants; ammonia plants; nitric acid plants; urea plants; food processing 
plants; almond hulling facilities; composting facilities; grain processing facilities; grain 
elevators; ethanol production facilities; soy bean oil extraction plants; biodiesel plants; paint 
formulation plants; wastewater treatment plants; marine terminals and ports; gas processing 
plants; steel mills; iron nugget production facilities; pig iron plant, based on blast furnace 
technology; direct reduced iron plant; acid regeneration facilities; railcar refinishing facility; 
battery manufacturing plants; pesticide manufacturing and repackaging facilities; pulp and paper 
mills; olefin plants; methanol plants; ethylene crackers; selective catalytic reduction (SCR) 
systems; selective noncatalytic reduction (SNCR) systems; halogen acid furnaces; contaminated 
property redevelopment projects (e.g., Mission Bay, Southern Pacific Railyards, Moscone Center 
expansion, San Diego Padres Ballpark); residential developments; commercial office parks, 
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campuses, and shopping centers; server farms; transportation plans; and a wide range of mines 
including sand and gravel, hard rock, limestone, nacholite, coal, molybdenum, gold, zinc, and oil 
shale. 

 

EXPERT WITNESS/LITIGATION SUPPORT 

� For plaintiffs, expert witness in civil action relating to alleged violations of the Clean Air 
Act, Prevention of Significant Deterioration, for historic modifications (1997-2000) at the 
Cemex cement plant in Lyons, Colorado.  Reviewed produced documents, prepared expert 
and rebuttal reports on PSD applicability based on NOx emission calculations for a 
collection of changes considered both individually and collectively.  Deposed August 2011.  
United States  v. Cemex, Inc., In U.S. District Court for the District of Colorado (Civil 
Action No. 09-cv-00019-MSK-MEH).  Case settled June 13, 2013. 

� For plaintiffs, in civil action relating to alleged violations of the Clean Air Act, Prevention of 
Significant Deterioration, for historic modifications (1988 – 2000) at James De Young Units 
3, 4, and 5.  Reviewed produced documents, analyzed CEMS and EIA data, and prepared 
netting and BACT analyses for NOx, SO2, and PM10.  Expert report February 24, 2010 and 
affidavit February 20, 2010.  Sierra Club v. City of Holland, et al., U.S. District Court, 
Western District of Michigan.   

� For plaintiffs, in civil action alleging failure to obtain MACT permit, expert on potential to 
emit hydrogen chloride (HCl) from a new coal-fired boiler.  Reviewed record, estimated HCl 
emissions, wrote expert report June 2010 and March 2013 (Cost to Install a Scrubber at the 
Lamar Repowering Project Pursuant to Case-by-Case MACT), deposed August 2010 and 
March 2013. Wildearth Guardian et al. v. Lamar Utilities Board, Civil Action No. 09-cv-
02974, U.S. District Court, District of Colorado.  Case settled August 2013. 

� For plaintiffs, expert witness on permitting, emission calculations, and wastewater treatment 
for coal to gasoline plant.  Reviewed produced documents.  Assisted in preparation of 
comments on draft minor source permit.  Wrote two affidavits on key issues in case.  
Presented direct and rebuttal testimony 10/27 - 10/28/10 on permit enforceability and failure 
to properly calculate potential to emit, including underestimate of flaring emissions and 
omission of VOC and CO emissions from wastewater treatment, cooling tower, tank roof 
landings, and malfunctions.  Sierra Club, Ohio Valley Environmental Coalition, Coal River 
Mountain Watch, West Virginia Highlands Conservancy v. John Benedict, Director, Division 
of Air Quality, West Virginia Department of Environmental Protection and TransGas 
Development System, LLC, Appeal No. 10-01-AQB.  Virginia Air Quality Board remanded 
the permit on March 28, 2011 ordering reconsideration of potential to emit calculations, 
including: (1) support for assumed flare efficiency; (2) inclusion of startup, shutdown and 
malfunction emissions; and (3) inclusion of wastewater treatment emissions in potential to 
emit calculations. 
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� For plaintiffs, expert on BACT emission limits for gas-fired combined cycle power plant.  
Prepared declaration in support of CBE's Opposition to the United States' Motion for Entry 
of Proposed Amended Consent Decree.  Assisted in settlement discussions.  U.S. EPA, 
Plaintiff, Communities for a Better Environment, Intervenor Plaintiff, v. Pacific Gas & 
Electric Company, et al., U.S. District Court, Northern District of California, San Francisco 
Division, Case No. C-09-4503 SI. 

� Technical expert in confidential settlement discussions with large coal-fired utility on BACT 
control technology and emission limits for NOx, SO2, PM, PM2.5, and CO for new natural 
gas fired combined cycle and simple cycle turbines with oil backup.  (July 2010).  Case 
settled. 

� For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for historic modifications (1998-
99) at Gallagher Units 1 and 3.  Reviewed produced documents, prepared expert and rebuttal 
reports on historic and current-day BACT for SO2, control costs, and excess emissions of 
SO2.  Deposed 11/18/09.  United States et al. v. Cinergy, et al., In U.S. District Court for the 
Southern District of Indiana, Indianapolis Division, Civil Action No. IP99-1693 C-M/S.  
Settled 12/22/09. 

� For plaintiffs, expert witness on MACT, BACT for NOx, and enforceability in an 
administrative appeal of draft state air permit issued for four 300-MW pet-coke-fired CFBs.  
Reviewed produced documents and prepared prefiled testimony.  Deposed 10/8/09 and 
11/9/09. Testified 11/10/09. Application of Las Brisas Energy Center, LLC for State Air 
Quality Permit; before the State Office of Administrative Hearings, Texas.  Permit remanded 
3/29/10 as LBEC failed to meet burden of proof on a number of issues including MACT.  
Texas Court of Appeals dismissed an appeal to reinstate the permit.  The Texas Commission 
on Environmental Quality and Las Brisas Energy Center, LLC sought to overturn the Court 
of Appeals decision but moved to have their appeal dismissed in August 2013. 

� For defense, expert witness in unlawful detainer case involving a gasoline station, minimart, 
and residential property with contamination from leaking underground storage tanks.  
Reviewed agency files and inspected site.  Presented expert testimony on July 6, 2009, on 
causes of, nature and extent of subsurface contamination.  A. Singh v. S. Assaedi, in Contra 
Costa County Superior Court, CA.  Settled August 2009. 

� For plaintiffs, expert witness on netting and enforceability for refinery being upgraded to 
process tar sands crude.  Reviewed produced documents.  Prepared expert and rebuttal 
reports addressing use of emission factors for baseline, omitted sources including coker, 
flares, tank landings and cleaning, and enforceability.  Deposed. In the Matter of Objection to 
the Issuance of Significant Source Modification Permit No. 089-25484-00453 to BP 
Products North America Inc., Whiting Business Unit, Save the Dunes Council, Inc., Sierra 
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Club., Inc., Hoosier Environmental Council et al., Petitioners, B. P. Products North 
American, Respondents/Permittee, before the Indiana Office of Environmental Adjudication. 

� For plaintiffs, expert witness on BACT, MACT, and enforceability in appeal of Title V 
permit issued to 600 MW coal-fired power plant burning Powder River Basin coal.  Prepared 
technical comments on draft air permit.  Reviewed record on appeal, drafted BACT, MACT, 
and enforceability pre-filed testimony.  Drafted MACT and enforceability pre-filed rebuttal 
testimony.  Deposed March 24, 2009.  Testified June 10, 2009.  In Re: Southwestern Electric 
Power Company, Arkansas Pollution Control and Ecology Commission, Consolidated 
Docket No. 08-006-P. Recommended Decision issued December 9, 2009 upholding issued 
permit.  Commission adopted Recommended Decision January 22, 2010. 

� For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for historic modifications (1989-
1992) at Wabash Units 2, 3 and 5.  Reviewed produced documents, prepared expert and 
rebuttal report on historic and current-day BACT for NOx and SO2, control costs, and excess 
emissions of NOx, SO2, and mercury.  Deposed 10/21/08.  United States et al. v. Cinergy, et 
al., In U.S. District Court for the Southern District of Indiana, Indianapolis Division, Civil 
Action No. IP99-1693 C-M/S.  Testified 2/3/09.  Memorandum Opinion & Order 5-29-09 
requiring shutdown of Wabash River Units 2, 3, 5 by September 30, 2009, run at baseline 
until shutdown, and permanently surrender SO2 emission allowances. 

� For plaintiffs, expert witness in liability phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for three historic modifications 
(1997-2001) at two portland cement plants involving three cement kilns.  Reviewed 
produced documents, analyzed CEMS data covering subject period, prepared netting analysis 
for NOx, SO2 and CO, and prepared expert and rebuttal reports. United States  v. Cemex 
California Cement, In U.S. District Court for the Central District of California, Eastern 
Division, Case No. ED CV 07-00223-GW (JCRx), Settled 1/15/09. 

� For intervenors Clean Wisconsin and Citizens Utility Board, prepared data requests, 
reviewed discovery and expert report.  Prepared prefiled direct, rebuttal and surrebuttal 
testimony on cost to extend life of existing Oak Creek Units 5-8 and cost to address future 
regulatory requirements to determine whether to control or shutdown one or more of the 
units. Oral testimony 2/5/08.  Application for a Certificate of Authority to Install Wet Flue 
Gas Desulfurization and Selective Catalytic Reduction Facilities and Associated Equipment 
for Control of Sulfur Dioxide and Nitrogen Oxide Emissions at Oak Creek Power Plant Units 
5, 6, 7 and 8, WPSC Docket No. 6630-CE-299. 

� For plaintiffs, expert witness on alternatives analysis and BACT for NOx, SO2, total PM10, 
and sulfuric acid mist in appeal of PSD permit issued to 1200 MW coal fired power plant 
burning Powder River Basin and/or Central Appalachian coal (Longleaf). Assisted in drafting 
technical comments on NOx on draft permit.  Prepared expert disclosure.  Presented 8+ days 
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of direct and rebuttal expert testimony.  Attended all 21 days of evidentiary hearing from 
9/5/07 – 10/30/07 assisting in all aspects of hearing.  Friends of the Chatahooche and Sierra 
Club v. Dr. Carol Couch, Director, Environmental Protection Division of Natural Resources 
Department, Respondent, and Longleaf Energy Associates, Intervener. ALJ Final Decision 
1/11/08 denying petition.  ALJ Order vacated & remanded for further proceedings, Fulton 
County Superior Court, 6/30/08.  Court of Appeals of GA remanded the case with directions 
that the ALJ's final decision be vacated to consider the evidence under the correct standard of 
review, July 9, 2009.  The ALJ issued an opinion April 2, 2010 in favor of the applicant. 
Final permit issued April 2010. 

� For plaintiffs, expert witness on diesel exhaust in inverse condemnation case in which Port 
expanded maritime operations into residential neighborhoods, subjecting plaintiffs to noise, 
light, and diesel fumes.  Measured real-time diesel particulate concentrations from marine 
vessels and tug boats on plaintiffs’ property.  Reviewed documents, depositions, DVDs, and 
photographs provided by counsel.  Deposed.  Testified October 24, 2006. Ann Chargin, 
Richard Hackett, Carolyn Hackett, et al. v. Stockton Port District, Superior Court of 
California, County of San Joaquin, Stockton Branch, No. CV021015.  Judge ruled for 
plaintiffs. 

� For plaintiffs, expert witness on NOx emissions and BACT in case alleging failure to obtain 
necessary permits and install controls on gas-fired combined-cycle turbines. Prepared and 
reviewed (applicant analyses) of NOx emissions, BACT analyses (water injection, SCR, ultra 
low NOx burners), and cost-effectiveness analyses based on site visit, plant operating 
records, stack tests, CEMS data, and turbine and catalyst vendor design information.  
Participated in negotiations to scope out consent order. United States v. Nevada Power. Case 
settled June 2007, resulting in installation of dry low NOx burners (5 ppm NOx averaged 
over 1 hr) on four units and a separate solar array at a local business.  

� For plaintiffs, expert witness in appeal of PSD permit issued to 850 MW coal fired boiler 
burning Powder River Basin coal (Iatan Unit 2) on BACT for particulate matter, sulfuric acid 
mist and opacity and emission calculations for alleged historic violations of PSD.  Assisted in 
drafting technical comments, petition for review, discovery requests, and responses to 
discovery requests.  Reviewed produced documents.  Prepared expert report on BACT for 
particulate matter. Assisted with expert depositions. Deposed February 7, 8, 27, 28, 2007.  In 
Re PSD Construction Permit Issued to Great Plains Energy, Kansas City Power & Light – 
Iatan Generating Station, Sierra Club v. Missouri Department of Natural Resources, Great 
Plains Energy, and Kansas City Power & Light. Case settled March 27, 2007, providing 
offsets for over 6 million ton/yr of CO2 and lower NOx and SO2 emission limits.  

� For plaintiffs, expert witness in remedy phase of civil action relating to alleged violations of 
the Clean Air Act, Prevention of Significant Deterioration, for historic modifications of coal-
fired boilers and associated equipment.  Reviewed produced documents, prepared expert 
report on cost to retrofit 24 coal-fired power plants with scrubbers designed to remove 99% 
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of the sulfur dioxide from flue gases.  Prepared supplemental and expert report on cost 
estimates and BACT for SO2 for these 24 complaint units.  Deposed 1/30/07 and 3/14/07.  
United States and State of New York et al. v. American Electric Power, In U.S. District Court 
for the Southern District of Ohio, Eastern Division, Consolidated Civil Action Nos. C2-99-
1182 and C2-99-1250.  Settlement announced 10/9/07. 

� For plaintiffs, expert witness on BACT, enforceability, and alternatives analysis in appeal of 
PSD permit issued for a 270-MW pulverized coal fired boiler burning Powder River Basin 
coal (City Utilities Springfield Unit 2).  Reviewed permitting file and assisted counsel draft 
petition and prepare and respond to interrogatories and document requests. Reviewed 
interrogatory responses and produced documents.  Assisted with expert depositions.  
Deposed August 2005.  Evidentiary hearings October 2005.  In the Matter of Linda 
Chipperfield and Sierra Club v. Missouri Department of Natural Resources. Missouri 
Supreme Court denied review of adverse lower court rulings August 2007. 

� For plaintiffs, expert witness in civil action relating to plume touchdowns at AEP’s Gavin 
coal-fired power plant.  Assisted counsel draft interrogatories and document requests.  
Reviewed responses to interrogatories and produced documents.  Prepared expert report 
“Releases of Sulfuric Acid Mist from the Gavin Power Station.”  The report evaluates 
sulfuric acid mist releases to determine if AEP complied with the requirements of CERCLA 
Section 103(a) and EPCRA Section 304.  This report also discusses the formation, chemistry, 
release characteristics, and abatement of sulfuric acid mist in support of the claim that these 
releases present an imminent and substantial endangerment to public health under Section 
7002(a)(1)(B) of the Resource Conservation and Recovery Act (“RCRA”).  Citizens Against 
Pollution v. Ohio Power Company, In the U.S. District Court for the Southern District of 
Ohio, Eastern Division, Civil Action No. 2-04-cv-371.  Case settled 12-8-06. 

� For petitioners, expert witness in contested case hearing on BACT, enforceability, and 
emission estimates for an air permit issued to a 500-MW supercritical Power River Basin 
coal-fired boiler (Weston Unit 4).  Assisted counsel prepare comments on draft air permit 
and respond to and draft discovery.  Reviewed produced file, deposed (7/05), and prepared 
expert report on BACT and enforceability. Evidentiary hearings September 2005.  In the 
Matter of an Air Pollution Control Construction Permit Issued to Wisconsin Public Service 
Corporation for the Construction and Operation of a 500 MW Pulverized Coal-fired Power 
Plant Known as Weston Unit 4 in Marathon County, Wisconsin, Case No. IH-04-21.  The 
Final Order, issued 2/10/06, lowered the NOx BACT limit from 0.07 lb/MMBtu to 0.06 
lb/MMBtu based on a 30-day average, added a BACT SO2 control efficiency, and required a 
0.0005% high efficiency drift eliminator as BACT for the cooling tower.  The modified 
permit, including these provisions, was issued 3/28/07.  Additional appeals in progress. 

� For plaintiffs, adviser on technical issues related to Citizen Suit against U.S. EPA regarding 
failure to update New Source Performance Standards for petroleum refineries, 40 CFR 60, 
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Subparts J, VV, and GGG.  Our Children’s Earth Foundation and Sierra Club v. U.S. EPA et 
al. Case settled July 2005.  CD No. C 05-00094 CW, U.S. District Court, Northern District of 
California – Oakland Division.  Proposed revisions to standards of performance for 
petroleum refineries published 72 FR 27178 (5/14/07). 

� For interveners, reviewed proposed Consent Decree settling Clean Air Act violations due to 
historic modifications of boilers and associated equipment at two coal-fired power plants.  In 
response to stay order, reviewed the record, selected one representative activity at each of 
seven generating units, and analyzed to identify CAA violations. Identified NSPS and NSR 
violations for NOx, SO2, PM/PM10, and sulfuric acid mist.  Summarized results in an expert 
report. United States of America, and Michael A. Cox, Attorney General of the State of 
Michigan, ex rel. Michigan Department of Environmental Quality, Plaintiffs, and Clean 
Wisconsin, Sierra Club, and Citizens' Utility Board, Intervenors, v. Wisconsin Electric 
Power Company, Defendant, U.S. District Court for the Eastern District of Wisconsin, Civil 
Action No. 2:03-CV-00371-CNC. Order issued 10-1-07 denying petition.  

� For a coalition of Nevada labor organizations (ACE), reviewed preliminary determination to 
issue a Class I Air Quality Operating Permit to Construct and supporting files for a 250-MW 
pulverized coal-fired boiler (Newmont).  Prepared about 100 pages of technical analyses and 
comments on BACT, MACT, emission calculations, and enforceability.  Assisted counsel 
draft petition and reply brief appealing PSD permit to U.S. EPA Environmental Appeals 
Board (EAB).  Order denying review issued 12/21/05.  In re Newmont Nevada Energy 
Investment, LLC, TS Power Plant, PSD Appeal No. 05-04 (EAB 2005). 

� For petitioners and plaintiffs, reviewed and prepared comments on air quality and hazardous 
waste based on negative declaration for refinery ultra low sulfur diesel project located in 
SCAQMD. Reviewed responses to comments and prepared responses.  Prepared declaration 
and presented oral testimony before SCAQMD Hearing Board on exempt sources (cooling 
towers) and calculation of potential to emit under NSR.  Petition for writ of mandate filed 
March 2005.  Case remanded by Court of Appeals to trial court to direct SCAQMD to re-
evaluate the potential environmental significance of NOx emissions resulting from the 
project in accordance with court’s opinion.  California Court of Appeals, Second Appellate 
Division, on December 18, 2007, affirmed in part (as to baseline) and denied in part.  
Communities for a Better Environment v. South Coast Air Quality Management District and 
ConocoPhillips and Carlos Valdez et al v. South Coast Air Quality Management District and 
ConocoPhillips. Certified for partial publication 1/16/08. Appellate Court opinion upheld by 
CA Supreme Court 3/15/10.  (2010) 48 Cal.4th 310.   

� For amici seeking to amend a proposed Consent Decree to settle alleged NSR violations at 
Chevron refineries, reviewed proposed settlement, related files, subject modifications, and 
emission calculations. Prepared declaration on emission reductions, identification of NSR 
and NSPS violations, and BACT/LAER for FCCUs, heaters and boilers, flares, and sulfur 
recovery plants.  U.S. et al. v. Chevron U.S.A., Northern District of California, Case No. C 

Attachment 1 
Page 8 of 36



PHYLLIS FOX, PH.D., PAGE 9 

 

03-04650.  Memorandum and Order Entering Consent Decree issued June 2005.  Case No. C 
03-4650 CRB. 

� For petitioners, prepared declaration on enforceability of periodic monitoring requirements, 
in response to EPA’s revised interpretation of 40 CFR 70.6(c)(1). This revision limited 
additional monitoring required in Title V permits. 69 FR 3203 (Jan. 22, 2004).  
Environmental Integrity Project et al. v. EPA (U.S. Court of Appeals for the District of 
Columbia).  Court ruled the Act requires all Title V permits to contain monitoring 
requirements to assure compliance.  Sierra Club v. EPA, 536 F.3d 673 (D.C. Cir. 2008). 

� For interveners in application for authority to construct a 500 MW supercritical coal-fired 
generating unit before the Wisconsin Public Service Commission, prepared pre-filed written 
direct and rebuttal testimony with oral cross examination and rebuttal on BACT and MACT 
(Weston 4).  Prepared written comments on BACT, MACT, and enforceability on draft air 
permit for same facility. 

� For property owners in Nevada, evaluated the environmental impacts of a 1,450-MW coal-
fired power plant proposed in a rural area adjacent to the Black Rock Desert and Granite 
Range, including emission calculations, air quality modeling, comments on proposed use 
permit to collect preconstruction monitoring data, and coordination with agencies and other 
interested parties.  Project cancelled. 

� For environmental organizations, reviewed draft PSD permit for a 600-MW coal-fired power 
plant in West Virginia (Longview). Prepared comments on permit enforceability; coal 
washing; BACT for SO2 and PM10; Hg MACT; and MACT for HCl, HF, non-Hg metallic 
HAPs, and enforceability. Assist plaintiffs draft petition appealing air permit. Retained as 
expert to develop testimony on MACT, BACT, offsets, enforceability. Participate in 
settlement discussions.  Case settled July 2004. 

� For petitioners, reviewed record produced in discovery and prepared affidavit on emissions 
of carbon monoxide and volatile organic compounds during startup of GE 7FA combustion 
turbines to successfully establish plaintiff standing.  Sierra Club et al. v. Georgia Power 
Company (Northern District of Georgia).   

� For building trades, reviewed air quality permitting action for 1500-MW coal-fired power 
plant before the Kentucky Department for Environmental Protection (Thoroughbred).  

� For petitioners, expert witness in administrative appeal of the PSD/Title V permit issued to a 
1500-MW coal-fired power plant. Reviewed over 60,000 pages of produced documents, 
prepared discovery index, identified and assembled plaintiff exhibits.  Deposed.  Assisted 
counsel in drafting discovery requests, with over 30 depositions, witness cross examination, 
and brief drafting.  Presented over 20 days of direct testimony, rebuttal and sur-rebuttal, with 
cross examination on BACT for NOx, SO2, and PM/PM10; MACT for Hg and non-Hg 
metallic HAPs; emission estimates for purposes of Class I and II air modeling; risk 
assessment; and enforceability of permit limits. Evidentiary hearings from November 2003 to 
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June 2004.  Sierra Club et al. v. Natural Resources & Environmental Protection Cabinet, 
Division of Air Quality and Thoroughbred Generating Company et al. Hearing Officer 
Decision issued August 9, 2005 finding in favor of plaintiffs on counts as to risk, BACT 
(IGCC/CFB, NOx, SO2, Hg, Be), single source, enforceability, and errors and omissions.  
Assist counsel draft exceptions. Cabinet Secretary issued Order April 11, 2006 denying 
Hearing Offer’s report, except as to NOx BACT, Hg, 99% SO2 control and certain errors and 
omissions. 

� For citizens group in Massachusetts, reviewed, commented on, and participated in permitting 
of pollution control retrofits of coal-fired power plant (Salem Harbor). 

� Assisted citizens group and labor union challenge issuance of conditional use permit for a 
317,000 ft2 discount store in Honolulu without any environmental review.  In support of a motion 
for preliminary injunction, prepared 7-page declaration addressing public health impacts of 
diesel exhaust from vehicles serving the Project. In preparation for trial, prepared 20-page 
preliminary expert report summarizing results of diesel exhaust and noise measurements at two 
big box retail stores in Honolulu, estimated diesel PM10 concentrations for Project using ISCST, 
prepared a cancer health risk assessment based on these analyses, and evaluated noise impacts.   

� Assisted environmental organizations to challenge the DOE Finding of No Significant Impact 
(FONSI) for the Baja California Power and Sempra Energy Resources Cross-Border 
Transmissions Lines in the U.S. and four associated power plants located in Mexico (DOE EA-
1391).  Prepared 20-page declaration in support of motion for summary judgment addressing 
emissions, including CO2 and NH3, offsets, BACT, cumulative air quality impacts, alternative 
cooling systems, and water use and water quality impacts.  Plaintiff’s motion for summary 
judgment granted in part.  U.S. District Court, Southern District decision concluded that the 
Environmental Assessment and FONSI violated NEPA and the APA due to their inadequate 
analysis of the potential controversy surrounding the project, water impacts, impacts from NH3 
and CO2, alternatives, and cumulative impacts.  Border Power Plant Working Group v. 
Department of Energy and Bureau of Land Management, Case No. 02-CV-513-IEG (POR) (May 
2, 2003). 

� For Sacramento school, reviewed draft air permit issued for diesel generator located across from 
playfield.  Prepared comments on emission estimates, enforceability, BACT, and health impacts 
of diesel exhaust.  Case settled.  BUG trap installed on the diesel generator. 

�  Assisted unions in appeal of Title V permit issued by BAAQMD to carbon plant that 
manufactured coke.  Reviewed District files, identified historic modifications that should 
have triggered PSD review, and prepared technical comments on Title V permit.  Reviewed 
responses to comments and assisted counsel draft appeal to BAAQMD hearing board, 
opening brief, motion to strike, and rebuttal brief.  Case settled. 

� Assisted California Central Coast city obtain controls on a proposed new city that would 
straddle the Ventura-Los Angeles County boundary.  Reviewed several environmental 
impact reports, prepared an air quality analysis, a diesel exhaust health risk assessment, and 
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detailed review comments.  Governor intervened and State dedicated the land for 
conservation purposes April 2004. 

� Assisted Central California city to obtain controls on large alluvial sand quarry and asphalt 
plant proposing a modernization.  Prepared comments on Negative Declaration on air 
quality, public health, noise, and traffic. Evaluated process flow diagrams and engineering 
reports to determine whether proposed changes increased plant capacity or substantially 
modified plant operations.  Prepared comments on application for categorical exemption 
from CEQA.  Presented testimony to County Board of Supervisors.  Developed controls to 
mitigate impacts. Assisted counsel draft Petition for Writ. Case settled June 2002.  
Substantial improvements in plant operations were obtained including cap on throughput, 
dust control measures, asphalt plant loadout enclosure, and restrictions on truck routes. 

� Assisted oil companies on the California Central Coast in defending class action citizen’s 
lawsuit alleging health effects due to emissions from gas processing plant and leaking 
underground storage tanks.  Reviewed regulatory and other files and advised counsel on 
merits of case.  Case settled November 2001. 

� Assisted oil company on the California Central Coast in defending property damage claims 
arising out of a historic oil spill.  Reviewed site investigation reports, pump tests, leachability 
studies, and health risk assessments, participated in design of additional site characterization 
studies to assess health impacts, and advised counsel on merits of case.  Prepare health risk 
assessment. 

� Assisted unions in appeal of Initial Study/Negative Declaration ("IS/ND") for an MTBE 
phaseout project at a Bay Area refinery.  Reviewed IS/ND and supporting agency permitting 
files and prepared technical comments on air quality, groundwater, and public health 
impacts.  Reviewed responses to comments and final IS/ND and ATC permits and assisted 
counsel to draft petitions and briefs appealing decision to Air District Hearing Board.  
Presented sworn direct and rebuttal testimony with cross examination on groundwater 
impacts of ethanol spills on hydrocarbon contamination at refinery. Hearing Board ruled 5 to 
0 in favor of appellants, remanding ATC to district to prepare an EIR. 

� Assisted Florida cities in challenging the use of diesel and proposed BACT determinations in 
prevention of significant deterioration (PSD) permits issued to two 510-MW simple cycle 
peaking electric generating facilities and one 1,080-MW simple cycle/combined cycle 
facility.  Reviewed permit applications, draft permits, and FDEP engineering evaluations, 
assisted counsel in drafting petitions and responding to discovery.  Participated in settlement 
discussions.  Cases settled or applications withdrawn. 

� Assisted large California city in federal lawsuit alleging peaker power plant was violating its 
federal permit.  Reviewed permit file and applicant's engineering and cost feasibility study to 
reduce emissions through retrofit controls.  Advised counsel on feasible and cost-effective 
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NOx, SOx, and PM10 controls for several 1960s diesel-fired Pratt and Whitney peaker 
turbines.  Case settled. 

� Assisted coalition of Georgia environmental groups in evaluating BACT determinations and 
permit conditions in PSD permits issued to several large natural gas-fired simple cycle and 
combined-cycle power plants.  Prepared technical comments on draft PSD permits on BACT, 
enforceability of limits, and toxic emissions.  Reviewed responses to comments,  advised 
counsel on merits of cases, participated in settlement discussions, presented oral and written 
testimony in adjudicatory hearings, and provided technical assistance as required.  Cases 
settled or won at trial. 

� Assisted construction unions in review of air quality permitting actions before the Indiana 
Department of Environmental Management ("IDEM") for several natural gas-fired simple 
cycle peaker and combined cycle power plants. 

� Assisted coalition of towns and environmental groups in challenging air permits issued to 
523 MW dual fuel (natural gas and distillate) combined-cycle power plant in Connecticut.  
Prepared technical comments on draft permits and 60 pages of written testimony addressing 
emission estimates, startup/shutdown issues, BACT/LAER analyses, and toxic air emissions. 
Presented testimony in adjudicatory administrative hearings before the Connecticut 
Department of Environmental Protection in June 2001 and December 2001. 

� Assisted various coalitions of unions, citizens groups, cities, public agencies, and developers 
in licensing and permitting of over 110 coal, gas, oil, biomass, and pet coke-fired power 
plants generating over 75,000 MW of electricity.  These included base-load, combined cycle, 
simple cycle, and peaker power plants in Alaska, Arizona, Arkansas, California, Colorado, 
Georgia, Florida, Illinois, Indiana, Kentucky, Michigan, Missouri, Ohio, Oklahoma, Oregon, 
Texas, West Virginia, Wisconsin, and elsewhere. Prepared analyses of and comments on 
applications for certification, preliminary and final staff assessments, and various air, water, 
wastewater, and solid waste permits issued by local agencies.  Presented written and oral 
testimony before various administrative bodies on hazards of ammonia use and 
transportation, health effects of air emissions, contaminated property issues, BACT/LAER 
issues related to SCR and SCONOx, criteria and toxic pollutant emission estimates, MACT 
analyses, air quality modeling, water supply and water quality issues, and methods to reduce 
water use, including dry cooling, parallel dry-wet cooling, hybrid cooling, and zero liquid 
discharge systems. 

� Assisted unions, cities, and neighborhood associations in challenging an EIR issued for the 
proposed expansion of the Oakland Airport.  Reviewed two draft EIRs and prepared a health 
risk assessment and extensive technical comments on air quality and public health impacts.  
The California Court of Appeals, First Appellate District, ruled in favor of appellants and 
plaintiffs, concluding that the EIR "2) erred in using outdated information in assessing the 
emission of toxic air contaminants (TACs) from jet aircraft; 3) failed to support its decision 
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not to evaluate the health risks associated with the emission of TACs with meaningful 
analysis," thus accepting my technical arguments and requiring the Port to prepare a new 
EIR.  See Berkeley Keep Jets Over the Bay Committee, City of San Leandro, and City of 
Alameda et al. v. Board of Port Commissioners (August 30, 2001) 111 Cal.Rptr.2d 598. 

� Assisted lessor of former gas station with leaking underground storage tanks and TCE 
contamination from adjacent property.  Lessor held option to purchase, which was forfeited 
based on misrepresentation by remediation contractor as to nature and extent of 
contamination.  Remediation contractor purchased property.  Reviewed regulatory agency 
files and advised counsel on merits of case.  Case not filed. 

� Advised counsel on merits of several pending actions, including a Proposition 65 case 
involving groundwater contamination at an explosives manufacturing firm and two former 
gas stations with leaking underground storage tanks. 

� Assisted defendant foundry in Oakland in a lawsuit brought by neighbors alleging property 
contamination, nuisance, trespass, smoke, and health effects from foundry operation.  
Inspected and sampled plaintiff's property.  Advised counsel on merits of case. Case settled. 

� Assisted business owner facing eminent domain eviction.  Prepared technical comments on a 
negative declaration for soil contamination and public health risks from air emissions from a 
proposed redevelopment project in San Francisco in support of a CEQA lawsuit.  Case 
settled. 

� Assisted neighborhood association representing residents living downwind of a Berkeley 
asphalt plant in separate nuisance and CEQA lawsuits.  Prepared technical comments on air 
quality, odor, and noise impacts, presented testimony at commission and council meetings, 
participated in community workshops, and participated in settlement discussions. Cases 
settled. Asphalt plant was upgraded to include air emission and noise controls, including 
vapor collection system at truck loading station, enclosures for noisy equipment, and 
improved housekeeping. 

� Assisted a Fortune 500 residential home builder in claims alleging health effects from faulty 
installation of gas appliances.  Conducted indoor air quality study, advised counsel on merits 
of case, and participated in discussions with plaintiffs.  Case settled. 

� Assisted property owners in Silicon Valley in lawsuit to recover remediation costs from 
insurer for large TCE plume originating from a manufacturing facility.  Conducted 
investigations to demonstrate sudden and accidental release of TCE, including groundwater 
modeling, development of method to date spill, preparation of chemical inventory, 
investigation of historical waste disposal practices and standards, and on-site sewer and 
storm drainage inspections and sampling.  Prepared declaration in opposition to motion for 
summary judgment.  Case settled. 
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� Assisted residents in east Oakland downwind of a former battery plant in class action lawsuit 
alleging property contamination from lead emissions.  Conducted historical research and dry 
deposition modeling that substantiated claim.  Participated in mediation at JAMS.  Case 
settled. 

� Assisted property owners in West Oakland who purchased a former gas station that had 
leaking underground storage tanks and groundwater contamination.  Reviewed agency files 
and advised counsel on merits of case.  Prepared declaration in opposition to summary 
judgment.  Prepared cost estimate to remediate site.  Participated in settlement discussions. 
Case settled. 

� Consultant to counsel representing plaintiffs in two Clean Water Act lawsuits involving 
selenium discharges into San Francisco Bay from refineries.  Reviewed files and advised 
counsel on merits of case. Prepared interrogatory and discovery questions, assisted in 
deposing opposing experts, and reviewed and interpreted treatability and other technical 
studies.  Judge ruled in favor of plaintiffs. 

� Assisted oil company in a complaint filed by a resident of a small California beach 
community alleging that discharges of tank farm rinse water into the sanitary sewer system 
caused hydrogen sulfide gas to infiltrate residence, sending occupants to hospital.  Inspected 
accident site, interviewed parties to the event, and reviewed extensive agency files related to 
incident.  Used chemical analysis, field simulations, mass balance calculations, sewer 
hydraulic simulations with SWMM44, atmospheric dispersion modeling with SCREEN3, 
odor analyses, and risk assessment calculations to demonstrate that the incident was caused 
by a faulty drain trap and inadequate slope of sewer lateral on resident's property.  Prepared a 
detailed technical report summarizing these studies.  Case settled. 

� Assisted large West Coast city in suit alleging that leaking underground storage tanks on city 
property had damaged the waterproofing on downgradient building, causing leaks in an 
underground parking structure.  Reviewed subsurface hydrogeologic investigations and 
evaluated studies conducted by others documenting leakage from underground diesel and 
gasoline tanks.  Inspected, tested, and evaluated waterproofing on subsurface parking 
structure.  Waterproofing was substandard.  Case settled. 

� Assisted residents downwind of gravel mine and asphalt plant in Siskiyou County, 
California, in suit to obtain CEQA review of air permitting action.  Prepared two declarations 
analyzing air quality and public health impacts. Judge ruled in favor of plaintiffs, closing 
mine and asphalt plant. 

� Assisted defendant oil company on the California Central Coast in class action lawsuit 
alleging property damage and health effects from subsurface petroleum contamination.  
Reviewed documents, prepared risk calculations, and advised counsel on merits of case.  
Participated in settlement discussions.  Case settled. 
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� Assisted defendant oil company in class action lawsuit alleging health impacts from 
remediation of petroleum contaminated site on California Central Coast.  Reviewed 
documents, designed and conducted monitoring program, and participated in settlement 
discussions.  Case settled. 

� Consultant to attorneys representing irrigation districts and municipal water districts to 
evaluate a potential challenge of USFWS actions under CVPIA section 3406(b)(2).  
Reviewed agency files and collected and analyzed hydrology, water quality, and fishery data. 
 Advised counsel on merits of case.  Case not filed. 

� Assisted residents downwind of a Carson refinery in class action lawsuit involving soil and 
groundwater contamination, nuisance, property damage, and health effects from air 
emissions. Reviewed files and provided advise on contaminated soil and groundwater, toxic 
emissions, and health risks.  Prepared declaration on refinery fugitive emissions.  Prepared 
deposition questions and reviewed deposition transcripts on air quality, soil contamination, 
odors, and health impacts.  Case settled. 

� Assisted residents downwind of a Contra Costa refinery who were affected by an accidental 
release of naphtha.  Characterized spilled naphtha, estimated emissions, and modeled 
ambient concentrations of hydrocarbons and sulfur compounds.  Deposed.  Presented 
testimony in binding arbitration at JAMS.  Judge found in favor of plaintiffs. 

� Assisted residents downwind of Contra Costa County refinery in class action lawsuit alleging 
property damage, nuisance, and health effects from several large accidents as well as routine 
operations.  Reviewed files and prepared analyses of environmental impacts.  Prepared 
declarations, deposed, and presented testimony before jury in one trial and judge in second. 
Case settled. 

� Assisted business owner claiming damages from dust, noise, and vibration during a sewer 
construction project in San Francisco.  Reviewed agency files and PM10 monitoring data and 
advised counsel on merits of case.  Case settled. 

� Assisted residents downwind of Contra Costa County refinery in class action lawsuit alleging 
property damage, nuisance, and health effects. Prepared declaration in opposition to 
summary judgment, deposed, and presented expert testimony on accidental releases, odor, 
and nuisance before jury.  Case thrown out by judge, but reversed on appeal and not retried. 

� Presented testimony in small claims court on behalf of residents claiming health effects from 
hydrogen sulfide from flaring emissions triggered by a power outage at a Contra Costa 
County refinery.  Analyzed meteorological and air quality data and evaluated potential health 
risks of exposure to low concentrations of hydrogen sulfide.  Judge awarded damages to 
plaintiffs. 

� Assisted construction unions in challenging PSD permit for an Indiana steel mill. Prepared 
technical comments on draft PSD permit, drafted 70-page appeal of agency permit action to 
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the Environmental Appeals Board challenging permit based on faulty BACT analysis for 
electric arc furnace and reheat furnace and faulty permit conditions, among others, and 
drafted briefs responding to four parties.  EPA Region V and the EPA General Counsel 
intervened as amici, supporting petitioners.  EAB ruled in favor of petitioners, remanding 
permit to IDEM on three key issues, including BACT for the reheat furnace and lead 
emissions from the EAF. Drafted motion to reconsider three issues.  Prepared 69 pages of 
technical comments on revised draft PSD permit. Drafted second EAB appeal addressing 
lead emissions from the EAF and BACT for reheat furnace based on European experience 
with SCR/SNCR. Case settled.  Permit was substantially improved. See In re: Steel 
Dynamics, Inc., PSD Appeal Nos. 99-4 & 99-5 (EAB June 22, 2000). 

� Assisted defendant urea manufacturer in Alaska in negotiations with USEPA to seek relief 
from penalties for alleged violations of the Clean Air Act.  Reviewed and evaluated 
regulatory files and monitoring data, prepared technical analysis demonstrating that permit 
limits were not violated, and participated in negotiations with EPA to dismiss action.  Fines 
were substantially reduced and case closed. 

� Assisted construction unions in challenging PSD permitting action for an Indiana grain mill. 
Prepared technical comments on draft PSD permit and assisted counsel draft appeal of 
agency permit action to the Environmental Appeals Board challenging permit based on faulty 
BACT analyses for heaters and boilers and faulty permit conditions, among others.  Case 
settled. 

� As part of a consent decree settling a CEQA lawsuit, assisted neighbors of a large west coast 
port in negotiations with port authority to secure mitigation for air quality impacts.  Prepared 
technical comments on mobile source air quality impacts and mitigation and negotiated a $9 
million CEQA mitigation package.  Represented neighbors on technical advisory committee 
established by port to implement the air quality mitigation program.  Program successfully 
implemented. 

� Assisted construction unions in challenging permitting action for a California hazardous 
waste incinerator. Prepared technical comments on draft permit, assisted counsel prepare 
appeal of EPA permit to the Environmental Appeals Board. Participated in settlement 
discussions on technical issues with applicant and EPA Region 9.  Case settled. 

� Assisted environmental group in challenging DTSC Negative Declaration on a hazardous 
waste treatment facility.  Prepared technical comments on risk of upset, water, and health 
risks.  Writ of mandamus issued. 

� Assisted several neighborhood associations and cities impacted by quarries, asphalt plants, 
and cement plants in Alameda, Shasta, Sonoma, and Mendocino counties in obtaining 
mitigations for dust, air quality, public health, traffic, and noise impacts from facility 
operations and proposed expansions. 
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� For over 100 industrial facilities, commercial/campus, and redevelopment projects, 
developed the record in preparation for CEQA and NEPA lawsuits. Prepared technical 
comments on hazardous materials, solid wastes, public utilities, noise, worker safety, air 
quality, public health, water resources, water quality, traffic, and risk of upset sections of 
EIRs, EISs, FONSIs, initial studies, and negative declarations.  Assisted counsel in drafting 
petitions and briefs and prepared declarations. 

� For several large commercial development projects and airports, assisted applicant and 
counsel prepare defensible CEQA documents, respond to comments, and identify and 
evaluate "all feasible" mitigation to avoid CEQA challenges.  This work included developing 
mitigation programs to reduce traffic-related air quality impacts based on energy 
conservation programs, solar, low-emission vehicles, alternative fuels, exhaust treatments, 
and transportation management associations. 

 

SITE INVESTIGATION/REMEDIATION/CLOSURE 

� Technical manager and principal engineer for characterization, remediation, and closure of 
waste management units at former Colorado oil shale plant.  Constituents of concern 
included BTEX, As, 1,1,1-TCA, and TPH.  Completed groundwater monitoring programs, 
site assessments, work plans, and closure plans for seven process water holding ponds, a 
refinery sewer system, and processed shale disposal area.  Managed design and construction 
of groundwater treatment system and removal actions and obtained clean closure. 

� Principal engineer for characterization, remediation, and closure of process water ponds at a 
former lanthanide processing plant in Colorado. Designed and implemented groundwater 
monitoring program and site assessments and prepared closure plan. 

� Advised the city of Sacramento on redevelopment of two former railyards.  Reviewed work 
plans, site investigations, risk assessment, RAPS, RI/FSs, and CEQA documents.  
Participated in the development of mitigation strategies to protect construction and utility 
workers and the public during remediation, redevelopment, and use of the site, including 
buffer zones, subslab venting, rail berm containment structure, and an environmental 
oversight plan. 

� Provided technical support for the investigation of a former sanitary landfill that was 
redeveloped as single family homes.  Reviewed and/or prepared portions of numerous 
documents, including health risk assessments, preliminary endangerment assessments, site 
investigation reports, work plans, and RI/FSs. Historical research to identify historic waste 
disposal practices to prepare a preliminary endangerment assessment. Acquired, reviewed, 
and analyzed the files of 18 federal, state, and local agencies, three sets of construction field 
notes, analyzed 21 aerial photographs and interviewed 14 individuals associated with 
operation of former landfill.  Assisted counsel in defending lawsuit brought by residents 
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alleging health impacts and diminution of property value due to residual contamination.  
Prepared summary reports. 

� Technical oversight of characterization and remediation of a nitrate plume at an explosives 
manufacturing facility in Lincoln, CA.  Provided interface between owners and consultants. 
Reviewed site assessments, work plans, closure plans, and RI/FSs. 

� Consultant to owner of large western molybdenum mine proposed for NPL listing.  
Participated in negotiations to scope out consent order and develop scope of work.  
Participated in studies to determine premining groundwater background to evaluate 
applicability of water quality standards.  Served on technical committees to develop 
alternatives to mitigate impacts and close the facility, including resloping and grading, 
various thickness and types of covers, and reclamation. This work included developing and 
evaluating methods to control surface runoff and erosion, mitigate impacts of acid rock 
drainage on surface and ground waters, and stabilize nine waste rock piles containing 328 
million tons of pyrite-rich, mixed volcanic waste rock (andesites, rhyolite, tuff). Evaluated 
stability of waste rock piles.  Represented client in hearings and meetings with state and 
federal oversight agencies. 

 

REGULATORY (PARTIAL LIST) 

� In July 2013, prepared technical report on fugitive particulate matter emissions from coal 
train staging at the proposed Coyote Island Terminal, Oregon, for draft Permit No. 25-0015-
ST-01. 

� In July 2013, prepared technical comments on air quality impacts of the Finger Lakes LPG 
Storage Facility as reported in various Environmental Impact Statements. 

� In June 2013, prepared technical report on a Mitigated Negative Declaration for a new rail 
terminal at the Valero Benicia Refinery to import increased amounts of "North American" 
crudes in.  Comments addressed air quality impacts of refining increased amounts of tar 
sands crudes. 

� In May 2013, prepared comments on draft PSD permit for major expansion of midwest 
refinery to process 100% tar sands crudes, including a complex netting analysis involving 
debottlenecking and piecemealing and BACT analyses. 

� In April 2013, prepared technical report on the Draft Supplemental Environmental Impact 
Statement (DSEIS) for the Keystone XL Pipeline on air quality impacts from refining 
increased amount of tar sands crudes at Refineries in PADD 3. 

� In October 2012, prepared technical report on the Environmental Review for the Coyote 
Island Terminal Dock at the Port of Morrow on fugitive particulate matter emissions. 
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� Prepared cost analyses and comments on New York’s proposed BART determinations for 
NOx, SO2, and PM and EPA’s proposed approval of BART determinations for Danskammer 
Generating Station under New York Regional Haze State Implementation Plan and Federal 
Implementation Plan, 77 FR 51915 (August 28, 2012). 

� Prepared cost analyses and comments on NOx BART determinations for Regional Haze 
State Implementation Plan for State of Nevada, 77 FR 23191 (April 18, 2012) and 77 FR 
25660 (May 1, 2012). 

� Prepared analyses of and comments on New Source Performance Standards for Greenhouse 
Gas Emissions for New Stationary Sources: Electric Utility Generating Units, 77 FR 22392 
(April 13, 2012). 

� Prepared comments on CASPR-BART emission equivalency and NOx and PM BART 
determinations in EPA proposed approval of State Implementation Plan for Pennsylvania 
Regional Haze Implementation Plan, 77 FR 3984 (January 26, 2012). 

� Prepared comments and statistical analyses on hazardous air pollutants (HAPs) emission 
controls, monitoring, compliance methods, and the use of surrogates for acid gases, organic 
HAPs, and metallic HAPs for proposed National Emission Standards for Hazardous Air 
Pollutants from Coal- and Oil-Fired Electric Utility Steam Generating Units, 76 FR 24976 
(May 3, 2011). 

� Prepared  cost analyses and comments on NOx BART determinations and emission 
reductions for proposed Federal Implementation Plan for Four Corners Power Plant, 75 FR 
64221 (October 19, 2010). 

� Prepared cost analyses and comments on NOx BART determinations for Colstrip Units 1- 4 
for Montana State Implementation Plan and Regional Haze Federal Implementation Plan, 77 
FR 23988 (April 20, 2010).  

� For EPA Region 8, prepared report: Revised BART Cost Effectiveness Analysis for Tail-End 
Selective Catalytic Reduction at the Basin Electric Power Cooperative Leland Olds Station 
Unit 2 Final Report, March 2011, in support of 76 FR 58570 (Sept. 21, 2011). 

� For EPA Region 6, prepared report: Revised BART Cost-Effectiveness Analysis for 
Selective Catalytic Reduction at the Public Service Company of New Mexico San Juan 
Generating Station, November 2010, in support of 76 FR 52388 (Aug. 22, 2011). 

� For EPA Region 6, prepared report: Revised BART Cost-Effectiveness Analysis for Flue Gas 
Desulfurization at Coal-Fired Electric Generating Units in Oklahoma: Sooner Units 1 & 2, 
Muskogee Units 4 & 5, Northeastern Units 3 &4, October 2010, in support of 76 FR 16168 
(March 26, 2011).  My work was upheld in: State of Oklahoma v. EPA, App. Case 12-9526 
(10th Cri. July 19, 2013). 

Attachment 1 
Page 19 of 36



PHYLLIS FOX, PH.D., PAGE 20 

 

� Identified errors in N2O emission factors in the Mandatory Greenhouse Gas Reporting Rule, 
40 CFR 98, and prepared technical analysis to support Petition for Rulemaking to Correct 
Emissions Factors in the Mandatory Greenhouse Gas Reporting Rule, filed with EPA on 
10/28/10. 

� Assist interested parties develop input for and prepare comments on the Information 
Collection Request for Petroleum Refinery Sector NSPS and NESHAP Residual Risk and 
Technology Review, 75 FR 60107 (9/29/10). 

� Technical reviewer of EPA's "Emission Estimation Protocol for Petroleum Refineries," 
posted for public comments on CHIEF on 12/23/09, prepared in response to the City of 
Houston's petition under the Data Quality Act (March 2010). 

� Prepared comments on SCR cost effectiveness for EPA's Advanced Notice of Proposed 
Rulemaking, Assessment of Anticipated Visibility Improvements at Surrounding Class I 
Areas and Cost Effectiveness of Best Available Retrofit Technology for Four Corners Power 
Plant and Navajo Generating Station, 74 FR 44313 (August 28, 2009). 

� Prepared comments on Proposed Rule for Standards of Performance for Coal Preparation and 
Processing Plants, 74 FR 25304 (May 27, 2009). 

� Prepared comments on draft PSD permit for major expansion of midwest refinery to process 
up to 100% tar sands crudes. Participated in development of monitoring and controls to 
mitigate impacts and in negotiating a Consent Decree to settle claims in 2008. 

� Reviewed and assisted interested parties prepare comments on proposed Kentucky air toxic 
regulations at 401 KAR 64:005, 64:010, 64:020, and 64:030 (June 2007). 

� Prepared comments on proposed Standards of Performance for Electric Utility Steam 
Generating Units and Small Industrial-Commercial-Industrial Steam Generating Units, 70 
FR 9706 (February 28, 2005). 

� Prepared comments on Louisville Air Pollution Control District proposed Strategic Toxic Air 
Reduction regulations. 

� Prepared comments and analysis of BAAQMD Regulation, Rule 11, Flare Monitoring at 
Petroleum Refineries. 

� Prepared comments on Proposed National Emission Standards for Hazardous Air Pollutants; 
and, in the Alternative, Proposed Standards of Performance for New and Existing Stationary 
Sources: Electricity Utility Steam Generating Units (MACT standards for coal-fired power 
plants). 

� Prepared Authority to Construct Permit for remediation of a large petroleum-contaminated 
site on the California Central Coast.  Negotiated conditions with agencies and secured 
permits. 
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� Prepared Authority to Construct Permit for remediation of a former oil field on the California 
Central Coast. Participated in negotiations with agencies and secured permits. 

� Prepared and/or reviewed hundreds of environmental permits, including NPDES, UIC, 
Stormwater, Authority to Construct, Prevention of Significant Deterioration, Nonattainment 
New Source Review, Title V, and RCRA, among others.  

� Participated in the development of the CARB document, Guidance for Power Plant Siting 
and Best Available Control Technology, including attending public workshops and filing 
technical comments. 

� Performed data analyses in support of adoption of emergency power restoration standards by 
the California Public Utilities Commission for “major” power outages, where major is an 
outage that simultaneously affects 10% of the customer base. 

� Drafted portions of the Good Neighbor Ordinance to grant Contra Costa County greater 
authority over safety of local industry, particularly chemical plants and refineries. 

� Participated in drafting BAAQMD Regulation 8, Rule 28, Pressure Relief  Devices, 
including participation in public workshops, review of staff reports, draft rules and other 
technical materials, preparation of technical comments on staff proposals, research on 
availability and costs of methods to control PRV releases, and negotiations with staff. 

� Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors, 
including participation in public workshops, review of staff reports, proposed rules and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and cost of low-leak technology, and negotiations with staff. 

� Participated in amending BAAQMD Regulation 8, Rule 25, Pumps and Compressors, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and costs of low-leak and seal-less technology, and negotiations with staff. 

� Participated in amending BAAQMD Regulation 8, Rule 5, Storage of Organic Liquids, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and costs of controlling tank emissions, and presentation of testimony before 
the Board. 

� Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors at 
Petroleum Refinery Complexes, including participation in public workshops, review of staff 
reports, proposed rules and other supporting technical material, preparation of technical 
comments on staff proposals, research on availability and costs of low-leak technology, and 
presentation of testimony before the Board. 
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� Participated in amending BAAQMD Regulation 8, Rule 22, Valves and Flanges at Chemical 
Plants, etc, including participation in public workshops, review of staff reports, proposed 
rules, and other supporting technical material, preparation of technical comments on staff 
proposals, research on availability and costs of low-leak technology, and presentation of 
testimony before the Board. 

� Participated in amending BAAQMD Regulation 8, Rule 25, Pump and Compressor Seals, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability of low-leak technology, and presentation of testimony before the Board. 

� Participated in the development of the BAAQMD Regulation 2, Rule 5, Toxics, including 
participation in public workshops, review of staff proposals, and preparation of technical 
comments. 

� Participated in the development of SCAQMD Rule 1402, Control of Toxic Air Contaminants 
from Existing Sources, and proposed amendments to Rule 1401, New Source Review of 
Toxic Air Contaminants, in 1993, including review of staff proposals and preparation of 
technical comments on same. 

� Participated in the development of the Sunnyvale Ordinance to Regulate the Storage, Use 
and Handling of Toxic Gas, which was designed to provide engineering controls for gases 
that are not otherwise regulated by the Uniform Fire Code. 

� Participated in the drafting of the Statewide Water Quality Control Plans for Inland Surface 
Waters and Enclosed Bays and Estuaries, including participation in workshops, review of 
draft plans, preparation of technical comments on draft plans, and presentation of testimony 
before the SWRCB. 

� Participated in developing Se permit effluent limitations for the five Bay Area refineries,  
including review of staff proposals, statistical analyses of Se effluent data, review of 
literature on aquatic toxicity of Se, preparation of technical comments on several staff 
proposals, and presentation of testimony before the Bay Area RWQCB. 

� Represented the California Department of Water Resources in the 1991 Bay-Delta Hearings 
before the State Water Resources Control Board, presenting sworn expert testimony with 
cross examination and rebuttal on a striped bass model developed by the California 
Department of Fish and Game. 

� Represented the State Water Contractors in the 1987 Bay-Delta Hearings before the State 
Water Resources Control Board, presenting sworn expert testimony with cross examination 
and rebuttal on natural flows, historical salinity trends in San Francisco Bay, Delta outflow, 
and hydrodynamics of the South Bay. 

� Represented interveners in the licensing of over 20 natural-gas-fired power plants and one 
coal gasification plant at the California Energy Commission and elsewhere.  Reviewed and 
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prepared technical comments on applications for certification, preliminary staff assessments, 
final staff assessments, preliminary determinations of compliance, final determinations of 
compliance, and prevention of significant deterioration permits in the areas of air quality, 
water supply, water quality, biology, public health, worker safety, transportation, site 
contamination, cooling systems, and hazardous materials.  Presented written and oral 
testimony in evidentiary hearings with cross examination and rebuttal.  Participated in 
technical workshops. 

� Represented several parties in the proposed merger of San Diego Gas & Electric and 
Southern California Edison.  Prepared independent technical analyses on health risks, air 
quality, and water quality.  Presented written and oral testimony before the Public Utilities 
Commission administrative law judge with cross examination and rebuttal. 

� Represented a PRP in negotiations with local health and other agencies to establish impact of 
subsurface contamination on overlying residential properties.  Reviewed health studies 
prepared by agency consultants and worked with agencies and their consultants to evaluate 
health risks. 

WATER QUALITY/RESOURCES 

� Directed and participated in research on environmental impacts of energy development in the 
Colorado River Basin, including contamination of surface and subsurface waters and 
modeling of flow and chemical transport through fractured aquifers. 

� Played a major role in Northern California water resource planning studies since the early 
1970s.  Prepared portions of the Basin Plans for the Sacramento, San Joaquin, and Delta 
basins including sections on water supply, water quality, beneficial uses, waste load 
allocation, and agricultural drainage. Developed water quality models for the Sacramento 
and San Joaquin Rivers. 

� Conducted hundreds of studies over the past 40 years on Delta water supplies and the 
impacts of exports from the Delta on water quality and biological resources of the Central 
Valley, Sacramento-San Joaquin Delta, and San Francisco Bay.  Typical examples include: 

1. Evaluate historical trends in salinity, temperature, and flow in San Francisco Bay 
and upstream rivers to determine impacts of water exports on the estuary;  

2. Evaluate the role of exports and natural factors on the food web by exploring the 
relationship between salinity and primary productivity in San Francisco Bay, 
upstream rivers, and ocean; 

3. Evaluate the effects of exports, other in-Delta, and upstream factors on the 
abundance of salmon and striped bass;  

4. Review and critique agency fishery models that link water exports with the 
abundance of striped bass and salmon;  
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5. Develop a model based on GLMs to estimate the relative impact of exports, 
water facility operating variables, tidal phase, salinity, temperature, and other 
variables on the survival of salmon smolts as they migrate through the Delta; 

6. Reconstruct the natural hydrology of the Central Valley using water balances, 
vegetation mapping, reservoir operation models to simulate flood basins, 
precipitation records, tree ring research, and historical research; 

7. Evaluate the relationship between biological indicators of estuary health and 
down-estuary position of a salinity surrogate (X2);   

8. Use real-time fisheries monitoring data to quantify impact of exports on fish 
migration;  

9. Refine/develop statistical theory of autocorrelation and use to assess strength of 
relationships between biological and flow variables; 

10. Collect, compile, and analyze water quality and toxicity data for surface waters in 
the Central Valley to assess the role of water quality in fishery declines;  

11. Assess mitigation measures, including habitat restoration and changes in water 
project operation, to minimize fishery impacts;  

12. Evaluate the impact of unscreened agricultural water diversions on abundance of 
larval fish;  

13. Prepare and present testimony on the impacts of water resources development on 
Bay hydrodynamics, salinity, and temperature in water rights hearings;   

14. Evaluate the impact of boat wakes on shallow water habitat, including 
interpretation of historical aerial photographs; 

15. Evaluate the hydrodynamic and water quality impacts of converting Delta islands 
into reservoirs;  

16. Use a hydrodynamic model to simulate the distribution of larval fish in a tidally 
influenced estuary; 

17. Identify and evaluate non-export factors that may have contributed to fishery 
declines, including predation, shifts in oceanic conditions, aquatic toxicity from 
pesticides and mining wastes, salinity intrusion from channel dredging, loss of 
riparian and marsh habitat, sedimentation from upstream land alternations, and 
changes in dissolved oxygen, flow, and temperature below dams. 

 

� Developed, directed, and participated in a broad-based research program on environmental 
issues and control technology for energy industries including petroleum, oil shale, coal 
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mining, and coal slurry transport.  Research included evaluation of air and water pollution, 
development of novel, low-cost technology to treat and dispose of wastes, and development 
and application of geohydrologic models to evaluate subsurface contamination from in-situ 
retorting.  The program consisted of government and industry contracts and employed 45 
technical and administrative personnel. 

� Coordinated an industry task force established to investigate the occurrence, causes, and 
solutions for corrosion/erosion and mechanical/engineering failures in the waterside systems 
(e.g., condensers, steam generation equipment) of power plants.  Corrosion/erosion failures 
caused by water and steam contamination that were investigated included waterside 
corrosion caused by poor microbiological treatment of cooling water, steam-side corrosion 
caused by ammonia-oxygen attack of copper alloys, stress-corrosion cracking of copper 
alloys in the air cooling sections of condensers, tube sheet leaks, oxygen in-leakage through 
condensers, volatilization of silica in boilers and carry over and deposition on turbine blades, 
and iron corrosion on boiler tube walls.  Mechanical/engineering failures investigated 
included: steam impingement attack on the steam side of condenser tubes, tube-to-tube-sheet 
joint leakage, flow-induced vibration, structural design problems, and mechanical failures 
due to stresses induced by shutdown, startup and cycling duty, among others.  Worked with 
electric utility plant owners/operators, condenser and boiler vendors, and architect/engineers 
to collect data to document the occurrence of and causes for these problems, prepared reports 
summarizing the investigations, and presented the results and participated on a committee of 
industry experts tasked with identifying solutions to prevent condenser failures. 

� Evaluated the cost effectiveness and technical feasibility of using dry cooling and parallel 
dry-wet cooling to reduce water demands of several large natural-gas fired power plants in 
California and Arizona. 

� Designed and prepared cost estimates for several dry cooling systems (e.g., fin fan heat 
exchangers) used in chemical plants and refineries. 

� Designed, evaluated, and costed several zero liquid discharge systems for power plants. 

� Evaluated the impact of agricultural and mining practices on surface water quality of Central 
Valley steams.  Represented municipal water agencies on several federal and state advisory 
committees tasked with gathering and assessing relevant technical information, developing 
work plans, and providing oversight of technical work to investigate toxicity issues in the 
watershed. 

AIR QUALITY/PUBLIC HEALTH 

� Prepared or reviewed the air quality and public health sections of hundreds of EIRs and EISs 
on a wide range of industrial, commercial and residential projects. 

� Prepared or reviewed hundreds of NSR and PSD permits for a wide range of industrial 
facilities. 
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� Designed, implemented, and directed a 2-year-long community air quality monitoring 
program to assure that residents downwind of a petroleum-contaminated site were not 
impacted during remediation of petroleum-contaminated soils. The program included real-
time monitoring of particulates, diesel exhaust, and BTEX and time integrated monitoring 
for over 100 chemicals. 

� Designed, implemented, and directed a 5-year long source, industrial hygiene, and ambient 
monitoring program to characterize air emissions, employee exposure, and downwind 
environmental impacts of a first-generation shale oil plant.  The program included stack 
monitoring of heaters, boilers, incinerators, sulfur recovery units, rock crushers, API 
separator vents, and wastewater pond fugitives for arsenic, cadmium, chlorine, chromium, 
mercury, 15 organic indicators (e.g., quinoline, pyrrole, benzo(a)pyrene, thiophene, benzene), 
sulfur gases, hydrogen cyanide, and ammonia.  In many cases, new methods had to be 
developed or existing methods modified to accommodate the complex matrices of shale plant 
gases. 

� Conducted investigations on the impact of diesel exhaust from truck traffic from a wide 
range of facilities including mines, large retail centers, light industrial uses, and sports 
facilities.  Conducted traffic surveys, continuously monitored diesel exhaust using an 
aethalometer, and prepared health risk assessments using resulting data. 

� Conducted indoor air quality investigations to assess exposure to natural gas leaks, 
pesticides, molds and fungi, soil gas from subsurface contamination, and outgasing of 
carpets, drapes, furniture and construction materials.  Prepared health risk assessments using 
collected data. 

� Prepared health risk assessments, emission inventories, air quality analyses, and assisted in 
the permitting of over 70 1 to 2 MW emergency diesel generators. 

� Prepare over 100 health risk assessments, endangerment assessments, and other health-based 
studies for a wide range of industrial facilities. 

� Developed methods to monitor trace elements in gas streams, including a continuous real-
time monitor based on the Zeeman atomic absorption spectrometer, to continuously measure 
mercury and other elements. 

� Performed nuisance investigations (odor, noise, dust, smoke, indoor air quality, soil 
contamination) for businesses, industrial facilities, and residences located proximate to and 
downwind of pollution sources. 

Attachment 1 
Page 26 of 36



PHYLLIS FOX, PH.D., PAGE 27 

 

PUBLICATIONS AND PRESENTATIONS (Partial List - Representative 

Publications) 

J.P. Fox, T.P. Rose, and T.L. Sawyer, Isotope Hydrology of a Spring-fed Waterfall in Fractured 
Volcanic Rock, 2007. 

C.E. Lambert, E.D. Winegar, and Phyllis Fox, Ambient and Human Sources of Hydrogen 
Sulfide: An Explosive Topic, Air & Waste Management Association, June 2000, Salt Lake City, 
UT. 

San Luis Obispo County Air Pollution Control District and San Luis Obispo County Public 
Health Department, Community Monitoring Program, February 8, 1999. 

The Bay Institute, From the Sierra to the Sea.  The Ecological History of the San Francisco Bay-
Delta Watershed, 1998. 

J. Phyllis Fox, Well Interference Effects of HDPP’s Proposed Wellfield in the Victor Valley 
Water District, Prepared for the California Unions for Reliable Energy (CURE), October 12, 
1998. 

J. Phyllis Fox, Air Quality Impacts of Using CPVC Pipe in Indoor Residential Potable Water 
Systems, Report Prepared for California Pipe Trades Council, California Firefighters Association, 
and other trade associations, August 29, 1998. 

J. Phyllis Fox and others, Authority to Construct Avila Beach Remediation Project, Prepared for 
Unocal Corporation and submitted to San Luis Obispo Air Pollution Control District, June 1998. 

J. Phyllis Fox and others, Authority to Construct Former Guadalupe Oil Field Remediation 
Project, Prepared for Unocal Corporation and submitted to San Luis Obispo Air Pollution 
Control District, May 1998. 

J. Phyllis Fox and Robert Sears, Health Risk Assessment for the Metropolitan Oakland 
International Airport Proposed Airport Development Program, Prepared for Plumbers & 
Steamfitters U.A. Local 342, December 15, 1997. 

Levine-Fricke-Recon (Phyllis Fox and others), Preliminary Endangerment Assessment Work 
Plan for the Study Area Operable Unit, Former Solano County Sanitary Landfill, Benicia, 
California, Prepared for Granite Management Co. for submittal to DTSC, September 26, 1997. 

Phyllis Fox and Jeff Miller, "Fathead Minnow Mortality in the Sacramento River," IEP 
Newsletter, v. 9, n. 3, 1996. 

Jud Monroe, Phyllis Fox, Karen Levy, Robert Nuzum, Randy Bailey, Rod Fujita, and Charles 
Hanson, Habitat Restoration in Aquatic Ecosystems.  A Review of the Scientific Literature 
Related to the Principles of Habitat Restoration, Part Two, Metropolitan Water District of 
Southern California (MWD) Report, 1996. 
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Phyllis Fox and Elaine Archibald, Aquatic Toxicity and Pesticides in Surface Waters of the 
Central Valley, California Urban Water Agencies (CUWA) Report, September 1997. 

Phyllis Fox and Alison Britton, Evaluation of the Relationship Between Biological Indicators 
and the Position of X2, CUWA Report, 1994. 

Phyllis Fox and Alison Britton, Predictive Ability of the Striped Bass Model, WRINT DWR-206, 
1992. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the North Canyon Area of 
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of 
Environmental Management, 1991. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the East Canyon Area of 
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of 
Environmental Management, 1991. 

Phyllis Fox, Trip 2 Report, Environmental Monitoring Plan, Parachute Creek Shale Oil 
Program, Unocal Report, 1991. 

J. P. Fox and others, "Long-Term Annual and Seasonal Trends in Surface Salinity of San 
Francisco Bay," Journal of Hydrology, v. 122, p. 93-117, 1991. 

J. P. Fox and others, "Reply to Discussion by D.R. Helsel and E.D. Andrews on Trends in 
Freshwater Inflow to San Francisco Bay from the Sacramento-San Joaquin Delta," Water 
Resources Bulletin, v. 27, no. 2, 1991. 

J. P. Fox and others, "Reply to Discussion by Philip B. Williams on Trends in Freshwater Inflow 
to San Francisco Bay from the Sacramento-San Joaquin Delta," Water Resources Bulletin, v. 27, 
no. 2, 1991. 

J. P. Fox and others, "Trends in Freshwater Inflow to San Francisco Bay from the Sacramento-
San Joaquin Delta," Water Resources Bulletin, v. 26, no. 1, 1990. 

J. P. Fox, "Water Development Increases Freshwater Flow to San Francisco Bay," SCWC 
Update, v. 4, no. 2, 1988. 

J. P. Fox, Freshwater Inflow to San Francisco Bay Under Natural Conditions, State Water 
Contracts, Exhibit 262, 58 pp., 1987. 

J. P. Fox, "The Distribution of Mercury During Simulated In-Situ Oil Shale Retorting," 
Environmental Science and Technology, v. 19, no. 4, pp. 316-322, 1985. 

J. P. Fox, "El Mercurio en el Medio Ambiente: Aspectos Referentes al Peru," (Mercury in the 
Environment:  Factors Relevant to Peru) Proceedings of Simposio Los Pesticidas y el Medio 
Ambiente," ONERN-CONCYTEC, Lima, Peru, April 25-27, 1984.  (Also presented at Instituto 
Tecnologico Pesquero and Instituto del Mar del Peru.) 
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J. P. Fox, "Mercury, Fish, and the Peruvian Diet," Boletin de Investigacion, Instituto Tecnologico 
Pesquero, Lima, Peru, v. 2, no. 1, pp. 97-116, l984. 

J. P. Fox, P. Persoff, A. Newton, and R. N. Heistand, "The Mobility of Organic Compounds in a 
Codisposal System," Proceedings of the Seventeenth Oil Shale Symposium, Colorado School of 
Mines Press, Golden, CO, 1984. 

P. Persoff and J. P. Fox, "Evaluation of Control Technology for Modified In-Situ Oil Shale 
Retorts," Proceedings of the Sixteenth Oil Shale Symposium, Colorado School of Mines Press, 
Golden, CO, 1983. 

J. P. Fox, Leaching of Oil Shale Solid Wastes:  A Critical Review, University of Colorado 
Report, 245 pp., July 1983. 

J. P. Fox, Source Monitoring for Unregulated Pollutants from the White River Oil Shale Project, 
VTN Consolidated Report, June 1983. 

A. S. Newton, J. P. Fox, H. Villarreal, R. Raval, and W. Walker II, Organic Compounds in Coal 
Slurry Pipeline Waters, Lawrence Berkeley Laboratory Report LBL-15121, 46 pp., Sept. 1982. 

M. Goldstein et al., High Level Nuclear Waste Standards Analysis, Regulatory Framework 
Comparison, Battelle Memorial Institute Report No. BPMD/82/E515-06600/3, Sept. 1982. 

J. P. Fox et al., Literature and Data Search of Water Resource Information of the Colorado, 
Utah, and Wyoming Oil Shale Basins, Vols. 1-12, Bureau of Land Management, 1982. 

A. T. Hodgson, M. J. Pollard, G. J. Harris, D. C. Girvin, J. P. Fox, and N. J. Brown, Mercury 
Mass Distribution During Laboratory and Simulated In-Situ Retorting, Lawrence Berkeley 
Laboratory Report LBL-12908, 39 pp., Feb. 1982. 

E. J. Peterson, A. V. Henicksman, J. P. Fox, J. A. O'Rourke, and P. Wagner, Assessment and 
Control of Water Contamination Associated with Shale Oil Extraction and Processing, Los 
Alamos National Laboratory Report LA-9084-PR, 54 pp., April 1982. 

P. Persoff and J. P. Fox, Control Technology for In-Situ Oil Shale Retorts, Lawrence Berkeley 
Laboratory Report LBL-14468, 118 pp., Dec. 1982. 

J. P. Fox, Codisposal Evaluation: Environmental Significance of Organic Compounds, 
Development Engineering Report, 104 pp., April 1982. 

J. P. Fox, A Proposed Strategy for Developing an Environmental Water Monitoring Plan for the 
Paraho-Ute Project, VTN Consolidated Report, Sept. 1982. 

J. P. Fox, D. C. Girvin, and A. T. Hodgson, "Trace Elements in Oil Shale Materials," Energy and 
Environmental Chemistry, Fossil Fuels, v.1, pp. 69-101, 1982. 
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M. Mehran, T. N. Narasimhan, and J. P. Fox, "Hydrogeologic Consequences of Modified In-situ 
Retorting Process, Piceance Creek Basin, Colorado," Proceedings of the Fourteenth Oil Shale 
Symposium, Colorado School of Mines Press, Golden, CO, 1981 (LBL-12063).  

U. S. DOE (J. P. Fox and others), Western Oil Shale Development:  A Technology Assessment, v. 
1-9, Pacific Northwest Laboratory Report PNL-3830, 1981. 

J. P. Fox (ed), "Oil Shale Research," Chapter from the Energy and Environment Division Annual 
Report 1980, Lawrence Berkeley Laboratory Report LBL-11989, 82 pp., 1981 (author or co-
author of four articles in report). 

J. P. Fox, The Partitioning of Major, Minor, and Trace Elements during In-Situ Oil Shale 
Retorting, Ph.D. Dissertation, U. of Ca., Berkeley, also Report LBL-9062, 441 pp., 1980 (Diss. 
Abst. Internat., v. 41, no. 7, 1981). 

J.P. Fox, "Elemental Composition of Simulated In Situ Oil Shale Retort Water," Analysis of 
Waters Associated with Alternative Fuel Production, ASTM STP 720, L.P. Jackson and C.C. 
Wright, Eds., American Society for Testing and Materials, pp. 101-128, 1981. 

J. P. Fox, P. Persoff, P. Wagner, and E. J. Peterson, "Retort Abandonment -- Issues and Research 
Needs," in Oil Shale:  the Environmental Challenges, K. K. Petersen (ed.), p. 133, 1980 
(Lawrence Berkeley Laboratory Report LBL-11197).  

J. P. Fox and T. E. Phillips, "Wastewater Treatment in the Oil Shale Industry," in Oil Shale:  the 
Environmental Challenges, K. K. Petersen (ed.), p. 253, 1980 (Lawrence Berkeley Laboratory 
Report LBL-11214). 

R. D. Giauque, J. P. Fox, J. W. Smith, and W. A. Robb, "Geochemical Studies of Two Cores 
from the Green River Oil Shale Formation," Transactions, American Geophysical Union, v. 61, 
no. 17, 1980. 

J. P. Fox, "The Elemental Composition of Shale Oils," Abstracts of Papers, 179th National 
Meeting, ISBN 0-8412-0542-6, Abstract No. FUEL 17, 1980. 

J. P. Fox and P. Persoff, "Spent Shale Grouting of Abandoned In-Situ Oil Shale Retorts," 
Proceedings of Second U.S. DOE Environmental Control Symposium, CONF-800334/1, 1980 
(Lawrence Berkeley Laboratory Report LBL-10744). 

P. K. Mehta, P. Persoff, and J. P. Fox, "Hydraulic Cement Preparation from Lurgi Spent Shale," 
Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of Mines Press, Golden, 
CO, 1980 (Lawrence Berkeley Laboratory Report LBL-11071). 

F. E. Brinckman, K. L. Jewett, R. H. Fish, and J. P. Fox, "Speciation of Inorganic and 
Organoarsenic Compounds in Oil Shale Process Waters by HPLC Coupled with Graphite 
Furnace Atomic Absorption (GFAA) Detectors," Abstracts of Papers, Div. of Geochemistry, 
Paper No. 20, Second Chemical Congress of the North American Continent, August 25-28, 1980, 
Las Vegas (1980). 
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J. P. Fox, D. E. Jackson, and R. H. Sakaji, "Potential Uses of Spent Shale in the Treatment of Oil 
Shale Retort Waters," Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of 
Mines Press, Golden, CO, 1980 (Lawrence Berkeley Laboratory Report LBL-11072). 

J. P. Fox, The Elemental Composition of Shale Oils, Lawrence Berkeley Laboratory Report LBL-
10745, 1980. 

R. H. Fish, J. P. Fox, F. E. Brinckman, and K. L. Jewett, Fingerprinting Inorganic and 
Organoarsenic Compounds in Oil Shale Process Waters Using a Liquid Chromatograph 
Coupled with an Atomic Absorption Detector, Lawrence Berkeley Laboratory Report LBL-
11476, 1980. 

National Academy of Sciences (J. P. Fox and others), Surface Mining of Non-Coal Minerals, 
Appendix II: Mining and Processing of Oil Shale and Tar Sands, 222 pp., 1980. 

J. P. Fox, "Elemental Composition of Simulated In-Situ Oil Shale Retort Water," in Analysis of 
Waters Associated with Alternative Fuel Production, ASTM STP 720, L. P. Jackson and C. C. 
Wright (eds.), American Society for Testing and Materials, pp. 101-128, 1980. 

R. D. Giauque, J. P. Fox, and J. W. Smith, Characterization of Two Core Holes from the Naval 
Oil Shale Reserve Number 1, Lawrence Berkeley Laboratory Report LBL-10809, 176 pp., 
December 1980. 

B. M. Jones, R. H. Sakaji, J. P. Fox, and C. G. Daughton, "Removal of Contaminative 
Constituents from Retort Water: Difficulties with Biotreatment and Potential Applicability of 
Raw and Processed Shales," EPA/DOE Oil Shale Wastewater Treatability Workshop, December 
1980 (Lawrence Berkeley Laboratory Report LBL-12124). 

J. P. Fox, Water-Related Impacts of In-Situ Oil Shale Processing, Lawrence Berkeley Laboratory 
Report LBL-6300, 327 p., December 1980. 

M. Mehran, T. N. Narasimhan, and J. P. Fox, An Investigation of Dewatering for the Modified 
In-Situ Retorting Process, Piceance Creek Basin, Colorado, Lawrence Berkeley Laboratory 
Report LBL-11819, 105 p., October 1980. 

J. P. Fox (ed.) "Oil Shale Research," Chapter from the Energy and Environment Division Annual 
Report 1979, Lawrence Berkeley Laboratory Report LBL-10486, 1980 (author or coauthor of 
eight articles). 

E. Ossio and J. P. Fox, Anaerobic Biological Treatment of In-Situ Oil Shale Retort Water, 
Lawrence Berkeley Laboratory Report LBL-10481, March 1980. 

J. P. Fox, F. H. Pearson, M. J. Kland, and P. Persoff, Hydrologic and Water Quality Effects and 
Controls for Surface and Underground Coal Mining -- State of Knowledge, Issues, and Research 
Needs, Lawrence Berkeley Laboratory Report LBL-11775, 1980. 
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D. C. Girvin, T. Hadeishi, and J. P. Fox, "Use of Zeeman Atomic Absorption Spectroscopy for 
the Measurement of Mercury in Oil Shale Offgas," Proceedings of the Oil Shale Symposium: 
Sampling, Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 
(Lawrence Berkeley Laboratory Report LBL-8888). 

D. S. Farrier, J. P. Fox, and R. E. Poulson, "Interlaboratory, Multimethod Study of an In-Situ 
Produced Oil Shale Process Water," Proceedings of the Oil Shale Symposium: Sampling, 
Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 (Lawrence 
Berkeley Laboratory Report LBL-9002). 

J. P. Fox, J. C. Evans, J. S. Fruchter, and T. R. Wildeman, "Interlaboratory Study of Elemental 
Abundances in Raw and Spent Oil Shales," Proceedings of the Oil Shale Symposium:  Sampling, 
Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 (Lawrence 
Berkeley Laboratory Report LBL-8901). 

J. P. Fox, "Retort Water Particulates," Proceedings of the Oil Shale Symposium: Sampling, 
Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 (Lawrence 
Berkeley Laboratory Report LBL-8829). 

P. Persoff and J. P. Fox, "Control Strategies for In-Situ Oil Shale Retorts," Proceedings of the 
Twelfth Oil Shale Symposium, Colorado School of Mines Press, Golden, CO, 1979 (Lawrence 
Berkeley Laboratory Report LBL-9040). 

J. P. Fox and D. L. Jackson, "Potential Uses of Spent Shale in the Treatment of Oil Shale Retort 
Waters," Proceedings of the DOE Wastewater Workshop, Washington, D. C., June 14-15, 1979 
(Lawrence Berkeley Laboratory Report LBL-9716). 

J. P. Fox, K. K. Mason, and J. J. Duvall, "Partitioning of Major, Minor, and Trace Elements 
during Simulated In-Situ Oil Shale Retorting," Proceedings of the Twelfth Oil Shale Symposium, 
Colorado School of Mines Press, Golden, CO, 1979 (Lawrence Berkeley Laboratory Report 
LBL-9030). 

P. Persoff and J. P. Fox, Control Strategies for Abandoned In-Situ Oil Shale Retorts, Lawrence 
Berkeley Laboratory Report LBL-8780, 106 pp., October 1979. 

D. C. Girvin and J. P. Fox, On-Line Zeeman Atomic Absorption Spectroscopy for Mercury 
Analysis in Oil Shale Gases, Environmental Protection Agency Report EPA-600/7-80-130, 95 p., 
August 1979 (Lawrence Berkeley Laboratory Report LBL-9702). 

J. P. Fox, Water Quality Effects of Leachates from an In-Situ Oil Shale Industry, Lawrence 
Berkeley Laboratory Report LBL-8997, 37 pp., April 1979. 

J. P. Fox (ed.), "Oil Shale Research," Chapter from the Energy and Environment Division 
Annual Report 1978, Lawrence Berkeley Laboratory Report LBL-9857 August 1979 (author or 
coauthor of seven articles). 
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J. P. Fox, P. Persoff, M. M. Moody, and C. J. Sisemore, "A Strategy for the Abandonment of 
Modified In-Situ Oil Shale Retorts," Proceedings of the First U.S. DOE Environmental Control 
Symposium, CONF-781109, 1978 (Lawrence Berkeley Laboratory Report LBL-6855). 

E. Ossio, J. P. Fox, J. F. Thomas, and R. E. Poulson, "Anaerobic Fermentation of Simulated In-
Situ Oil Shale Retort Water," Division of Fuel Chemistry Preprints, v. 23, no. 2, p. 202-213, 
1978 (Lawrence Berkeley Laboratory Report LBL-6855). 
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I. INTRODUCTION 

 

 The Phillips 66 San Francisco Refinery, located at Rodeo (Refinery), is proposing 
to recover an additional 4,200 barrels per day (BPD) of propane and 3,800 BPD of butane 
from the refinery fuel gas (RFG) (collectively known as "liquefied natural gas" or LNG) 
to export for sale (Project).  I was asked by Shute, Mihaly & Weinberger to review the 
Draft Environmental Impact Report (DEIR)1 for this Project, related files of the Bay Area 
Air Quality Management District (BAAQMD), and select responses to comments in the 
Final Environmental Impact Report (FEIR).2  Based on this review, I was asked to 
evaluate the accuracy of the DEIR/FEIR Project Description and their analysis of the 
Project’s air quality impacts.   
 
 My evaluation, presented below, indicates the Project would result in significant 
unmitigated air quality and public health impacts.  The DEIR and FEIR significantly 
underestimate the amount of criteria pollutants and greenhouse gas emissions that would 
be emitted by the Project.  Emissions of nitrogen oxides (NOx) and reactive organic 
gases (ROG) will exceed both daily and annual CEQA significance thresholds.  These 
emissions plus certain hazardous air pollutants (HAPs) emissions that were not disclosed 
in the DEIR will cause significant unmitigated air quality and public health impacts.   
 
 The DEIR’s Project description is incomplete.  First, it fails to disclose the 
baseline crude slate, which determines the CEQA baseline emissions from all processing 
units within the Refinery.  Second, it fails to disclose other directly related projects at the 
Phillips 66 Santa Maria Facility, which is linked by pipeline to the Rodeo Refinery.  
These directly related projects result in significant cumulative impacts that were not 
evaluated. Third, it fails to disclose related changes at the Rodeo Refinery itself, 
including a significant drop in refinery fuel gas heat content, which requires physical 
modifications to 19 process heaters.  Finally, the Project description omits all of the key 
chemical composition data required to assess impacts and vet the DEIR's no significant 
impact conclusions.  
 

 My resume is included in Attachment 1 to these comments.  I have over 40 years 
of experience in the field of environmental engineering, including air emissions and air 
pollution control; greenhouse gas emission inventory and control; air quality 
management; water quality and water supply investigations; hazardous waste 
investigations; environmental permitting; nuisance investigations (odor, noise); 
environmental impact reports, including CEQA/NEPA documentation; risk assessments; 
and litigation support.   
 
 I have M.S. and Ph.D. degrees in environmental engineering from the University 
of California at Berkeley with minors in Hydrology and Mathematics.  I am a licensed 
professional engineer (chemical, environmental) in five states, including California; a 
                                                 
1 Contra Costa County Department of Conservation and Development, Phillips 66 Propane Recovery 
Project, Draft Environmental Impact Report, June 2013 (DEIR). 
2 Contra Costa County Department of Conservation and Development, Phillips 66 Propane Recovery 
Project, Final Environmental Impact Report, November 2013 (FEIR). 
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Board Certified Environmental Engineer, certified in Air Pollution Control by the 
American Academy of Environmental Engineers; and a Qualified Environmental 
Professional, certified by the Institute of Professional Environmental Practice. 
 
 I have prepared comments, responses to comments and sections of EIRs for both 
proponents and opponents of projects on air quality, water supply, water quality, 
hazardous waste, public health, risk assessment, worker health and safety, odor, risk of 
upset, noise, land use and other areas for well over 100 CEQA documents.  This work 
includes EIRs, Negative Declarations (NDs), and Mitigated Negative Declarations 
(MNDs) for all California refineries as well as various other permitting actions for tar 
sands refinery upgrades in Indiana, Louisiana, Michigan, Ohio, South Dakota, Utah, and 
Texas and LNG facilities in Texas, Louisiana, and New York.  I was a consultant to a 
former owner of the subject Refinery on CEQA and other environmental issues for over a 
decade and am thus very familiar with both the Rodeo Refinery and the Santa Maria 
Facility. 
 
 My work has been cited in two published CEQA opinions: (1) Berkeley Keep Jets 

Over the Bay Committee v. Board of Port Commissioners (2001) 91 Cal.App.4th 1344 
and Communities for a Better Environment v. South Coast Air Quality Management Dist. 

(2010) 48 Cal.4th 310.   
 
II. THE PROJECT IS PIECEMEALED 

 

 The DEIR only evaluated a portion of the Project.  The Project as described in the 
DEIR narrowly involves modifications to the Rodeo Refinery "to recover for sale 
propane and additional butane from refinery fuel gas and other process streams."  DEIR, 
pp. 3-2, 3-5.  However, the DEIR  fails to disclose changes elsewhere that are required to 
produce all of the propane and butane that would be recovered. 
 
 The components of the Project evaluated in the DEIR include an LPG Recovery 
Unit, Fuel Gas Hydrotreating, Propane Storage, Railcar Loading Modification, and 
certain ancillary facilities.  DEIR, Table 3-1 & Sec. 3.4.  I reviewed the BAAQMD file 
for this Project and other currently pending and related projects.  Based on this review, in 
my opinion, sufficient propane and butane could not be recovered from the current crude 
slate to support the Project's propane/butane production goals.  Changes in the amount 
and type of feedstock would be required to achieve the propane and butane recovery 
goals. 
  
 The Refinery currently recovers up to 9,000 BPD of butane in the summer for 
sale.3  DEIR, p. 3-17.  The Project would increase butane recovery by 3,800 BPD and 
also recover 4,200 BPD of propane.  The total butane and propane recovery after the 
Project has been implemented would be limited by permit conditions to a maximum daily 
of 14,500 BPD and 5,292,550 barrels per 12 consecutive months.  6/28/13 Response 

                                                 
3 Butane sold as LPG has the disadvantage of a fairly high boiling point and thus is not desirable as a fuel 
during the winter when stored outdoors in areas that have temperatures below freezing. 
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Letter,4 p. 5, Response to Comment #5.  It is unclear whether this is 14,500 BPD in 
addition to the existing 9,000 BPD or a total of 14,500 BPD, including current baseline 
butane recovery.5   The DEIR, for example, clearly states that the Project would recover 
3,800 BPD of "additional butane."  DEIR, p. 3-23.  This should have been  clarified in the 
FEIR, but was not.  Regardless, this is a large amount butane and propane for a refinery 
that processes very heavy crudes configured as shown in DEIR Figure 3-4 .  Thus, other 
modifications, not disclosed in the DEIR, are required to fully implement this Project. 
 
 The average feedstock to the Refinery over the period 2007 to 2011 was 116,800 
BPD and ranged from 110,000 BPD to 128,000 BPD, or nearly up to its reported capacity 
of 130,000 BPD.  DEIR  Project Description,6 Table 1. Thus, the proposed butane plus 
propane recovery Project would convert about 12% of the baseline feedstock to butane 
and propane, assuming a total of 14,500 BPD.  If one assumes the Project would recover 
14,500 BPD additional, plus the existing 9,000 BPD, 20% of the feedstock would be 
converted.  Further, about 16% of the product output of the Refinery, estimated as 89,400 
BPD over the period 2007 to 2011 (DEIR  Project Description, Table 4), would be 
propane and butane.   
 
 These high percentages are not consistent with my experience, particularly for the 
mainly heavy crudes and semi-refined products from heavy crudes processed at this 
Refinery, which have much lower amounts of these low-boiling products.7  The DEIR 
and other documents I consulted contain no information that would allow me to directly 
estimate the amount of propane and butane that could be recovered from baseline 
feedstock such as: 
 

 composition of the Refinery fuel gas and other gas stream from which propane 
and butane would be recovered, e.g., gas chromatographic analyses; 

 distillation curves and composition data for the crude, semi-refined feedstock 
inputs from elsewhere, and other internal streams that would routed to the subject 
Project; 

 relative amount of crude and semi-refined feedstock; 

 material balance or outputs of refinery models. 
 
 These high values for propane/butane recovery suggest that the feedstock input 
will be modified in conjunction with the Project.  Yet the DEIR lacks the data or 

                                                 
4 Letter from Don Bristol, Phillips, to Brian Lusher, BAAQMD, Re: Response to Incomplete Letter 5/21/13 
Application #25199, June 28, 2013 (6/28/13 Response Letter). (References are identified in footnotes and 
provided on the attached DVD.) 
5 The 4/30/13 Response Letter, p. 4, Response to Comment #6 states "The throughput [14,500 BPD] 
includes butane that is currently being recovered as well as the butane and propane that will be recovered as 
part of this project." 
6 Phillips 66, Rodeo Propane Recovery Project Description, August 2012. 
7 Oil Transportation Information at http://www.oil-transport.info/crudedata/crudeoildata/crudeoildata.html 
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calculations that support the foundational assumption that 100% of the propane/butane 
can be recovered from the baseline refinery fuel gas.   
 
 The FEIR asserts that "the actual amount of propane and butane currently 
available for recovery (determined using measured flow data and lab analysis of propane 
and butane content) is approximately 4,200 bpd of propane and 9,300 bpd of butane."  
FEIR, p. 3.2-130.  However, none of this data is in the record.  We do not know, for 
example, if the amount "currently available" is the amount being processed in the CEQA 
baseline, or the amount that will be available for processing in the future, after the Project 
is implemented, based on other changes at other related Phillips 66 facilities, such as at 
Phillips 66's Santa Maria Facility or Ferndale Refinery.   
 
 A crude throughput expansion project, for example, was recently approved at the 
Phillips 66 Santa Maria Facility, which is linked by pipeline to the Rodeo Refinery.  This 
project is further discussed below.  In summary, the DEIR for the Santa Maria Facility ( 
referred to as SMF DEIR/FEIR in these Comments) clearly states that partially refined 
products from this increase in crude will be sent to the Rodeo Refinery for further 
processing.  As explained below, these partially refined products are feedstocks to the 
Propane/Butane Recovery Project.  The Santa Maria crude throughput increase project is 
not operational yet.  Thus, there is solid evidence that there will be increases in the input 
to the Propane/Butane Project from related projects elsewhere in the Phillips 66 system 
that are not part of the instant CEQA baseline.  Thus, the amount "currently available" 
likely includes future increases in production that have not been disclosed in the 
Propane/Butane Project DEIR or FEIR.  Thus, cumulative impacts of these two projects 
should have been evaluated and the increase in emissions from processing the increase in 
semi-refined products from Santa Maria at Rodeo should have been included in the 
emission calculations. 
 
    As the cited flow data and lab analysis are asserted to establish the Project 
baseline and is part of the Project description (i.e., it determined the design basis of the 
Project), it must be provided for public review.  This is particularly critical here as the 
claimed recovery of propane and butane from the baseline feedstock is very high for the 
type and amount of crude that the FEIR asserts is currently refined and the existing 
Refinery configuration.  As noted above, other projects currently proposed by Phillips 66 
could increase the recoverable propane and butane, making up the deficit. 
  
 The San Francisco Refinery (SFR) consists of two facilities linked by a 200-mile 
pipeline.  The Santa Maria Facility (SMF) is located in Arroyo Grande, in San Luis 
Obispo County, while the Rodeo Refinery (referred to as "the Refinery" in these 
Comments) is located in Rodeo in the San Francisco Bay Area.  The SMF mainly 
processes heavy, high sulfur crude oil and sends semi-refined liquid products, e.g., gas 
oil, to the Rodeo Refinery.  SMF DEIR,8 pp. ES-2, 1-1 and Table 2-3.  The Refinery 
DEIR does not disclose the existence of this related facility but it is acknowledged in the 
FEIR.  FEIR, Master Response 2.2. 
                                                 
8 Marine Research Specialists, Phillips 66 Santa Maria Refinery Throughput Increase Project, Final 
Environmental Impact Report, October 2012 (SMF FEIR), Available at: 
http://slocleanair.org/phillips66feir. 
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 The subject DEIR addresses changes at just the Rodeo Refinery to increase butane 
and propane production, once the proper amount of the right feedstocks arrive.  As 
discussed above, the DEIR is silent on the composition and relative amounts of feedstock 
(heavy crude, semi-refined products received from SMF) and the FEIR adds no 
additional information.  Additional feedstock containing recoverable propane and butane 
is required. 
 
 Additional feedstock could be produced by proposed modifications at the Santa 
Maria Facility to increase its production of semi-refined feedstock (gas oil and naphtha), 
to send to the Rodeo Refinery.  Phillips 66 proposed to increase the production of semi-
refined products at the Santa Maria Refinery specifically to send to the Rodeo Refinery.  
SMF DEIR, p. ES-4.  This throughput increase would necessarily be included in the 
streams from which propane and butane would be recovered, as explained below. 
Another related Phillips 66 project (rail spur extension required to import increased 
amounts of crude to support the throughput expansion) at the Santa Maria Facility is 
currently undergoing CEQA review.  The SMF Rail Spur DEIR is expected to be 
released soon.  My  commentary here is based on the Rail Spur Land Use Application.  
SMF Rail Spur Land Use Ap.9  These two projects provide the missing links in the 
butane/propane supply chain at the Rodeo Refinery. 
 
 The Santa Maria throughput increase project would increase ". . .the volume of 
products leaving the SMF for the Rodeo Refinery via pipeline."  SMF DEIR, pp. ES-4, 2-
25.   The products are not specifically identified in this statement, but are noted elsewhere 
as gas oil and naphtha.  SMF FEIR, pp. 2-11, 2-17.  These semi-refined products would 
contain a significant amount of butane and propane10 and would be further processed at 
the Rodeo Refinery to generate additional butane and propane, as explained further 
below.  DEIR, Figs. 3-4 and 3-6. 
 
 The SMF DEIR for the throughput increase project included a clarifying 
statement as to the products that would be sent to Rodeo, which was deleted in the FEIR: 
"an increased volume of products leaving the SMF for the Rodeo Refinery via pipeline 
(including semi-refined crude oil or a combination of semi-refined crude oil and 
previously refined gas/oil petroleum)."  SMF DEIR,11 p. 2-25.  This omission is material 
as it indicates that more than semi-refined products from the SMR would be sent to the 
Rodeo Refinery.  This omission suggests crudes could also be sent to the Rodeo Refinery.  
This clue, coupled with the rail spur extension project suggests that tar sands crudes, 
some of which are semi-refined, could additionally be sent to the Rodeo Refinery via rail 
import at Santa Maria.  This issue is discussed below. 
 
 The SMF FEIR indicates the throughput of the Santa Maria Facility would 
increase from the permit level of 44,500 BPD (SMF FEIR, p. ES-4) by 10% to a 

                                                 
9 Phillips 66 Company, Land Use Application, Santa Maria Refinery Rail Project, June 2013. 
10  See, e.g., MSDS for naphtha, available at: http://www.collectioncare.org/MSDS/naphthamsds.pdf . 
11 Marine Research Specialists, ConocoPhillips Santa Maria Refinery Throughput Increase Project, Public 
Draft Environmental Impact Report, August 2011. 
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maximum of 48,950 BPD or by 4,450 BPD.  SMF FEIR, p. 1-1.  However, the permit 
level is not the baseline for CEQA.  The actual throughput for the last three years of 
available data is 40,275 BPD.  Thus, the SMF throughput increase project would increase 
the throughput of the SMF by 8,675 BPD.  This increase would be converted into semi-
refined products in the SMF's distillation units and coker to yield gas oil and naptha, 
which would be sent to the Rodeo Refinery, where propane and butane would be 
separated, contributing to the propane/butane slated for recovery by the Rodeo Project.   
 
 This link is clearly shown in the Rodeo Refinery block flow diagrams in the 
subject Rodeo Refinery DEIR.  The block flow diagram for the existing Rodeo Refinery, 
DEIR Figure 3-4, shows "SMGO" entering the Refinery at the U-240 Prefractionator unit 
(Prefrac unit).  DEIR, p. 3-12 ("Heavy gas oil (HGO) streams from Unit 200 and HGO 
purchased from outside of the Refinery are fractionated in the Unit 240 prefractionator.").  
SMGO is Santa Maria Gas Oil.  This DEIR figure is reproduced here as Figure 1 for ease 
of reference.  The U-240 Prefrac unit separates Santa Maria gas oil and other gas oils into 
lighter hydrocarbon fractions that are currently blended into the Refinery Fuel Gas, 
shown in Figure 3-5 (see lower left hand corner, blue arrow labeled U-240/244/248 S-
RFG being routed to U-240 Fuel Gas Treating), but which will be further processed into 
propane and butane in new units added to the Rodeo Refinery as part of the Project.   
 

Figure 1 

Overall Existing Refinery Block Flow Diagram 

 
 
 
 
 
 Under the Project, the output from the Prefrac unit is sent to the proposed "RFG 
Propane Recovery Unit" instead of the Refinery Fuel Gas system. This unit is the heart of 
the subject Project and is immediately adjacent to the Unit 240 Prefrac unit.  DEIR, Table 
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3-2.  Propane and butane are recovered in this unit.  This new propane/butane extraction 
unit is shown in DEIR Figure 3-6, which is reproduced here as Figure 2 for ease of 
reference.   
 

Figure 2 

Proposed Refinery Fuel Gas System Block Flow Diagram   

 
  
 The RFG Propane Recovery Unit is the big yellow box in the middle of Figure 2.  
Blue arrows in the lower left hand corner of Figure 2 identify the inputs to this unit, 
which are various refinery streams.  These streams include "U-240/244/248 S-RFG."  
This designation means that Refinery Fuel Gas (RFG) from Unit U-240 is sent to the 
RFG Propane Recovery Unit.  (This stream was formerly sent to the U-240 Fuel Gas 
Treating Unit.  DEIR, Fig. 3-5.)  As Santa Maria Gas Oil (SMGO) is one of the inputs to 
Unit U-240, changes at the Santa Maria Facility would be transmitted directly to the 
Project via the U-240 Prefrac Unit.  
 
 This establishes a direct link between this Project and modifications at the Santa 
Maria Facility.  This is the "nexus" to the larger project with the potential to change crude 
oil feedstocks.  
 
 The increase in throughput at the Santa Maria Facility would increase the amount 
of SMGO processed at Rodeo into propane and butane.  The new rail spur at the Santa 
Maria Facility would enable tar sands crudes to be imported to and processed at Santa 
Maria and/or shipped directly to Rodeo.  As discussed below, tar sands crudes imported 
by rail are blended with a diluent that is rich in butane and propane.  Thus, both projects 
proposed for the Santa Maria Facility will have a direct impact on the amount of propane 
and butane available for recovery at Rodeo, making up any deficit based on the Rodeo 
baseline crude slate.  The baseline crude slate and feedstocks to the propane/butane 
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recovery Project are not disclosed so this link and its impact on emissions would never be 
discovered and thus not mitigated. 
 
 Thus, there is both a direct pipeline link between the two facilities, an explicit 
statement that the SMF throughput project was developed to send more semi-refined 
product to the Rodeo Refinery, and a direct process link between those products and the 
input to the propane/butane recovery Project disclosed on the process flow diagrams for 
the Project.  These three factors establish a nexus between the propane/butane Project and 
modifications at the Santa Maria Facility.  Thus, these two projects are integrally related 
and should have been evaluated as a single project.  
  
 Additional propane/butane-rich feedstock could be obtained by importing certain 
classes of cost-advantaged tar sands crudes.  These tar sands and other cost-advantaged 
crudes are cost advantaged because they are stranded, with no pipeline access and thus 
must be delivered by rail.12  However, refineries are not equipped to take delivery of 
large amounts of crude by rail, which requires large unit trains that require significant 
infrastructure improvements. 
 

Tar sands crudes are heavier and more viscous than the feedstock currently 
processed at either Rodeo or Santa Maria.  These crudes are thus commonly blended with 
25% to 30% diluent to facilitate transporting them by rail or pipeline.  The blended crude 
is known as a "DilBit."  The diluent is typically natural gas condensate, pentanes, or 
naphtha.13  The diluent can be readily separated and recovered as propane/butane at 
Rodeo.   
 
 Cost-advantaged crude sells at a discount relative to crude oils tied to the global 
benchmark, North Sea Brent crude.  Many of these cost-advantaged crudes are rich in 
fractions that would increase the yield of butane and propane14 at the Rodeo Refinery.  
Based on analyses by one of Phillips' competitors, Western Canadian Select (WCS) was 
identified as one of the most cost-advantaged crude for direct rail import to California.15  

                                                 
12 Small amounts of Canadian tar sands crudes are currently arriving on the west coast by ship.  However, 
the pipeline capacity to transport the tar sands crude to the west coast and the rail capacity to transport it to 
the west coast for subsequent water delivery is currently very limited.  However, projects are underway to 
alleviate these bottlenecks, including a Phillips 66 project at its Ferndale facility in Washington.  The 
Ferndale project would allow direct import of tar sands crude at the Rodeo Marine Terminal. 
13 Gary R.  Brierley, Visnja A.  Gembicki, and Tim M.  Cowan, Changing Refinery Configurations for 
Heavy and Synthetic Crude Processing, Available at: 
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId
=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138.  
14 See, for example, Pat Swafford, Evaluating Canadian Crudes in US Gulf Coast Refineries, Crude Oil 
Quality Association Meeting, February 11, 2010, Available at: http://www.coqa-
inc.org/20100211_Swafford_Crude_Evaluations.pdf.  
15 Valero, UBS Global Oil and Gas Conference, May 21-22, 2013, p. 10, Available at: 
http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx. provided as Appendix D to 
TGG Comments. 

https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138
http://www.coqa-inc.org/20100211_Swafford_Crude_Evaluations.pdf
http://www.coqa-inc.org/20100211_Swafford_Crude_Evaluations.pdf
http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx
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Western Canadian Select is a tar sands DilBit that contains 2% butane and 4.3% 
pentane.16 
 Cost-advantaged crudes could reach Rodeo by rail starting at the Phillips 66 
Ferndale Marine Terminal and then barged down the Pacific coast to the Phillips 66 
Rodeo Marine Terminal; by rail to Santa Maria and then by pipeline to Rodeo; or by rail 
or barge to the nearby Pittsburg terminal.17  However, the Phillips 66 refineries are not 
equipped to accept large volumes of crude by rail.  Thus, Phillips 66 is currently 
permitting projects to achieve both of these goals.18   
 

An expansion of the Phillips 66 Marine Terminal at Rodeo was recently permitted 
to allow an increase of crude oil imported by ship by 20,500 BBP, from 30,682 BPD at 
present to 51,182 BPD.19  Phillips 66 was recently issued a permit to construct a new 
crude rail unloading facility at its Ferndale Refinery in Washington to increase rail 
shipments of cheap Canadian tar sands crudes.  This rail terminal would allow it to 
import tar sands crude by rail and barge them down the Pacific coast to Rodeo.20 21 
 
 The Phillips 66 rail spur extension project at the Santa Maria Facility would allow 
the import of a "full range of competitively priced crude oil."  Rail Spur Land Use Ap., 
Appx. A, pdf 18.  Phillips has admitted that these "competitively priced crude oils" 
include Canadian tar sands crudes.  These crudes would be processed at the Santa Maria 
Facility, which sends its semi-refined products to Rodeo.  The SMF is permitted to 
process up to 49,950 BPD of crude.  SMF FEIR, p. 1-1.  The rail spur project would 
allow the import of 37,000 BPD of "competitively priced crude oils", or 74% of its 

                                                 
16 Crude Monitor, Western Canadian Select, Available at: 
http://www.crudemonitor.ca/crude.php?acr=WCS.   
17 Phillips 66 Delivers on Advantaged Crude Strategy, Available at: 
http://www.phillips66.com/EN/newsroom/feature-stories/Pages/AdvantagedCrude.aspx. 
18 Phillips 66 Delivers on Advantaged Crude Strategy, Available at: 
http://www.phillips66.com/EN/newsroom/feature-stories/Pages/AdvantagedCrude.aspx. 
19 Bay Area Air Quality Management District, CEQA Initial Study, Marine Terminal Offload Limit 
Revision Project, Phillips 66 Refinery, Rodeo, California, BAAQMD Permit Applications 22904, 
December 2012. 
20 Northwest Clean Air Agency, Order of Approval to Construct (OAC) 1152, Crude Unloading Facility, 
Phillips 66 Ferndale Refinery, June 7, 2013.  See also: Thomson Reuters: "Phillips 66 Seeks Permit for 
Facility to Receive Crude by Rail", April 3, 2013, Available at: http://www.4-traders.com/PHILLIPS-66-
10447684/news/Phillips-66-seeks-permit-for-facility-to-receive-crude-by-rail-16604359/. 

21 In addition, crude oil will either be received by or delivered to a new facility located in 
Pittsburg, California. The proposed WesPac Energy–Pittsburg Terminal (Terminal) would be designed to 
receive crude oil and partially refined crude oil from trains, marine vessels, and pipelines, store oil in 
existing or new storage tanks, and then transfer oil to nearby refineries, including Rodeo. WesPac RDEIR, 
p. 2.0-1. All products handled at the facility would be transported by rail, ship, barge, or pipeline. Id. The 
Terminal would operate with an average throughput of 242,000 barrels (BBLs)1 of crude oil or partially 
refined crude oil per day, and would have a maximum capacity throughput of 375,000 BBLs per day. Id., p. 
2.0-2. The total annual throughput for the entire Terminal would be approximately 88,300,000 BBLs of 
crude oil and/or partially refined crude oil per year.  Id.  
 

http://www.crudemonitor.ca/crude.php?acr=WCS
http://www.4-traders.com/PHILLIPS-66-10447684/news/Phillips-66-seeks-permit-for-facility-to-receive-crude-by-rail-16604359/
http://www.4-traders.com/PHILLIPS-66-10447684/news/Phillips-66-seeks-permit-for-facility-to-receive-crude-by-rail-16604359/
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throughput.  Rail Project IS,22 pp. 15, 22.  This means that one of the feedstocks for the 
propane/butane recovery Project would be significantly modified by the Santa Maria rail 
spur project to include tar sands crude, which would include propane/butane rich DilBits. 
 
 While the DEIR did not acknowledge the relationship between the subject Project 
and the rail spur extension project, the FEIR does mention the existence of the rail spur 
extension project at Santa Maria, but claims, with no support, that the crudes imported 
would be only from "domestic  sources available in the marketplace."  FEIR, p. 2-4.  This 
contradicts the rail spur project description, which describes the project as allowing the 
import of a "full range of competitively priced crude oil," not just "domestic" sources.   I 
am not aware of anything in the record for the Santa Maria rail spur extension project that 
would limit imported crude to just "domestic" sources.  This contradicts not only the 
record in that case, but also public statements to the contrary by Phillips 66.  Further, the 
FEIR does not evaluate the rail spur's environmental impacts at Rodeo, which are 
potentially significant, as discussed below and in Attachment 2 (my comments on 
Valero). 
 
 In a September 2013 presentation, Greg Garland, Chairman and CEO of Phillips 
66, stated Phillips 66 plans to import "cost advantaged" crude from Canada to its 
refineries in California as illustrated in Figure 3.  Garland stated:  "Our real challenge that 
we have or opportunity that we have is to get advantaged crudes to the East Coast and 
West Coast.  So we're working that in terms of moving Canadian crudes down into 
California or building rail facilities. We're looking at rail to barge to ship, down to the 
West Coast refineries...."23   
 
 In a May 2013 presentation, Phillips EVP Tim Taylor stated in response to a 
question on bringing heavy Canadian crude oil into California that "Today, we are doing 
some barge movements down the coast into California on heavy Canadian. You can look 
in the Northwest to do that. So that's an option that we're going to continue to use and 
we're looking at expanding that opportunity with some of the logistics things we're 
putting in place. We're also continuing to move crude by rail in smaller amounts into 
California and looking at projects really to increase that as well.”24   
 
 

                                                 
22 Arcadis, Applicant's Reference CEQA IS, Santa Maria Refinery Rail Project, June 2013 (Rail Project 
IS"). 
23 September 12, 2013 Transcript, pdf 7: Available at: 
http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/Barclays_091213_Final.pdf 
24 May 1, 2013 Transcript, pdf 13, Available at:  
http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/PSX-Transcript-2013-05-01.pdf 
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Figure 3
25

 

 

 
 

 
III. THE PROJECT DESCRIPTION IS INCOMPLETE 

 
 The information included in the DEIR is not adequate to identify and assess all of 
the impacts of the Project.  There are two major classes of omissions. 
 
 First, the DEIR did not disclose that the Project would occur at a refinery that is 
linked by pipeline to a separate facility, the Santa Maria Facility, that will supply part of 
the feedstock proposed to be recovered as propane/butane.  The FEIR acknowledges this 
link in response to comments.  FEIR, Master Response 2.2,   However, the FEIR 
continues to ignore the environmental impacts resulting from the link between 
modifications currently under way or proposed at the Santa Maria Facility and this 
Project.  The link is established above in Comment II. 
 
 The failure to disclose this link, via Santa Maria gas oil which is converted into 
propane and butane at Rodeo by the Project, is a serious omission.  The changes proposed 
and underway at the Santa Maria Facility will increase both the amount and composition 
of the feedstocks recovered as propane and butane at the Rodeo Refinery.  These changes 
in feedstock amount and composition would result in significant air quality and public 
health impacts at Rodeo. 
 
 The FEIR asserts that "a company's purchase of raw materials is a business 
activity and not a CEQA project or action that would require a discretionary permit or 
approval by the County."  FEIR, p. 3.2-118.  This is incorrect.  The chemical composition 
of the raw materials that are processed by a refinery directly affect the amount and 
                                                 
25 Greg Garlands, Phillips 66, Barclays Conference, pdf 24, Available at: 
http://www.phillips66.com/EN/investor/presentations_ccalls/Documents/barclays2013_finalv2.pdf. 
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composition of emissions from that refinery.  The amount and composition of sulfur in 
the crude slate, for example, ultimately determines the amount of SO2 that will be 
emitted from every fired source in the refinery and the amount of odiferous hydrogen 
sulfide and mercaptans that will be emitted from tanks, pumps, valves, and fittings.  The 
composition of the crude slate establishes the CEQA baseline against which impacts must 
be measured. 
 
 In particular, the feedstocks that could arrive at the Rodeo Refinery for recovery 
as propane and butane may include tar sands crudes blended with diluents or "DilBits."  
These DilBits contain significant amounts of hazardous air pollutants, such as benzene, a 
potent carcinogen.  These would be emitted at many fugitive components in the Refinery, 
including compressors, pumps, valves, fittings, and tanks, in greater amounts than from 
baseline feedstock. 
  
 These increased emissions would result in significant public health and air quality 
impacts not addressed in the DEIR nor the FEIR.  These include significant increases in 
volatile organic compounds (VOCs) emissions not otherwise included in the emission 
estimates; hazardous air pollutants, including benzene, which could cause significant 
health impacts; and highly odiferous sulfur compounds that would individually and 
cumulatively cause malodors, degrade ambient air quality, increase the incidence of 
accidental releases, and adversely affect the health of workers and residents around the 
Refinery.  Further, the high acid levels in these crudes and their semi-refined products 
would accelerate corrosion of refinery components, contributing to equipment failure and 
increased accidental releases.   
 
 Second, the DEIR failed to disclose that the Project would reduce the heat content 
of the refinery fuel gas from 1340 Btu/scf (British thermal unit per Standard Cubic Feet) 
(BAAQMD Permit Ap., p. 10) to 1050 MMBtu (one million Btu) (5/13/13 BAAQMD 
Notes).  This is a 30% drop in the heat content of the fuel for all refinery fuel gas-fired 
sources within the Rodeo Refinery.  Notes in the BAAQMD's files indicates that this will 
require replacing the burners in at least 19 process heaters.  5/13/13 BAAQMD Notes.   
 
 The DEIR did not disclose this dramatic decline in fuel gas heat content or the 
related changes in equipment that would be required to burn the altered refinery fuel gas.  
The FEIR concedes a decline in heat content in response to comments but fails to 
disclose the magnitude of the decline.  However, the FEIR asserts with no analysis that 
"removal of propane and butane from the system and replacing it with natural gas would 
not affect the performance of combustion devices at the Refinery."  FEIR, p. 3.2-130.  
The affected combustion units and burner configurations were not identified and baseline 
emissions were not disclosed.  Thus, there is no basis for this claim.   
 
 The FEIR argues that the types of changes that would be made to heaters are 
considered by the BAAQMD to be an "alteration" rather than a "modification" as there 
would be no emission increase.  FEIR, p. 3.2-130.  However, the BAAQMD definition of 
"alteration" is irrelevant for purposes of CEQA. The EIR must identify the change in 
emissions from the affected combustion units and burner configurations.  
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 A large drop in fuel heat content can affect the combustion efficiency of all 
combustion sources, including heaters, boilers, and turbines.  A related concern is a 
concomitant drop in flame temperature.  The Project basically involves replacing propane 
and butane that are currently part of the Refinery Fuel Gas (RFG) with natural gas.  
Propane and butane burn with a hotter flame than natural gas.26 These two effects, a large 
drop in heat content and a lower flame temperature, would result in an increase in the 
emission of products of incomplete combustion, including hazardous air pollutants, 
carbon monoxide, and reactive organic gases from all fuel gas fired combustion sources.  
None of these pollutants are routinely monitored, e.g., with continuous emission 
monitoring systems, and some are not monitored at all (HAPs).  Thus, the increases 
would not even be detected until after the fact.  The DEIR and FEIR did not disclose the 
flame temperature issue.  Further, only 19 process heaters would receive upgraded 
burners.  The FEIR is silent on the impacts that would result from the lower heat content 
fuel and lower resulting flame temperature at other combustion sources that will not be 
upgraded.   
 

The DEIR should be revised to include a complete description of the Project and 
an analysis of all of the environmental effects of these changes.  
 

IV. PROJECT EMISSIONS ARE UNDERESTIMATED AND SIGNIFICANT 

 
 The DEIR underestimated the increase in greenhouse gas (GHG) emissions and 
criteria pollutant emissions (NOx, ROG, PM2.5/PM10) that would result from the  
Project.  If the EIR had accurately estimated the Project’s emissions, it would have 
determined that the Project will result in significant unmitigated air quality impacts from 
emissions of GHGs, NOx, and  ROG.  The DEIR also failed to estimate the increase in 
carbon monoxide emissions that would result from the Project. 
 
IV.A. Greenhouse Gas Emissions (GHG) Are Underestimated 

 

 The DEIR estimated that the Project would decrease GHG emissions by 325,978 
metric tons per year (MT/yr).  DEIR, Table 4.8-3.  The increases in GHG emissions from 
a new boiler (67,133 MT/yr), additional natural gas combustion (592,761 MT/yr), and 
other miscellaneous sources (7,372 MT/yr) are assumed to be offset by removing 14,500 
BPD of butane and propane from the fuel gas system and replacing it with natural gas, 
which emits less GHG (-759,244 MT/yr) and the shutdown of Plant 4 Hydrogen Plant 
and B-401 Process Heater (-234,000 MT/yr).  These reductions are not supported and are 
incorrect.  When the errors discussed below are corrected, GHG emissions exceed the 
significance threshold of 10,000 MT/yr for stationary sources and 1,100 MT/yr for other 
types of projects (DEIR, p. 4.8-13).  Thus, they are a significant unmitigated impact of 
the Project. 
 

                                                 
26 Flame Temperatures of Some Common Gases, Available at; http://www.engineeringtoolbox.com/flame-
temperatures-gases-d_422.html. 
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1. Reduction:  Removing Butane and Propane from Fuel Gas 
 
 The Project would remove 14,500 BPD of butane and propane from the refinery 
fuel gas system and replace it with natural gas.  As propane and butane generate more 
GHG emissions when burned than natural gas, this results in a net decrease in GHG 
emissions at the Refinery of 166,483 MT/yr (592,761 -759,244 = -166,483 MT/yr).  
DEIR, Table 4.8-3. 
 
 However, a reduction would only occur if the propane/butane are not used as fuel, 
which is their usual end use.  The DEIR fails to disclose the use of the removed butane 
and propane.  This undisclosed use could result in indirect impacts that were not 
considered in the DEIR.  Butane and propane, for example, are fuels, often called 
liquefied petroleum gas or LPG.  They are also feedstocks to various chemical processes.  
Either use would result in GHG emissions. 
  
 First, some, perhaps all, of the recovered butane and propane could be sold within 
California for use as fuel, where CEQA clearly applies to 100% of the resulting GHG 
emissions.  If sold as fuel to customers in California, the resulting emissions are indirect 
emissions from the Project and must be included in the Project GHG emission inventory.  
Correspondence in the BAAQMD file indicates that ". . . some past (and current) butane 
deliveries have included local industrial customers within Contra Costa and Alameda 
counties." 4/30/13 Phillips Response Letter,27 p. 10, Response to Comment #15.  Thus, 
absent a condition of certification prohibiting the sale of propane and butane for any use 
in California that would generate GHG, 100% of the GHG emissions from burning 
propane and butane, the most likely end use, must be included in the EIR's GHG impact 
analysis.  This one modification results in an increase in GHG emissions of 433,266 
MT/yr from the Project.28  This is a significant unmitigated impact of the Project. 
 
 Second, even assuming 100% of the propane and butane were burned or 
otherwise used outside of California in a manner that generated GHG, these emissions 
would still result in significant adverse impacts on California as GHG is a global 
pollutant, widely acknowledged to affect climate change worldwide, regardless of release 
point.  The GHG emissions released in neighboring states, for example, would contribute 
to sea level rise along the California coast; loss in California's snow pack, leading to 
floods and droughts; and more high ozone days in California.  DEIR, pp. 4.8-1/2. 
 
 Under this view, the Project is exporting its significant GHG impact to 
neighboring states, where it continues to impact global climate and thus California.  
Therefore, regardless of where the propane and butane are actually used, the 
environmental consequences of its use are the same and must be considered. 
 

                                                 
27 Letter from Don Bristol, Phillips 66, to Brian Lusher, BAAQMD, Re: Response to Incomplete Letter 
3/1/13, April 30, 2013 (4/30/13 Phillips Response Letter).  
28 Revised GHG emissions based on DEIR Table 4.8-3: -325,978 + 759,244 = 433,266 MT/yr. 



 

 16 

 Thus, the DEIR implicitly assumes that the propane and butane removed from the 
refinery fuel gas will not be used in a manner that generates GHG and ignores the 
impacts of this use. 
 
2.  Relative Proportions of Propane and Butane 
 
 The GHG emissions were estimated assuming the production of 4,200 BPD of 
propane and 3,800 BPD of butane.  Butane generates about 6% more GHG than propane 
per gallon burned.  FEIR GHG Supplement, Nov. 2012, p. 4.  In correspondence with the 
BAAQMD, Phillips has requested a lump-sum limit of 14,500 BPD (6/28/13 Phillips 
Response Letter, p. 5, Response to Comment #6), which would allow them to produce 
100% butane, increasing GHG emissions compared to those estimated in the DEIR. 
 
3. Reduction: Hydrogen Plant and Heater Shutdown 
 
 The GHG emission calculation additionally assumes a net reduction of 234,000 
MT/yr from the shutdown of the Plant 4 Hydrogen Plant and the Unit 240 Process Heater 
B-401.  DEIR, p. 4.3-13 and Table 4.8-3.  The DEIR asserts that the GHG reduction 
corresponds to the 3-year average baseline GHG emissions from these units and cited 
ERM 2013.   DEIR, p. 4.8-12.  However, the DEIR references indicate that ERM 2013 is 
the BAAQMD Authority to Construct Application.  DEIR, p. 9-8.  I reviewed this 
document.  It does not contain any support for the claimed reductions from shutting down 
these units.  I was unable to find any support for these reductions in any of the documents 
that I reviewed and thus was unable to confirm whether they were correctly calculated. 
Regardless, the subject units were reportedly shutdown in 2011, which is part of the 
CEQA baseline.  Thus, these reductions cannot be claimed as mitigation for Project 
increases.   
  
 My inability to find any support for these GHG emissions is consistent with 
comments filed by BAAQMD staff on the DEIR.  They were also unable to find any 
support for the claimed GHG reductions from decommissioning a process heater and 
hydrogen plant.  The BAAQMD further expressed concern that "emission from Unit 240 
[the shutdown process heaters] may have shifted to other existing equipment due to 
increased operating demand."  Increased heat demand, for example, would result from 
recovering butane and propane for the Project and upgrading additional semi-refined 
materials from the Santa Maria Facility.  Further, the DEIR and the record supporting it 
do not contain any evidence that the emission reductions are permanent, real, and 
quantifiable.29 
 
 The FEIR responded to the BAAQMD's comments, asserting that the "GHG-
related offsets that would be associated with the B-401 process heater are presented in the 
DEIR for informational purposes only and are not required to reduce the GHG emissions 
impact to a less-than-significant level."  FEIR, p. 3.1-24.  However, this is true only when 
considered in isolation, without acknowledging the increase in GHG emissions from 
burning the propane and butane removed from the refinery fuel gas.  Further, this FEIR 
                                                 
29 Letter from Jean Roggenkamp, BAAQMD, to Lashun Cross, CCC Dept. of Conservation and 
Development, Re: Phillips 66 Company Propane Recovery Project DEIR, August 6, 2013. 
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response also fails to provide any support for the GHG reductions from these shutdown 
unit. 
 
 If the GHG reductions from both the Plant 4 Hydrogen Plant and B-401 Process 
Heater Shutdown are removed from the GHG inventory in DEIR Table 4.8-3 and the 
increase in emissions from burning the propane and butane are added, the net increase in 
GHG emissions based on DEIR Table 4.8-3 would be 1.3 million MT/yr (-
325,978+234,000 + 759,244 = 1,319,222 MT/yr).  These emissions exceed the CEQA 
significance threshold by a vast amount and are highly significant.    
 
IV.B. Criteria Pollutant Emissions Are Underestimated 

 

 The DEIR estimated daily and annual Project operational emissions for nitrogen 
oxides (NOx), sulfur dioxide (SO2), particulate matter (PM10 and PM2.5), and reactive 
organic gases (ROG).  DEIR, Tables 4.3-6 and 4.3-7.  The resulting emissions were 
compared to the BAAQMD's daily and annual CEQA significance thresholds for NOx, 
PM10, PM2.5, and ROG.  No significance threshold was proposed for SO2 and carbon 
monoxide (CO) was omitted from DEIR's analyses completely. 
 
 The emissions that were estimated in the DEIR and remain unchanged in the 
FEIR are underestimated for two reasons, discussed below.  When the errors in the 
emission calculations are corrected, the resulting increases in daily and annual NOx and 
ROG emissions exceed both the daily and annual CEQA significance thresholds.  These 
are significant air quality impacts that were not identified or mitigated in the DEIR or 
FEIR. 
 
1. Relies on Invalid NOx Emission Reductions 
 
 The DEIR's daily and annual NOx emission analysis relies on NOx emission 
reductions from shutting down Process Heater B-401.  DEIR, Tables 4.3-6 and 4.3-7.  
These reductions occurred in 2011, during the CEQA baseline.  Therefore, they are part 
of the baseline and not available to offset Project NOx increases.  The increase in the 
DEIR's estimate of both daily (99.2 lb/day >54 lb/day) and annual NOx emissions (13.9 
ton/yr > 10 ton/yr) exceed CEQA significance thresholds without these Process Heater B-
401 reductions and are thus significant unmitigated impacts of the Project. 
 

2. Excludes Locomotive Emissions Outside of the BAAQMD 
 
 Notwithstanding the use of invalid NOx offsets, the increase in NOx emissions 
are even higher than disclosed in the DEIR.  The locomotives used to transport recovered 
propane and butane from the Refinery to market are the major source of NOx emissions 
(>70% of total Project emissions) and an important contributor to ROG emissions (8%).  
DEIR, Tables 4.3-6 and 4.3-7.  These emissions were underestimated by only counting 
emissions released within the boundary of the BAAQMD, rather than the entire distance 
the locomotives will travel within California.  DEIR, p. 4.3-20.  CEQA covers at least all 
emissions released within the State and in some cases, emissions released outside of the 
State that impact in-State values. 
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 The total rail track length within the BAAQMD used to calculate locomotive 
emissions in DEIR Tables 4.3-6 and 4.3-7 was 67 miles one way (AQS Attach. 1,30 pdf 
15) based on 50% of the trains using the Union Pacific route and 50% using the BNSF 
route.  The total track length to the California-Arizona border used to calculate GHG 
emissions is 659 miles one way, based on the same 50/50 assumption.  DEIR, p. 4.8-16 
and AQS Attach. 1, pdf 15.   
 
 I revised the locomotive linehaul emissions for NOx and ROG using the total 
track length within California, but otherwise using all of the DEIR's assumptions.  The 
results of my calculations are shown in Table 1.  The criteria pollutant emissions from 
locomotive linehaul (which is only part of the total locomotive emissions) are 
significantly higher than disclosed in the DEIR, as shown in Table 1.  This increase alone 
is sufficient to tip NOx emissions over the BAAQMD daily and annual significance 
thresholds, even assuming the invalid boiler NOx emission offsets. 
 
 

Table 1 

Revised Locomotive Linehaul Emissions 

 DEIR31 
 

(lb/day) 

Rev. 32 
 

(lb/day) 

Sig. 
Criteria 
(lb/day) 

DEIR31 
 

(ton/yr) 

Rev.32 
 

(ton/yr) 

Sig. 
Criteria 
(ton/yr) 

NOx 76.03 580 54 9.84 72 10 
ROG 3.63 27 54 0.47 3.5 10 

 Note: bold indicates a revised locomotive linehaul emission rate that exceed the significance 
 threshold all by itself, without considering increases from any other sources. 
 
 These revised emissions combined with all other claimed emission increases and 
decreases as reported in the DEIR, Tables 4.3-6 and 4.3-7, exceed the BAAQMD 
significance thresholds for both daily and annual NOx and ROG emissions, as explained 
below.   
 
 The net increase in daily NOx emissions, including the revised locomotive 
linehaul emissions of 580 lb/day and the invalid NOx offsets, is 541 lb/day.33  These 
emissions exceed the NOx daily significance threshold of 54 lb/day by a factor of ten.  
DEIR, Table 4.3-6.   
 
 Similarly, the net increase in annual NOx emissions, including the revised 
locomotive linehaul emissions of 72 ton/yr and the invalid NOx offsets, is 66 ton/yr.34  
                                                 
30 Phillips 66, Rodeo Propane Recovery Project, Air Quality Supplement, Attachment 1, Criteria Pollutant 
and GHG Emissions, November 2012 (AQS Attach. 1). 
31 AQS Attach. 1, pdf 1. 
32 From AQS Attach. 1, pdf 19 (lb/day) and pdf 20 (ton/yr): Linehaul emissions within California = small 
line haul from Richmond terminal to refinery + large linehaul from California border to Richmond 
terminal.  For NOx in lbs/day: 18.97 + 57.06(659/67) = 580.2 lb/day or 72.7 ton/yr.  For ROG: 0.97 
+2.65(659/67) = 27.1 lb/day or  3.47 ton/yr. 
33 Total revised daily NOx emissions : 20.4 + (79.0-76.03) + 580 - 62.3 = 541.1 lb/day. 
34 Total revised annual NOx emissions : 3.7 + (10.2-9.84) + 72.7 - 10.8 = 65.96 ton/yr. 
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This  exceeds the NOx annual significance threshold by a factor of six.  DEIR, Table 4.3-
6.   
 
 The DEIR indicates the shutdown of Process Heater B-401 reduced daily NOx 
emissions by 244 lb/day (DEIR, Table 4.3-4).  The DEIR also indicates the shutdown of 
Process Heater B-401 reduced annual NOx emissions by 44 ton/yr.  DEIR, Table 4.3-4.  
However, even assuming 100% of  these shutdown emissions were available for the 
Project, they would not be adequate to offset the daily increases in linehaul NOx 
emissions as calculated in Table 1.  Regardless, 100% of Process Heater B-401 NOx 
reductions are not available as some of them (33.16 ton/yr) were used to offset NOx 
emission increases of the Marine Terminal Offload Limit Project. Marine Terminal IS, 
Table 3.3-2.  
 
 The DEIR suggests by omission that more NOx offsets are available than were 
relied on in Tables 4.3-6 and 4.3-7 by presenting the full boiler shutdown amount without 
disclosing that most had already been used.  The FEIR clarifies that the balance of the 
NOx reductions from the Process Heater B-401 shutdown, not relied on in Tables 4.3-6 
and 4.3-7, were used to offset increases associated with the Marine Terminal Project.  
FEIR, pp. 3.1-24/25.  They are not available to offset the additional increase in NOx 
emissions resulting from the increase in locomotive linehaul emissions as calculated in 
Table 1, assuming the full transit distance within California.  Thus, the revised increase in 
daily and annual NOx emissions are a significant unmitigated  air quality impact when 
the correct travel distance of locomotives is used to estimate emissions. 
  
 The increase in daily ROG emissions from all Project sources, including the 
revised locomotive linehaul emissions, is 70.4 lb/day,35 which exceeds the ROG daily 
significance threshold of 54 lb/day by 30%.   Similarly, the increase in annual ROG 
emissions from all Project sources, including the revised locomotive linehaul emissions is 
11.4 ton/yr,36 which exceeds the ROG annual significance threshold of 10 ton/yr.  Thus, 
daily and annual ROG emissions from the Project are significant unmitigated air quality 
impacts that were not disclosed in the DEIR when the correct travel distance of 
locomotives is used to estimate emissions. 
 
 Finally, even if emissions were based only on the track length within the 
BAAQMD, rather than the entire State, the Project would still exceed the NOx daily 
significance threshold if the actual UP track length going south out of the District (90 
miles) was used in the calculations, rather than the average of the UP and BNSF track 
lengths (67 miles).  The distance to the eastern boundary of the District is 44 miles and to 
the southern boundary, 90 miles.  The 67 miles used in the DEIR's linehaul emission 
calculations is the average of these two (90+44/2 = 67).  6/28/13 Phillips Response 
Letter, p. 12, Response to Comment #15.  However, nothing in the EIR would prevent 
100% of the trains from using the UP track going south out of the District.  The daily 

                                                 
35 Total revised daily ROG emissions : 18.1 + 25.1 + (3.8-3.63) + 27 = 70.4 lb/day. 
36 Total revised annual ROG emissions : 3.3 + 4.6 + (0.5-0.47) + 3.5 = 11.4 ton/yr. 
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NOx emission increase, assuming the UP track length of 90 miles within the District 
would be 57 lb/day, which exceeds the CEQA significance threshold of 54 lb/day.37   
 
3.  Underestimates Steam Boiler Emissions 
 
 The DEIR emission estimates assumed a new 140 MMBtu/hr boiler would be 
required to supply steam for the Project.  The net emission calculations in Comment 
IV.B.2 that correct the linehaul underestimate assume this new boiler.  However, during 
BAAQMD permitting, Phillips 66 removed the new 140 MMBtu/hr boiler and revised 
the emissions to assume steam demand would be met by using surplus low pressure 
steam, improving efficiency of existing steam consumers, and by increasing high 
pressure steam production at the Steam Power Plant.  This resulted in a reduction in 
emissions from supplying steam, compared to emissions claimed in the DEIR.  4/30/13 
Phillips Response Letter, p. 4, Response to Comment #7.   
 
 However, these changes disclosed in the BAAQMD permitting file are small, 
compared to increases from other Project components in the DEIR, and thus do not 
materially affect any of the conclusions in Comment IV.B.2.  Further, as discussed below 
in Comment IV.C.3, the NOx emissions from supplying steam at the Steam Power Plant 
are actually significantly higher than claimed in the Phillips permitting application  (15.6 
ton/yr compared to only 3.7 ton/yr assumed in the DEIR).  See Comment IV.C.3.  These 
revised emissions alone are sufficient by themselves to exceed the BAAQMD NOx 
annual significance threshold. 
 
IV.C. Other Emissions from The Project Are Omitted 

 
 The DEIR estimated emissions from new equipment that would be added by the 
Project plus certain associated mobile source emissions, including a new boiler, tanks and 
piping, locomotives, and truck and commuter trips.  The locomotive emissions are 
discussed in Comment IV.B.2.  DEIR, Tables 4.3-6 & 4.3-7, p. 4.3-21.   
 
 The equipment required to recover propane and butane from the refinery fuel 
gases and to remove sulfur from the recovered products requires various inputs to 
operate.  This results in increases in emissions above the CEQA baseline that were not 
included in the DEIR's analysis.   These include: (1) use of the recovered propane and 
butane elsewhere in California; (2) electricity; (3) hydrogen; (4) emissions from 
increased sulfur removal; and (4) certain increases in emissions from generating steam at 
the existing Steam Plant to support the Project.  Each omitted emission source is 
discussed below. 
 
 The BAAQMD files indicate that Phillips conceded there would be an increase in 
the throughput of the Air Liquide Hydrogen Plant and an increase in the Sulfur Recovery 

                                                 
37 From AQS Attach. 1, pdf 19 (lb/day): Linehaul emissions within California = small line haul from 
Richmond terminal to refinery + large linehaul from boundary of BAAQMD to Richmond terminal.  
Linehaul emissions for NOx in lbs/day: 18.97 + 57.06(90/67) = 95.6 lb/day.  The net increase = 20.4 + 
(79.0-76.03)  + 95.6 - 62.3 =  or 56.7 lb/day > 54 lb/day. 
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Units, but in both cases, less than the permitted levels.38  However, for purposes of 
CEQA compliance, the permitted levels are not material, but rather the increase relative 
to a historic baseline.  These emissions were not included in the Project totals. 
 
1. Propane/Butane Combustion In California 
 
 The DEIR failed to include criteria pollutant emissions from burning or otherwise 
using the recovered propane/butane anywhere.  The recovered propane/butane is being 
produced to meet commercial-grade standards with less than 5 ppm hydrogen sulfide 
(H2S).  6/28/13 Phillips Response Letter, p. 2.   Commercial-grade propane is used as a 
fuel.39  Thus, it is reasonably foreseeable that the produced propane/butane would be used 
as fuel, increasing criteria pollutant and GHG emissions. 
 
 The BAAQMD permitting file further discloses that Phillips currently sells butane 
from the Rodeo Refinery in California.  4/30/13 Phillips Response Letter.  Thus, 
emissions from the use of propane/butane as a fuel within California are a reasonably 
foreseeable impact caused by the Project and must be evaluated.  14 Cal Code Regs. 
§§15064(d)(3) and 15358(a)(2).   
 
 There is nothing in the DEIR or FEIR that would prohibit Phillips from selling 
100% of the recovered propane/butane for new uses as a fuel anywhere, including within 
California.  Thus, unless the County imposes a condition requiring that 100% of the 
propane/butane is sold outside of the jurisdiction of CEQA or for non-combustion, non-
emitting uses, the FEIR must include criteria pollutant emissions from its use and 
mitigate the resulting impacts, which are significant as demonstrated below. 
 
 I estimated the criteria pollutant emissions from combusting 100% of the Project's 
propane/butane in boilers within California.  The results of my calculations are 
summarized in Table 2. 
 

                                                 
38 Phillips 66 Propane Recovery Project Issues, BAAQMD Notes; Letter from Don Bristol, Phillips 66, to 
Brian Lusher, BAAQMD, Re: Response to Incomplete Letter 3/1/13, April 30, 2013, pp. 3 (Response to 
Comment #4) and 6 (Response to Comment #8). 
39 See, e.g., Tesoro Safety Data Sheet, Propane - Commercial Grade, Available at:  
http://www.tsocorp.com/stellent/groups/corpcomm/documents/tsocorp_documents/msdspropane.pdf. 

http://www.tsocorp.com/stellent/groups/corpcomm/documents/tsocorp_documents/msdspropane.pdf
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Table 2 

Emissions from Combusting Propane/Butane 

Within California 
Emission 

Factor       Emissions

(lb/10
3
 gal) (lb/day) (ton/yr)

PROPANE

Total PM 0.7 123 22.5

N0x 13 2,293 418.5

CO 7.5 1,323 241.4

ROG 0.8 141 25.8

BUTANE

Total PM 0.8 128 23.3

N0x 15 2,394 436.9

CO 8.4 1,341 244.7

ROG 0.9 144 26.2

Emission factors from AP-42, Table 1.5-1.

Propane: 4,200 BPD; Butane: 3,800 BPD

ROG = TOC - CH4.  

 These emissions are compared with significance thresholds established in the 
DEIR for evaluating the operational air quality impacts of the Project (DEIR, p. 4.3-14) 
in Table 3.  This comparison shows that the emissions from burning recovered propane 
and butane exceed significance thresholds for NOx, PM10, and ROG by a large margin 
and thus must either be mitigated or the EIR must prohibit the sale of recovered 
propane/butane within California for fuel.  The emissions of CO are also large and 
significant, but the DEIR failed to establish a significance threshold for this pollutant. 
 

Table 3 

Comparison of Emissions from Combusting Propane/Butane 

Within California With Significance Criteria 

TOTAL EMISSIONS

SIGNIFICANCE 

CRITERIA

(lb/day) (ton/yr) (lb/day) (ton/yr)

Total PM 251 45.8 82 15

N02 4,687 855.4 54 10

CO 2,664 486.1

ROG 285 52.0 54 10

Assumes 100% of PM from combustion is PM10

DEIR, p. 4.314  
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2. Increase In Hydrogen  
 
 The hydrotreater that will be installed as part of the Project requires hydrogen to 
react with sulfur and convert it into forms that can be removed.  The DEIR claims that the 
amount of hydrogen present in the existing gas streams is adequate to supply the 
increased hydrogen.  DEIR, p. 3-25.   
 
 The BAAQMD questioned this assumption and asked Phillips to accept a permit 
condition stating no hydrogen would be used at the new hydrotreater.  Phillips declined 
and admitted that ". . . there are short periods when hydrogen from a hydrogen plant will 
need to be supplied.  These periods would typically be during startup of the hydrotreater 
catalyst system."  4/30/13 Phillips Response Letter, p. 3, Response to Comment #4.  
Phillips has not quantified the amount of additional hydrogen that will be required nor the 
resulting emissions.  Hydrogen plants include a furnace and vents that are significant 
sources of criteria pollutant and GHG emissions, including specifically, the hydrogen 
plant that would supply this Project.40  The EIR must quantify all of the emissions that 
would be generated as a result of the Project. 
 
3. Increase in Steam 
 
 The DEIR disclosed that steam would be provided by either a new 140 MMBtu/hr 
steam boiler or by the existing Steam Power Plant (SPP).  DEIR, pp. ES-5, 3-7, 3-20.  
The DEIR included emissions only for the new 140 MMBtu/hr boiler.  DEIR, Tables 4.3-
6 and 4.3-7.  Since the DEIR was released, Phillips has elected to use the existing SPP to 
generate the required steam.  The NOx emissions from the existing SPP are higher than 
those disclosed in the DEIR, as explained below. 
 
 Correspondence in the BAAQMD file indicates steam demand will be met by 
using surplus low pressure steam currently vented, improving steam generation 
efficiency, and by increasing high pressure steam production at the SPP.  The increase in 
high pressure steam would be provided by increasing the firing rate of natural gas in the 
duct burners by 45 MMBtu/hr.  It is unclear whether additional fuel would also have to 
be fired in the associated gas turbines. 
 
 The emissions included in the BAAQMD permit files (which vary from the 
emissions identified in the DEIR) are based only on increasing the firing rate of natural 
gas in the duct burners by 45 MMBtu/hr, and assume very low (and unsupported) 
emission factors.  The emission factor used for NOx, for example, is 0.017 lb/MMBtu 
(4.5 ppm @ 15% O2).  4/30/13 Phillips Response Letter, pp. 5-6, Response to Comment 
#7. 
 
 Based on my experience permitting many similar projects with duct burners, they 
typically emit much more NOx than assumed in the 4/30/13 Phillips calculations (4/30/13 
Phillips Response Letter, pp. 5-6).   Duct burner emissions are low only if they are 
located in a heat recovery steam generator equipped with modern selective catalytic 
                                                 
40 Air Liquide, Hydrogen Plant Project, Application for Authority to Construct and Major Facility Review 
Permit, Rodeo, California, October 2005. 
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reduction to control NOx.  No such arrangement is described in the DEIR (Sec. 3.3.2.9) 
or the original 1985 BAAQMD engineering evaluation.41  The subject gas turbines/duct 
burners are permitted to emit 83 lb/hr when firing 1048 MMBtu/hr for all turbine/duct 
burners combined.42  This corresponds to a NOx emission factor of 0.079 lb/MMBtu 
(83/1048 = 0.079).  This NOx emission factor is nearly five times higher than the one 
used in Phillips' duct burner NOx emission calculations.   
 
 Using this revised emission factor to estimate NOx emissions from increased 
steam demand yields 15.6 ton/yr NOx (0.079 x 45 x 8760/2000 = 15.6) or four times 
more than disclosed in the DEIR (3.7 ton/yr) for the new 140 MMBtu/hr boiler.  The 
originally proposed new boiler evaluated in the DEIR should be more efficient and emit 
less NOx, etc. than the old SPP due to use of modern technology and current Best 
Available Control Technology (BACT) controls such as selective catalytic reduction 
(SCR).  The NOx emissions from supplying just the steam for the hydrotreater exceed the 
NOx significance threshold of 10 ton/yr and are thus a significant undisclosed air quality 
impact of the Project. 
 
4. Increase In Sulfur Removal 
 
 The Project will increase the throughput of the existing Sulfur Recovery Units 
(SRU) by about 135 ton/yr of sulfur.  DEIR, Fig. 3-6; 5/13/13 BAAQMD Notes, p. 2; 
6/28/13 Phillips Response Letter, pp. 6-8, Response to Comment #8.  The Refinery uses 
the Claus process to convert acid gas to liquid sulfur, which is sold.  This involves 
combusting acid gas, which would increase NOx, CO, VOC and other emissions.   The 
resulting elemental sulfur is sold, which involves truck emissions.  Thus, the increase in 
throughput of the SRU would be accompanied by increases in combustion emissions 
from the Claus unit and the trucks used to transport the recovered sulfur product to 
market.  The resulting increase in emissions was not disclosed in the DEIR or FEIR.  The 
information in the files I reviewed is not adequate to estimate these emissions.   It did not 
include, for example, the increase in acid gases that would be processed by the Claus 
unit, the criteria pollutant emission factors for the Claus furnace, or the number of 
additional truck trips that would be required to transport the sulfur to market. 
 
5. Increase In Electricity Generation 
 
 The Project will require 1.28 MW electricity or 10,900 MW-hour of electricity 
DEIR, pp. 3-23, 3-28.  The generation of this electricity at off-site facilities will increase 
criteria pollutant and GHG emissions that were not included in the DEIR.  The 
information in the files I reviewed did not include any emission factors in pounds of 
pollutant per megawatt hour, which are required to estimate these emissions. 
 
6. Emissions from Changes in Feedstock Quality 
 

                                                 
41 BAAQMD, Engineering Evaluation, Union Oil Company, Gas Turbine Cogeneration Facility, November 
8, 1985. 
42 Phillips 66 LPG Recovery Project, Permit Limit Summary, BAAQMD, Condition ID 18629. 



 

 25 

 The currently proposed rail spur project at the Santa Maria Facility would allow 
the import of DilBits.  These are rich in the propane/butane fractions required to supply 
the subject Project at the Rodeo Refinery.  If said DilBits were routed directly to the 
Rodeo Refinery or if they were processed at Santa Maria to generate semi-refined 
products for Rodeo, which are feed for the propane/butane Project, this would result in 
public health impacts that were not disclosed in the DEIR. 

 DilBits contain large amounts of light material that distill below 149 C and are 
thus very volatile.  This material can be emitted to the atmosphere from storage tanks and 
equipment leaks of fugitive components (pumps, compressors, valves, fittings) in much 
larger amounts than other heavy crudes and their byproducts that are currently processed 
at the Rodeo Refinery.   

  The diluent is a low molecular weight organic material with a high vapor 
pressure that contains not only propane and butane that would be recovered by the 
Project, but also high levels of other VOCs, sulfur compounds, and hazardous air 
pollutants (HAPs).  These would be emitted during unloading and would be present in 
emissions from tanks and fugitive components.  The DEIR did not disclose the potential 
presence of diluent and made no attempt to estimate these diluent-derived emissions.  
 
 The composition of some typical diluents/condensates used in DilBits is reported 
on the website, www.crudemonitor.ca.43  The DEIR does not identify the specific diluents 
that would be used by the Project or even that diluents would be present.  The 
CrudeMonitor information indicates that diluent contains very high concentrations (based 
on 5-year averages, v/v basis of the hazardous air pollutants benzene (7,200 ppm to 9,800 
ppm); toluene (10,300 ppm to 25,300 ppm); ethyl benzene (900 ppm to 2,900 ppm); and 
xylenes (4,600 ppm to 23,900 ppm).   
 
 The sum of these four compounds is known as "BTEX" or benzene-toluene-
ethylbenzene-xylene.  The BTEX in diluent ranges from 27,000 ppm to 60,900 ppm.  The 
BTEX in DilBits, blended from these materials, ranges from 8,000 ppm to 12,300 ppm.44  
Similarly, the BTEX in synthetic crude oils (SCOs), which also could be imported via the 

                                                 
43 Condensate Blend (CRW) - http://www.crudemonitor.ca/condensate.php?acr=CRW;  Fort Saskatchewan 
Condensate (CFT) - http://www.crudemonitor.ca/condensate.php?acr=CFT;  Peace Condensate (CPR) -
 http://www.crudemonitor.ca/condensate.php?acr=CPR; Pembina Condensate (CPM) -
 http://www.crudemonitor.ca/condensate.php?acr=CPM; Rangeland Condensate (CRL) -
 http://www.crudemonitor.ca/condensate.php?acr=CRL; Southern Lights Diluent (SLD) -
 http://www.crudemonitor.ca/condensate.php?acr=SLD. 

44 DilBits:  Access Western Blend (AWB) -http://www.crudemonitor.ca/crude.php?acr=AWB; Borealis 
Heavy Blend (BHB) -http://www.crudemonitor.ca/crude.php?acr=BHB;  Christina Dilbit Blend (CDB) -
http://www.crudemonitor.ca/crude.php?acr=CDB; Cold Lake (CL) -
http://www.crudemonitor.ca/crude.php?acr=CL; Peace River Heavy (PH) -
http://www.crudemonitor.ca/crude.php?acr=PH; Seal Heavy (SH) -
http://www.crudemonitor.ca/crude.php?acr=SH; Statoil Cheecham Blend (SCB) -
http://www.crudemonitor.ca/crude.php?acr=SCB; Wabasca Heavy (WH) -
http://www.crudemonitor.ca/crude.php?acr=WH;  Western Canadian Select (WCS) -
http://www.crudemonitor.ca/crude.php?acr=WCS; Albian Heavy Synthetic (AHS) (DilSynBit) -
 http://www.crudemonitor.ca/crude.php?acr=AHS. 

http://www.crudemonitor.ca/condensate.php?acr=CRW
http://www.crudemonitor.ca/condensate.php?acr=CFT
http://www.crudemonitor.ca/condensate.php?acr=CPR
http://www.crudemonitor.ca/condensate.php?acr=CPM
http://www.crudemonitor.ca/condensate.php?acr=CRL
http://www.crudemonitor.ca/condensate.php?acr=SLD
http://www.crudemonitor.ca/crude.php?acr=AWB
http://www.crudemonitor.ca/crude.php?acr=BHB
http://www.crudemonitor.ca/crude.php?acr=CDB
http://www.crudemonitor.ca/crude.php?acr=CL
http://www.crudemonitor.ca/crude.php?acr=PH
http://www.crudemonitor.ca/crude.php?acr=SH
http://www.crudemonitor.ca/crude.php?acr=SCB
http://www.crudemonitor.ca/crude.php?acr=WH
http://www.crudemonitor.ca/crude.php?acr=WCS
http://www.crudemonitor.ca/crude.php?acr=AHS
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Santa Maria rail spur project or the Ferndale Rail Terminal and barged to Rodeo, ranges 
from 6,100 ppm to 14,100 ppm.45  These are very high concentrations that were not 
considered in the DEIR or FEIR.  These levels are high enough to result in significant 
worker and public health impacts. 
 
 The CrudeMonitor information also indicates that these diluents contain elevated 
concentrations of volatile mercaptans (9.9 to 103.5 ppm), which are highly odiferous and 
toxic compounds that could result in significant odor and nuisance impacts.  Mercaptans 
can be detected at concentrations substantially lower than will be present in emissions 
from the tanks and fugitive emission, including pumps, valves, flanges, and connectors.46  
In fact, mercaptans are added to natural gas in very tiny amounts so that the gas can be 
smelled to facilitate detecting leaks.   
 
 Thus, recovering propane and butane from semi-refined products generated from 
these tar sands crudes or from directly refining these crudes would emit VOCs, HAPs, 
and malodorous sulfur compounds, not found in comparable levels in conventional 
crudes currently handled at the Refinery.  There are no restrictions on the feedstock 
composition nor any requirements to monitor emissions for these HAPs from tanks and 
leaking equipment where DilBit-blended and other light crude fraction would be handled.   
 
7. CO Emissions Were Not Estimated 
 
 The Project would significantly increase emissions of carbon monoxide (CO), a 
criteria pollutant.  Carbon monoxide is emitted from all combustion sources, including 
locomotives, trucks and commuter auto trips, steam generation, and combustion of the 
recovered propane and butane at fired sources.  The DEIR is silent on CO emissions from 
the entire Project. 
 
IV.D. Decrease in SO2 Emissions Is Not Supported 

 
 The DEIR claims that the Project would reduce SO2 emissions by at least 50%, 
resulting in an SO2 emission decrease of at least 180 ton/yr.  DEIR, pp. ES-2, 3-5, 4.3-
19.  The emission inventory in Table 4.3-7 takes credit for a reduction in SO2 emission of 
172.4 ton/yr.  DEIR, Table 4.3-7.  The  BAAQMD Permit Application made a similar 
claim.  However, there it claimed a reduction of 174.7 ton/yr, of which 7.61 ton/yr was 
proposed to offset Project SO2 increases and the balance would be banked as Emission 

                                                 
45 SCOs: CNRL Light Sweet Synthetic (CNS) -http://www.crudemonitor.ca/crude.php?acr=CNS; Husky 
Synthetic Blend (HSB) -http://www.crudemonitor.ca/crude.php?acr=HSB; Long Lake Light Synthetic 
(PSC) -http://www.crudemonitor.ca/crude.php?acr=PSC; Premium Albian Synthetic (PAS) -
http://www.crudemonitor.ca/crude.php?acr=PAS; Shell Synthetic Light (SSX) -
http://www.crudemonitor.ca/crude.php?acr=SSX; Suncor Synthetic A (OSA) -
http://www.crudemonitor.ca/crude.php?acr=OSA;  Syncrude Synthetic (SYN) -
http://www.crudemonitor.ca/crude.php?acr=SYN. 
46 American Industrial Hygiene Association, Odor Thresholds for Chemicals with Established Occupational 
Health Standards, 1989; American Petroleum Institute, Manual on Disposal of Refinery Wastes, Volume 
on Atmospheric Emissions, Chapter 16 - Odors, May 1976, Table 16-1. 

http://www.crudemonitor.ca/crude.php?acr=CNS
http://www.crudemonitor.ca/crude.php?acr=HSB
http://www.crudemonitor.ca/crude.php?acr=PSC
http://www.crudemonitor.ca/crude.php?acr=PAS
http://www.crudemonitor.ca/crude.php?acr=SSX
http://www.crudemonitor.ca/crude.php?acr=OSA
http://www.crudemonitor.ca/crude.php?acr=SYN
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Reduction Credits.  BAAQMD Permit Ap., p. 17.  However, Phillips subsequently 
withdrew its banking application, casting doubt on its claim of a SO2 reduction.   
 
 Thus, there is no support, in either the DEIR record or the BAAQMD permitting 
record, for the claimed reduction in SO2 emissions.  Emission reductions used to offset 
emission increases must be permanent, real, and quantifiable.  There is no evidence that 
the claimed SO2 emission reductions meet any of these criteria.  In fact, claimed 
reductions could be a myth if the Refinery feedstock is modified to include a larger 
proportion of higher sulfur tar sands crudes than currently refined.  Such crudes could 
reach the Refinery via the related Santa Maria rail spur project or the Ferndale rail 
terminal by barge down the Pacific coast.   
 
V. CUMULATIVE AIR QUALITY IMPACT ANALYSIS IS INADEQUATE 

 

 The DEIR included only  the Marine Terminal project, the  temporary boiler,  and  
an SO2 transfer proposal in the list of cumulative projects.  DEIR, Sec. 5.4.3.3.  
However, the DEIR and FEIR fail to disclose the cumulative impacts that would result 
from other currently proposed projects that would affect the amount and composition of 
feedstock refined at Rodeo, compared to CEQA baseline feedstock.  Changes in baseline 
feedstock as explained in these comment, i.e., tar sands crudes such as DilBits, and 
increased amounts of semi-refined materials from the Santa Maria Facility, would 
increase emissions of all criteria pollutants and hazardous air pollutants at most all 
emission sources in the Refinery. 
 
 First, as discussed in Comment II, two projects are proposed at the Santa Maria 
Facility that would directly impact Rodeo.  These would send increased amounts of gas 
oil and naphtha to Rodeo for processing, increasing emissions from many refining units 
compared to the CEQA baseline.  A rail spur is also proposed for Santa Maria that would 
allow the import of tar sands crudes.  These tar sands crudes would change the chemical 
composition of Rodeo feedstocks, as described in Comment IV.C.6 and Attachment 2.  
These feedstocks, for example, would increase emissions of hazardous air pollutants from 
tanks, compressors, pumps, valves and flanges throughout the Refinery.  They would also 
increase NOx and SO2 emissions from fired sources throughout the Refinery, relative to 
the CEQA baseline.     
 
 Second, as also discussed in Comment II, Phillip 66's Ferndale Refinery is 
permitted to construct a rail terminal, which will facilitate barging tar sands crude to the 
Rodeo Marine Terminal.  The Rodeo Marine Terminal was recently permitted to import 
increased amounts of crude.  This would also change the chemical composition of Rodeo 
feedstocks, as described in Comment IV.C.6 and Attachment 2, compared to the CEQA 
baseline feedstock. 
 
 These directly related projects will cumulatively increase air emissions above the 
CEQA baseline.  They must all be evaluated together in a revised DEIR to determine 
cumulative air quality impacts. 
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I, Greg Karras, declare and say: 

1.  I reside in unincorporated Marin County and am employed as a Senior Scientist 
for Communities for a Better Environment (CBE).  My duties for CBE include technical 
research, analysis, and review of information regarding industrial health and safety 
investigation, pollution prevention engineering, pollutant releases into the environment, 
and potential effects of environmental pollutant accumulation and exposure. 

Qualifications 

2.  My qualifications for this opinion include extensive experience, knowledge, and 
expertise gained from nearly 30 years of industrial and environmental health and safety 
investigation in the energy manufacturing sector, including petroleum refining, and in 
particular, refineries in the San Francisco Bay Area. 

3. Among other assignments, I served as an expert for CBE and other non-profit 
groups in efforts to prevent pollution from refineries, to assess environmental health and 
safety impacts at refineries, to investigate alternatives to fossil fuel energy, and to 
improve environmental monitoring of dioxins and mercury.  I served as an expert for 
CBE in collaboration with the City and County of San Francisco and local groups in 
efforts to replace electric power plant technology with reliable, least-impact alternatives.  
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I served as an expert for CBE and other groups participating in environmental impact 
reviews of related refinery projects, including, among others, the Chevron Richmond 
refinery “Hydrogen Renewal Project” now subject to reanalysis pursuant to a California 
Court of Appeals Order,1 and the “Contra Costa Pipeline Project” now pending before the 
County.2  I serve as an expert for CBE in collaboration with labor, academic, and other 
community based and environmental groups in a project involving comprehensive 
investigation of environmental health and safety impacts of, and alternatives to, refining 
denser, more contaminated types of crude oils.   

4. I authored a technical paper on the first publicly verified pollution prevention 
audit of a California petroleum refinery in 1989 and the first comprehensive analysis of 
refinery selenium discharge trends in 1994.  I authored an alternative energy blueprint, 
published in 2001, that served as a basis for the Electricity Resource Plan adopted by the 
City and County of San Francisco in 2002.  From 1992–1994 I authored a series of 
technical analyses and reports that supported the successful achievement of cost-effective 
pollution prevention measures at 110 industrial facilities in Santa Clara County.  I 
authored the first comprehensive, peer-reviewed dioxin pollution prevention inventory 
for the San Francisco Bay, which was published by the American Chemical Society and 
Oxford University Press in 2001.  In 2005 and 2007 I co-authored two technical reports 
that documented air quality impacts from flaring by San Francisco Bay Area refineries, 
and identified feasible measures to prevent these impacts.   

5. My recent publications include the first peer reviewed estimate of combustion 
emissions from refining denser, more contaminated “lower quality” crude oils based on 
data from U.S. refineries in actual operation, which was published by the American 
Chemical Society in the journal Environmental Science & Technology in 2010, and a 
follow up study that extended this work with a focus on California and Bay Area 
refineries, which was peer reviewed and published by the Union of Concerned Scientists 
in 2011.  Most recently, I presented invited testimony on inherently safer systems 
requirements for existing refineries that change crude feedstock at the U.S. Chemical 
Safety Board’s public hearing on the Chevron Richmond refinery fire that was held on 19 
April 2012.  My curriculum vitae and list of publications are attached hereto.  

 

___________________ 
1 See CBE v. City of Richmond 184 Cal_App.4th. 
2 See Contra Costa Pipeline Project file, County File #LP072009, SCH #2007062007. 
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Scope of Review 

6. In my role at CBE I have reviewed the proposed project called the Phillips 66 
Company Propane Recovery Project (project) and the June 2013 Draft Environmental 
Impact Report (DEIR) released by Contra Costa County for public review of the 
proposed project.  My review of the project and DEIR reported herein is focused on 
catastrophic incident, flaring, air emission, cooling system, and climate impacts that 
could result from the project.  My opinions on these matters and the basis for these 
opinions are stated in this report.  

Project Description 

7.  According to the DEIR, the project would install, at the Phillips 66 San Francisco 
Refinery (SFR) Rodeo facility, process equipment that would enable the refinery to treat, 
recover, store, and ship for sale 8,000 barrels3 of additional liquefied petroleum gases 
(LPG) daily, including 4,200 b/d of propane and 3,800 b/d of additional4 butane.  This 
equipment would include:  

• a three-reactor hydrotreater installed to the coker and related fuel gas treatment;  

• three 120–140 foot tall fractionator towers and two 70 foot tall absorber towers;  
• 140 MMBtu5 per hour of expanded steam boiler capacity to heat this processing; 

• six pressurized propane storage tanks totaling 15,000 barrels capacity; and  
• two additional rail spurs and a two-sided loading rack to load eight rail cars/day.6  

8.  Ancillary equipment such as additional process vessels, heat exchangers, pumps, 
and piping would be installed, and modifications to an existing once-through system 
would increase Bay water use to 40,000 gallons/minute to cool the new processing.6  

9. Information that is needed to understand and evaluate the environmental 
implications of this project has, in many cases, been omitted from the DEIR, even though 
the same information that the DEIR omits is publicly available from other sources.  Some 
forty of these critically important deficiencies in the DEIR’s description of the project are 
discussed in paragraphs 10 through 47. 

___________________ 
3 1 barrel (b): 42 gallons; 0.159 cubic meter (m3).  Conversely, 1 m3: 6.29 barrels; 264 gallons. 
4 The refinery already produces 5,500 b/d of butane for sale, based on the DEIR at 3-21. 
5 MMBtu: 1 million Btu (British thermal units); 1.00551 gigajoule (GJ). 
6 See DEIR at 3-21, Table 3-2, 3-27. 
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10. The DEIR does not disclose how long the project could be expected to operate.  
The omission is important because the time frame of the project must be identified to 
understand and evaluate potential impacts of project operation over that time. 

11. There is no good reason why the time over which the project may reasonably be 
expected to operate should be kept secret in the DEIR.  An operating life estimate must 
have been made to support critical equipment design specifications, such as vessel wall 
thickness and materials of construction to resist corrosion, and schedules for major 
maintenance “turnarounds.”  Phillips 66 also would have used this estimate in financial 
analysis before committing to the project.  Publicly reported data show similar refinery 
processes have operated for 30–50 years or more.7  Another EIR for a proposed project at 
the Richmond refinery suggested it is “reasonable to use past history as a guideline” and 
to expect similar “equipment to be operated for several decades.”8  Moreover, an EIR for 
a related project at this refinery disclosed and analyzed a 40 year project duration.9  

12. Impacts of the project that would emerge later and are obscured by this omission 
include those from its effects on a concurrent feedstock switch. California refiners’ long-
stable and dominant sources of crude oil are dwindling, driving an historic refinery crude 
switch.  See Chart 1.  Foreign crude was only 6% of total California refinery crude feed 
in 1990; in 2012 it was 51%.10  By 2020, roughly three-quarters of the crude refined 
statewide likely will not be from currently producing sources in California or Alaska.11  
Because it relies on dwindling California oil supplies via pipeline for most of its crude 
feed,12 the SFR almost certainly will be among those California refineries that switch 
crudes dramatically during the project’s operating life.  Indeed, the refinery’s 1995 wharf 
project forecast this outcome,9 and its recent related project to allow 67% more crude 
delivered via its wharf13 would begin to implement the switch.  Among other problems, 
omitting the operating life of the project obscures the project’s implications for the choice 
of new crudes, and the impacts of that feedstock choice.    
___________________ 
7 See BAAQMD, 2009; and BAAQMD, 2011.  
8 See City of Richmond, 2008. SCH #2005072117, FEIR Response to Comments, page 3.16a-1. 
9 FEIR SCH #91053082 (State Lands, 1995). See section 4 at pages S-1 (stating a 40-year project 
duration) and S-4 (“it is assumed that sources of San Joaquin” and “Alaskan crude, will decline” 
and “[m]ore reliance will be placed on crude imports from foreign sources”).  
10 Cal. Energy Commission (http://energyalmanac.ca.gov/petroleum/statistics/crude_oil_receipts). 
11 See Baker & O’Brien, 2007; and Croft, 2009. 
12 Based on Oil & Gas Journal capacity and 11.2–18.7 MMb/y wharf limit.  
13 Based on 11.2 vs 18.7 MMb/yr (DEIR at 5-4); see also ERM & BAAQMD, 2012. 
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Chart 1. Crude oil supply sources to California refineries, 1982–2012   
California Energy Commission (http://energyalmanac.ca.gov/petroleum/statistics/crude_oil_receipts). 

13. The DEIR does not report the crude oil quantity processed by the refinery.  Its 
crude throughput (≈120,000 b/d14) must be known to understand and evaluate the scale of 
environmental impacts resulting from project effects on crude processing. 

14. The DEIR does not disclose the changes in crude oil use that could result from the 
project.  Data summarized in Table 1 suggests that meeting project objectives would 
increase the refinery’s total LPG production for export sales to 11.2% of its total crude 
feed volume, 230–570% of the butane yield from initial distillation of its total crude feed, 
and 450–1,200% of the propane yield from distilling that crude.15  This change in  
___________________ 
14 San Francisco Refinery (SFR) crude capacity in b/cd; volume that can be processed during 24 
hours after making allowances for types and grades of inputs and products, environmental 
constraints and scheduled downtime (Oil & Gas Journal, 2012). This value is close to those the 
company reported to air and water officials (see Phillips, 2012b; SFR NPDES permit orders).   
15 See data in Table 1. LPG production from DEIR at 3-21. Total post-project butane export is 
included because project equipment would replace existing processing for production of butane 
that is now exported and would not change existing crude distillation equipment to change LPG 
yield from crude distillation.  See also EIA Refinery Yield: Monthly average U.S. refinery LPG 
yield ranged from 1.8–5.7% on crude volume during January 1993–May 2013. 
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processing would affect refinery production and create environmental impacts in several 
ways the DEIR does not describe: 

• The location of emissions from LPG combustion would change.  LPG now used as 
refinery fuel that is self-produced from crude would be removed from refinery fuel 
gas and sold for uses involving combustion at a different location. 

• Fuel gas heat content would decline, as more LPG is removed from fuel gas and 
replaced with natural gas, which has a lower heat content.  This could affect 
combustion sources, fuel gas balance, and flare gas recovery refinery wide.  Effects 
from this fuel gas quality problem are different from, and could occur regardless of, 
the fuel gas quality improvement from sulfur removal that the DEIR describes. 

• The refinery would become more reliant on severe processing of the denser oils in the 
crude stream in order to create enough byproduct gases from “cracking” these oils to 
fill the LPG gap between its crude distillation yield and LPG production objectives.  
This would be necessary to meet project export objectives because the refinery could 
not otherwise create enough propane and butane, and further would be driven by the 
enlarged revenue and profit streams from meeting those objectives.   

Table 1. Post-project LPG production greatly exceeds refinery crude distillation yield 

         Initial crude distillation yielda         Post-project LPG productionb  
         % vol. on crude     barrels/dayc          barrels/day    % of crude feedc 

Propane 0.30–0.78 360–936  4,200    3.50 
Butanes 1.35–3.31       1,620–3,970  9,300    7.75 

(a) Median and 95th Percentile yields from 205 publicly reported crude oil assays (see Crude Assays).  
(b) Total post-project production for export sales based on capacity reported (DEIR at 3-21). 
(c) Calculated based on reported crude capacity of 120,000 b/cd from Oil & Gas Journal (2012). 

15. The DEIR does not disclose the change in crude feed quality that could result 
from the project.  The configuration of this project and refinery requires coking for the 
additional LPG-rich byproduct gases to meet the project’s production and profit goals.  
Installing a catalytic cracker16 or repurposing a hydrocracker would entail capital or lost 
motor vehicle fuels production costs that make those options conflict with maximizing 
LPG export profits.  The U200 delayed coker is the primary source of LPG-rich gases 
that cannot be treated adequately by DGA (amine) processing; the project would 
“[i]nstall to U200” hydrotreating to provide this treatment; and the new hydrotreater’s 
proposed purpose in this project is to allow LPG to be recovered from coker gases.17  
___________________ 
16 The Phillips 66 SFR does not include a catalytic cracking process. See BAAQMD, 2013. 
17 Phillips, 2012b at 4; DEIR at 3-5, 3-12, 3-16, 3-21, 3-23/24/25, 6-4/5; Phillips, 2012a at 5.  
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Delayed coking is severe thermal cracking (415–515 ºC at 15–90 psi for ≈24 hours) that 
is used to crack the densest oil streams processed, such as the residue from vacuum 
distillation of atmospheric distillation bottoms and bitumen.18  Thus, the project would 
commit the refinery to continued coking of the highest-density part of the crude resource.  

16. Importantly, denser coker feeds produce more gases and more LPG.  Coking 
converts dense components of crude into oil streams that can be processed further to 
make light liquid fuels.18  Named for its petroleum coke byproduct, it also creates 
byproduct gases with 1–4 carbon atoms (C4–), including butanes (C4) and propane (C3), 
which are burned as refinery fuel or, especially in the case of C3 and C4, sold as LPG.19  
Along with temperature, pressure, and reaction time, key process variables include 
feedstock properties and product targets.20  Data summarized in Table 2 suggest that even 
at full coker capacity,21 producing 8,000 b/d of LPG from refinery coker gases could 
require running the densest vacuum residues.  Though it shows estimates only for a few 
possible feeds, Table 2 illustrates how, by adding an LPG export objective to its coker 
output, the project will drive the refinery to coking higher density feeds. 

Table 2. Denser feeds increase C4– (including LPG) yield from delayed coking 
Vacuum resid feed 
   cut point (ºC)         +482  +538    +538  
   density (kg/m3)     952–981  1,013    1,044 
   sulfur content (% wt.)    0.50–0.60   3.40     5.30 
C4– (including LPG) yield  
   C4– yield (% vol.)       10–11     15      17 
   C4– yield at 47 kbpd 
   coker capacity (b/d)  4,700–5,310  6,880    7,930   

C4–: hydrocarbons with 4 carbons or less; LPG (butanes and propane) and lighter gases. 
Data from tables 7.1-2 and 7.1-6 in Meyers, 1986. C4– overestimates LPG yield. Yield converted from 
mass to volume assuming all C4– is LPG with 539 kg/m3 density, and 967 kg/m3 density coke.  

___________________ 
18 See Meyers, 1986; Speight, 1991. Heavy or aliphatics-rich synthetic crude oils (SCOs) derived 
from partially pre-processing tar sands bitumen or crude residua may be included in these coker 
feeds, and refiners have sometimes labeled such SCOs as “gas oils,” but calling them gas oil in 
this context is misleading.  The DEIR does not disclose the project’s reliance on low-quality oils. 
19 Delayed coking byproducts also include mercaptans and olefins (Meyers, 1986), which the new 
hydrotreater would remove from coker gases (Phillips, 2012a).  Mercaptans are highly odorous: 
the coker thus may be linked to the refinery’s notorious odor problems.  These coking byproduct 
contaminants appear to be the reason for the new hydtrotreater but are not named in the DEIR.  
20 See Meyers (1986) at 7-69.  The DEIR does not disclose this project link to coker operation. 
21 47,000 b/cd (Oil & Gas Journal, 2012). 
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17. Thus, the project’s new commitment to coking denser oils in order to meet its 
LPG export sales objective would lock the refinery into a crude slate at least as dense as, 
and likely denser than, its current slate.  It likely would be denser because making more 
LPG would drive the refinery toward coking higher-density vacuum resid and bitumen 
and also toward increasing coker feed rates.22  This would make denser vacuum resids, 
bitumen, or both a larger share of the crude slate, driving the density of the crude slate 
up.23  Worse, it would do so during a period when the refinery almost certainly must 
switch—and in fact is beginning to switch—to new sources for its crude supply, as 
discussed in paragraphs 11 and 12.  The project would thereby lock the refinery into a 
new crude slate of lower quality than it need otherwise choose.  The DEIR does not 
disclose this effect of the project. 

18. Contamination of refinery feedstock would increase as a result of the project.  
Sulfur and other toxic trace elements concentrate in the densest components24 of crude 
that the imperative to produce more coker LPG would make a larger portion of the 
refinery’s crude slate. Imports likely to dominate the new slate in order to fill SFR coking 
capacity—39% of its total feed volume25—with vacuum resid feeds as dense as the high-
LPG feed shown in Table 2 could boost sulfur content substantially.  See Table 3.  
Regional trends also support this expectation.  See Chart 2.  Indeed, sulfur in the new 
slate could reach ≈3–4.5% wt.  The DEIR omits crude quality data,22 but the crude feed is 
not nearly that high in sulfur now.26  Available information suggests that the current 
average Rodeo feedstock is ≈915–918 kg/m3 in density and ≈1–1.5 wt. % sulfur.27  The    
crude slate resulting from the project likely would be denser and far more contaminated. 

___________________ 
22 A separate environmental review of increased throughput rates reports some of the crude feed 
data that the DEIR should and could have reported, and reveals the company’s plans to increase 
throughput rates for at least some of its upstream processing (see SMF EIR 2012 Excerpts). The 
DEIR does not mention or disclose this other proposed project or environmental review.  
23 The density of a crude oil is proportional to the volume of higher molecular weight, higher 
boiling point, larger hydrocarbons in that crude oil. See Karras, 2010; Speight, 1991. 
24 Sulfur, as well as nickel and vanadium, among other toxic elements, concentrates in the 
vacuum residua component of crude and bitumen. See Speight, 1991; Karras, 2010. 
25 SFR’s 47,000 b/d of coking is 39% of its 120,000 b/d crude capacity (Oil & Gas J. data).   
26 Compare UCS (2011), ERM & BAAQMD (2012), Oil & Gas Journal, SMF EIR (2012) and 
EIA Imports Analysis: the Alaskan, imported, and San Joaquin (weighted average pipeline 
component) streams that comprise about three-quarters of Rodeo’s slate have a combined average 
sulfur content of ≈1 wt. %: an average of 3% sulfur in this current slate is not plausible. 
27 UCS, 2011; ERM & BAAQMD, 2012; SMF EIR 2012. 
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Table 3.  Selected data for crude oils with dense (≥ 1,040 kg/m3) vacuum residue yield  
comprising ≈30–39% of the whole crude oilʼs total volume. 

 DOE avg.a Eoceneb Crude oils containing bitumen from tar sandsc 

 for these Crude Access Christina Surmont  
 crude oils (Mid-East) Western Dilbit Bld. Heavy Bld WCS* 

Whole crude       
   density (kg/m3) 918 945 922 923 936 929 
   sulfur (wt. %) 2.98 4.57 3.94 3.80 2.99 3.51 
   TAN (mg KOH/g) —— 0.20 1.70 1.55 1.39 0.94 
   nickel (ppm wt.) —— 21 72 68 51 58 
   vanadium (ppm) —— 59 194 179 140 141 

Vacuum residue       
   volume (% crude) 34 34 36 36 29 37 
   density (kg/m3) 1,060 1,070 1,062 1,059 1,061 1,054 
   sulfur (wt. %) 6.04 7.35 6.49 6.21 6.07 5.56 

Vacuum Gas Oil &       
Residue combined       
   volume (% crude) 53 68 61 60 56 63 

*WCS: Western Canadian Select.  (a) Data from the U.S. Dept. of Energy, Crude Oil Analysis Database: 
shown is the average of all data for crude oils with residue yields that are 30–39% of crude volume, and also 
denser than 1,040 kg/m3 (n = 15).  (b) Data from publicly reported assays of traded oils (Chevron, 2013).   
(c) Data from Canadian Crude Quality Monitoring Program.  See  Crude Assays; DOE COA 2013, attached). 
 
 

 

 
Chart 2. Sulfur and imports content of West Coast refinery crude feeds, 1985–2012   
PADD 5 data from the U.S. Energy Information Administration (www.eia.gov/petroleum/data.cfm). 
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19. This new, dense crude slate likely will include more oil derived from “tar sands” 
bitumen.  The project would commit the refinery to coker feed-rich crude over a period 
when the worldwide portion of high-density crude supplied by “heavy oil” and bitumen is 
likely to grow dramatically.28  Bitumen has already come to dominate crude production in 
Canada,29 the largest source of U.S. crude imports.30  Moreover, crude can account for up 
to 90% of a refinery’s operating costs,31 and tar sands bitumen is price-discounted (due in 
part to delivery constraints),32 so Phillips 66 is incented to run it, especially since the 
company’s affiliates produce two of the bitumen blends shown in Table 3.33  Indeed, 
recent major projects expanded the Rodeo facility’s capacity to run more of these oils.34  
It now has vacuum distillation capacity to process a crude slate with atmospheric residua 
yield as high as 73% of the barrel, and coking capacity to process a slate with vacuum 
residua yield as high as 39% of the barrel,35 which is more than enough to run the 
bitumen blends shown in Table 3.    

20. Exactly what new crude blends to run is typically analyzed intensively based on 
many dozens of factors, but it is clear that the refinery will seek to run near capacity36 and 
will continue to match blends of oils37 to its processing capacities.  Processing analysis 
for a blend of Western Canadian Select (WCS) and Alaskan North Slope (ANS) crude 
oils that the refinery could run is summarized as a hypothetical example in Table 4.  In 
this simplified example, the refinery sells 12,000 b/d of the naphtha it distills from 
120,000 b/d of WCS to other refiners, purchases 11,200 b/d of ANS gas oil, and runs its  

___________________ 
28 See Meyer et al., 2007. Heavy oil and natural bitumen resources in geologic basins of the 
world. U.S. Geological Survey Open-File Report 2007–1084; see also Kerr, 2009. 
29 ERCB st 98–2009. Alberta’s Energy Reserves 2008 and Supply/Demand Outlook 2009–2018. 
Energy Resources Conservation Board, Calgary. See pp. 2–6; see also Oil & Gas Journal, 2007. 
30 EIA, 2013. (http://www.eia.gov/dnav/pet/pet_move_impcus_a2_nus_epc0_im0_mbbl_a.htm). 
31 Interim Investigation Report, Chevron Richmond Refinery Fire. U.S. Chemical Safety and 
Hazard Investigation Board.  Adopted 19 April 2013. (CSB, 2013.)  See page 33. 
32 See Fox, 2013; and Goodman, 2013. (NRDC expert reports on Valero Crude by Rail Project.) 
33 See Canadian Crude Monitoring Program (www.crudemonitor.ca): Christina Dilbit Blend 
(“produced at the jointly owned Cenovus Energy Inc. and ConocoPhillips Christina Lake SAGD 
facility”); and Surmont Heavy Blend (50% owned, and operated by, Conoco Phillips Canada). 
34 See Strategic Modernization SCH #2002122017; Clean Fuels Expansion SCH #200509028; 
Marine Terminal Offload Project (ERM & BAAQMD, 2012); and DEIR at 3-19/20, 5-4/5-7.  
35 Based on process vs. crude capacities reported as of 1/1/13 by Oil & Gas Journal (2012).  
36 U.S. refineries ran at 90% of capacity on average since 1990 (www.eia.gov/petroleum/data). 
37 In addition to California and Alaska, the SFR processed oils from Canada and 20 other 
countries during 2004–2012 (EIA Imports Analysis). 
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Table 4. Example SFR refinery crude slate blending tar sands and conventional oils. 

 
Crude quality data from Canadian Crude Quality Monitoring Program (www.crudemonitor.ca) and publicly 
reported assays for ANS crude (Oil & Gas Journal; ExxonMobil and BP web sites). Refinery process 
capacities as of 1 January 2013 from Oil & Gas Journal (2012). Delayed coking yield based on typical yield 
reported for dense (1,044 kg/m3) vacuum residua feed (see Tables 7.1-2 and 7.1-6 in Myers, 1986) and 
typical North American petroleum coke density (see Table S5 in Karras, 2010). Internal refinery hydrocarbon 
flow volumes may vary with varying volume expansion/loss effects in conversion processing. Capacities 
shown include the companyʼs Santa Maria operations, which are integrated with the Rodeo operations via 
transfers of intermediate products, facilitating import/export logistics for refinery input blending. 

vacuum distillation, coking, hydroprocessing, reforming and isomerization units at full 
capacity on the resultant WCS/ANS blend.  This hypothetical example assumes WCS 
delivery, and represents but one of perhaps thousands of blends that the company might 
analyze closely for feedstock performance and cost containment.  Nevertheless, this 
example shows that a new tar sands-derived crude slate could be very dense (≈952 kg/m3) 
and high in sulfur (≈3.4 wt. %). 

21. Crucially, logistical costs of bringing tar sands oil into the refinery—while rail 
loading, pipeline, and pipeline-to-boat capacities remain bottlenecked38—emerge as a  

___________________ 
38 See Fox, 2013; and Goodman, 2013. (NRDC expert reports on Valero Crude by Rail Project.) 
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barrier to processing much more tar sands oil at the San Francisco Refinery.  By linking a 
major new profit stream from LPG sales to price-discounted coker feeds such as bitumen, 
while expanding total rail and wharf loading capacity, the project could breach this 
transport cost barrier, and increase tar sands crude inputs to the refinery. 

22. A Phillips 66 web page presents a map depicting crude transport routes from the 
tar sands region of Canada to its SFR by rail, pipeline, and ship, and quotes Chairman 
and CEO Greg Garland among the following excerpted statements: 

“Advantaged crude sells at a discount relative to crude oils tied to the 
global benchmark … [and] include[s] heavy crude from Canada …  

‘We are looking at pipe, rail, truck, barge and ship—just about any way 
we can get advantaged crude to the front end of the refineries,’ said 
Garland. … 
The next challenge for the company is identifying strategies to get more 
advantaged crude oil to its California refineries [which can run a wide 
range of crudes].”39  

Separately, Garland disclosed that the company’s “opportunity to improve performance 
in California is really around getting advantage crudes to the front end of the California 
refineries, its rail, its ship, it’s working on optimization of the cost structure and the 
export capabilities of those refineries.”40 (Emphasis added.)  These disclosures support 
the evidence discussed in paragraphs 12–21 and shed some light on how expanding rail 
capacity, production capacity, and LPG sales revenue in a way that is locked into low- 
quality crude feeds could “optimize the cost structure” for getting cheap tar sands oil to 
the refinery.  The DEIR omits these disclosures. 

23. Among other problems, denser and more contaminated crude feeds can greatly 
increase refinery energy intensity, air emissions, toxic pollutant releases, flaring, and 
catastrophic incident risk.  The DEIR does not disclose or describe these impacts. 

24.  Changes in the fuel burned to heat, pressurize, and power refinery process 
equipment that would result from the project are not described adequately in the DEIR.   
It acknowledges a substantial shift in fuels to be burned but does not report the chemical 
composition of the current mixture of gasses burned or the changed mixture to be 

___________________ 
39 See: http://www.phillips66.com/EN/newsroom/feature-stories/Pages/AdvantagedCrude.aspx. 
40 Thomson Reuters DECEMBER 13, 2012 / 01:30PM GMT, PSX – Phillips 66 First Annual 
Analyst Meeting. (www.streetevents.com). 
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burned.  Some of this fuel gas composition data is available,41 but it is not included in, or 
analyzed by, the DEIR.  The mixture of chemicals burned must be identified and 
analyzed to support complete and reliable estimates of project air emissions.  

25.  Similarly, as the project causes the refinery to burn more fuel for energy it lowers 
the fuel’s heat content, changing combustion conditions when it is burned.  The DEIR 
provides no information about changes in the equipment that would burn this changed 
fuel refinery wide.  For example, it is troubling that the company first asserted the lower 
heat content of refinery fuel gas “will require alterations to the burners of 19 heaters to 
operate efficiently,” but now asserts that “no changes to any burners are required at this 
time,” without providing design capacity data for its burners requested by air officials.42  
The DEIR does not mention this issue or correspondence, but this type of data on 
combustion equipment that could be affected by project fuel changes must be reported 
and analyzed to support a complete and reliable analysis of project impacts on flaring. 

26. The DEIR does not disclose a part of the project that would enable emission 
increases that could cancel out its claimed SO2 emissions reduction.  Phillips 66 seeks 
“emission reduction credits” that could be banked and then used later, allowing the 
refinery to increase emissions by the credited amounts.  In its application for air permits 
submitted for this project eight months ago, the company references the SO2 emission 
reduction associated with the project that also is asserted in the DEIR, and then states: 

“Phillips 66 requests 174.7 tons per year of SO2 emission reduction credits 
(ERCs) for this reduction.  Of this amount, 7.61 tpy will be used to offset 
project SO2 increases so that there will be no net increase in SO2 
emissions from the project (see Table 3-1).  The remaining 167.1 tpy of 
SO2 (174 tpy minus 7.61 tpy) will be banked as ERCs.”43 

This part of the project, to increase emissions later, and this “no net increase” claim, 
contradict the DEIR’s unqualified assertion that the project will result in reducing 
refinery wide SO2 emissions “by at least 50%.”44  The DEIR does not propose any 
condition of approval requiring that the promised refinery wide emission reduction be 

___________________ 
41 See project Air Permit Application attachments A-4 and A-7 (Air Permit App Atts A 4 & 7). 
42 See Phillips’ letters of 30 April 2013 (page 1) and 28 June 2013 (page 14) responding to 
BAAQMD letters of 1 March and 21 May, 2013 advising that its air permit application for the 
project is incomplete, and presenting numerous data requests (Air Permit Correspondence). 
43 Air Permit Application at 17, Section 3.4 (Air Permit App Sections 1–3). 
44 DEIR at ES-2, 3-5, and 4.3-19. 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 14 Draft Environmental Impact Report 

permanent.  It does not identify the now-apparent link, between undisclosed future 
activities, and this project that could allow those future activities to pollute.  It does not 
evaluate what those activities entail, whether they are part of the project or related to it in 
other ways as well, why the future rebound in emissions seems necessary, how soon it 
might occur, or how long it might last.  Omitting plans to enable emissions that the DEIR 
is at the same time asserting will be cut appears misleading.  In any case, this part of the 
project conflicts with the project objective to reduce emissions that is stated in the DEIR.      

27. Waste heat from burning fuel to operate the project would be transferred to San 
Francisco Bay by expanding “once-through cooling” (OTC) that sucks Bay water into the 
refinery and discharges it back to the Bay as thermal waste.  The DEIR does not report 
how much more heat the project would dump into the Bay.  Moreover, its analysis of Bay 
water use, which should indicate the extent of thermal and other impacts of the OTC 
expansion, underestimates the potential increase in OTC water and heat flows. 

28. According to the DEIR, the OTC expansion to 57.6 million gallons/day (MGD) 
represents an increase of 12.2 MGD from a project baseline OTC flow of 45.4 MGD.45  
The DEIR asserts this 45.4 MGD baseline without any supporting documentation, but 
NPDES findings omitted from it show that average OTC flow never approached 45.4 
MGD since at least 1985.  See Chart 3.  Further, the refinery was required to estimate 
impacts of related prior modifications on its OTC flow and estimated they would increase 
it to only ≈35.4 MGD.46  Permit review analysis of post-modification continuous 
monitoring data to check on that estimate found OTC flow of ≈35.5 MGD in 2010, and 
by mid-2011 this monitoring showed a long-term average OTC flow of ≈38.3 MGD.46  
This evidence shows that the 45.4 MGD DEIR estimate inflates the project’s OTC 
baseline.  Based on the proposed OTC expansion to 40,000 gpm (57.6 MGD) and the 
most recent NPDES long-term average OTC flow (38.3 MGD), the project could use 
≈19.3 MGD of Bay water.  This more accurate OTC flow increment (19.3 MGD) exceeds 
the increment the DEIR calculated from its inflated baseline (12.2 MGD) substantially.   

___________________ 
45 DEIR at 3-27; see also Phillips, 2012b at 23–24: The same 40,000 gpm post-project total and 
8,500 gpm increase on a purported 31,500 gpm baseline is asserted without documentary support 
in both, but 40,000 gpm is the proposed OTC rate that would be implied by project approval.    
46 NPDES Permit R2-2011-0027 at F-53 and Finding II. B. 3; see also Table E-5. 
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Chart 3. Rodeo facility combustion heat transfer to S.F. Bay.  Thermal waste 1985–2011 volume 
data from NPDES orders R2-1985-029, 1989-002, 1994-129, 2000-015, 2005-0030 and R2-2011-0027; 
project potential volume from DEIR. Heat energy rejected is shown as a percentage of total refinery fuel 
energy (DEIR tables 4.6–1, 4.6–2) and is estimated based on volume entering OTC at 55 ºF (Reg. 
Monitoring Program, Davis Pt. Oct–June avg.) and exiting processing at 110 ºF before heat loss to the 
atmosphere and mixing in the retention system upstream of the outfall, and the specific heat of water 
(4.1868 J). Project potential heat percentage based on 2011 fuel use plus 140 MMBtu/hr for project steam.  

29. Total heat rejected by OTC would grow, from ≈6.3–6.8 million gigajoules/year 
during 2007–2011 to ≈10.2 MM GJ/yr as a result of the project.47  Waste heat rejected by 
the project flow increment (≈3.4–3.9 MM GJ/yr) would greatly exceed the total energy of 
additional fuel the DEIR states the refinery could burn for the project (1.23 MM GJ/yr).48  
Consequently, refinery wide reliance on OTC to reject waste heat would grow, from 
≈20–26% of all fuel energy burned in the facility during 2007–2011, to ≈38% of post-
project refinery energy use.49  See Chart 3.  The DEIR does not identify or explain the 
discrepancy between the fuel it says the project would burn and the heat its expanded 
OTC could carry, and it does not disclose this increased refinery wide reliance on OTC. 

___________________ 
47 1 gigajoule (GJ): 1 billion joules; 0.994 MMBtu. Waste heat rejected estimated as summarized 
in the caption of Chart 3.  Note that the DEIR does not report the temperature of water exiting 
processing before entering the retention basin and mixing with other flows around the splitter; it 
states only that heat loss in those upstream steps will keep the OTC discharge at E-002 ≤ 110 ºF. 
48 Based on 140 MMBtu/hr expanded steam boiler capacity (see DEIR at 3-20; 3-21) at 100% 
utilization.  Note that even the DEIR’s underestimated OTC flow (≈2.16 MM GJ/yr) would reject 
more heat than this expanded boiler firing would add: the DEIR does not identify the discrepancy. 
49 Based on annual fuel use in DEIR at 4.6-2, and project adding 140 MMBtu/hr to 2011 fuel use.  
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30.  This increased reliance on OTC to carry heat from as-yet unidentified sources is 
consistent with an undisclosed increase in firing rates to process denser, higher sulfur 
crude feeds—which are known to increase refinery energy intensity.50  It is consistent, 
also, with a shift from existing cooling towers to OTC—which might yield savings on 
cooling tower makeup water and chemicals.51  Confirming or quantifying either or both 
possibilities may require cooling system design information that the DEIR does not 
provide.  Regardless of its specific uses in cooling the refinery, however, the project’s 
expansion of OTC would conflict with ongoing efforts to phase out and replace OTC.   

31. In 2010 California adopted the Statewide Water Quality Control Policy on the 
Use of Coastal and Estuarine Waters for Power Plant Cooling.52  Among other things, 
this policy required power plant cooling systems to reflect the best technology available, 
encouraged them to use recycled water instead of estuarine water, and required most 
plants to cease OTC for units “not directly engaged in power-generating activities or 
critical system maintenance” by October 2011.52  Importantly, oil refining is not 
addressed specifically by this policy at least in part because most California refineries 
replaced OTC with “closed loop” cooling towers long ago.  In fact, the Rodeo facility is 
the only one of the five refineries lining the Bay that still uses this antiquated cooling 
technology53—and it has been since the Richmond refinery phased out and replaced OTC 
in the 1980s.  The DEIR does not discuss this crucial context. 

32. Work that could lead to phasing out and replacing OTC at the refinery has been 
ordered by the California Regional Water Quality Control Board.  The Board ordered the 
refinery to prepare an engineering evaluation of replacing OTC, including a “conceptual 
design for a closed loop cooling tower system, including estimated costs (capital and 
operation) and construction timetable.”54  Phillips’ 2012 response reported locations 
where two cooling towers could be built to replace OTC, conceptual designs for them, 
and estimated capital ($50 MM) and operating ($5.5 MM/yr) costs.51  For context, this 
estimate suggests that the annualized cost over ten years represents only 0.2–0.3 % of the 
refinery’s annual cost for $75/b–$115/b crude.  The DEIR does not include or discuss this 
state order to evaluate replacing OTC or this refinery report indicating it can be done.  
___________________ 
50 See Karras, 2010; Bredeson et al., 2010; Brandt, 2012; Abella and Bergerson, 2012. 
51 See Cooling Tower Replacement Feasibility Evaluation (Phillips Cooling Tower). 
52 As adopted by the State Water Resources Control Board on 1 October 2010 (SWRCB, 2010).   
53 Chevron R2-2011-0049; Shell R2-2012-0052; Tesoro R2-2010-0084; Valero R2-2009-0079. 
54 NPDES Permit R2-2011-0027 at Provision VI.C.2.f. 
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33. Evidence discussed in paragraphs 27–32 indicates that, by building onto and 
expanding the existing OTC system at the refinery, the project would foreclose an 
opportunity to replace OTC in the near term, and would instead continue and expand the 
use of this antiquated cooling technology.  It would thereby result in the continuation of 
adverse impacts on aquatic life in San Francisco Bay that could otherwise be eliminated, 
in addition to the impacts from project increases in OTC flows.  However, the DEIR 
seeks to evaluate only impacts from its (under)estimate of the increased OTC flow rate, 
further underestimating the project’s potential impacts on the Bay.  

34.  Once-through cooling harms aquatic ecosystems by injuring or killing biota and 
degrading their habitats via entrainment,55 impingement,56 and thermal pollution.57  In 
operation at design temperature, the severity of system- and site-specific impacts is 
generally proportional to OTC flow.  Clearly adverse impacts have been documented 
from entrainment and at shoreline thermal discharge sites in San Francisco Bay,58 but 
monitoring studies have yet to measure the full ecological impact of site-specific OTC 
applications.  This is in part because of practical limitations in scientific tools.  For 
example, reviews of a series of Bay OTC impact studies59 found: 

• Sampling techniques can be too aggressive for some species that become mutilated 
and unidentifiable or too passive to capture and account accurately for other species. 

• Perceptions about the cost of comprehensive sampling lead to excluding many 
species or life stages—such as phytoplankton, invertebrates, eggs, and species present 
in very low abundance—and to attempts to measure “surrogate” species instead. 

• Similarly, multi-year sampling is seldom done, but interannual variability changes the 
occurrence and abundance of many species affected by OTC in estuaries like the Bay.  

• Sampling and data management designs must anticipate seasonal and spatial variation 
in the abundance of various species and life stages, but the site-specific timing of 
such changes is difficult to predict in many cases and may be impossible to predict 
for some poorly studied species.  

___________________ 
55 The organism enters into the cooling system with water drawn through the intake screens. 
56 The organism is held against the intake screen by the force of the water flowing into the plant. 
57 Habitat is degraded or lost to various species when the ambient water temperature rises locally. 
58 For example, Mirant Corp. expected aquatic plant and invertebrate species to rebound if its 
Potrero power plant’s thermal discharge was removed from a shoreline outfall (Construction and 
Thermal Impacts First Quarter Larval Fish Assessment, 2001-2002), and entrainment in the 226 
MGD Potrero OTC flow was shown to kill an estimated 241–321 million larval fish annually 
(CBE, 2006).  Impacts from the project’s 57.6 MGD flow may be different from those of that 
different OTC system in another part of the Bay, and lesser or greater proportionate to its flow. 
59 See CBE, 2006.    
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• Taxonomic identification, especially in samples with small numbers of nonabundant 
or mutilated organisms among large numbers of another species, requires judgment. 

• Rates of survival to reproductive age for larvae or juveniles affected by entrainment 
are generally not measured directly, and are instead inferred from generalized life 
history data that may be inaccurate or incomplete for certain species or populations. 

• Indirect impacts, such as those from loss of forage (food supply) for another species, 
may be significant, but are difficult to measure and generally are not measured. 

• Undersampled species may disproportionately affect the ecological system studied. 

• Measurement limitations—such as those mentioned here as well as sampling losses 
and other anomalies—must be tracked and interpreted in analysis of the data.   

Thus, OTC impact studies involve many judgments that are ultimately subjective and yet 
may determine whether impacts are detected.  Compounding the problem in another way, 
these studies are typically sponsored by plant operators who prefer to avoid replacing 
OTC.  For these reasons, the best practice standard for environmental review of OTC 
impact monitoring studies includes some form of independent peer review during study 
design, study implementation, and interpretation of study results.  The DEIR does not 
identify any of these limitations in biological monitoring studies of OTC. 

35. No description of the biological effects of OTC expansion is provided in the 
DEIR.  Its full discussion of biological effects from the OTC system itself—except for 
admitting that endangered species are at increased risk of adverse impact—is one long 
sentence about an old study of intake impacts: 

“The Refinery documented the effectiveness of the wedgewire screens in 2006, 
estimating that their configuration virtually eliminated impingement of adult and 
juvenile fishes and significantly reduced entrainment of larval fishes; the location of 
the intake structure provides effective sweeping flow velocities that, combined with 
low through-screen velocities at maximum pumping rates, minimize the entrainment 
of larval fishes.”60 

The DEIR thus does not discuss the extent to which this study: measured all potentially 
impacted species; used sampling techniques that were effective for all species targeted; 
identified all targeted species in each sample accurately; monitored or accounted for the 
great interannual variability of the estuarine impact zone; captured seasonal and spatial 
variability in OTC impacts; measured long-term survival of entrained or impinged biota 
and indirect impacts such as forage reduction on other species; measured effects on non-
abundant species present, or made proper judgments about these issues in data analysis. 
___________________ 
60 DEIR at 4.4-27. A thermal impact study is not yet done: see Phillips thermal ext 1, 2. 
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The DEIR does not actually say whether this study collected any biological samples.  
Moreover, this study of 2006 OTC flow conditions does not represent the project’s 
potential for much greater long-term future OTC flow conditions.  See Chart 3.  The 
DEIR obscures this important fact by its false assumption that only its underestimated 
flow increment (12.2 MGD), rather than the full post-project OTC flow (57.6 MGD), 
should be assessed for potential impacts.  The project would increase OTC flow more 
than the DEIR’s inflated baseline discloses and would cause the full expanded OTC flow 
to continue when it otherwise could be eliminated, as discussed in paragraphs 27–33.  
Accordingly, this 2006 study, and the DEIR itself, does not describe the biological 
implications of the expanded OTC flow that would result from the project. 

36. Instead of describing these environmental implications of the project, the DEIR 
asserts that any impacts from the OTC expansion will be less than significant because of 
NPDES permit limits.61  This assertion is contradicted by facts that the DEIR does not 
disclose, but in a vain attempt to support it, the DEIR makes a series of erroneous 
statements that describe the project and its setting inaccurately.  In a paragraph referring 
to an allowable “maximum discharge temperature of 110 ºF” the DEIR asserts: 

“By using sufficient cooling water to ensure that maximum temperatures remain in 
compliance with the NPDES permit, no significant impacts on special-status fishes 
would occur.”62 

This statement is clearly erroneous because a large enough volume of 80–110 ºF thermal 
waste would injure or kill fish that are adapted to 55 ºF water,63 but it also is misleading.  
This statement only makes sense if the heat in the 57.6 MGD discharge diffuses rapidly.  
The statement thus invites the inference that the Rodeo OTC discharges via a deepwater 
diffuser—a technology so universally required that a proper environmental review would 
surely note the anomaly if that was not the case—but that is not the case.  The antiquated 
OTC discharges from a shoreline outfall.  See Map 1 discharge point 003.  Consequently, 
the thermal waste receives little or no initial dilution, greatly exacerbating its localized 
impact, and NPDES permit limits allow that, but the DEIR does not disclose these facts.  

 ___________________ 
61 DEIR at 4.4-27 and 4.4-28; see also DEIR at 4.10-24.  It is acknowledged that deferring to 
future actions by others to address impacts has serious policy and legal implications that require 
analysis beyond the scope of this report. 
62 DEIR at 4.4-28. 
63 This water temperature (≈55 ºF) is typical in the ambient water of San Pablo Bay near the OTC 
outfall. See Regional Monitoring Program, Oct–Jun average for Davis Point (Site BD40). 
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Map 1. Rodeo facility outline, discharge points, and intake points.  Attachment B to NPDES 
Permit, Order R2-2011-0027.  The left-most circle containing a cross denotes discharge point E-003. 

37. Compounding its error, the DEIR further explains its reliance on NPDES limits 
by asserting that “the NPDES permit establishes maximum once-through volumes.”64  
This statement is untrue.  The permit limits several pollutants in the OTC thermal waste 
discharge at outfall E-003 but flow volume is not limited by this permit.65  The 56% 
increase in OTC flow during 2000–2011, a period when two permit orders document 
concerns over OTC impacts that remain unresolved,65 demonstrates the fallacy of the 
DEIR’s flow limit assertion poignantly.  See Chart 3.  The DEIR’s misplaced focus on 
permit limits also obscures the permit’s ongoing effort to develop closed loop cooling to 
replace OTC and eliminate its impacts—a crucial effort that the project would foreclose. 
___________________ 
64 DEIR at 4.4–23; see also 4.4-27. 
65 All NPDES permit limits on the OTC (E-003), for ºF, TOC, Cl, Cu, Ni, Zn, and dioxins, are 
given in tables 8–11 of NPDES Permit Order R2-2011-0027, and flow volume is not among 
them. Provisions VI.C.2 d–f of this Order, and provisions D.9 and D.10 of Order R2-2005-0030 
document ongoing, unresolved concerns regarding impacts of the OTC during this period. 
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38. Remarkably, the DEIR admits that the project’s expansion of once-through 
cooling has the potential to adversely impact threatened or endangered fish species 
without specifying which ones.  It states: “[S]pecial-status fish species identified in Table 
4.4-1 that may be present along the Refinery shoreline on a seasonal or year-round basis 
… are potentially at risk of being entrained in intake pipes, and this risk could increase 
due to the increased volume of once-through water that would be required under the 
Project. … . These fishes [also] could be subjected to an increased risk of injury, death, or 
habitat reduction at effluent discharge locations”66  The DEIR defines “special-status fish 
species” to include, among others, the Southern DPS–Green Sturgeon, the Central 
California Coast and Central Valley DPS–Steelhead, the Central Valley Spring-run 
Chinook Salmon, and the Winter-run Chinook Salmon—all federally listed threatened or 
endangered species.67  The severity or importance of this potential impact may depend in 
part upon which of the endangered or threatened species face this project risk, but the 
DEIR does not provide that information, or at least does not do so in an easily 
understandable form. 

39. LPG taken from cracking byproduct gases and treated in the refinery would be 
stored in new propane and existing butane tanks before loading to railcars via two new 
rail spurs and a new two-sided loading rack, according to the DEIR project description.68  
The DEIR acknowledges that although this occurs very rarely, the potential exists for a 
catastrophic failure of an LPG storage vessel such as a “boiling liquid expanding vapor 
explosion.”69  However, the DEIR describes it as occurring too rarely to warrant analysis 
of mitigation, and describes cooling the LPG storage tanks instead of pressurizing them 
(which would eliminate this catastrophic risk) as “infeasible” because of the added costs 
for electricity and a new flare.69  Impacts of such an incident could be catastrophic and 
irreversible.  The DEIR does not include or describe the documented Process Hazard 
Analysis or Inherently Safer Systems Evaluation required by the County Industrial Safety 
Ordinance (ISO) for the project, and thus does not disclose that those requirements 
contradict its analysis. 

___________________ 
66 DEIR at 4.4-27. The quote continues, with a qualifier regarding the thermal impact reading “if 
those temperatures exceed permitted discharge limits.” However, the DEIR wrongly assumes the 
increased volume of hot shoreline discharge that receives little or no dilution is controlled by 
permit volume limits and will not impact the fish, as discussed in paragraphs 36 and 37. 
67 DEIR at 4.4-9 and 4.4-10 (Table 4.4-1). 
68 DEIR at 3-6, 3-17, 3-21 and 3-25. 
69 DEIR at 49-2, 4.9-18, 4.9-19 through 4.9-22, 6-5.  
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40. Process hazard analysis (PHA) requires, among other things, rigorous 
determination of the site-specific likelihood of particular hazardous consequences.70  
“Conducting a comprehensive hazard review to determine risks and identify ways to 
eliminate or reduce risks is an important step in implementing an inherently safer 
process.”70  For example, a comprehensive PHA for the project’s new propane and 
additional butane storage would identify and analyze the increased probability of 
catastrophic failure caused by soil liquefaction in an earthquake—a serious site-specific 
risk in the seismically active East Bay.  At least one of the tanks that would store project 
LPG is sited on a shoreline plot71 at high risk for soil liquefaction.  See Map 2.  This 
would increase the probability of catastrophic failure involving LPG storage over time.  
The DEIR, however, estimates this probability based on generalized industry-wide 
estimates of its frequency.72  Because it does not describe or evaluate the site-specific 
conditions, the DEIR underestimates the probability of a catastrophic event. 

 
 
 
 
 
 
 
 
 
 
 

 

 

Map 2. Project-related LPG storage near loading, and earthquake liquefaction hazard 
Note the two plateʼs different orientation to North. Plate B from Ed Tannenbaum and Danielle Fugere.  
Burgundy shading in the area near the shoreline (Plate B) indicates very high liquefaction hazard. 

___________________ 
70 CSB, 2013 at 40; see also CSB at 32. 
71 Project butane would increase this and other tanks’ throughput. DEIR at 3-21/26, 4.5-7, 4.9-1. 
72 DEIR at 4.9-18; see also AICE, 1989 at 205. 
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41. County Hazardous Materials Program staff have informed Phillips 66 that they 
expect “revised siting studies with placing new equipment and associated impacts to 
existing processes including locations that house personnel (e.g., control rooms, admin 
buildings)” for the project.73  These studies would detail what comparing maps 1 and 2 
shows: Project-related LPG storage is located relatively close to a concentration of other 
vessels containing flammable hydrocarbons, the administration building, parking lots, 
and thus numerous plant personnel.  However, the DEIR describes only “moderate”  
consequences of a catastrophic LPG storage incident, and explains that this is “primarily 
due to the large distances to the off-site receptors (730 to 1340 m.).”74  (Emphasis added.)  
Its incomplete description of the project’s setting causes the DEIR to ignore workers and 
underestimate the magnitude of this catastrophic risk. 

42. Cooled instead of pressurized liquefied gas storage could eliminate the risk of 
catastrophic LPG storage vessel explosion.  Because it is practicable and safer than the 
proposed pressurized storage for this identified catastrophic hazard, cooled storage could 
be defined as an inherently safer system with respect to this hazard.  In contrast to the 
DEIR’s failure to analyze this mitigation, the ISO requires documented inherently safer 
systems analysis for new processes and facilities.75  The U.S. Chemical Safety Board 
recommends that inherently safer technology should be implemented to drive risk as low 
as reasonably practicable (ALARP), and notes that: “It is simpler, less expensive, and 
more effective to introduce inherently safer features during the design process … rather 
than after the process is already operating.”75  Furthermore, in contrast to the DEIR’s 
description of cooled storage as “infeasible” due to the costs of additional electric power 
and a new flare, the ISO seeks to implement inherently safer solutions “to the greatest 
extent feasible.”75  There is no cost exemption for affordable cooled storage.  The DEIR’s 
description of catastrophic hazards is in error, and its failure to describe inherently safer 
systems requirements for the project obscures this error. 

43. CHMP staff also expect documented human factors evaluations of processes and 
procedures for the project.73  These could include, among other things, evaluation of 
“safety culture” problems that may incent company management to defer safety measures 
___________________ 
73 11 July 2013 letter from Michael Dossey to Jim Ferris, Phillips 66 (CCHMP–Phillips).  The 
DEIR does not include these process-specific studies or evaluations or discuss their results. 
74 DEIR at 4.9-21. 
75 ISO § 450–8.016(d)(3); see also CSB, 2013 at 40, 45–47, and 55.  The DEIR does not include 
or discuss the Chemical Safety Board’s findings, or even its recommendations to the County.  
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as a shortsighted way to cut costs.76  But the DEIR does not include or report on this 
human factors evaluation, and although it is relevant, the DEIR does not discuss this 
safety culture issue.  Chevron management deferred at least six worker requests to inspect 
or replace a piping circuit over ten years, before that severely corroded pipe ruptured 
catastrophically in the 6 August 2012 Richmond refinery fire.77  In another example of 
poor safety culture, the BP Texas City refinery explosion in March 2005 killed 15 people 
and injured 180 after BP management—in part to boost profits by avoiding short term 
costs—deferred replacement of a blowdown stack with a flare.78  Similarly, the DEIR 
assumes a bias in favor of avoiding the cost of a flare in its inappropriate failure to 
analyze identified mitigation for a catastrophic hazard presented by the project.  

44. Chemical spills, fires, and explosions at U.S. oil refineries killed at least 30 and 
injured at least 15,211 workers and nearby residents since 1999.79  At least 49 upset 
“emergency” incidents occurred at Bay Area refineries since March 2010.80  At least 30 
such incidents occurred at California refineries in a recent five-month span.81  The DEIR 
does not describe or discuss this important context for review of project hazards. 

45. Exporting 8,000 b/d of additional LPG from the refinery for sale instead of 
burning that propane and butane in its fuel gas would change the location of emissions 
from LPG created by refinery processes.  Although selling this LPG for purposes that 
obviously include burning it is the primary objective the DEIR states for the project, the 
DEIR does not identify or describe the resultant off-site impacts or provide information 
about specific end uses of this LPG.82  Those potential emissions are substantial: the   
___________________ 
76 Chevron Safety Audit Oversight Committee, 2013.  Audit Scope of Work.  
77 CSB, 2013: see esp. 36–42. 
78 Chemical Safety Board incident investigation (CSB, 2005). See esp. page 253: In one instance 
BP managers decided on in-kind replacement of the hazardous design in part to “maintain profits” 
by avoiding new source standards that likely would have required connecting to a flare. 
79 U.S. Chemical Safety Board incident investigation reports (www.csb.gov). Injuries include 
hospital visits associated with the 2012 Chevron Richmond refinery fire. 
80 Flare causal analyses submitted to Bay Area AQMD pursuant to Rule 12-12, §406. 
81 Labor Occupational Health Program, U.C. Berkeley, 2013 (LOHP).  
82 BAAQMD asked for the end uses of this LPG but like the DEIR, the company did not report 
them (see Air permit correspondence). Because of this nonreporting only a “potential to pollute” 
estimate is possible, but it is reasonably foreseeable that virtually all project LPG exports could 
be burned. Combustion activities (residential, C4 gasoline addition, industrial and recreational) 
are the primary end use of LPG sold nationally, and markets are highly regional; LPG use for 
petrochemical feedstock is highly concentrated in the Gulf Coast. Shipping costs to sell Rodeo 
LPG in the Gulf Coast would make it less competitive than Gulf Coast LPG supplies. 
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DEIR estimates that the LPG the project would remove from refinery fuel gas would emit 
greenhouse gases (GHG) at a rate of  759,244 tonnes/yr.83  But instead of identifying, 
describing, or accounting for the resultant off-site impacts, the DEIR subtracts this 
amount from its project GHG emission estimate.  The DEIR thereby assigns offsite LPG 
emissions a value of zero—even though it accounts for project emissions from outside 
the refinery gate for transport, and electricity generation—erroneously calculating a net 
decrease in GHG emissions (–325,978 tonnes/yr) when the correct net emissions, by its 
own estimate, total 433,266 tonnes/yr (–325,978 + 759,244).83  Thus, project emissions 
could exceed the 10,000 tonnes/yr threshold of significance for GHG emissions used by 
the DEIR substantially.  The DEIR does not identify a potential impact that would be 
significant, in part because it does not describe LPG environmental implications of 
achieving the project’s main stated goal outside the refinery gate. 

46. Byproduct coke production would increase along with cracked LPG gases for the 
project, but the DEIR does not say how much, or whether this additional petroleum coke 
will be exported, burned in the refinery, or both.  Increased coking of denser feeds might 
increase coke production by thousands of barrels/day, and coke burns much dirtier than 
the gases the DEIR assumes the refinery will burn.84  Burning the extra coke created by 
the project in place of other refinery fuel could increase refinery emissions substantially.  

47. The DEIR does not explain that the company’s Rodeo Facility (RF) and Santa 
Maria Facility (SMF) are two parts of one integrated refinery.  The SMF and RF are 
linked by a pipeline sending crude and intermediate oils between them,85 their processes 
are integrated to a capacity that neither can achieve alone,86 and Phillips 66 reports them 
as a single processing entity to industry and government monitors86 that is called the “San 
Francisco Refinery.”85  Omitting all of this, the DEIR also fails to explain the extent to 
which this project, and the concurrent SMF expansion to increase production and pipeline 
shipments to Rodeo,85 are two parts of a single, larger, project that remains undisclosed. 
___________________ 
83 See DEIR at 4.8-18, Table 4.8-3  
84 Denser feeds might increase coke yield on coker feed volume by ≈10% (see tables 7.1-2, 7.1-6 
in Meyers, 1986), not counting the effect of increasing coker feed volume.  As compared with 
CO2 emissions of ≈67.7 kg/GJ fuel gas and ≈56.0 kg/GJ natural gas, burning petroleum coke 
emits CO2 at a rate of ≈108 kg/GJ. See Karras, 2010 at Table S1. 
85 SMF EIR 2012 Excerpts (attached).  See esp. pages 2-1 (describing SMF–Rodeo integration), 
2-11 (processes, and intermediates sent  to Rodeo), 2-25 (project would increase deliveries of oils 
to Rodeo via pipeline), and 2-26 (project potential for 408,255 tons/yr increase in coke produced). 
86 See Oil & Gas Journal, 2012; and EIA Ref. Cap. 2013.  See also orders R2-2011-0027 and R3-
2007-0002.  Comparing the references shows “Rodeo” capacities reported to EIA include SMF. 
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Project Impacts on the Environment 

48. Project emissions would exceed a climate significance threshold, as the DEIR’s 
emission estimates show, when its failure to account for emissions from burning project 
LPG is corrected.  See paragraph 45.  A check on its estimates, accounting for the 8,000 
b/d of LPG (464,243 m3/yr) sold and replaced by natural gas for refinery fuel, confirms 
that project GHG emissions would exceed the significance threshold established in the 
DEIR by more than 40 times.  See Table 5.  These observations make sense because oil 
refining emits more GHG than any other industry in California,87 and the project would 
increase fossil fuel combustion associated with the refinery’s activities substantially.88  
Among other potential measures to lessen or avoid this impact, the County could consider 
requiring that refinery use of electricity from the grid be purchased from renewable, 
rather than fossil-fueled, generation sources. 

Table 5. GHG emissions from project LPG and natural gas to replace it in fuel gas 

 DEIR estimate (CO2e)a CBE estimate (CO2)b 
        LPG natural gas  LPG natural gas  
       volume (m3/yr) 464,243 310,000,000  464,243 313,000,000  
energy (GJ/yr) 11,230,541 11,230,541  11,900,000 11,900,000  
emissions (tonnes/yr) 759,244 592,761  782,000 666,000  
 
change in off-site LPG emissions 759,244  782,000  
change from replacing LPG in fuel gas -166,483  -116,000  
net of other project emissions identifieda -159,495  -159,495  
       Total project emissions identified in DEIR 433,266  506,505  
Threshold of significance from DEIR 10,000  10,000  
LPG volume shown as liquid, from DEIR Table 3-2.  (a) DEIR data from Table 4.8-3, except energy estimate 
from page 4.8-16 and natural gas volume estimate from Table 3-2. Other project emissions: boiler, mobile 
source and indirect emissions minus shutdown credit. (b) Based on natural gas energy equivalent to project 
LPG volume and heat contents (25.62, 0.038 GJ/m3) and CO2 emission factors (65.76, 55.98 kg/GJ) for LPG 
and natural gas, respectively, from Table S1 in Karras, 2010. 

49.  Stored under pressure, project gases could explode.  Because predicting when 
this catastrophic and irreversible consequence might occur is ultimately speculative, and 
a safer design that might eliminate this hazard could be precluded after the project is 
built, the project as proposed would create an inherent hazard.89  The project’s failure to  
___________________ 
87 See CARB, 2013. 
88 Project LPG sales burned elsewhere and replaced with natural gas onsite would represent ≈44% 
of all fuel energy burned in the refinery in 2011, based on DEIR data (see pages 4.6-2, 4.8-16). 
89 See: CSB, 2013 at 40–48, 55. 
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demonstrate the use of inherently safer systems (ISS)—including cooled instead of 
pressurized storage, which would eliminate this catastrophic explosion hazard—through a 
process hazard analysis (PHA)90 would conflict with the Industrial Safety Ordinance.  
Therefore, project gas storage under pressure would result in a hazard impact.  The DEIR 
failed to identify the significance of this impact because its analysis ignored hazardous 
siting conditions and PHA and ISS requirements, and rejected analysis of an inherently 
safer measure that could avoid a catastrophic hazard based on cost, contrary to safety best 
practice and the Industrial Safety Ordinance.  See paragraphs 39–44. 

50. Pressurized gas storage explosion hazard resulting from the project can be 
mitigated but the DEIR did not complete its analysis of this mitigation opportunity.  The 
County could consider developing an appropriate permit condition requiring cooled 
storage of propane and butane stored as a result of the project.  Developing an appropriate 
permit condition would require reporting and evaluation of the PHA and documented ISS 
analyses that were not reported or addressed in the DEIR. 

51. Expansion of the existing once-through cooling system would conflict with state 
plans and policies to phase out and replace this antiquated technology and foreclose an 
opportunity to replace the system in the near term via ongoing work to implement those 
plans and policies.  Increased impingement, entrainment and thermal waste impacts that 
would result from the project would adversely impact aquatic biota and have the potential 
to injure or kill members of the remaining populations of threatened or endangered fish 
species that depend upon aquatic habitats in the vicinity of the refinery.  Therefore, the 
project would adversely impact the biological resources of the San Francisco Bay-Delta 
ecosystem in conflict with state plans and policies.   

52. The DEIR failed to identify the state plans, policies, and ongoing work the project 
would conflict with and foreclose by expanding the once-through cooling system.  Due to 
these errors and its assumption of an erroneous project baseline it targeted only a fraction 
of the intake and discharge flow that would result from the project for its impact analysis.  
The DEIR reported no biological analysis of actual system effects that includes data 
representative of the expanded system.  Its conclusions ultimately relied on a description 
of flow, heat, and discharge limitations that is demonstrably incorrect.  As a result, it did  

___________________ 
90 No documented PHA or ISS is included in the DEIR, and County safety staff still sought these 
analyses, including for cooled storage, as of 11 July 2013. CHMP-Phillips071113; DEIR at 6-5. 
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not identify the significance of this impact.  See paragraphs 27–38.  The County could 
consider, among other measures to lessen or avoid this impact, requiring replacement of 
the antiquated once-through cooling system with closed loop cooling towers.   

53. Sulfur dioxide (SO2) emissions could increase, instead of decreasing as the DEIR 
claims, and this impact could be significant, but the DEIR did not analyze, or include 
information needed to analyze, this potential impact.  The project outlined in concept 
might cut emissions substantially, but the DEIR’s claim that refinery wide SO2 emissions 
will be cut by 50% is wrong for several reasons.  The project application for “emission 
reduction credits” to increase SO2 emissions by 174.7 tons/yr that Phillips asserts will be 
used to achieve “no net increase” in project emissions would foreclose an emissions cut.  
See paragraph 26.  Further, if the actual emissions cut from treating and replacing fuel 
gas is less than 174.7 tons/yr, emissions could increase.  The extent of this potential 
increase cannot be quantified because data to support the emission credits—such as fuel 
gas hydrotreating specifications, and pre- and post-project fuel gas balances showing the 
composition and flows of gases among process units—is not included in the DEIR.   

54. Importantly, this undisclosed change in the project that would foreclose the 
promised SO2 emissions reduction conflicts with the DEIR’s stated project objective to 
reduce emissions.  The County could consider developing a land use permit condition 
that ensures the 50% reduction in refinery wide SO2 emissions identified in the DEIR will 
be real, measurable and permanent.  Developing an effective condition could be expected 
to require, among other things, analysis of the fuel gas composition and petroleum coke 
disposition data that is not disclosed in the DEIR (see paragraphs 24 and 46).  

55. Flaring could be caused by fuel gas quality upsets resulting from the project 
because it lowers the heat content of gases burned throughout the refinery without 
upgrading equipment designed to burn gases with higher heat content.  Fuel gas quality 
upsets, including those involving low heat-content gases, have caused significant flare 
episodes at the refinery repeatedly.91  The company’s shifting statements about whether 
existing burners should be or will be upgraded underscore the potential for increased 
frequency and magnitude of this type of flaring.92  Flaring from fuel gas quality upsets 
can occur independently from that caused by fuel gas quantity upsets, and the DEIR did  
___________________ 
91 Flare Causal Analysis excerpts; see also CBE, 2007. Flaring Prevention Measures. 
92 See paragraph 25; Air Permit Correspondence; see also paragraph 14.  
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not analyze or mitigate this fuel gas quality issue.  Moreover, flaring episodes impact air 
quality and health via acute exposures around each episode,93 so that fuel gas quality 
flaring from the project could cause significant impacts even if the project reduces flaring 
from fuel gas quantity problems.  To support a complete and reliable analysis of impacts 
on flaring, specifications for the changed fuel gas quality and for all of the combustion 
equipment that could be affected by this change must be reported and analyzed.  

56. Flaring likely would be caused by the crude switch resulting from the project.  
Three independent reviews following the refining of higher sulfur crude at Gulf Coast 
and Bay Area refineries found evidence for increased flaring and flare emission intensity 
from hydrocracker and hydrotreater upsets.94  This potential impact would not be 
mitigated by project treatment of fuel gas because the emergency shutdowns of these 
high-pressure processes that initiate the flaring typically requires dumping their contents 
to flares, bypassing fuel gas treatment.  Indeed, flaring is allowed in emergencies, despite 
known local air impacts,95 as a last-resort emergency response safeguard after potentially 
catastrophic conditions begin to manifest.  This flaring indicates a process hazard. 

57. The DEIR did not describe or evaluate upset flaring or any other impact of the 
denser, more contaminated crude slate that likely would result from the project.  The 
denser hydrocarbons disproportionately present in denser crude oils have many more 
carbon atoms, and much lower hydrogen : carbon ratios, than the gasoline, diesel, or jet 
fuel made from these oils.  These dense hydrocarbons also have greater concentrations of 
contaminants—such as sulfur, nitrogen, nickel, vanadium, selenium, and naphthenic 
acids, among others—that are toxic, corrosive, poison process catalysts, or decompose in 
refining processes to form toxic and corrosive compounds such as hydrogen sulfide 
(H2S).  Density and contaminant content broadly correlate among well mixed blends of 
whole crude oils from many different locations and geologies.96  But complicating 
assessment and further increasing the hazard, this correlation breaks down in the case of 
___________________ 
93 See CBE, 2005. Flaring Hot Spots; BAAQMD, 2006 at 6–8. 
94 Subra, 2008; Karras, 2008; Dolbear, 2008 (Dolbear AG Summary). The concise notes from 
Dolbear’s review inform the need to check for unanticipated hazards from crude switching: “This 
work forced me to think through this system again, and I conclude that, at least in the refineries in 
question, increasing contaminant levels do result in stressing the system to lead to upsets”.  
95 Compare BAAQMD, 2006 at 6–8 (documenting flaring impact on nearby community) with 
BAAQMD Flare Control Rule 12-12 §101 (nothing in rule should be construed to compromise 
safety) and §301 (standard allows flaring in emergency to avoid potentially worse consequences). 
96 See Speight, 1991; Karras, 2010. 
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some individual crude oils that the project could lock the refinery into processing.  In 
particular, partially pre-processed oils97 and bitumen98 derived from tar sands can be 
highly contaminated relative to their density. 

58. Lower quality crude is an inherently more hazardous feedstock.  Making engine 
fuels from its denser, hydrogen-poor hydrocarbons requires processing proportionately 
more of each barrel using severe carbon rejection (e.g., coking) and hydrogen addition 
(e.g., hydrocracking) and making that hydrogen, increasing refinery energy use and fuel 
burning for that energy.99  Its greater contaminant content results in greater amounts of 
various toxic chemicals passing through the refinery into the environment, potentially 
increasing fugitive emissions of benzene and other toxics,98 and in some cases boosting 
per-barrel releases of toxic trace elements by up to an order of magnitude.100  The larger 
volume of toxic, flammable, and corrosive materials undergoing severe processing at 
high temperature and pressure further increases the frequency of process malfunctions 
and upsets over time, and the magnitude of these incidents when they occur. 

59. Switching to higher sulfur crude was a causal factor in the disastrous Richmond 
refinery fire on 6 August 2012.  See Chart 4.  Sulfur corrosion of the pipe section that 
ruptured catastrophically in the incident (gray shading), sulfur in the gas oil running 
through this pipe (black line), and sulfur in the refinery crude feed supplying that gas oil 
(red line) are shown in this chart.  The percent change from baselines is shown.101  As 
sulfur increased in the crude, it increased in the gas oil distilled from that crude and 
running through the pipe, and sulfidic corrosion began to thin the wall of this pipe more 
than four times faster than before that dramatic sulfur increase.  See Chart 4.  This 
example of an ultimately disastrous feedstock substitution hazard applies to the SFR and 
the even more inherently hazardous crude feed that likely would result from the project. 

60. Sulfur attacks metal equipment in contact with oil streams at temperatures above 
≈230 ºC, causing thinning that leads to catastrophic ruptures, so that  “sulfidic” corrosion 
“continues to be a significant cause of … incidents associated with large property losses 
___________________ 
97 See Karras, 2010. 
98 See Fox, 2013. 
99 See Karras, 2010; UCS, 2011; Bredeson et al., 2010; Brandt, 2012; Abella and Bergerson 2012. 
100 See CBE, 1994; and Wilhelm et al., 2007. 
101 For example, sulfur increased by more than 50% in crude based on crude sulfur content > 1.5 
wt. % (Aug 2011–Jul 2012 avg.) versus a baseline < 1 wt. % (1996 avg.). See Karras, 2013. 
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Chart 5. Richmond refinery feedstock quality / 4-Sidecut pipe corrosion, 1989–2012.     
From testimony presented in the 19 April 2-13 U.S. Chemical Safety Board public hearing at Richmond, CA. 

and injuries.”102  Sulfidic corrosion can occur anywhere in refineries where sulfur-bearing 
oils are processed this hot.102  “Process variables that affect [sulfidic] corrosion rates 
include the total sulfur content of the oil, the sulfur species present, flow conditions, and 
the temperature of the system.”103  Higher sulfur crude feeds can accelerate sulfidic 
corrosion dramatically.104  See Chart 4.  All steels are attacked, but carbon steel, and 
carbon steel that has low silicon content, are particularly vulnerable.104  U.S. refineries 
built before 1985 are especially vulnerable because they likely include low-silicon carbon 
steel equipment components.104  Newer equipment can be similarly vulnerable because, 
perhaps in the rush to build and restart production, it may be made from inappropriately  

___________________ 
102 API, 2009 at vii. See also pages 3–8, and 16; and CSB, 2013 at 29–30. 
103 CSB, 2013 at 16. 
104 See CSB, 2013 at 16–45; see esp. 33–36. see also API, 2009. 
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corrosion-vulnerable alloys mistakenly installed, and then operated because of this 
error.105  Sulfidic corrosion is difficult to monitor: it may accelerate in a few small, 
vulnerable, yet critical components of refinery piping systems many miles long, requiring 
monitoring of 100% of the components, but that is costly and may not be performed.106  
Actions taken to cut energy costs have in some cases inadvertently exacerbated sulfidic 
corrosion.107  Further, in addition to introducing another hazard, corrosion resulting from 
naphthenic acids (TAN) in the crude can exacerbate sulfidic corrosion.108  Ignoring or 
failing to recognize the nature of this hazard is part of the problem—impacts of a new 
and different feedstock are at best difficult to predict, and past operating history is not a 
guide to the future hazard when a refinery switches to a new and high-sulfur crude.109  
The proposed project at SFR presents these aspects of this hazard. 

61. Sulfur is likely to reach ≈3–4 wt. % in the new crude slate that would result from 
the project.  See paragraphs 12–22.  This could cause more aggressive sulfidic corrosion 
than the increase to ≈1.55 % sulfur that caused the catastrophic pipe failure in 2012 at 
Richmond.  The new crude slate is also likely to include more high TAN tar sands oils 
that could further exacerbate sulfidic corrosion and create a new corrosion hazard.110  The 
Rodeo facility was built before 1985: carbon steel equipment that is especially vulnerable 
to sulfidic corrosion is likely present in the plant.  The project as proposed documents no 
positive materials identification program that is addressing this vulnerability.  Nor does it 
document any management of change, process hazard, or inherently safer systems 
analysis of this hazard, in conflict with the ISO and industry standards.111  The project, as 
proposed, would create a catastrophic hazard resulting from switching to a new crude and 
rely, in essence, on past operating history to address this hazard.  That is unsafe. 
___________________ 
105 Incorrect alloys for corrosion resistance may have been installed mistakenly in up to 3% of 
piping components and 10% of items such as drain plugs at some refineries (API, 2009 at 16). 
106 See CSB, 2013 at 16–45; see esp. 33–36. see also API, 2009. 
107 See API, 2009 at 8; CSB, 2013 at 33. 
108 Total acid number (TAN), measured in mg KOH/g oil, reflects organic acids in crude oils that 
refiners call “naphthenic” acids. “[I]t is important to note that naphthenic acids can dissolve the 
iron sulfide scale [that might otherwise slow sulfidic corrosion] or at the very least render it less 
protective. ... [and it] is often difficult to isolate the individual effects of naphthenic acids and 
sulfur compounds [but] naphthenic acid never lowers sulfidation corrosion.” API, 2009 at 4. 
109 CSB, 2013 at 35; API, 2009 at 5, 7, 8 and 16. 
110 TAN ranges from ≈0.9– 1.7 mg KOH/g in tar sands oils that are likely to be refined as a result 
of the project (see Table 3): 0.5 mg KOH/g is considered high for this acid (see Sheridan, 2006).  
111 County safety staff noted these PHA and ISS requirements (CHMP–Phillips071113); failure to 
analyze corrosion impacts of crude changes also violates industry standards (CSB, 2013 at 36). 
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62. Chart 5 shows data describing the scale of emissions from burning more fuel for 
the extra energy to refine denser, more contaminated crude slates.  GHG emissions are 
plotted against crude slate density.  Each white circle represents an annual average 
observed in one of the four largest U.S. Petroleum Administration Defense districts 
(PADDs) from 1999–2008; each orange diamond an observed California-wide annual 
average from 2004–2009; and the black square represents the Shell Martinez refinery 
annual average observed in 2008.  The diagonal rise among the 47 observations from left 
to right in the chart indicates denser crude slates increase refinery emissions.  Observed 
average emissions nearly double, from ≈260–500 kg/m3 crude refined, as crude density 
increases from 860–932 kg/m3.  The SFR crude slate density increment that could result 
from the project (+37 kg/m3; paragraphs 12–22) is shown by the width of the yellow 
band in the chart; the right-hand edge of this band shows the density of the WCS/ANS 
blend that the refinery could run as a result of the project (952 kg/m3; see Table 4).  This 
crude slate approaches the density of “heavy oil” as defined by the USGS (957 kg/m3),112 
and is considerably denser than the Martinez refinery observation (932 kg/m3), which 
appears near the middle of the yellow band shown in the chart. 

63. Analysis that separated crude quality effects on emissions from those of other 
factors demonstrated that crude density (shown in Chart 5) and sulfur content (not 
shown) can explain 85–96% of observed variability in emissions among refining regions 
and years, allowing the prediction of average emissions from crude slates.113  Predictions 
based on the U.S. observations suggest that an industry-wide switch to refining “heavy 
oil” (shown) and bitumen (not shown) could double or triple current U.S. refining 
emissions.114  More recent work using different methods estimates emission increments 
that are generally consistent with these predictions.115  Also, the U.S. data and methods 
used in these predictions were found to predict the observed emissions from the Martinez 
refinery within ≈7% and the long-term 2004–2009 average California industry emissions 
within ≈1%.116  Based on these same data and methods, the project increase in SFR crude 
___________________ 
112 Heavy oil average density (957 kg/m3) and sulfur content (2.9 wt. %) from Meyers et al., 2007. 
113 Karras, 2010; UCS, 2011. 
114 Karras, 2010. 
115 See Abella and Bergerson, 2012 (bitumen and dilbit vs. light conventional oils in Figure 1). 
116 UCS, 2011. See pages 9, 12 and 13, and Table 1-1. Four other refinery-specific predictions 
were tested as well (not shown in chart). When uncertainties caused by the lack of facility 
products reporting were considered, observed emissions from 4 of the 5 plants were predicted 
successfully, and emissions were underpredicted in 1 test.  These predictions were tested by 
withholding the California energy and emission observations from the predictive model. 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 34 Draft Environmental Impact Report 

 
Chart 5. Refinery GHG emission intensity vs. crude feed density.  CO2 emissions increase from 
≈260–500 kg per m3 crude feed as crude density increases from 860–932 kg/m3. Density (shown) and sulfur 
(not shown) explain 85–96% of these changes in emissions among refining regions and years. Emissions of 
≈610–690 kg/m3 are predicted from refining the average “heavy oil” (d, 957 kg/m3; S, 2.9%). Plant-specific 
emissions also vary with other properties of oil feeds, products, process configurations and fuels burned, 
however, the WCS/ANS crude feed shown in Table 4 (d, 952 kg/m3; S, 3.4%) is nearly as dense as this 
heavy oil and denser than a dozen feeds with observed emissions greater than current SFR emissions 
reported (334 kg/m3 2009–2011; shown on the vertical scale by the dashed red line). The potential increase 
in SFR crude feed density (≈915–952 kg/m3) is shown on the horizontal scale by the width of the yellow 
band.  Each 90 kg/m3 increment shown on the vertical scale represents emitting 627,000 tonnes/yr at SFRʼs 
120,000 b/d capacity. Data from Karras (2010) and UCS (2011) except SFR emissions (CARB, 2013 for 
Rodeo and Santa Maria refining and Rodeo Air Liquide H2 at Oil & Gas Journal, 2012 crude capacity). 

slate density from 915–952 kg/m3 and sulfur from 1.5–3.4% could increase the average 
refinery’s energy intensity by ≈2.75 GJ/m3 crude refined.117  Assuming the refinery fuels 
reported in the DEIR,118 and this average energy increment, SFR emissions of CO2 would 
increase by ≈135 kg/m3, or ≈940,000 tonnes/year.  (Each 90 kg/m3 increment on the 
vertical scale in Chart 5 represents emission of 627,000 tonnes/yr at SFR’s 120,000 b/d 
capacity.)  This ≈940,000 tonnes/yr value indicates the scale of potential impact rather 
than its precise quantification, as discussed directly below.   

___________________ 
117 Based on baseline and potential central predictions; confidence of increase > 95%. 
118 Based on fuel mix emission intensity ≈64.23 kg/GJ before and ≈59.45 kg/GJ after project 
fuel switch, from data in DEIR chapters 4.6 and 4.5; emission factors in UCS (2011) Table 2-1. 
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64. Plant-specific GHG emissions can vary from industry-average increments with 
differences in fuels burned, product slates, process configuration, and other properties of 
oils refined.119  The DEIR’s fuel mix assumption is an example of this variability.  The 
relatively less-dirty current refinery fuel mix it reports120 appears consistent with SFR’s 
current emission estimate that appears somewhat low in Chart 5 (see dashed red line).121 
However, the DEIR’s assumption that only natural gas will replace the LPG taken from 
refinery fuel ignores the potential for burning more petroleum coke in the refinery.  See 
paragraph 46.  The 940,000 tonnes/yr figure above could underestimate refinery 
emissions if any of this LPG is replaced by burning the project’s extra coke. 

65. Anomalous product slates must be considered, in general, because a refinery that 
makes much less (or much more) of its crude feed into light liquid fuels,122 requires less 
(or more) energy for the severe carbon rejection and hydrogen addition processing 
needed to make these fuels from crude.  This refinery, however, reports light liquid fuels 
production totaling more than 80% of its feedstock volume,123 and project LPG would 
boost its light liquids product ratio still higher.  The SFR products slate should be 
quantified and analyzed based on more data than the DEIR reported, but it is unlikely to 
decrease refinery GHG emissions relative to the industry average products slate. 

66. SFR’s process configuration could run the denser and more contaminated crude 
slate that likely would result from the project (see Table 4), but whether it would use 
more, or less, energy than the average refinery to do so is a more nuanced question.  SFR 
has no catalytic cracker.  Although it has very substantial carbon rejection (coking) 
capacity, this nevertheless makes it more reliant on severe hydrogen addition (hydro- 

___________________ 
119 Karras, 2010; Bredeson et al., 2010; UCS, 2011; Abella and Bergerson, 2012. 
120 See DEIR at 4.6-1, 4.6-2. 
121 This current SFR fuel mix emission estimate (≈64.23 kg/GJ; see note 118) is significantly 
less than the U.S. industry average (≈73.77 kg/GJ; see Karras, 2010 Table S1), but the SFR 
emissions reported by the company might be underestimated as well. SFR’s emission reports 
received at least one “adverse” verification finding (CARB, 2013) and its Rodeo facility 
estimate appears slightly lower than that suggested by DEIR fuels data and UCS (2011) 
emission factors. These reported emissions (2009–2011 avg. including the Air Liquide Rodeo 
H2 plant and Santa Maria facility based on CARB, 2013; kg/m3 crude based on capacity from 
Oil & Gas Journal, 2012) are shown in Chart 5 because this is the emissions report available.  
Remarkably, the DEIR did not report any GHG emission estimate for the SFR refinery or 
even the Rodeo facility as a whole—a stark example of its failure to analyze this impact. 
122 Light liquid fuels: gasoline; diesel, jet fuel and similar distillates; LPG. 
123 See Phillips, 2012b at Table 1; EIR SCH #2005092028 at Table 3-4; EIR SCH 
#2002122017 at Table 4.5-2.   
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cracking, and associated H2 production), and less reliant on carbon rejection processing, 
than a refinery with equivalent coking capacity and catalytic cracking.  Several studies 
report that refinery configuration can affect energy intensity, emission intensity, or 
both—but they do not report specific evidence that substituting hydrocracking for 
catalytic cracking in a coking-based refinery reduces GHG emissions.124  Instead, they 
cite hydrogen addition as a key factor increasing refinery energy intensity.124  Further, the 
SFR process intensity exceeds reported averages in major U.S. PADDs by 22–78%.125  
Analysis across the U.S. PADDs did find a shift to a slightly less-dirty refinery fuel mix 
as refiners shifted from catalytic cracking to hydrocracking,126 but this effect is accounted 
for already by plant-specific fuels data (see paragraphs 63–64).  More detailed data on the 
SFR process configuration should be gathered and analyzed to better quantify potential 
emissions.127  However, beyond the fuel mix (already addressed), there is little evidence 
that the SFR configuration will uniquely limit emission impacts from a denser and dirtier 
crude slate, and no evidence that denser crude can be converted to lighter products 
without energy—and resultant fuel combustion emission—costs.  

67. Other properties of crude oils that affect processing may not be predicted reliably 
by density and sulfur in a poorly mixed crude slate.  Many such properties are analyzed 
and reported (see Crude Assays).  This data could have been included in the DEIR.  For 
example, Abella and Bergerson’s public domain estimation method calls for distillation, 
hydrogen content, and carbon residue data along with crude density and sulfur.127  The 
project’s coking dependence indirectly provides the key part of this distillation data (see 
paragraphs 14–20).  However, hydrogen is a critical energy and emission driver.124  Tar 
sands-derived oils tend to be H2-poor, and refining them has, in some cases, increased 
energy use and emissions beyond those predicted by density and sulfur.128  The project’s 
likely use of these oils may emit more than the industry-average prediction suggests. 

___________________ 
124 See Bredeson et al., 2010; Abella and Bergerson, 2012; Karras, 2010; UCS, 2011. 
125 Process intensity (PI): the ratio by volume of vacuum distillation capacity, conversion capacity 
(catalytic, thermal, and hydrocracking), and crude stream (gas oil and residua) hydrotreating 
capacity to atmospheric crude distillation capacity. SFR PI (1.60) based on data from Oil & Gas 
Journal (2012); U.S. PI (0.9–1.31) for PADDs 1, 2, 3, and 5 in 1999-2008 from Karras, 2010. 
126 Karras, 2010. 
127 The County could quantify potential emissions from the crude switch using non-confidential 
information and readily available analysis tools.  Karras (2010) and Abella and Bergerson (2012) 
each present methods that are designed to be used with publicly verifiable data.  Each method 
appears to have strengths and weaknesses relative to the other, and ideally, both should be used. 
128 See Abella and Bergerson, 2012; Fox, 2013; Karras, 2010. 
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68. Evidence discussed in paragraphs 62–67 shows that the crude switch likely to 
result from the project would increase GHG emissions substantially, and could increase 
them on the order of ≈1,000,000 tonnes/yr, but the actual increment might be half, or 
twice, that amount, and the DEIR failed to report data that could narrow this uncertainty.  
If even half (≈500,000 tonnes/yr) or only one-quarter (≈250,000 tonnes/yr) of this 
emission potential is realized, the emission increment would exceed the 10,000 tonnes/yr 
threshold of significance for GHG emissions asserted by the DEIR substantially. 

69. Emissions of toxic and smog-forming combustion products could increase along 
with CO2 as the project crude switch increases refinery energy intensity, requiring the 
SFR to burn more fuel per barrel of oil processed.129  Emission of particulate matter air 
pollution (PM) is of specific concern.  Fine particulate matter (PM2.5) is associated with 
≈14,000–24,000 premature deaths each year statewide, and PM2.5 exceeds air quality 
standards in the project area, as the DEIR acknowledges.130  Refinery emissions dominate 
PM exposures locally, and a statewide analysis of PM as a “GHG co-pollutant” found 
elevated, localized, and disparate health risks associated with refinery PM emissions.131  
The DEIR does not analyze PM emissions from the project crude switch or propose any 
additional abatement to address them.  However, based on the emission factor Phillips 
reported for 100% natural gas boiler firing,132 and the energy increment discussed above 
(≈2.75 GJ/m3), the project crude switch could increase SFR emissions of PM2.5 by an 
amount much greater than the significance threshold given in the DEIR.133   

70. Cumulative impacts of the project with other projects that create long-term 
commitments to future emissions have the potential to result in failure to achieve the cut 
in emissions that will be necessary before 2050 to avert extreme climate disruption.134  
Indeed, substantial evidence indicates that stabilizing climate at a societally sustainable 
greenhouse impact level will require leaving approximately half of current fossil energy 
reserves underground.134

  Among other important implications of this evidence, it argues 

___________________ 
129 See Karras, 2010; Pastor et al., 2010. 
130 DEIR at 4.3-4, 4.3-5, 4.3-6. 
131 Pastor et al., 2010. 
132 See Air Permit Application at 10, 11 (0.0075 lb PM2.5 per MMBtu, which is 3.42 grams/GJ). 
133 Potential emission increment is ≈9.4 g/m3 crude refined (2.75 GJ/m3 • 3.42 g/GJ as PM2.5) or 
≈65.4 tonnes/yr at SFR’s 120,000 b/d (6.96 million m3/yr) capacity.  Even one fourth of this 
increment (≈16 tonnes/yr) exceeds the DEIR’s PM2.5 significance threshold (10 tons/yr).  
Other refinery fuel mix scenarios also result in PM2.5 estimates exceeding this threshold.  
134 See Davis et al., 2010; Hoffert, 2010; Meinshausen et al., 2009; Allen et al., 2009. 
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for limiting impacts by choosing to use the least hazardous and least polluting portion of 
the remaining petroleum resource in the interim. 

71. The County could consider a measure that results in using SFR hydrocracking to 
meet the project’s LPG objective without relying on coking a low-quality crude slate.  
Hydrocracking can be operated to “swing” between product slates, allowing diesel or 
gasoline or LPG to be its main output, and unlike coking, hydrocracking treats (cleans) its 
products.135  Making project LPG from SFR’s existing hydrocracking while retaining the 
project’s coker fuel gas hydrotreating is technically feasible and could meet all project 
objectives stated in the DEIR while avoiding impacts of its potential crude switch.  
However, increasing LPG output from SFR hydrocracking will limit its gasoline or diesel 
output,135 while coker-based LPG production will not—and the proposed project would 
thereby further boost profits from total light liquids production.  In fact, this is one of the 
reasons the project as proposed would lock the refinery into a denser, more contaminated 
crude slate.  To support this feasible measure, the County could find that boosting profits 
in a way that makes the project unable to achieve its stated objectives to reduce emissions 
or to reduce the likelihood of flaring events is not a stated objective of the project.   

72. The County also could consider other measures that may lessen impacts from the 
project’s crude switch.  However, many different measures may need to be developed to 
address the myriad potential impacts from refining denser, more contaminated crude.  In 
addition, the relative efficacy of such measures to lessen these impacts cannot, in many 
cases, be known until the data and analysis that the DEIR could and should have provided 
to better estimate the scale or severity of these impacts is available for review. 

73. On 13 June 2013 the Refinery Action Collaborative, a labor-community 
collaborative focused on addressing safety and health concerns shared by refinery 
workers and residents in the Bay Area, submitted to BAAQMD a “recommendation to 
ensure prevention of feedstock-related emissions increase” that reads in relevant part: 

To prevent new harm from feedstock-related emission increases, each refinery would 
be required to monitor and report its oil feedstock, and any proposed equipment 
change related to enabling a change in feedstock quantity or quality.  Any proposed 
change in equipment related to enabling the refining of more oil, lower quality oil, or 
both, or any actual worsening of oil quality or increase in total oil throughput or both, 
would trigger a requirement to demonstrate that: 

___________________ 
135 See Robinson and Dolbear, 2007. 
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• the change in oil quantity, quality, or both (of the blend, of “slate” of oils refined) 
will not increase incident emission risk;†† 

• the change in oil quantity, quality, or both will not increase routine emissions of 
any pollutant; and 

• the change in oil quantity, quality, or both will not use up any emission reduction 
measure that is needed to reduce the refinery’s ongoing emission of any pollutant 
that currently causes or contributes to air quality or environmental health harm. 

Refiners would bear the burden of making each of these demonstrations.  The Air 
District would bear the burden of ensuring transparent reporting and third-party 
verification through an independent community/worker oversight board that selects 
and oversees experts.  Refiners would bear the burden of funding this independent 
verification (the independent oversight board and the experts it selects). 

Non reporting consequences: Non reporting must not be allowed to defeat prevention.  
Equipment changes enabling the refining of more oil, lower quality oil, or both that are 
not reported before installation (1) cannot be considered in a feasibility analysis as a 
reason for failure to return to baseline emissions, (2) trigger all required 
demonstrations retroactively, and (3) require refiner-financed Air District monitoring 
in place of self-monitoring. 
   †† We anticipate that this would be demonstrated through a Process Hazard Analysis or 

similar documented, verifiable analysis.136 

74. The foregoing recommendation136 is the first specific blueprint for action to 
evaluate and prevent environmental health and safety impacts from refining lower quality 
oil that was developed jointly by refinery worker- and community-based organizations.  
This jointly-developed proposal could thus be considered a critically important step 
toward solving this problem as presented by the subject project, as well as many other 
refinery projects regionally and nationwide.  Although the BAAQMD is considering this 
recommendation in the context of a proposed regional air quality rule that could address 
emissions from refining lower quality oil specifically, at present no such requirement is in 
place.  Importantly, the recommendation describes in significant detail a comprehensive 
approach to data reporting, evaluation, catastrophic hazard prevention, and emission 
impact prevention problems presented by this project’s potential crude switch.  See 
paragraphs 12–23, 56–72.  The County could consider this recommended approach as it 
completes its analysis, public review process, and decisions regarding the project. 

___________________ 
136 Refinery Action Collaborative, June 2013. Members include the Asian Pacific Environmental 
Network; BlueGreen Alliance; Communities for a Better Environment; Labor Occupational 
Health Program at U.C. Berkeley; the Natural Resources Defense Council; United Steelworkers 
International Union; United Steelworkers Local 5, and United Steelworkers Local 326. 
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Conclusions 

75. Catastrophic failure hazard associated with pressurized storage of propane and 
butane that would be produced and stored without adequate safeguards as a result of the 
project should be considered a significant potential impact.  The DEIR presented an 
incomplete analysis of this impact, did not identify it as significant, and rejected the 
consideration required by safety policy of a feasible measure to avoid this impact. 

76. Catastrophic failure hazard associated with greater amounts of corrosive, toxic, 
and flammable materials under high heat and pressure that would be caused by the 
processing of lower quality oil without adequate safeguards as a result of the project 
should be considered a significant potential impact.  The DEIR did not analyze or 
identify this impact, and did not consider any measure to lessen or avoid it, although a 
measure to avoid this impact appears feasible.  

77. Acute exposures to air pollutants emitted by flaring to control upsets caused by 
the processing of lower quality oil resulting from the project should be considered a 
significant potential impact.  The DEIR did not analyze or identify this impact, and did 
not consider any measure to lessen or avoid it, although a measure that could avoid this 
impact appears feasible.  

78. Acute exposures to air pollutants emitted by flaring associated with feeding fuel 
gases that have lower heat content to equipment designed to burn fuel gases that have 
higher heat content as a result of the project may be considered a significant potential 
impact—when data the DEIR did not include are reported and reviewed.  The DEIR did 
not analyze or identify this impact, and did not consider any measure to lessen or avoid it, 
although such measures are feasible. 

79. Exposures to localized air pollution from continuous emissions of fine particulate 
matter caused by increased fuel combustion associated with the processing of lower 
quality oil as a result of the project should be considered a significant potential impact.  
The DEIR did not analyze or identify this impact, and did not consider any measure to 
lessen or avoid it, although a measure that could avoid this impact appears feasible.  

80. Sulfur dioxide (SO2) emissions could increase, instead of decreasing as the DEIR 
claims, if “emission reduction credits” resulting from the project are overestimated, and 
this may be considered a significant potential impact—when data the DEIR did not 
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include are reported and reviewed.  The DEIR did not disclose these credits for a future 
emissions increase that could overwhelm the claimed emissions reduction from another 
part of the project.  It did not analyze that emissions reduction claim against these credits 
to check on whether the credits are overestimated and could thus result in a net emissions 
increase.  It did not consider any measure to lessen or avoid this potential impact, 
although a measure that could avoid this impact appears feasible.   

81. Destruction of aquatic life and San Francisco Bay-Delta habitat caused by the 
expansion and continued operation of an outdated once-through cooling system as a 
result of the project should be considered a significant potential impact.  The DEIR did 
not disclose state efforts that could replace the cooling system—thereby avoiding this 
impact—or that the project would conflict with and foreclose those efforts.  The DEIR 
presented an incomplete, erroneous, and misleading discussion of this impact, did not 
identify it as significant, and did not consider any measure to lessen or avoid this impact.   

82. Greenhouse gas emissions caused by burning propane and butane that would be 
produced and sent out of the refinery for this purpose as a result of the project should be 
considered a significant potential impact.  The DEIR presented an erroneous analysis of 
these emissions, did not identify this impact, and did not consider any measure to lessen 
or avoid it, although such measures appear feasible. 

83. Greenhouse gas emissions caused by increased refinery fuel combustion 
associated with the processing of lower quality oil resulting from the project should be 
considered a significant potential impact.  The DEIR did not analyze or identify this 
impact, and did not consider any measure to lessen or avoid it, although a measure that 
could avoid this impact appears feasible.  

84. The June 2013 DEIR did not include the information necessary to understand and 
evaluate the environmental implications of the project.  It did not describe the duration, 
setting, geographic or processing scope, feedstock, operation, or potential environmental 
effects of the project accurately or, in many cases, did not describe them at all.  These 
informational deficiencies are so profound, and the revisions needed to cure them so 
extensive, that full independent review of a comprehensively revised draft would be 
necessary before public decisions could be based with confidence on this project’s 
environmental review. 
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85. I have given my opinions on these matters based on my knowledge, experience 
and expertise and the data, information and analysis discussed in this report. 

 

I declare under penalty of perjury that the foregoing is true of my own knowledge, except 
as to those matters stated on information and belief, and as to those matters, I believe 
them to be true. 

Executed this _____ day of September 2013 at Oakland, California 

____________________________ 
Greg Karras 
 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 43 Draft Environmental Impact Report 

Attachments List 
 
Descriptor Attachment 
  Abella and 
Bergerson, 2012 

Abella and Bergerson, 2012. Model to investigate energy and 
greenhouse gas emission implications of refining petroleum: 
impacts of crude quality and refinery configuration. Env. Sci. 
Technol. DOI: 10.1021/es30186821. 

AICE, 1989 
(excerpts) 

American Institute of Chemical Engineers, Center for Chemical 
Process Safety, 1989. Guidelines for process equipment reliability 
data, with data tables. (Excerpts: pp. 183, 205). 

Air Permit App. ERM, 2013. Rodeo Propane Recovery Project BAAQMD 
Authority to Construct and Significant Revision to Major Facility 
Review Permit Application, Rodeo Refinery. February 2013. 

Air Permit App. Atts 
4 and 7 

ERM, 2013 (Permit Application). Attachment A-4. Fugitive 
component TAC emissions; and Attachment A-7. Daily U233 
fuel gas data. 

Air Permit 
Correspondence 

Correspondence regarding incomplete permit application for the 
project including: 30 April 2013 letter to Brian Lusher, Bay Area 
Air Quality Management District, from Don Bristol, Phillips 66 
San Francisco Refinery (4/30/13 Phillips letter); 6/28/13 Phillips 
letter; 3/1/13 Phillips letter; 1 March 2013 letter to Brent Eastep, 
Phillips 66 Rodeo Refinery, from Brian Lusher, Bay Area Air 
Quality Management District (3/1/13 BAAQMD letter); 3/21/13 
BAAQMD letter; 7/18/13 BAAQMD letter. 

Allen et al., 2009 Allen et al., 2009. Warming caused by cumulative carbon 
emissions towards the trillionth tonne. Nature 458: 1163–1166. 

API, 2009 American Petroleum Institute, 2009. Guidelines for avoiding 
sulfidation (sulfidic) corrosion failures in oil refineries. API 
Recommended Practice 939–C, First Edition. 

BAAQMD, 2006 Staff Report, Proposed Amendments to Regulation 12, 
Miscellaneous Standards of Performance, Rule 12, Flares at 
Petroleum Refineries. Bay Area Air Quality Management 
District. 3 March 2006. 

BAAQMD, 2009 Bay Area Air Quality Management District 18 September 2009 
response to request for facility information by CBE (listing of 
Chevron Richmond Refinery dates of first operation by 
equipment source number; includes summary table by CBE). 

BAAQMD, 2011 Major Facility Review Permit, Chevron Products Company, 
Facility #A0010. Bay Area Air Quality Management District. 11 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 44 Draft Environmental Impact Report 

August 2011. 

BAAQMD, 2013 Major Facility Review Permit, Phillips 66–San Francisco 
Refinery, Facility #A0016. Bay Area Air Quality Management 
District. 4 March 2013. 

Brandt, 2012 Brandt, 2012. Variability and uncertainty in life cycle assessment 
models for greenhouse gas emissions from Canadian oil sands 
production. Env. Sci. Technol. 46: 1253–1261. 

Bredeson et al., 2010 Bredeson et al., 2010. Factors driving refinery CO2 intensity, with 
allocation into products. Int. J. Life Cycle Assess. 15: 817–826. 

CARB, 2013 Mandatory GHG Reporting Data. Emissions reported for calendar 
years 2009, 2010, 2011. California Air Resources Board. (Dnldd 
28 August 2013: https://ghgreport.arb.ca.gov/eats/carb).  

CBE, 1994 CBE, 1994. Dirty crude: The first oil industry-wide analysis of 
selenium discharge trends impacting San Francisco Bay. CBE 
Report No. 94–1. March 1994. 

CBE, 2006 CBE, 2006. Analysis of Potrero Unit 3 entrainment impact 
evidence. March 2006. 

CCHMP–Phillips 
071113 

Letter to Jim Ferris, Phillips 66 San Francisco Refinery, from 
Michael Dossey, Contra Costa Health Services Hazardous 
Materials Program. 11 July 2013. 

Chevron R2-2011-
0049 

NPDES Permit No. CA0005134. Chevron Richmond Refinery. 
Issued in 2011. 

City of Richmond, 
2008 

Chevron Energy and Hydrogen Renewal Project Final 
Environmental Impact Report SCH #2005072117 Volume 3–
Responses to Comments. January 2008. 

Crude Assays Compilation of publicly reported crude oil assay reports. 

CSB, 2005 CSB, 2005. Investigation Report: Refinery Explosion and Fire 
(15 Killed, 180 Injured); BP Texas City, Texas, March 23, 2005.  
Report No. 2005–04-I-TX. U.S. Chemical Safety and Hazard 
Investigation Board. March 2007. 

CSB, 2013 CSB, 2005. Interim Investigation Report: Chevron Richmond 
Refinery Fire; Chevron Richmond Refinery, Richmond, 
California, August 6, 2012. U.S. Chemical Safety and Hazard 
Investigation Board. April 2013. 

CV and Publications Curriculum vitae and publications list 

Davis et al., 2010 Davis et al., 2009. Future CO2 emissions and climate change from 
existing energy infrastructure. Science 329: 1330–1333. 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 45 Draft Environmental Impact Report 

DOE COA 2013 DOE, 2013. Crude Oil Analysis Database. U.S. Department of 
Energy. Data table in Excel. (www.netl.doe.gov/technologies/ 
oil-gas/Software/database.html). Downloaded 8 August 2013. 

DOE, 2002. DOE, 2002. Strategic Petroleum Reserve Crude Oil Assay 
Manual, 2nd Edition, Revision 2. U.S. Department of Energy. 
Revised November 2002.  

Dolbear AG 
Summary 

Email from Rose Fua, California Deputy Attorney General 
summarizing and quoting from a review by Dr. Geoff Dolbear 
regarding the Chevron Richmond refinery (other Bay Area data 
were reviewed as well). Forwarded to CBE 16 July 2008. 

EIA Imports 
Analysis 

Tables of data for foreign oils processed by the San Francisco 
Refinery reported by the U.S. Energy Information Administration 
(www.eia.gov/petroleum/imports/comanylevel/archive) 

EIA Ref. Cap. 2013 U.S. Energy Information Administration, 2013. Refinery 
Capacity Data by Individual Refinery as of January 1, 2013 
(www.eia.gov/petroleum/data). Downloaded 26 August 2013. 

EIA Refinery Yield U.S. Energy Information Administration, 2013. U.S. Refinery 
Yield. (www.eia.gov/dnav/pet/pet_pnp_pct_dc_nus_pct_m.htm)  

ERCB st98–2009 ERCB, 2009. Alberta’s Energy Reserves 2008 and 
Supply/Demand Outlook 2009–2018. Report ST98–2009. Energy 
Resources Conservation Board, Alberta, Canada. June 2009. 

ERM & BAAQMD, 
2012 

CEQA Initial Study: Marine Terminal Offload Limit Revision 
Project, Phillips 66 Refinery, Rodeo, California, BAAQMD 
Permit Application 22904. Bay Area Air Quality Management 
District (prepared by ERM). December 2012. 

Flare Causal 
Analysis excerpts 

Phillips 66, various dates. Determination and Reporting of Cause 
reports pursuant to BAAQMD Rule 12-12 §406 for flaring 
initiating on 3/16/12, 4/25/12, 5/23/12, 5/31/12, 8/27/12.  

Flaring Hot Spots Karras and Hernandez, 2005. Flaring hot spots: Assessment of 
episodic air pollution associated with oil refinery flaring using 
sulfur as a tracer. A CBE Report. July 2005. 

Flaring Prevention 
Measures 

Karras et al., 2007. Flaring Prevention Measures. A CBE Report. 
April 2007. 

Fox, 2013 Fox, 2013. Comments on Initial Study/Mitigated Negative 
Declaration for the Valero Crude by Rail Project, Benicia, 
California, Use Permit Application 12PLN–00063.  July 2013. 

Goodman, 2013 Goodman and Rowan, 2013. Comments of the Goodman Group, 
Ltd., on Initial Study/Mitigated Negative Declaration, Valero 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 46 Draft Environmental Impact Report 

Crude by Rail Project, Benicia, California, Use Permit 
Application 12PLN-00063. 

Hoffert, 2010 Hoffert, 2009. Farewell to fossil fuels? Science 329: 1292–1294. 

Karras, 2008 Karras, 2008. Chevron Renewal Project, SCH #2005072117, City 
#1101974 Agenda Report, Consolidated EIR and Staff-
recommended EIR and Conditional Use conditions and findings 
related to oil quality cap; expert report. 

Karras, 2010 Karras, 2010. Combustion emissions from refining lower quality 
oil: What is the global warming potential? Env. Sci. Technol. 
44(24): 9584–9589.  

Karras, 2013 Testimony of Greg Karras, Senior Scientist, CBE, before the U.S. 
Chemical Safety and Hazard Investigation Board (CSB), 19 April 
2013, Memorial Auditorium, Richmond, CA. 

LOHP, 2013 Wilson, 2013. Refinery Safety in California: Labor, community 
and fire agency views. Summary report prepared for the Office of 
Governor Jerry Brown, Interagency Task Force on Refinery 
Safety, by the Labor Occupational Health Program at U.C. 
Berkeley. Revised 4 June 2013. 

Meinshausen et al., 
2009 

Greenhouse-gas emission targets for limiting global warming to 2 
ºC. Nature 458: 1158–1162. 

Meyer et al., 2007 Meyer, 2007. Heavy oil and natural bitumen resources in 
geological basins of the world: U.S. Geological Survey Open-File 
Report 2007-1084. 

Meyers, 1986 Handbook of petroleum refining processes. Meyers, Robert A., 
ed.  ISBN 0-07-041763-6.  McGraw-Hill. 1986. 

NPDES Permit R2-
1985-029 

NPDES Permit No. CA0005053. Union Oil Co. San Francisco 
Refinery, Rodeo. Issued in 1985. 

NPDES Permit R2-
1989-002 

NPDES Permit No. CA0005053. Union Oil Co. San Francisco 
Refinery, Rodeo. Issued in 1989. 

NPDES Permit R2-
2000-015 

NPDES Permit No. CA0005053. Tosco Corp. San Francisco 
Refinery at Rodeo. Issued in 2000. 

NPDES Permit R2-
2005-0030 

NPDES Permit No. CA0005053. ConocoPhillips Corp. San 
Francisco Refinery at Rodeo. Issued 2005. 

NPDES Permit R2-
2011-0027 

NPDES Permit No. CA0005053. ConocoPhillips Corp. San 
Francisco Refinery at Rodeo. Issued in 2011. 

NPDES Permit R3-
2007-0002 

NPDES Permit No. CA0000051. ConocoPhillips Corp. Santa 
Maria Refinery. Issued in 2007. 



Phillips 66 Propane Recovery Project 
State Clearinghouse #2012072046 

County File #LP12–2073 
 

Expert Report of G. Karras 47 Draft Environmental Impact Report 

Oil & Gas Journal, 
2012 

Koottungal, 2012. 2012 Worldwide Refining Survey. Oil & Gas 
Journal. 3 December 2012 (All figures are as of January 1, 2013). 

Pastor et al., 2010 Pastor et al., 2020. Minding the climate gap: What’s at stake if 
California’s climate law isn’t done right and right away. USC 
Program for Environmental and Regional Equity: Los Angeles, 
CA. http://college.usc.edu/pere/publications. 

Phillips Cooling 
Tower 

Cooling Tower Replacement Feasibility Evaluation, Order R2-
2011-0027; Provision VI.C.2.f., Phillips 66 San Francisco 
Refinery at Rodeo. Submitted by Don Bristol, Superintendent, 
Environmental Services, Phillips 66 San Francisco Refinery, no 
30 September 2013.  (13-page report) 

Phillips Intake Rpt. Waste Water Annual Report for 2012, Phillips 66, San Francisco 
Refinery.  

Phillips Thermal ext. 
1 

8 August 2012 letter from Don Bristol, Phillips 66 San Francisco 
Refinery, to Regional Water Quality Control Board, San 
Francisco Bay Region, regarding: Phase 2 Thermal Plume Study 
Final Report, NPDES Order #R2-2011-0027, Provision VIC2d; 
Task 3 Request for Due Date Extension. 

Phillips Thermal ext. 
2 

4 September 2012 letter from Bruce Wolfe, Regional Water 
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Curriculum Vitae
Business contact:
(510) 302-0430 x19

Work experience

1994 to present  Position Senior Scientist
1984 to 1993    Research Associate
   Employer Communities for a Better Environment (CBE)

Description Lead research in toxic pollution documentation and prevention   
projects––San Francisco Bay Area focus. Assistance to Executive 
Director, staff, members and Board in program plans and development. 
Lead responsibility for implementation, budget and coordination of staff 
in assigned campaigns and projects (1994–2000). Litigation assistance 
as expert witness. Shared responsibility to develop science as a tool for 
community organizing (1997–present).

1982 to 1984  Position Research Associate
Employer Calif. Environmental Intern Program/Citizens for a Better Environment
Description Research, advocacy, and public education and fund raising supporting 

leak detection, clean up, and prevention program for underground  
chemical storage tanks in Los Angeles County.

1976 and 1977  Position Student Assistant
Employer California Air Resources Board
Description Air pollution surveillance field sampling, laboratory analysis, and 

reporting of results for air quality predictions and alerts in South Coast 
Air Basin. Summers.

Other relevant experience Member, American Association for the Advancement of Science.
Member, American Chemical Society.
Member, Refinery Action Collaborative.
Co-chair, San Francisco Alternative Energy Plan Load Forecasting and 
Power Flow Analysis and DSM–DG working groups. 2002–2004.
Member, Monitoring and TMDL Public Advisory Group to the 
California Water Resources Control Board.  2000.
Chair, Health Committee, CARAT Team established by the Coalition of 
Black Trade Unionists, Northern California Chapter.  1998–2000.
Co-organizer with staff, S.F. Bay Water Board and Zero Dioxin 
Alliance, national science symposia on dioxins.  1997.
Board Member, Silicon Valley Pollution Prevention Center (alternate).  
ca 1994–1996.
Member, Study Design Committee, Contaminant Levels in Fish Tissue 
from San Francisco Bay Pilot Study.  1992–1993.
Board Member, Aquatic Habitat Institute (now known as The San 
Francisco Estuary Institute).  ca 1988–1990.

Education Bachelor of Arts in Biology, 1979    
University of California, Santa Cruz     
Honors Conferred
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Fire. Presented to the U.S. Chemical Safety and Hazard Investigation Board, 19 April 2013 at Memorial 
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Karras, G., 2012. Comment on "Analysis of Energy Use and CO2 Emissions in the U.S. Refining Sector, 
With Projections for 2025." Environmental Science & Technology 46: 7921–7922. 
doi 10.1021/es301915z  American Chemical Society: Washington, D.C.
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Karras, G., 2010. Combustion Emissions from Refining Lower Quality Oil: What is the Global Warming 
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Karras, G., May, J. and A. E. Lee, 2008. Increasing GHG emissions from dirty crude. Analysis of pubicly 
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Hydrogen steam reforming. A CBE report. Communities for a Better Environment: Oakland and 
Huntington Park, CA.
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Commission, San Francisco, CA., co-chairs.
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Better Environment: Oakland and Huntington Park, CA.

Karras, G., 2001. Dioxin Pollution Prevention Inventory for the San Francisco Bay. In: Persistent, 
Bioaccumulative, and Toxic Chemicals II: Assessment and New Chemicals. Lipnick, R.L., Jansson, B., 
Mackay, D. and Petreas, M., eds. ACS Symposium Series 773. American Chemical Society: Washington, 
D.C. Distributed by Oxford University Press.

Karras, G., 2001. Continuing Research into Gulf War Illness. Science 292(5518): 853. American 
Association for the Advancement of Science. Commentary.
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Karras, G., Susag, K. Porras, C., Napolis, A.J., and T. Cosentino, 2000. Bromine Toxics Rising. CBE 
Report No. 2000–3. December, 2000. Communities for a Better Environment: Oakland and Huntington 
Park, CA.

Karras, G., Akaba, A., Simon, A., Susag, K., and S. Tuddenham, 2000. Dioxins and Refineries: Analysis 
in the San Francisco Bay Area. CBE Report No. 2000–2. August, 2000. Communities for a Better 
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Bay. CBE Report No. 98–2. Communities for a Better Environment: Oakland and Huntington Park, CA.
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Environment: Oakland and Huntington Park, CA. 
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M. Ozen, 1995. Poison for Profit: Unocal 76’s Toxic Dumping Threatens People and San Francisco Bay. 
CBE Report No. 95–1. Communities for a Better Environment: Oakland and Huntington Park, CA.

Karras, G., 1994. Clean Safe Jobs: A Sustainable Manufacturing Model; A Case Study In-progress in 
Silicon Valley, California. Presented at the Commonwealth Club Water Section Meeting, November 17, 
1994. Communities for a Better Environment: Oakland and Huntington Park, CA. 

Karras, G., Belliveau, M., Chorover, N., May., J., Larson, D., Fugazzotto, P., Ozen, M., and M. Leedie, 
1994. Dirty Crude: The First Oil Industry-wide Analysis of Selenium Discharge Trends Impacting San 
Francisco Bay. CBE Report No. 94–1. Communities for a Better Environment: Oakland and Huntington 
Park, CA.

Karras, G., Belliveau, M., Ramo, A., Chorover, N., Creighton, H., Larson, D., May, J., Williams, M., and 
M. Ozen, 1992. Clean Safe Jobs: The Benefits of Toxic Pollution Prevention and Industrial Efficiency to 
the Communities of South San Francisco Bay. A CBE Report. Communities for a Better 
Environment: Oakland and Huntington Park, CA.

Karras, G., 1992. Comparison of Copper in Waters of the Southern Reach of San Francisco Bay and Ten 
Other Estuaries. Communities for a Better Environment: Oakland and Huntington Park, CA.

May, J., Karras, G., Morgan, J., and D. Sommer, 1991. Every Which Way: The Major Damage to 
Human Health and Bay Waters from Toxic Chemicals Emitted by Motor Vehicles in the San Francisco 
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#91648. Communities for a Better Environment: Oakland and Huntington Park, CA.

Karras, G., Maxwell, J., Obrebski, S., Chorover, N., Belliveau, M., Parsons, K., and H. Creighton, 1990. 
Hidden Polluters of California’s Coast: A Preliminary Analysis of Industrial Toxic Releases into 
California’s Coastal Environment through Public Sewers. CBE Report No. 90–2. Communities for a 
Better Environment: Oakland and Huntington Park, CA.
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Karras, G., Belliveau, M., and K. Miller, 1987. Toxic Hot Spots in San Francisco Bay: A Preliminary 
Environmental Risk Screening for Selected Pollutants in Bay Sediments, Shellfish, Ducks and Waters. 
CBE Report No. 87686. Communities for a Better Environment: Oakland and Huntington Park, CA. 

Karras, G., Obrebski, S., Maxwell, J., Rands, T., Fort, D., and A. Ramo, 1989. Industrial Toxic 
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Publications: Washington, D.C.
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1904 Franklin Street, Suite 600    •    Oakland, CA 94612    •    T (510) 302-0430    •    F (510) 302-0437
In Southern California: 6325 Pacific Blvd., Suite 300   •   Huntington Park, CA 90255   •   (323) 826-9771

BY ELECTRONIC MAIL
(Please confirm receipt to roger@cbecal.org)

12 December 2013

Clerk of the Board
Contra Costa County Board of Supervisors
651 Pine Street, Room 106
Martinez, CA 94553

Attention: Tiffany Lennear (Tiffany.Lennear@cob.cccounty.us)

Appeal of Environmental Impact Report and Land Use Permit Filed 2 Dec 2013:

Phillips 66 Company Propane Recovery Project, Environmental Impact Report (EIR) and 
Land Use Permit, EIR SCH #2012072046, County File LP12-2073;

Communities for a Better Environment (CBE) Supplemental Evidence–A 

Dear Clerk of the Board,

In support of our appeal, CBE respectfully submits the 3 December 2013 comment of the 
Governor’s Office of Planning and Research (OPR) entitled “WesPac Pittsburg Energy 
Infrastructure Project, Tar Sands.”  This new evidence is appended hereto as Attachment 1.

OPR is California’s comprehensive state planning agency.  The WesPac proposal would be 
located in Contra Costa County and transfer oils received by train and boat to nearby refineries 
via means including a pipeline connected to the Rodeo facility.1  It is thus a potential new source 
of San Francisco Refinery (SFR) oil feedstock.2  This new feedstock source “may impact 
planning for greenhouse gas emission reduction and infrastructure” as OPR correctly notes.  
Feedstock and products are key process variables that are fundamentally interrelated.  Propane 
and butane (LPG) are among the products of processing oil feedstock.  Therefore, the OPR comment is 
relevant to environmental review of the Phillips 66 SFR “Propane Recovery Project” at Rodeo.

Refinery oil feedstock quality has been reported publicly by individual facilities and can, in any 
case, be estimated for individual facilities by independent experts—and thus by competing oil 
companies—using public data.3

1 WesPac RDEIR SCH #2011072053. See Executive Summary and Section 2.0.
2 Other new sources of oil, e.g., the Phillips 66 SFR Rodeo wharf throughput and Santa Maria rail 
expansions, are documented and addressed elsewhere in CBE’s and others’ comments.
3 See table submitted to CalEPA on 16 October 2013; appended hereto as Attachment 2.
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CBE seeks an adequate environmental review that, among other things, resolves the EIR’s      
failure to include information on the sources, types, or quality of Rodeo facility oil feedstock 
now, or after implementation of the proposed project.4  Failing to include this information, the 
EIR fails to answer even the most straightforward questions about whether tar sands oils could be 
a new feedstock, what changes in oil feedstock are anticipated, potential environmental impacts 
of those changes, and how those impacts will be addressed.  Attachment 1 clearly states OPR’s 
authoritative opinion that these questions “should be answered in the course of review” under the 
state’s Environmental Quality Act.  This new evidence further strongly supports CBE’s appeal.

Respectfully Submitted, 

Roger Lin
Staff Attorney

Attachments:  1. Comments of Ken Alex, Director, State of California Governor’s Office of 
Planning and Research, to Kristin Pollot, Associate Planner, City of Pittsburg 
Planning Department, Re: WesPac Pittsburg Energy Infrastructure Project, Tar 
Sands; 3 December 2013.

2. Table submitted to CalEPA on 16 October 2013 supporting Refinery Action 
Collaborative recommendations on the Governor’s Interagency Working Group 
draft report.

Copy:  Ken Alex, Director, Governor’s Office of Planning and Research
  Lashun Cross, Principal Planner, Department of Conservation and Development
  Diane Bailey, Senior Scientist, Natural Resources Defense Council
  Laurel L. Impett, AICP, Urban Planner, Shute, Mihaly & Weinberger LLP
  Interested Organizations and Individuals

4 The EIR admits it does not include this information, arguing against disclosure. Its argument, that LPG 
production has no relationship to feedstock, fails on four independent grounds:  (1) It suffers from the 
logical fallacy that products are unrelated to feedstock.  (2) It is improperly based on a conclusory 
statement supported by no evidence or data.  (3) It is contradicted by substantial evidence that baseline 
feedstock processing makes insufficient LPG to implement the project.  (4) It ignores capacity to make 
more LPG from lower quality oils, e.g., tar sands “dilbits,” via concurrent SFR wharf, rail, and process 
throughput expansions.  See comments, expert reports, and appeals of CBE, Rodeo Citizens Association, 
for supporting evidence and details of these points.



 
STATE OF CALIFORNIA 

GOVERNOR’S OFFICE of PLANNING AND RESEARCH 
                            

 EDMOND G. BROWN JR.                                                                                                                                                                                                                                                       KEN ALEX   
               GOVERNOR                      DIRECTOR  
 

December 3, 2013 
 
 
Kristin Pollot, Associate Planner 
City of Pittsburg, Planning Department 
65 Civic Avenue 
Pittsburg, CA 94565 
kpollot@ci.pittsburg.ca.us  
 
 
Re:  WesPac Pittsburg Energy Infrastructure Project, Tar Sands  
 
Dear Ms. Pollot: 
 
The public comment period for the Recirculated Draft Environmental Impact Report for the 
WesPac Pittsburg Energy Infrastructure Project closed on September 13, 2013.  We apologize 
for missing that deadline, but ask that this letter be included in the record before the City Council 
at the time the WesPac project comes before the Council.     
 
The Governor’s Office of Planning and Research (OPR) is California’s comprehensive state 
planning agency and serves the Governor and his Cabinet as staff for long-range planning and 
research.  The RDEIR includes the following information: 
 

1. WesPac proposes to modernize and reactivate the existing oil storage and transfer 
facilities located at the NRG Energy, Inc. Pittsburg Generating Station.  The proposed 
Terminal “would be designed to receive crude oil and partially refined crude oil from 
trains, marine vessels, and pipelines, store oil in existing or new storage tanks, and then 
transfer oil to nearby refineries.” 

2. The total annual throughput for the Terminal would be approximately 88.3 million 
barrels of crude oil or partially refined crude oil per year. 

 
The WesPac project may impact planning for greenhouse gas emission reduction and 
infrastructure and is therefore of interest to OPR.  As a result, we pose three straight-forward 
questions that we believe should be answered in the course of review of the project: 
 

1. Can the WesPac project receive, store, or transfer crude oil or partially refined crude oil 
from tar sands? 

2. What are the anticipated sources of crude oil or partially refined crude oil that WesPac 
will receive, store, or transfer? 

3. If the anticipated sources of crude change, who makes that decision, and if the crude mix 
change results in increased environmental impacts, how will those impacts be addressed? 
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1400 10th Street     P.O. Box 3044     Sacramento, California  95812-3044 

(916) 322-2318     FAX (916) 322-3785     www.opr.ca.gov 

 
Many thanks for your consideration of these issues. 
 
 
 

Sincerely, 
 
       --s-- 
 

Ken Alex 
Director 

 
Cc Members of the Pittsburg City Council 
 

 
 

 



Refinery crude feed quality has been reported publicly by individual facilities 
and can, in any case, be estimated for individual facilities by independent 
experts and competing oil companies using public data—examples:  
 

Reporting for Every plant Richmond Santa Maria Each in BA4 Each in BA5 

Reported for: Import slate Total slate Total slate Total slate Total slate 

Parameters 
reported: 
 

Density, 
sulfur, and 
volume 

Density, 
sulfur, and 
volume 

Density, 
sulfur, and 
volume 

Density, 
sulfur, and 
volume 

Selenium, 
volume, [and 
See note5] 

Oils reported: By country By name By field By country, stream or name 

Averaging: Monthly Annual Annual Annual Annual 

Data source: EIA1 Chevron2 Phillips 663 UCS, CBE4 CBE5 

      
Table by CBE (9/25/13). Data referenced and notes:  
1 Reports by each individual U.S. plant from U.S. Energy Information Administration, various 
dates to present. Company Level Imports (http://www.eia.gov/petroleum/imports/companylevel). 
2 EIR SCH#2005072117. See City of Richmond Planning Department; 10 April 2008 Planning 
Commission Agenda Report Attachment 6. Response to CBE comment and Lead Agency 
information request by Robert Chamberlin, Chevron. April 2008. 
3 EIR SCH #20081010111. See Phillips 66 Santa Maria Refinery Throughput Increase Project 
Final Environmental Impact Report; pp. 2-5 through 2-10. October 2012. 
4 Estimates for each individual San Francisco Bay Area refinery including Chevron-Richmond 
(1994–2012) and Phillips-Rodeo, Shell-Martinez, Tesoro-Avon, and Valero-Benicia (2008). See 
UCS, 2011. Oil refinery CO2 performance measurement. Technical analysis prepared for the 
Union of Concerned Scientists by Communities for a Better Environment. See esp. Table 2-7. 
(www.ucsusa.org/assets/documents/global_warming/oil-refinery-CO2-performance.pdf); and 
CBE, 2013. Documentation of sulfur in crude refined at Richmond, California. Memorandum to 
Daniel Horowitz, Managing Director, U.S. Chemical Safety Board, from Greg Karras, Senior 
Scientist, Communities for a Better Environment. 9 April 2013. 
5 Estimates for each individual San Francisco Bay Area refinery.  See CBE, 1994. Dirty Crude: 
The first oil industry-wide analysis of selenium discharge trends impacting San Francisco Bay; 
CBE Report No. 94–1. See also Chevron, 1992. Response to the RWQCB request for information 
regarding the WSPA selenium proposal; Cal. Reg. Water Quality Control Board, San Francisco 
Bay Region.  [Oil density/sulfur notes; reported crude density and sulfur content was used as 
secondary supporting data for this report’s analysis focused on and reporting on selenium (Se).] 
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BY ELECTRONIC MAIL
(Please confirm receipt to roger@cbecal.org)

14 January 2014

Clerk of the Board
Contra Costa County Board of Supervisors
651 Pine Street, Room 106
Martinez, CA 94553

Attention: Tiffany Lennear (Tiffany.Lennear@cob.cccounty.us)

Appeal of Environmental Impact Report and Land Use Permit Filed 2 Dec 2013:

Phillips 66 Company Propane Recovery Project, Environmental Impact Report (EIR) and 
Land Use Permit, EIR SCH #2012072046, County File LP12-2073;

Communities for a Better Environment (CBE) Supplemental Evidence–C 

Dear Clerk of the Board,

In support of our appeal, CBE respectfully submits Rodeo facility fuel gas propane and butane 
(LPG) content and fuel gas flow data.  This evidence is appended hereto as Attachment 4.

The proposed project would recover propane and additional butane produced from crude oil in 
amounts that could boost this refinery’s LPG yield to exceed 11 volume % on its crude oil feed.1  
Average monthly West Coast refinery LPG yields reported since 1993 never exceeded 4.1 vol. % 
on crude.2  Feedstock and products are key process variables that are fundamentally interrelated.  
Thus, changing LPG production changes oil feedstock processing.  CBE and the Rodeo Citizens 
Association (RCA) showed that the project would require increased LPG production, requiring 
a change in feedstock, and related proposals would enable such new, and likely lower quality, oil 
feeds, such as tar sands oils.1  Refining lower quality oil can worsen pollution and safety hazards 
substantially.1  The Governor’s Office of Planning and Research (OPR),3 and the Refinery Action 
Collaborative, which includes, among others, the Labor Occupational Health Program at U.C. 
Berkeley and the refinery workers’ union United Steelworkers,4 have joined CBE and RCA in 
asking that the EIR disclose and analyze potential changes in oil feedstock and resultant impacts.     

1 See CBE and RCA expert reports: Karras Report dated 4 Sep 2013; Fox Report dated 15 Nov 2013.    
2 PADD 5 Refinery Yield; www.eia.gov/dnav/pet/pet_pnp_pct_dc_r50_pct_m.htm. Download 13 Jan 2013. 
This 4.1% maximum may be an overestimate: it may include other liquefied gases (e.g., ethane, ethylene).      
3 See CBE Supplemental Evidence–A, submitted on 12 Dec 2013.
4 Refinery Action Collaborative letter of 18 Dec 2013, appended hereto as Attachment 5. 
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The EIR admits it “did not address changes in crude oil use”5 and argues against this disclosure, 
asserting that the proposed change in LPG has no relationship to any change in oil feedstock.  
Specifically, the EIR asserts that the project “would not change, enlarge, or otherwise impact”  

the refinery’s oil feedstock5 because, it asserts: 

(1) “the actual amount of propane and butane available for recovery (determined using mea-
sured flow data and lab analysis of propane and butane content) is approximately 4,200 bpd 
[barrels per day, or b/d] of propane and 9,300 bpd of butane”5 so that; 

(2) the 4,200 b/d of propane6 and 3,800 b/d of additional butane6 the project design would re-
cover from refinery fuel gas “do not represent any anticipated increase in LPG production.”5  

Despite its explicit reliance on “measured flow data and lab analysis of propane and butane 
content” for this claimed amount of LPG recoverable in the baseline, no such data is included 
anywhere in the EIR.7  Therefore, the data in Attachment 4 are relevant to environmental review 
of this project. 

The Rodeo Fuel Gas LPG Data
Phillips 66 submitted a “Refinery Fuel Gas Speciation Profile” and “Daily U233 Fuel Gas Data” 
in attachments A-4 and A-7 to its air permits application for this project.8  These data are given 
in Attachment 4.  The Speciation Profile reports the propane and butane9 content, mass fractions, 
and molecular weight (MW) of fuel gas from analysis of samples taken at the Unit 233 fuel gas 
mix drum, described as the mix drum for the fuel gas system.  Propane and butane concentrations 
ranged by 10% and 17%, respectively, in three samples taken during August 2011.  Phillips’ At-
tachment A-7 reports daily Unit 233 fuel gas flow from Jan 2009–Nov 2012.  In the most recent 
three-year baseline period reported (Dec 2009–Nov 2012) this fuel gas flow averaged ≈29.83 
million standard cubic feet per day (MMSCFD) with a 90th Percentile flow of 35.21 MMSCFD.  

Phillips asserted that these data are representative of the refinery baseline for project review.10  
Table S-1 summarizes these baseline data.

5 FEIR at 3.2-130 [explanation added]: As used in the EIR, “bpd” refers to barrels per day (b/d).
6 Project design reported by the EIR. See DEIR at 3-23; see also DEIR at 3-21 (Table 3-2).
7 The EIR’s failure to disclose these purported baseline data is improper. See also Fox Report at 5.
8 Rodeo Propane Recovery Project BAAQMD Authority to Construct and Significant Revision to Major 
Facility Review Permit Application, February 2013. Previously submitted attached to Karras Report.
9 Butane, herein, is the sum of n-butane and isobutane, each of which is reported in Attachment A-4.
10 Indeed, this refinery baseline is asserted explicitly (“Refinery fuel gas [RFG] volume and total sulfur 
content for the baseline period were provided in the original permit application”) (emphasis added) on 
page 3 of Phillips’ 28 June 2013 response to the Air Quality Management District’s 21 May 2013 Incom-
plete Letter (included in the Karras Report “Air Permit Correspondence” Attachment). Phillips’ statement 
must refer to air permit app. attachments A-4 and A-7 as no other refinery fuel gas data were included in 
the application or its attachments.  Thus, these are the only data available at this time that represent the 
“measured flow data and lab analysis of propane and butane content” the EIR purports to rely upon, and 
Phillips asserted that these data are representative of the project baseline. CBE submits these data on this 
basis, however, more data are required for full environmental review.  For example, other, undisclosed, 
and new streams containing LPG could be routed to recovery, such as streams from the refinery’s Santa 
Maria Facility (see Fox Report), and Phillips reports analysis of only three samples for LPG in fuel gas. 
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LPG Baseline Errors
As estimated from Phillips’ data, the baseline Rodeo facility fuel gas contains an average of 
≈2,290 b/d of propane and ≈1,880 b/d of butane.  See Table S-1.  Even at the 90th Percentile 
(conditions existing only 10% of the time) it contains only ≈2,700 b/d of propane and 2,220 b/d 
of butane.  These amounts are smaller than the “4,200 bpd of propane and 9,300 bpd of butane” 
baseline asserted by the EIR.  Thus, Phillips’ data show that the EIR overestimates the project 
LPG baseline.  Therefore, the EIR’s unsupported LPG baseline is contradicted by available data 
that the EIR has failed to disclose.

LPG Production and Feedstock Errors
Phillips data show that baseline refinery fuel gas does not contain enough LPG to implement the 
project goals.  See Table S-1.  Instead, LPG available from existing crude stocks would meet 
about half of the project’s goals—54% of projected propane production and 49% of projected 
butane production.  Therefore, the EIR’s unsupported assertion that the project goals “do not 
represent any anticipated increase in LPG production” is contradicted by available data that the 
EIR has failed to disclose.   

At roughly half of project design (see Table S-1), LPG production would roughly double—on 
average—in order to implement the project as proposed.  This substantial increase in production 
would require a change in the amount or composition of the feedstock or processing methods.  
Thus, the EIR’s unsupported claim that the project “would not change, enlarge, or otherwise 
impact” refinery oil feedstock is contradicted by Phillips’ own data, which the EIR has failed to 
disclose.  Changing refinery oil feedstock has known potential to worsen air pollution and safety 

Table S-1. Baseline LPG in Rodeo Facility Fuel Gas, December 2009–November 2012a 
Units Average 90th Percentile

U233 fuel gas flow (MMSCFD) 29.83 35.21
(million lbs/day) 1.71 2.02

Propane in fuel gas (lb/lb fuel gas) 0.2381 0.2381
(million lbs/day) 0.407 0.481
(barrels/day) 2,290 2,700
(% of project design) 54% 64%

Butane in fuel gas (lb/lb fuel gas) 0.2230 0.2230
(million lbs/day) 0.381 0.450
(barrels/day) 1,880 2,220
(% of project design) 49% 58%

(a) Project design: 4,200 b/d propane and 3,800 b/d butane; data from DEIR at 3-23.  Compressed liquid 
densities at 60 ºF: 178 lb/barrel propane and 203 lb/b butane; data from EPA’s AP 42 Appendix A.  All other 
data from Phillips 66 Air Permit Application attachments provided in Attachment 4 hereto.  Conversions from 
MMSCFD (1 atm., 60 ºF) to lbs/d based on fuel gas MW (21.75 lb/lb-mol), and on propane and butane mass 
fractions (lb/lb fuel gas shown in table), from Attachment 4. Butane shown includes n-Butane and Isobutane.



14 January 2014
CBE Appeal Supplemental Evidence–C  
(SCH#2012072046; LP12-2073)
Page Four

hazards substantially.  Therefore, the EIR’s admission that it “did not address changes in crude 
oil use” indicates a serious deficiency in the environmental review of this project.

Conclusion
CBE seeks an adequate environmental review that, among other things, resolves the EIR’s      
failure to include information on the sources, types, or quality of this refinery’s oil feedstock.  
Failing to include this information, the EIR fails to answer even the most straightforward ques-
tions about whether tar sands oils could be a new feedstock, what changes in oil feedstock are 
anticipated, potential impacts of those changes, and how those impacts will be addressed.  The 
EIR argues against this necessary environmental disclosure, inappropriately, and erroneously.  
Its claim that LPG production and oil feed changes are unrelated suffers from the logical fallacy 
that products are unrelated to feedstock, relies on unsupported conclusory statements, ignores 
related wharf, rail, and processing expansions that enable new feedstock, and—as documented 
further herein—is contradicted by substantial evidence that the project requires new feedstock.  
This new evidence further strongly supports CBE’s appeal.

Respectfully Submitted,  

Roger Lin     Greg Karras
Staff Attorney     Senior Scientist

Attachments:  CBE Supp. Attachment 4. Refinery Fuel Gas Speciation Profile and Daily U233
  Fuel Gas Data, as submitted by Phillips 66 in attachments to its air permit 
  application for the project

  CBE Supp. Attachment 5. Refinery Action Collaborative letter of 18 Dec. 2013

Copy:  Lashun Cross, Principal Planner, Department of Conservation and Development
  Laurel L. Impett, AICP, Urban Planner, Shute, Mihaly & Weinberger LLP
  Ken Alex, Director, Governor’s Office of Planning and Research
  Jean Roggenkamp, Deputy Air Pollution Control Officer, BAAQMD
  Refinery Action Collaborative, San Francisco Bay Area
  Interested Organizations and Individuals  



CBE Supplemental Attachment 4

Refinery Fuel Gas Speciation Profile and 
Daily U233 Fuel Gas Data, as submitted 
by Phillips 66 in attachments to its Air
Permit Application for the Project*

Contents

Part 1: Refinery Fuel Gas Speciation Profile
Permit App. Attachment A-4 excerpt
(5 pages)

Part 2: Daily U233 Fuel Gas Data
Permit App. Attachment A-7
(22 pages)

* Rodeo Propane Recovery Project BAAQMD Authority to  

Construct and Significant Revision to Major Facility Review  

Permit Application, February 2013.  

Previously submitted attached to 4 Sep 2013 Karras Report.  



Refinery Fuel Gas Speciation Profile

Fuel Gas Data

Instruction:

General source 
description, e.g., mix 

drum for X,Y,Z units; mix 
drum for fuel gas system 

1; etc.

Assign a 
unique ID for 

each test 
report

Enter start date 

Field: Process Throughput or Production Rate

Facility ID 
Number

Fuel gas mix 
drum ID

General Description
Test Report 

ID
Test Date

(mm/dd/yyyy)
Run Number

Actual
Fuel Gas Flow Rate

(acfm)

Standard
Fuel Gas Flow 

Rate
(scfm)

Dry Standard
Fuel Gas Flow 

Rate
(dscfm)

Production 
comment

CA5A0280 Unit 233 
mix drum for fuel gas 

system
11045.2 08/15/2011 Run 1 3,826.83                 20,011.19      19,811.08        

CA5A0280 Unit 233 
mix drum for fuel gas 

system
11045.2 08/17/2011 Run 2 3,747.39                 20,394.04      20,210.49        

CA5A0280 Unit 233 
mix drum for fuel gas 

system
11045.2 08/17/2011 Run 3 4,036.96                 21,014.92      20,783.76        

Molecular Wt 21.75  (per Brent's email)

Mass Fraction

Molecular Weight of RFG

Form Approved 03/28/2011

OMB Control No. 2060-0657

Approval Expires 03/31/2014

Enter the fuel gas flow rate or usage rates from measurement data, 
company records, or engineering analyses.  Use 1 atm and 60°F as 

standard conditions. 



Refinery Fuel Gas Speciation Profil

Fuel Gas Data

Instruction:

Field:

Facility ID 
Number

CA5A0280

CA5A0280

CA5A0280

Molecular Wt

Mass Fraction

Molecular W   

Form Approved 03/28/2011

OMB Control No. 2060-0657

Approval Expires 03/31/2014

    CAS No. >> 1333-74-0 630-08-0 124-38-9 7727-37-9 7782-44-7

HHV (Btu/scf)
Moisture Content 

(vol%)
Hydrogen 

(vol%, dry basis)
Carbon monoxide 
(vol%, dry basis)

Carbon dioxide 
(vol%, dry basis)

Nitrogen 
(vol%, dry basis)

Oxygen 
(vol%, dry basis)

1323.33 1.00 29.44 0.43 0.11 2.03 0.43

1335.42 0.90 29.49 0.44 0.11 2.39 0.44

1320.85 1.10 29.44 0.43 0.11 2.03 0.43

18.0153 2.014 28.01 44.01 28.0134 32

0.008282897 0.027274137 0.005531228 0.002225793 0.027678106 0.006319147

Enter the fuel gas higher heating value (HHV) content and general composition data



Refinery Fuel Gas Speciation Profil

Fuel Gas Data

Instruction:

Field:

Facility ID 
Number

CA5A0280

CA5A0280

CA5A0280

Molecular Wt

Mass Fraction

Molecular W   

Form Approved 03/28/2011

OMB Control No. 2060-0657

Approval Expires 03/31/2014

Assume all TRS is H2S

    CAS No. >> 7783-06-4 463-58-1 75-15-0 74-82-8 74-84-0 74-85-1 74-86-2 74-98-6 115-07-1 463-49-0 106-97-8 75-28-5

TRS 
(ppmvd)

Hydrogen 
sulfide 

(ppmvd)

Carbonyl 
sulfide 

(ppmvd)

Carbon  
disulfide 
(ppmvd)

Methane 
(ppmvd)

Ethane (ppmvd)
Ethylene 
(ppmvd)

Acetylene 
(ppmvd)

Propane 
(ppmvd)

Propylene 
(ppmvd)

Propadiene 
(ppmvd)

n-Butane 
(ppmvd)

Isobutane 
(ppmvd)

505.56 8.370 29.50 0.344 285,832.00       115,500.66       6,783.18        0.53               113,270.53       13,323.18      0.53               50,774.64      35,532.76      

571.99 12.300 30.60 0.459 275,316.91       113,347.86       6,775.19        0.54               114,580.81       13,684.23      0.54               54,365.84      34,297.09      

551.55 18.300 32.70 0.359 278,916.27       123,708.52       6,628.30        0.54               124,396.66       12,803.23      0.54               47,143.31      28,321.31      

34.0809 34.0809 60.07 76.139 16.04 30.07 28.05 26.04 44.1 42.08 40.065 58.12 58.12

0.0009 0.0000 0.0001 0.00000136 0.2065 0.1625 0.0087 0.0000 0.2381 0.0257 0.0000 0.1356 0.0874

     Enter the sulfur compound composition data



Refinery Fuel Gas Speciation Profil

Fuel Gas Data

Instruction:

Field:

Facility ID 
Number

CA5A0280

CA5A0280

CA5A0280

Molecular Wt

Mass Fraction

Molecular W   

Form Approved 03/28/2011

OMB Control No. 2060-0657

Approval Expires 03/31/2014

106-98-9 107-01-7 115-11-7 590-19-2 106-99-0 109-66-0 78-78-4 287-92-3 109-67-1 627-20-3 646-04-8 563-46-2 563-45-1 513-35-9

1-Butene 
(ppmvd)

2-Butene 
(ppmvd)

Isobutene 
(ppmvd)

1,2-Butadiene 
(ppmvd)

1,3-Butadiene 
(ppmvd)

n-Pentane 
(ppmvd)

2-
Methylbutane 

(ppmvd)

Cyclopentane 
(ppmvd)

1-Pentene 
(ppmvd)

Cis-2-pentene 
(ppmvd)

Trans-2-
pentene 
(ppmvd)

2-Methyl-1-
butene 

(ppmvd)

3-Methyl-1-
butene 

(ppmvd)

2-Methyl-2-
butene 

(ppmvd)

3,845.93        3,281.74        4,959.40        0.53               90.87             6,159.25        8,323.26        603.66           840.43           239.12           487.41           603.66           364.76           700.72           

4,218.99        3,561.71        4,991.62        0.54               92.39             7,002.63        9,746.00        685.57           958.71           277.82           562.60           694.28           414.61           810.72           

3,651.76        3,012.08        3,904.83        0.54               88.31             5,850.78        7,771.96        579.37           813.06           253.07           479.22           581.52           358.61           685.98           

56.106 56.106 56.106 54.091 54.091 72.15 72.15 70.1 70.13 70.13 70.13 70.13 70.13 70.13

0.0101 0.0085 0.0119 0.0000 0.0002 0.0210 0.0286 0.0020 0.0028 0.0008 0.0016 0.0020 0.0012 0.0024

Enter the organic compound composition data



Refinery Fuel Gas Speciation Profil

Fuel Gas Data

Instruction:

Field:

Facility ID 
Number

CA5A0280

CA5A0280

CA5A0280

Molecular Wt

Mass Fraction

Molecular W   

Form Approved 03/28/2011

OMB Control No. 2060-0657

Approval Expires 03/31/2014

Assume n-Hexane

142-29-0 591-95-7 1574-41-0 2004-70-8 591-93-5 591-96-8 598-25-4 78-79-5 542-92-7 71-43-2 110-54-3

Cylcopentene 
(ppmvd)

1,2-
Pentadiene 

(ppmvd)

1-cis-3-
Pentadiene 

(ppmvd)

1-trans-3-
Pentadiene 

(ppmvd)

1,4-
Pentadiene 

(ppmvd)

2,3-Pentadiene 
(ppmvd)

3-Methyl-1,2-
butadiene 
(ppmvd)

2-Methyl-1,3-
butadiene 
(ppmvd)

Cyclopentadie
ne (ppmvd)

Benzene 
(ppmvd)

other C6+ 
(ppmvd)

121.48           19.09             159.13           40.64             6.29               N/A 10.24             26.66             N/A 257.25           12,947.76            

138.75           23.61             170.52           46.90             7.73               N/A 11.64             31.45             N/A 292.29           14,456.86            

130.41           21.54             178.12           43.18             6.57               N/A 11.42             28.32             N/A 283.22           13,355.67            

68.12 68.12 68.12 68.12 68.12 68.12 68.12 68.12 66.10114 78.11 86.18

0.0004 0.0001 0.0005 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000 0.000997 0.0538

     



 

 

Attachment A-7 
Daily U233 Fuel Gas Data 
  



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d
1/1/2009 36,424 272.3 1,648
1/2/2009 35,533 270.2 1,595
1/3/2009 36,013 313.1 1,873
1/4/2009 35,013 324.2 1,885
1/5/2009 35,133 310.4 1,811
1/6/2009 35,162 302.3 1,766
1/7/2009 36,438 282.3 1,708
1/8/2009 36,114 305.3 1,831
1/9/2009 35,737 283.6 1,684

1/10/2009 35,381 321.8 1,891
1/11/2009 34,445 302.8 1,733
1/12/2009 33,907 304.3 1,714
1/13/2009 34,348 306.1 1,747
1/14/2009 35,624 317.0 1,876
1/15/2009 36,061 283.7 1,700
1/16/2009 36,715 261.2 1,593
1/17/2009 36,823 272.5 1,667
1/18/2009 32,963 380.5 2,083
1/19/2009 32,132 370.0 1,975
1/20/2009 33,395 296.5 1,645
1/21/2009 32,368 304.8 1,639
1/22/2009 32,765 309.8 1,686
1/23/2009 33,833 327.0 1,838
1/24/2009 35,622 280.8 1,662
1/25/2009 36,994 256.1 1,574
1/26/2009 35,268 284.0 1,664
1/27/2009 34,667 340.9 1,963
1/28/2009 34,025 326.5 1,846
1/29/2009 33,793 313.0 1,757
1/30/2009 33,527 321.3 1,789
1/31/2009 33,817 335.6 1,885
2/1/2009 33,276 333.8 1,845
2/2/2009 32,918 352.5 1,928
2/3/2009 31,799 386.6 2,042
2/4/2009 30,532 428.0 2,171
2/5/2009 31,341 383.3 1,996
2/6/2009 31,541 298.4 1,563
2/7/2009 32,050 308.2 1,641
2/8/2009 32,440 304.5 1,641
2/9/2009 32,521 359.9 1,944

2/10/2009 32,485 320.8 1,731
2/11/2009 31,750 342.8 1,808
2/12/2009 33,553 358.9 2,000
2/13/2009 34,433 313.9 1,795
2/14/2009 33,545 355.5 1,981
2/15/2009 33,810 333.3 1,872
2/16/2009 34,462 324.9 1,860
2/17/2009 35,806 283.9 1,688
2/18/2009 35,297 260.9 1,530
2/19/2009 36,933 284.1 1,743
2/20/2009 37,503 335.7 2,091
2/21/2009 38,282 359.3 2,285
2/22/2009 39,774 297.3 1,964
2/23/2009 39,470 269.6 1,768
2/24/2009 36,443 276.8 1,675
2/25/2009 33,406 287.0 1,592
2/26/2009 33,616 278.4 1,554
2/27/2009 36,151 197.1 1,184
2/28/2009 33,562 280.2 1,562
3/1/2009 36,386 277.3 1,676
3/2/2009 33,550 277.4 1,546
3/3/2009 32,106 249.6 1,331
3/4/2009 32,612 246.1 1,333
3/5/2009 32,071 317.9 1,693
3/6/2009 29,664 301.0 1,483
3/7/2009 28,452 296.3 1,400
3/8/2009 28,035 258.3 1,203
3/9/2009 28,322 258.0 1,214

DATE



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

3/10/2009 29,279 310.8 1,511
3/11/2009 28,637 325.5 1,548
3/12/2009 28,622 287.9 1,369
3/13/2009 27,867 265.8 1,230
3/14/2009 27,652 291.3 1,338
3/15/2009 26,924 344.9 1,543
3/16/2009 25,347 380.1 1,600
3/17/2009 25,090 350.1 1,459
3/18/2009 26,214 365.7 1,592
3/19/2009 26,574 378.6 1,671
3/20/2009 25,970 403.9 1,742
3/21/2009 25,400 334.0 1,409
3/22/2009 26,028 305.1 1,319
3/23/2009 25,555 365.7 1,552
3/24/2009 25,896 327.2 1,408
3/25/2009 24,863 344.3 1,422
3/26/2009 25,724 352.6 1,506
3/27/2009 25,650 351.8 1,499
3/28/2009 25,654 347.8 1,482
3/29/2009 25,181 371.0 1,552
3/30/2009 24,548 409.9 1,671
3/31/2009 25,261 389.1 1,633
4/1/2009 24,889 408.6 1,689
4/2/2009 24,239 418.7 1,686
4/3/2009 23,935 380.7 1,514
4/4/2009 22,849 373.0 1,416
4/5/2009 23,040 404.5 1,548
4/6/2009 22,314 447.3 1,658
4/7/2009 23,849 432.7 1,714
4/8/2009 25,886 321.9 1,384
4/9/2009 26,817 329.8 1,469

4/10/2009 27,214 337.0 1,523
4/11/2009 27,201 344.3 1,556
4/12/2009 26,937 322.8 1,444
4/13/2009 27,465 329.9 1,505
4/14/2009 29,098 332.9 1,609
4/15/2009 30,389 317.2 1,601
4/16/2009 30,427 332.5 1,680
4/17/2009 30,920 325.0 1,669
4/18/2009 31,696 320.6 1,688
4/19/2009 34,618 308.2 1,772
4/20/2009 30,953 239.8 1,233
4/21/2009 25,738 25.1 107
4/22/2009 26,210 31.3 136
4/23/2009 27,990 24.5 114
4/24/2009 28,929 23.0 111
4/25/2009 28,605 23.4 111
4/26/2009 28,615 23.0 109
4/27/2009 28,963 22.1 107
4/28/2009 29,078 23.4 113
4/29/2009 28,169 20.4 95
4/30/2009 26,032 24.9 108
5/1/2009 26,005 26.9 116
5/2/2009 26,146 25.0 108
5/3/2009 27,733 102.5 472
5/4/2009 29,291 419.0 2,039
5/5/2009 30,456 547.3 2,769
5/6/2009 29,237 548.1 2,662
5/7/2009 29,067 538.0 2,598
5/8/2009 28,600 448.5 2,131
5/9/2009 30,062 463.3 2,314

5/10/2009 25,634 490.8 2,090
5/11/2009 27,591 481.5 2,207
5/12/2009 26,859 562.7 2,510
5/13/2009 26,997 566.7 2,541
5/14/2009 27,631 543.0 2,492
5/15/2009 28,233 563.9 2,645
5/16/2009 28,660 556.5 2,649
5/17/2009 28,370 561.3 2,645
5/18/2009 29,479 545.0 2,669



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

5/19/2009 28,778 522.0 2,495
5/20/2009 27,056 559.4 2,514
5/21/2009 27,554 529.5 2,424
5/22/2009 28,606 514.3 2,444
5/23/2009 27,414 527.2 2,401
5/24/2009 30,695 499.3 2,546
5/25/2009 32,257 488.2 2,616
5/26/2009 34,029 474.1 2,680
5/27/2009 33,326 477.2 2,641
5/28/2009 33,917 417.4 2,352
5/29/2009 33,488 437.3 2,432
5/30/2009 33,606 458.2 2,557
5/31/2009 33,958 446.9 2,521
6/1/2009 33,970 515.4 2,908
6/2/2009 34,419 444.8 2,543
6/3/2009 33,144 451.6 2,486
6/4/2009 31,957 434.0 2,304
6/5/2009 32,053 445.8 2,374
6/6/2009 31,981 447.1 2,375
6/7/2009 32,338 469.7 2,523
6/8/2009 32,311 486.6 2,611
6/9/2009 32,663 479.4 2,601

6/10/2009 32,185 498.1 2,663
6/11/2009 31,583 516.2 2,708
6/12/2009 31,758 484.1 2,553
6/13/2009 30,058 420.2 2,098
6/14/2009 30,315 474.9 2,391
6/15/2009 30,711 495.9 2,530
6/16/2009 31,386 506.3 2,640
6/17/2009 31,745 451.0 2,378
6/18/2009 31,702 492.8 2,595
6/19/2009 31,487 453.5 2,372
6/20/2009 32,321 478.6 2,569
6/21/2009 31,827 443.1 2,343
6/22/2009 31,517 535.4 2,803
6/23/2009 31,485 501.4 2,622
6/24/2009 32,223 486.7 2,605
6/25/2009 32,568 378.9 2,050
6/26/2009 32,315 394.5 2,117
6/27/2009 31,861 461.9 2,445
6/28/2009 32,386 402.1 2,163
6/29/2009 32,855 401.0 2,188
6/30/2009 32,476 441.2 2,380
7/1/2009 31,446 473.2 2,472
7/2/2009 31,976 465.6 2,473
7/3/2009 33,195 448.4 2,472
7/4/2009 33,548 355.9 1,983
7/5/2009 34,016 430.0 2,429
7/6/2009 33,448 386.8 2,149
7/7/2009 33,007 415.9 2,280
7/8/2009 33,215 392.2 2,164
7/9/2009 32,826 466.3 2,543

7/10/2009 32,683 420.2 2,281
7/11/2009 32,666 459.1 2,491
7/12/2009 31,153 354.5 1,835
7/13/2009 31,633 337.4 1,773
7/14/2009 31,668 489.4 2,574
7/15/2009 32,957 469.9 2,572
7/16/2009 33,305 429.6 2,377
7/17/2009 32,920 396.0 2,165
7/18/2009 32,771 410.9 2,237
7/19/2009 32,815 428.4 2,335
7/20/2009 33,403 406.5 2,255
7/21/2009 33,458 418.1 2,324
7/22/2009 33,279 372.0 2,056
7/23/2009 33,703 402.7 2,254
7/24/2009 33,484 422.1 2,348
7/25/2009 33,204 422.0 2,327
7/26/2009 32,967 452.0 2,475
7/27/2009 33,032 434.0 2,381



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

7/28/2009 32,942 471.8 2,582
7/29/2009 33,234 446.5 2,465
7/30/2009 32,999 464.2 2,544
7/31/2009 33,131 462.7 2,546
8/1/2009 33,199 484.7 2,673
8/2/2009 33,572 495.3 2,762
8/3/2009 33,847 476.2 2,677
8/4/2009 33,676 464.7 2,599
8/5/2009 33,495 488.4 2,717
8/6/2009 32,588 493.4 2,671
8/7/2009 31,314 522.1 2,716
8/8/2009 31,954 470.9 2,499
8/9/2009 32,187 510.6 2,730

8/10/2009 31,452 520.4 2,719
8/11/2009 32,112 407.7 2,174
8/12/2009 31,111 536.6 2,773
8/13/2009 31,689 495.8 2,610
8/14/2009 32,452 424.3 2,287
8/15/2009 31,919 453.6 2,405
8/16/2009 31,823 470.1 2,485
8/17/2009 31,443 471.0 2,460
8/18/2009 31,928 431.6 2,289
8/19/2009 32,200 389.6 2,084
8/20/2009 32,267 412.1 2,209
8/21/2009 32,380 461.9 2,484
8/22/2009 33,915 473.7 2,669
8/23/2009 33,003 443.2 2,430
8/24/2009 33,471 451.9 2,512
8/25/2009 33,255 431.9 2,386
8/26/2009 33,468 458.5 2,549
8/27/2009 33,597 469.5 2,620
8/28/2009 32,898 486.0 2,656
8/29/2009 32,129 463.3 2,472
8/30/2009 33,061 445.3 2,445
8/31/2009 32,987 394.9 2,164
9/1/2009 33,036 467.6 2,566
9/2/2009 32,533 509.9 2,755
9/3/2009 33,174 484.7 2,671
9/4/2009 33,515 435.9 2,427
9/5/2009 33,484 476.1 2,648
9/6/2009 33,284 490.1 2,710
9/7/2009 33,175 457.5 2,521
9/8/2009 33,047 454.0 2,492
9/9/2009 34,239 398.8 2,268

9/10/2009 33,071 422.8 2,323
9/11/2009 34,130 465.6 2,640
9/12/2009 34,070 431.3 2,441
9/13/2009 33,824 352.8 1,982
9/14/2009 33,501 405.6 2,257
9/15/2009 33,158 349.3 1,924
9/16/2009 30,697 449.2 2,290
9/17/2009 29,823 441.0 2,185
9/18/2009 30,155 473.9 2,374
9/19/2009 30,843 432.8 2,217
9/20/2009 30,442 450.4 2,277
9/21/2009 31,131 446.9 2,311
9/22/2009 29,473 416.0 2,037
9/23/2009 31,038 379.1 1,955
9/24/2009 31,735 303.4 1,599
9/25/2009 30,369 322.0 1,624
9/26/2009 32,828 341.6 1,863
9/27/2009 32,196 216.6 1,158
9/28/2009 30,296 180.9 911
9/29/2009 30,946 178.7 918
9/30/2009 33,470 176.0 978
10/1/2009 30,715 220.3 1,124
10/2/2009 31,648 198.4 1,043
10/3/2009 28,276 226.9 1,066
10/4/2009 27,083 257.7 1,159
10/5/2009 26,405 276.3 1,212



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

10/6/2009 25,487 293.8 1,244
10/7/2009 25,154 324.0 1,354
10/8/2009 25,468 288.8 1,222
10/9/2009 26,672 337.1 1,493
10/10/2009 29,994 396.8 1,977
10/11/2009 32,823 386.5 2,107
10/12/2009 35,289 352.2 2,065
10/13/2009 39,336 337.3 2,204
10/14/2009 33,275 421.6 2,330
10/15/2009 33,069 412.6 2,267
10/16/2009 31,624 431.5 2,266
10/17/2009 32,299 460.6 2,471
10/18/2009 32,665 445.8 2,419
10/19/2009 31,912 371.4 1,969
10/20/2009 31,662 410.8 2,161
10/21/2009 32,380 389.8 2,097
10/22/2009 31,272 329.3 1,711
10/23/2009 30,108 393.4 1,967
10/24/2009 29,825 440.2 2,181
10/25/2009 31,214 447.9 2,322
10/26/2009 33,290 440.0 2,433
10/27/2009 33,726 361.5 2,025
10/28/2009 32,080 256.1 1,365
10/29/2009 32,920 356.9 1,952
10/30/2009 32,553 345.4 1,868
10/31/2009 32,702 329.2 1,788
11/1/2009 32,666 335.2 1,819
11/2/2009 32,667 340.0 1,845
11/3/2009 32,678 330.7 1,795
11/4/2009 32,480 325.5 1,756
11/5/2009 30,808 380.7 1,948
11/6/2009 30,508 382.7 1,939
11/7/2009 31,993 324.9 1,726
11/8/2009 32,559 341.8 1,849
11/9/2009 30,490 341.1 1,728
11/10/2009 31,270 349.6 1,816
11/11/2009 30,780 401.8 2,054
11/12/2009 30,241 421.4 2,117
11/13/2009 31,799 384.9 2,033
11/14/2009 31,750 378.6 1,996
11/15/2009 33,049 427.4 2,346
11/16/2009 37,205 332.4 2,054
11/17/2009 37,601 327.1 2,043
11/18/2009 37,957 323.2 2,038
11/19/2009 35,313 384.5 2,255
11/20/2009 37,038 366.5 2,255
11/21/2009 37,910 316.7 1,994
11/22/2009 37,458 340.2 2,117
11/23/2009 37,229 355.0 2,195
11/24/2009 36,782 359.8 2,198
11/25/2009 36,605 372.4 2,265
11/26/2009 36,202 361.5 2,174
11/27/2009 35,433 345.8 2,035
11/28/2009 35,411 347.9 2,046
11/29/2009 35,150 386.4 2,256
11/30/2009 35,182 395.1 2,309
12/1/2009 34,616 404.9 2,328
12/2/2009 35,065 382.5 2,228
12/3/2009 34,519 406.1 2,328
12/4/2009 34,618 395.1 2,272
12/5/2009 33,858 389.8 2,192
12/6/2009 35,588 346.3 2,047
12/7/2009 34,831 347.3 2,009
12/8/2009 29,690 41.3 203
12/9/2009 27,149 20.3 92
12/10/2009 27,278 15.7 71
12/11/2009 29,776 121.5 601
12/12/2009 31,754 330.5 1,743
12/13/2009 32,746 357.6 1,945
12/14/2009 32,219 356.9 1,910



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

12/15/2009 33,455 380.6 2,115
12/16/2009 31,960 398.8 2,117
12/17/2009 32,435 413.3 2,226
12/18/2009 33,637 374.6 2,093
12/19/2009 32,468 377.7 2,037
12/20/2009 32,270 372.4 1,996
12/21/2009 31,934 361.0 1,915
12/22/2009 32,744 393.1 2,138
12/23/2009 31,613 423.6 2,224
12/24/2009 31,238 430.2 2,232
12/25/2009 31,890 408.9 2,166
12/26/2009 31,439 386.3 2,017
12/27/2009 32,049 393.5 2,095
12/28/2009 31,554 431.5 2,261
12/29/2009 33,780 387.8 2,176
12/30/2009 36,698 375.7 2,290
12/31/2009 37,763 363.8 2,282

1/1/2010 36,887 414.9 2,542
1/2/2010 37,113 419.8 2,588
1/3/2010 38,316 381.5 2,428
1/4/2010 40,225 348.6 2,329
1/5/2010 39,453 369.0 2,418
1/6/2010 34,638 403.0 2,318
1/7/2010 33,459 379.5 2,109
1/8/2010 34,474 397.6 2,277
1/9/2010 31,163 407.3 2,108

1/10/2010 35,750 409.7 2,433
1/11/2010 36,557 408.6 2,481
1/12/2010 33,343 435.9 2,414
1/13/2010 33,316 374.2 2,071
1/14/2010 33,300 414.0 2,290
1/15/2010 32,374 453.8 2,440
1/16/2010 33,445 410.8 2,282
1/17/2010 32,050 409.5 2,180
1/18/2010 33,587 412.2 2,299
1/19/2010 36,122 386.6 2,319
1/20/2010 36,892 341.7 2,094
1/21/2010 31,429 409.9 2,140
1/22/2010 29,782 419.5 2,075
1/23/2010 31,180 420.5 2,178
1/24/2010 31,421 442.4 2,309
1/25/2010 32,400 372.0 2,002
1/26/2010 35,667 347.2 2,057
1/27/2010 35,146 400.8 2,340
1/28/2010 32,510 397.8 2,148
1/29/2010 34,802 418.2 2,417
1/30/2010 36,862 389.8 2,387
1/31/2010 37,542 407.6 2,542
2/1/2010 36,951 410.3 2,518
2/2/2010 36,742 318.5 1,944
2/3/2010 36,741 320.9 1,958
2/4/2010 37,005 373.2 2,294
2/5/2010 36,717 372.8 2,274
2/6/2010 35,910 400.0 2,386
2/7/2010 35,445 368.4 2,169
2/8/2010 33,620 396.2 2,212
2/9/2010 32,640 354.5 1,922

2/10/2010 33,886 424.8 2,391
2/11/2010 33,836 403.6 2,268
2/12/2010 33,682 472.5 2,644
2/13/2010 32,035 483.1 2,571
2/14/2010 29,406 471.8 2,304
2/15/2010 33,756 463.7 2,600
2/16/2010 36,494 408.3 2,475
2/17/2010 35,735 404.6 2,402
2/18/2010 35,018 387.5 2,254
2/19/2010 33,977 405.0 2,286
2/20/2010 34,058 405.2 2,292
2/21/2010 34,436 336.8 1,927
2/22/2010 34,915 392.7 2,277



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

2/23/2010 36,740 348.8 2,129
2/24/2010 32,389 412.5 2,219
2/25/2010 33,592 360.4 2,011
2/26/2010 33,601 347.3 1,938
2/27/2010 34,773 386.3 2,231
2/28/2010 35,176 363.8 2,125
3/1/2010 34,192 418.2 2,375
3/2/2010 35,124 407.8 2,379
3/3/2010 35,965 256.7 1,533
3/4/2010 35,912 386.9 2,308
3/5/2010 35,515 390.4 2,303
3/6/2010 35,548 362.9 2,143
3/7/2010 35,284 369.5 2,165
3/8/2010 30,401 337.4 1,704
3/9/2010 29,429 352.5 1,723

3/10/2010 28,342 374.7 1,764
3/11/2010 31,064 361.8 1,867
3/12/2010 36,289 248.1 1,495
3/13/2010 38,198 269.6 1,710
3/14/2010 35,845 267.3 1,592
3/15/2010 31,116 318.7 1,647
3/16/2010 32,475 405.1 2,185
3/17/2010 31,198 432.0 2,239
3/18/2010 32,916 416.3 2,276
3/19/2010 30,368 412.5 2,081
3/20/2010 32,857 394.7 2,154
3/21/2010 32,880 372.6 2,035
3/22/2010 30,875 396.6 2,034
3/23/2010 31,347 408.6 2,127
3/24/2010 33,551 370.4 2,064
3/25/2010 33,965 380.9 2,149
3/26/2010 33,947 407.1 2,295
3/27/2010 33,539 429.4 2,392
3/28/2010 33,433 381.3 2,117
3/29/2010 34,959 393.6 2,286
3/30/2010 36,188 330.3 1,985
3/31/2010 36,101 349.6 2,096
4/1/2010 36,028 392.9 2,352
4/2/2010 37,397 364.4 2,263
4/3/2010 38,113 352.5 2,232
4/4/2010 38,378 330.2 2,105
4/5/2010 36,590 327.7 1,992
4/6/2010 32,062 413.9 2,205
4/7/2010 31,369 450.7 2,348
4/8/2010 31,123 368.5 1,905
4/9/2010 31,089 482.3 2,491

4/10/2010 30,439 420.6 2,127
4/11/2010 31,050 381.3 1,967
4/12/2010 29,711 413.2 2,039
4/13/2010 30,979 434.5 2,236
4/14/2010 32,966 375.7 2,057
4/15/2010 31,723 432.5 2,279
4/16/2010 31,865 267.8 1,418
4/17/2010 33,258 498.2 2,752
4/18/2010 32,791 533.5 2,906
4/19/2010 32,571 460.9 2,494
4/20/2010 31,485 435.4 2,277
4/21/2010 31,940 421.2 2,235
4/22/2010 31,438 491.6 2,567
4/23/2010 31,989 486.0 2,583
4/24/2010 31,457 451.5 2,359
4/25/2010 31,702 453.1 2,386
4/26/2010 31,974 465.2 2,471
4/27/2010 31,093 427.5 2,208
4/28/2010 28,295 427.8 2,011
4/29/2010 27,683 452.8 2,082
4/30/2010 28,745 541.0 2,583
5/1/2010 29,604 514.9 2,532
5/2/2010 33,958 466.5 2,631
5/3/2010 33,255 467.7 2,584



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

5/4/2010 32,786 443.4 2,415
5/5/2010 31,936 398.8 2,115
5/6/2010 29,912 449.6 2,234
5/7/2010 31,785 437.8 2,311
5/8/2010 30,381 539.0 2,720
5/9/2010 31,585 521.3 2,735

5/10/2010 34,315 434.5 2,476
5/11/2010 36,256 447.3 2,694
5/12/2010 38,217 488.5 3,101
5/13/2010 37,482 446.4 2,779
5/14/2010 36,739 453.0 2,765
5/15/2010 36,426 519.0 3,140
5/16/2010 36,508 545.3 3,306
5/17/2010 35,446 501.9 2,955
5/18/2010 34,448 505.0 2,889
5/19/2010 36,805 458.8 2,805
5/20/2010 36,988 380.8 2,339
5/21/2010 36,589 407.5 2,477
5/22/2010 36,351 406.5 2,454
5/23/2010 35,767 400.4 2,379
5/24/2010 35,583 389.9 2,304
5/25/2010 34,983 430.4 2,501
5/26/2010 35,345 463.7 2,722
5/27/2010 36,378 416.0 2,514
5/28/2010 35,527 468.4 2,764
5/29/2010 34,545 524.2 3,008
5/30/2010 35,211 546.6 3,197
5/31/2010 35,637 541.6 3,206
6/1/2010 35,366 495.6 2,911
6/2/2010 35,226 424.8 2,486
6/3/2010 33,842 400.5 2,251
6/4/2010 33,305 409.6 2,266
6/5/2010 34,104 458.8 2,599
6/6/2010 34,493 524.6 3,005
6/7/2010 34,415 543.8 3,108
6/8/2010 34,429 487.4 2,787
6/9/2010 33,489 478.1 2,659

6/10/2010 33,605 498.4 2,782
6/11/2010 34,073 521.9 2,954
6/12/2010 33,784 561.9 3,153
6/13/2010 33,281 565.2 3,124
6/14/2010 33,093 484.3 2,662
6/15/2010 33,883 458.4 2,580
6/16/2010 32,592 463.8 2,511
6/17/2010 34,323 439.5 2,505
6/18/2010 35,575 382.5 2,260
6/19/2010 35,371 269.9 1,586
6/20/2010 35,836 433.3 2,579
6/21/2010 36,147 462.7 2,778
6/22/2010 34,559 457.4 2,626
6/23/2010 34,702 486.8 2,806
6/24/2010 35,249 483.8 2,832
6/25/2010 34,883 477.1 2,764
6/26/2010 34,480 429.7 2,461
6/27/2010 34,106 401.5 2,275
6/28/2010 33,062 273.3 1,501
6/29/2010 32,157 231.8 1,238
6/30/2010 27,206 249.9 1,129
7/1/2010 23,717 308.0 1,213
7/2/2010 27,067 291.4 1,310
7/3/2010 34,369 408.5 2,332
7/4/2010 35,103 469.2 2,736
7/5/2010 33,758 465.5 2,610
7/6/2010 34,412 464.2 2,653
7/7/2010 36,702 429.9 2,621
7/8/2010 35,451 449.2 2,645
7/9/2010 34,710 506.8 2,922

7/10/2010 37,634 508.6 3,179
7/11/2010 38,242 453.8 2,883
7/12/2010 38,524 434.6 2,781
7/13/2010 37,105 449.7 2,771
7/14/2010 36,010 422.0 2,524



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

7/15/2010 35,444 397.1 2,338
7/16/2010 36,168 493.9 2,967
7/17/2010 35,353 554.4 3,256
7/18/2010 36,236 388.9 2,341
7/19/2010 36,916 431.8 2,648
7/20/2010 33,646 396.5 2,216
7/21/2010 32,115 398.8 2,127
7/22/2010 36,843 438.7 2,685
7/23/2010 35,548 454.6 2,685
7/24/2010 34,454 442.3 2,531
7/25/2010 32,324 430.0 2,309
7/26/2010 34,412 456.0 2,606
7/27/2010 34,546 407.8 2,340
7/28/2010 32,921 505.4 2,764
7/29/2010 30,741 551.5 2,816
7/30/2010 30,378 578.9 2,921
7/31/2010 30,875 499.4 2,561
8/1/2010 31,421 512.8 2,677
8/2/2010 32,666 565.7 3,069
8/3/2010 33,373 579.7 3,213
8/4/2010 33,684 550.0 3,077
8/5/2010 35,529 526.2 3,106
8/6/2010 36,907 460.4 2,823
8/7/2010 36,855 391.1 2,394
8/8/2010 35,759 412.0 2,447
8/9/2010 35,988 448.0 2,678

8/10/2010 36,285 438.7 2,644
8/11/2010 35,117 461.6 2,692
8/12/2010 34,669 472.6 2,721
8/13/2010 34,865 437.1 2,532
8/14/2010 34,822 403.6 2,334
8/15/2010 34,678 417.7 2,406
8/16/2010 34,897 442.8 2,567
8/17/2010 35,627 359.9 2,130
8/18/2010 35,294 425.6 2,495
8/19/2010 34,871 460.8 2,669
8/20/2010 35,636 427.2 2,529
8/21/2010 35,601 414.6 2,452
8/22/2010 35,484 441.4 2,602
8/23/2010 33,761 436.5 2,448
8/24/2010 32,021 477.2 2,538
8/25/2010 31,853 518.4 2,743
8/26/2010 33,051 448.6 2,463
8/27/2010 32,144 432.8 2,311
8/28/2010 32,203 449.0 2,402
8/29/2010 31,718 456.8 2,407
8/30/2010 32,554 494.5 2,674
8/31/2010 34,563 498.2 2,860
9/1/2010 35,157 450.7 2,632
9/2/2010 35,124 486.6 2,839
9/3/2010 36,082 363.5 2,179
9/4/2010 36,093 395.5 2,371
9/5/2010 35,636 420.4 2,488
9/6/2010 34,926 401.6 2,330
9/7/2010 35,203 281.7 1,647
9/8/2010 37,427 365.8 2,274
9/9/2010 38,586 338.4 2,169

9/10/2010 36,181 365.5 2,197
9/11/2010 34,683 410.1 2,363
9/12/2010 35,766 405.7 2,410
9/13/2010 33,939 388.0 2,188
9/14/2010 31,847 427.9 2,264
9/15/2010 32,304 405.9 2,178
9/16/2010 32,576 425.7 2,304
9/17/2010 32,809 479.0 2,611
9/18/2010 32,809 481.6 2,625
9/19/2010 33,414 451.1 2,504
9/20/2010 34,479 413.9 2,370
9/21/2010 33,949 376.8 2,125
9/22/2010 32,292 398.9 2,140
9/23/2010 32,040 443.2 2,359
9/24/2010 33,125 434.5 2,391



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

9/25/2010 32,672 432.0 2,344
9/26/2010 31,018 472.7 2,435
9/27/2010 31,366 491.0 2,558
9/28/2010 30,403 517.2 2,612
9/29/2010 30,588 434.9 2,210
9/30/2010 33,051 395.7 2,172
10/1/2010 32,720 418.5 2,274
10/2/2010 32,287 466.1 2,499
10/3/2010 31,483 419.4 2,193
10/4/2010 31,261 393.6 2,044
10/5/2010 30,368 469.9 2,370
10/6/2010 30,451 435.6 2,203
10/7/2010 28,546 400.5 1,899
10/8/2010 27,746 384.1 1,770
10/9/2010 31,114 308.2 1,593
10/10/2010 29,770 447.4 2,212
10/11/2010 29,272 457.0 2,222
10/12/2010 29,318 515.7 2,512
10/13/2010 30,307 421.1 2,120
10/14/2010 29,652 475.0 2,340
10/15/2010 30,179 417.1 2,091
10/16/2010 30,009 389.4 1,941
10/17/2010 30,756 388.3 1,984
10/18/2010 31,111 368.0 1,901
10/19/2010 31,142 391.4 2,025
10/20/2010 31,815 364.2 1,925
10/21/2010 32,220 339.4 1,816
10/22/2010 12,785 190.2 404
10/23/2010 9,082 43.8 66
10/24/2010 16,917 54.5 153
10/25/2010 22,740 115.5 436
10/26/2010 24,632 389.3 1,593
10/27/2010 22,132 452.1 1,662
10/28/2010 24,311 464.3 1,875
10/29/2010 26,682 363.9 1,613
10/30/2010 29,166 355.6 1,723
10/31/2010 27,253 431.8 1,954
11/1/2010 26,477 405.9 1,785
11/2/2010 25,935 395.2 1,703
11/3/2010 25,503 375.7 1,592
11/4/2010 24,985 373.9 1,552
11/5/2010 25,714 323.1 1,380
11/6/2010 28,460 309.0 1,461
11/7/2010 29,745 340.3 1,681
11/8/2010 30,151 349.6 1,751
11/9/2010 30,609 333.1 1,694
11/10/2010 31,075 263.6 1,360
11/11/2010 30,586 367.2 1,865
11/12/2010 30,035 341.1 1,702
11/13/2010 30,818 353.0 1,807
11/14/2010 30,465 397.3 2,010
11/15/2010 29,380 356.6 1,740
11/16/2010 29,690 397.2 1,959
11/17/2010 31,578 329.3 1,727
11/18/2010 32,986 269.9 1,479
11/19/2010 32,582 272.8 1,476
11/20/2010 31,174 300.5 1,556
11/21/2010 28,322 301.4 1,418
11/22/2010 29,334 271.7 1,324
11/23/2010 33,640 269.9 1,508
11/24/2010 34,882 347.2 2,012
11/25/2010 32,870 324.9 1,774
11/26/2010 32,201 325.4 1,741
11/27/2010 31,755 330.8 1,745
11/28/2010 32,096 307.2 1,638
11/29/2010 32,139 308.4 1,646
11/30/2010 30,773 304.5 1,557
12/1/2010 31,353 327.3 1,705
12/2/2010 32,247 316.8 1,697
12/3/2010 33,523 321.1 1,788
12/4/2010 33,503 353.6 1,968
12/5/2010 33,382 385.2 2,136



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

12/6/2010 32,733 375.9 2,044
12/7/2010 32,030 366.2 1,949
12/8/2010 31,364 366.1 1,907
12/9/2010 32,728 367.6 1,999
12/10/2010 33,413 397.4 2,206
12/11/2010 33,901 366.9 2,066
12/12/2010 33,095 360.1 1,979
12/13/2010 30,780 345.0 1,764
12/14/2010 31,267 264.0 1,371
12/15/2010 33,459 362.1 2,013
12/16/2010 32,773 379.6 2,067
12/17/2010 31,632 290.0 1,524
12/18/2010 30,176 203.5 1,020
12/19/2010 30,485 272.2 1,378
12/20/2010 30,595 290.5 1,476
12/21/2010 31,456 326.3 1,705
12/22/2010 30,843 378.3 1,938
12/23/2010 30,723 295.6 1,508
12/24/2010 31,130 385.0 1,991
12/25/2010 31,555 363.0 1,903
12/26/2010 31,316 324.3 1,687
12/27/2010 31,603 378.9 1,989
12/28/2010 31,687 339.8 1,789
12/29/2010 31,922 364.8 1,934
12/30/2010 31,872 349.3 1,849
12/31/2010 31,660 353.2 1,857

1/1/2011 32,152 326.7 1,745
1/2/2011 31,589 361.9 1,899
1/3/2011 31,494 361.0 1,889
1/4/2011 31,360 282.9 1,474
1/5/2011 31,563 348.8 1,829
1/6/2011 32,050 361.7 1,926
1/7/2011 32,011 371.6 1,976
1/8/2011 30,895 311.2 1,597
1/9/2011 30,838 377.1 1,932
1/10/2011 31,043 365.5 1,885
1/11/2011 31,072 386.9 1,997
1/12/2011 30,336 411.5 2,073
1/13/2011 28,579 427.3 2,028
1/14/2011 28,145 415.1 1,941
1/15/2011 27,507 430.0 1,965
1/16/2011 29,125 407.6 1,972
1/17/2011 28,648 400.1 1,904
1/18/2011 28,028 218.5 1,017
1/19/2011 28,526 199.9 947
1/20/2011 27,054 216.8 974
1/21/2011 27,836 256.6 1,186
1/22/2011 26,010 374.1 1,616
1/23/2011 24,720 362.2 1,487
1/24/2011 22,709 365.5 1,379
1/25/2011 21,157 426.4 1,499
1/26/2011 22,128 421.4 1,549
1/27/2011 22,917 370.4 1,410
1/28/2011 24,704 387.8 1,591
1/29/2011 25,447 406.9 1,720
1/30/2011 22,489 315.8 1,180
1/31/2011 19,350 19.4 62
2/1/2011 18,344 20.1 61
2/2/2011 20,365 12.3 41
2/3/2011 20,100 14.0 47
2/4/2011 21,449 23.4 83
2/5/2011 21,573 36.5 131
2/6/2011 20,448 23.8 81
2/7/2011 23,378 133.2 517
2/8/2011 28,162 304.6 1,425
2/9/2011 27,436 306.6 1,397

2/10/2011 28,365 392.2 1,848
2/11/2011 28,909 419.1 2,012
2/12/2011 29,226 447.0 2,170
2/13/2011 29,655 399.7 1,969
2/14/2011 29,444 438.5 2,145
2/15/2011 29,588 456.5 2,244



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

2/16/2011 29,098 362.5 1,752
2/17/2011 28,926 304.2 1,462
2/18/2011 29,174 338.0 1,638
2/19/2011 29,306 364.3 1,774
2/20/2011 29,673 416.8 2,054
2/21/2011 25,001 376.0 1,561
2/22/2011 19,875 345.3 1,140
2/23/2011 24,574 301.9 1,232
2/24/2011 26,411 308.9 1,355
2/25/2011 26,765 333.5 1,483
2/26/2011 27,498 369.1 1,686
2/27/2011 27,833 393.6 1,820
2/28/2011 29,285 386.4 1,880
3/1/2011 30,104 387.5 1,938
3/2/2011 31,618 387.6 2,036
3/3/2011 32,135 369.1 1,970
3/4/2011 33,162 461.5 2,542
3/5/2011 35,886 403.1 2,403
3/6/2011 32,913 386.6 2,113
3/7/2011 31,951 381.7 2,026
3/8/2011 32,517 406.4 2,195
3/9/2011 32,866 436.7 2,384

3/10/2011 32,758 425.0 2,313
3/11/2011 32,838 410.7 2,240
3/12/2011 32,113 460.6 2,457
3/13/2011 32,307 446.7 2,397
3/14/2011 31,017 513.0 2,643
3/15/2011 31,681 448.8 2,362
3/16/2011 32,758 471.8 2,567
3/17/2011 34,560 448.3 2,573
3/18/2011 35,367 412.8 2,425
3/19/2011 35,848 471.2 2,806
3/20/2011 35,251 414.4 2,426
3/21/2011 35,871 414.3 2,469
3/22/2011 36,399 368.3 2,227
3/23/2011 36,681 381.8 2,326
3/24/2011 35,653 341.8 2,024
3/25/2011 33,478 425.7 2,367
3/26/2011 33,696 474.6 2,656
3/27/2011 32,503 475.5 2,567
3/28/2011 30,971 532.9 2,742
3/29/2011 32,425 495.5 2,669
3/30/2011 33,451 513.5 2,853
3/31/2011 33,721 488.5 2,736
4/1/2011 33,081 488.3 2,683
4/2/2011 31,826 484.2 2,560
4/3/2011 33,422 524.5 2,912
4/4/2011 31,571 438.0 2,297
4/5/2011 32,832 469.0 2,558
4/6/2011 32,428 463.7 2,497
4/7/2011 32,448 450.5 2,428
4/8/2011 32,345 475.6 2,555
4/9/2011 34,603 432.6 2,486

4/10/2011 34,781 403.2 2,330
4/11/2011 34,440 446.0 2,551
4/12/2011 34,820 384.1 2,222
4/13/2011 33,525 369.2 2,056
4/14/2011 32,329 424.6 2,280
4/15/2011 31,853 428.0 2,264
4/16/2011 32,430 426.3 2,296
4/17/2011 32,762 415.6 2,262
4/18/2011 32,652 418.7 2,271
4/19/2011 32,375 430.5 2,315
4/20/2011 32,898 462.7 2,528
4/21/2011 32,823 451.8 2,463
4/22/2011 32,741 516.9 2,811
4/23/2011 32,425 567.6 3,057
4/24/2011 32,397 461.8 2,485
4/25/2011 32,259 497.0 2,663
4/26/2011 32,484 609.7 3,290
4/27/2011 32,165 669.9 3,579
4/28/2011 32,268 531.7 2,850



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

4/29/2011 32,310 447.0 2,399
4/30/2011 31,570 497.0 2,606
5/1/2011 31,388 603.8 3,148
5/2/2011 31,590 671.0 3,521
5/3/2011 31,526 590.8 3,094
5/4/2011 31,217 748.2 3,880
5/5/2011 30,551 716.1 3,634
5/6/2011 30,918 678.4 3,484
5/7/2011 31,593 414.0 2,173
5/8/2011 31,667 332.2 1,748
5/9/2011 28,672 470.1 2,239

5/10/2011 31,950 434.6 2,307
5/11/2011 25,334 184.1 775
5/12/2011 21,016 76.9 268
5/13/2011 21,842 51.8 188
5/14/2011 21,498 48.9 175
5/15/2011 21,449 54.7 195
5/16/2011 20,770 61.7 213
5/17/2011 21,105 77.0 270
5/18/2011 18,877 98.3 308
5/19/2011 19,538 67.9 220
5/20/2011 18,425 110.5 338
5/21/2011 19,882 107.1 354
5/22/2011 18,917 55.5 174
5/23/2011 18,397 152.1 465
5/24/2011 17,975 231.1 690
5/25/2011 19,702 99.1 324
5/26/2011 18,048 96.1 288
5/27/2011 16,286 110.2 298
5/28/2011 17,996 119.0 356
5/29/2011 17,896 119.0 354
5/30/2011 18,759 137.8 429
5/31/2011 20,497 207.1 705
6/1/2011 19,879 310.1 1,024
6/2/2011 20,611 50.0 171
6/3/2011 20,559 16.2 55
6/4/2011 23,771 73.0 288
6/5/2011 28,513 55.8 264
6/6/2011 27,932 6.0 28
6/7/2011 25,169 8.1 34
6/8/2011 26,088 6.0 26
6/9/2011 25,810 8.3 36

6/10/2011 25,930 7.9 34
6/11/2011 24,955 29.2 121
6/12/2011 23,674 19.8 78
6/13/2011 20,055 57.8 193
6/14/2011 20,268 105.1 354
6/15/2011 21,291 176.5 624
6/16/2011 22,329 206.9 767
6/17/2011 22,354 221.7 823
6/18/2011 22,223 211.4 780
6/19/2011 21,781 246.6 892
6/20/2011 19,434 238.4 770
6/21/2011 20,316 197.7 667
6/22/2011 21,061 174.9 612
6/23/2011 21,726 198.4 716
6/24/2011 22,590 188.1 706
6/25/2011 23,875 296.1 1,174
6/26/2011 22,012 375.1 1,371
6/27/2011 21,201 358.8 1,264
6/28/2011 23,008 267.3 1,021
6/29/2011 23,664 275.6 1,083
6/30/2011 24,109 373.9 1,497
7/1/2011 24,104 402.9 1,613
7/2/2011 26,167 425.3 1,848
7/3/2011 27,598 501.4 2,298
7/4/2011 29,142 447.7 2,167
7/5/2011 31,674 444.9 2,341
7/6/2011 33,521 440.2 2,451
7/7/2011 34,194 435.3 2,472
7/8/2011 33,956 451.0 2,544
7/9/2011 34,341 470.8 2,686



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

7/10/2011 33,950 460.2 2,595
7/11/2011 33,805 455.4 2,557
7/12/2011 33,056 394.7 2,167
7/13/2011 32,921 405.2 2,216
7/14/2011 32,298 434.3 2,330
7/15/2011 32,946 456.2 2,496
7/16/2011 32,403 470.1 2,530
7/17/2011 31,636 393.0 2,065
7/18/2011 32,137 432.7 2,310
7/19/2011 32,279 460.0 2,466
7/20/2011 31,755 504.1 2,659
7/21/2011 32,160 484.3 2,587
7/22/2011 32,060 497.7 2,651
7/23/2011 31,593 446.3 2,342
7/24/2011 30,225 384.9 1,932
7/25/2011 30,951 366.7 1,885
7/26/2011 31,700 326.1 1,717
7/27/2011 32,658 360.0 1,953
7/28/2011 33,987 390.4 2,204
7/29/2011 33,498 444.7 2,475
7/30/2011 31,913 449.8 2,384
7/31/2011 29,512 436.4 2,139
8/1/2011 29,242 445.0 2,161
8/2/2011 30,233 429.4 2,157
8/3/2011 31,352 415.6 2,164
8/4/2011 32,036 425.3 2,263
8/5/2011 32,169 459.6 2,456
8/6/2011 32,707 418.9 2,276
8/7/2011 32,491 444.8 2,401
8/8/2011 32,504 467.4 2,523
8/9/2011 33,034 427.7 2,347

8/10/2011 33,944 402.4 2,269
8/11/2011 33,468 374.5 2,082
8/12/2011 32,844 461.4 2,517
8/13/2011 33,005 510.1 2,797
8/14/2011 33,147 455.6 2,509
8/15/2011 33,340 212.9 1,179
8/16/2011 33,154 297.1 1,636
8/17/2011 32,302 419.2 2,249
8/18/2011 32,537 409.5 2,213
8/19/2011 32,774 425.0 2,314
8/20/2011 33,075 438.9 2,411
8/21/2011 36,305 390.5 2,355
8/22/2011 36,666 378.9 2,307
8/23/2011 34,933 448.3 2,601
8/24/2011 32,355 542.1 2,913
8/25/2011 32,392 531.8 2,861
8/26/2011 32,218 486.9 2,606
8/27/2011 33,021 313.8 1,721
8/28/2011 34,348 409.6 2,337
8/29/2011 33,355 403.7 2,237
8/30/2011 33,523 382.8 2,132
8/31/2011 33,636 424.0 2,369
9/1/2011 34,528 427.3 2,451
9/2/2011 35,403 448.8 2,639
9/3/2011 35,290 400.6 2,348
9/4/2011 35,612 441.2 2,610
9/5/2011 35,176 457.4 2,673
9/6/2011 34,807 438.3 2,534
9/7/2011 30,308 116.2 585
9/8/2011 29,506 69.1 338
9/9/2011 28,835 57.4 275

9/10/2011 29,577 40.1 197
9/11/2011 29,824 41.2 204
9/12/2011 31,012 91.0 469
9/13/2011 30,838 346.4 1,775
9/14/2011 30,805 333.2 1,705
9/15/2011 29,654 344.1 1,695
9/16/2011 30,495 340.2 1,723
9/17/2011 30,568 391.6 1,988
9/18/2011 30,470 422.3 2,137
9/19/2011 30,541 410.4 2,082



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

9/20/2011 31,085 387.8 2,003
9/21/2011 29,940 353.3 1,757
9/22/2011 29,517 374.2 1,835
9/23/2011 30,160 432.6 2,167
9/24/2011 32,083 393.7 2,098
9/25/2011 32,955 427.2 2,338
9/26/2011 33,498 512.9 2,854
9/27/2011 33,051 422.0 2,316
9/28/2011 31,823 561.7 2,969
9/29/2011 32,401 463.6 2,495
9/30/2011 30,691 412.2 2,101
10/1/2011 29,692 489.1 2,412
10/2/2011 29,456 488.5 2,390
10/3/2011 29,871 483.2 2,398
10/4/2011 29,720 522.2 2,578
10/5/2011 29,167 532.6 2,580
10/6/2011 28,827 605.2 2,898
10/7/2011 28,370 489.7 2,307
10/8/2011 27,300 254.5 1,154
10/9/2011 25,430 269.1 1,137
10/10/2011 25,829 286.2 1,228
10/11/2011 24,968 303.8 1,260
10/12/2011 23,599 354.0 1,388
10/13/2011 23,411 383.8 1,492
10/14/2011 26,579 586.8 2,591
10/15/2011 29,982 534.5 2,662
10/16/2011 29,376 483.6 2,360
10/17/2011 27,729 465.8 2,145
10/18/2011 27,732 496.1 2,285
10/19/2011 29,011 508.3 2,449
10/20/2011 29,964 438.3 2,182
10/21/2011 31,025 492.7 2,539
10/22/2011 28,850 509.8 2,443
10/23/2011 28,600 555.7 2,640
10/24/2011 29,501 549.3 2,692
10/25/2011 29,834 500.4 2,480
10/26/2011 28,359 526.0 2,478
10/27/2011 30,291 459.7 2,313
10/28/2011 31,011 486.9 2,508
10/29/2011 30,873 504.2 2,586
10/30/2011 29,368 543.7 2,652
10/31/2011 27,763 580.3 2,676
11/1/2011 28,691 641.1 3,055
11/2/2011 28,924 560.5 2,693
11/3/2011 30,478 479.8 2,429
11/4/2011 29,442 437.9 2,141
11/5/2011 29,917 506.0 2,515
11/6/2011 29,664 498.5 2,456
11/7/2011 29,823 432.7 2,143
11/8/2011 29,407 405.0 1,978
11/9/2011 28,961 472.0 2,271
11/10/2011 28,502 459.1 2,174
11/11/2011 27,467 434.8 1,984
11/12/2011 26,954 420.3 1,882
11/13/2011 27,904 430.2 1,994
11/14/2011 29,570 384.4 1,888
11/15/2011 29,441 517.3 2,530
11/16/2011 28,923 533.4 2,562
11/17/2011 28,129 470.1 2,196
11/18/2011 28,393 471.3 2,223
11/19/2011 29,016 506.5 2,441
11/20/2011 28,690 438.0 2,088
11/21/2011 28,827 463.4 2,219
11/22/2011 27,969 424.3 1,971
11/23/2011 28,211 394.4 1,848
11/24/2011 28,334 438.9 2,066
11/25/2011 27,803 421.1 1,945
11/26/2011 28,455 406.8 1,923
11/27/2011 28,162 440.0 2,058
11/28/2011 27,819 515.3 2,381
11/29/2011 27,615 554.9 2,545
11/30/2011 27,420 567.4 2,584



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

12/1/2011 27,237 510.9 2,311
12/2/2011 26,843 502.7 2,241
12/3/2011 26,516 431.7 1,901
12/4/2011 26,238 444.7 1,938
12/5/2011 26,377 426.4 1,868
12/6/2011 26,748 399.0 1,773
12/7/2011 25,268 369.8 1,552
12/8/2011 26,568 348.8 1,539
12/9/2011 27,486 339.6 1,551
12/10/2011 26,909 377.5 1,687
12/11/2011 26,686 426.4 1,890
12/12/2011 26,985 438.3 1,965
12/13/2011 29,921 383.9 1,908
12/14/2011 30,279 382.9 1,926
12/15/2011 29,926 363.2 1,805
12/16/2011 29,733 413.2 2,041
12/17/2011 29,670 373.8 1,842
12/18/2011 30,562 392.6 1,993
12/19/2011 29,704 401.5 1,981
12/20/2011 29,596 400.0 1,966
12/21/2011 28,852 391.1 1,874
12/22/2011 30,020 329.5 1,643
12/23/2011 27,969 305.7 1,420
12/24/2011 25,205 336.4 1,408
12/25/2011 26,987 357.6 1,603
12/26/2011 25,602 360.3 1,532
12/27/2011 25,073 384.3 1,600
12/28/2011 26,335 418.6 1,831
12/29/2011 25,906 403.8 1,738
12/30/2011 24,576 436.5 1,782
12/31/2011 25,910 473.9 2,039

1/1/2012 24,917 507.2 2,099
1/2/2012 24,453 473.4 1,923
1/3/2012 23,849 451.9 1,790
1/4/2012 24,199 373.6 1,502
1/5/2012 24,494 364.1 1,481
1/6/2012 25,264 322.9 1,355
1/7/2012 24,877 302.1 1,248
1/8/2012 25,404 385.7 1,627
1/9/2012 25,380 367.8 1,551

1/10/2012 26,270 326.9 1,426
1/11/2012 26,064 297.2 1,287
1/12/2012 25,531 409.8 1,738
1/13/2012 26,121 472.7 2,051
1/14/2012 27,354 453.1 2,059
1/15/2012 27,331 438.6 1,991
1/16/2012 25,291 426.9 1,794
1/17/2012 25,938 422.4 1,820
1/18/2012 22,606 432.2 1,623
1/19/2012 20,952 442.9 1,541
1/20/2012 22,968 451.4 1,722
1/21/2012 28,051 492.0 2,293
1/22/2012 28,179 505.8 2,367
1/23/2012 27,267 501.2 2,270
1/24/2012 26,924 543.1 2,429
1/25/2012 27,984 476.0 2,212
1/26/2012 29,514 371.6 1,822
1/27/2012 29,369 414.0 2,020
1/28/2012 28,766 432.6 2,067
1/29/2012 26,075 470.7 2,039
1/30/2012 24,580 487.7 1,991
1/31/2012 25,811 488.8 2,096
2/1/2012 27,071 549.8 2,472
2/2/2012 27,464 550.1 2,509
2/3/2012 27,543 561.8 2,570
2/4/2012 28,260 549.3 2,579
2/5/2012 27,672 552.7 2,540
2/6/2012 28,248 540.0 2,534
2/7/2012 29,096 512.1 2,475
2/8/2012 29,572 467.8 2,298
2/9/2012 29,530 517.8 2,540

2/10/2012 27,892 535.7 2,482



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

2/11/2012 27,305 581.0 2,635
2/12/2012 26,335 519.8 2,274
2/13/2012 27,105 478.5 2,155
2/14/2012 26,879 543.1 2,425
2/15/2012 26,810 527.8 2,350
2/16/2012 26,548 347.9 1,534
2/17/2012 25,271 329.1 1,381
2/18/2012 24,951 368.6 1,527
2/19/2012 26,582 562.3 2,483
2/20/2012 25,840 493.1 2,116
2/21/2012 24,550 556.5 2,269
2/22/2012 24,852 575.8 2,377
2/23/2012 25,397 568.1 2,397
2/24/2012 25,660 407.2 1,736
2/25/2012 25,788 493.7 2,115
2/26/2012 24,963 506.3 2,099
2/27/2012 24,633 303.5 1,242
2/28/2012 23,777 299.4 1,182
2/29/2012 24,099 488.0 1,954
3/1/2012 23,922 721.1 2,865
3/2/2012 22,787 625.6 2,368
3/3/2012 23,202 663.5 2,557
3/4/2012 23,466 675.3 2,632
3/5/2012 24,540 646.6 2,636
3/6/2012 24,587 638.3 2,607
3/7/2012 26,106 640.1 2,776
3/8/2012 29,576 578.1 2,840
3/9/2012 30,647 480.7 2,447

3/10/2012 30,357 402.0 2,027
3/11/2012 27,786 387.7 1,789
3/12/2012 26,564 349.1 1,540
3/13/2012 27,606 335.9 1,540
3/14/2012 25,633 371.8 1,583
3/15/2012 25,966 447.7 1,931
3/16/2012 30,010 437.4 2,180
3/17/2012 28,829 421.8 2,020
3/18/2012 26,307 463.4 2,025
3/19/2012 25,805 547.9 2,348
3/20/2012 24,897 535.6 2,215
3/21/2012 26,421 514.8 2,259
3/22/2012 28,825 493.9 2,365
3/23/2012 29,079 467.1 2,256
3/24/2012 28,995 442.0 2,129
3/25/2012 28,384 457.1 2,155
3/26/2012 26,924 492.2 2,201
3/27/2012 25,347 508.1 2,139
3/28/2012 28,974 477.8 2,299
3/29/2012 28,145 502.4 2,349
3/30/2012 28,282 498.1 2,340
3/31/2012 29,642 470.1 2,314
4/1/2012 29,799 440.0 2,178
4/2/2012 29,277 477.5 2,322
4/3/2012 29,894 435.4 2,162
4/4/2012 29,816 416.9 2,065
4/5/2012 29,441 393.9 1,926
4/6/2012 29,194 407.7 1,977
4/7/2012 28,517 424.0 2,009
4/8/2012 29,314 384.4 1,872
4/9/2012 29,036 411.0 1,982

4/10/2012 29,951 468.2 2,329
4/11/2012 29,054 426.1 2,056
4/12/2012 28,203 445.7 2,088
4/13/2012 28,028 382.7 1,782
4/14/2012 29,272 318.7 1,550
4/15/2012 28,371 329.0 1,550
4/16/2012 28,798 336.7 1,611
4/17/2012 28,984 319.8 1,540
4/18/2012 29,242 312.2 1,516
4/19/2012 29,511 319.7 1,567
4/20/2012 28,053 332.3 1,549
4/21/2012 27,543 396.2 1,812
4/22/2012 27,273 442.1 2,003



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

4/23/2012 27,074 447.5 2,012
4/24/2012 27,806 470.6 2,174
4/25/2012 27,362 425.6 1,934
4/26/2012 27,937 410.5 1,905
4/27/2012 26,784 427.7 1,903
4/28/2012 25,291 399.9 1,680
4/29/2012 24,628 409.2 1,674
4/30/2012 24,672 364.9 1,496
5/1/2012 24,929 403.4 1,670
5/2/2012 25,196 368.1 1,540
5/3/2012 25,263 374.6 1,572
5/4/2012 24,868 359.7 1,486
5/5/2012 22,923 376.8 1,435
5/6/2012 23,472 416.7 1,625
5/7/2012 23,352 416.7 1,616
5/8/2012 23,747 388.1 1,531
5/9/2012 24,438 431.5 1,752

5/10/2012 24,409 404.0 1,638
5/11/2012 24,880 381.4 1,576
5/12/2012 25,306 339.3 1,426
5/13/2012 25,646 355.5 1,515
5/14/2012 26,103 290.8 1,261
5/15/2012 26,748 322.0 1,431
5/16/2012 26,983 315.0 1,412
5/17/2012 27,886 304.2 1,409
5/18/2012 27,447 336.7 1,535
5/19/2012 27,261 397.7 1,801
5/20/2012 28,425 383.6 1,811
5/21/2012 27,946 402.4 1,868
5/22/2012 28,531 392.2 1,859
5/23/2012 27,173 355.1 1,603
5/24/2012 27,800 279.3 1,290
5/25/2012 26,695 248.2 1,100
5/26/2012 25,890 298.8 1,285
5/27/2012 25,626 261.1 1,111
5/28/2012 25,853 233.6 1,003
5/29/2012 26,519 264.6 1,165
5/30/2012 27,974 275.8 1,281
5/31/2012 29,488 222.2 1,088
6/1/2012 30,040 234.5 1,170
6/2/2012 28,529 293.7 1,392
6/3/2012 29,191 324.3 1,572
6/4/2012 28,290 351.0 1,649
6/5/2012 20,731 398.5 1,372
6/6/2012 19,313 496.4 1,592
6/7/2012 21,415 391.9 1,394
6/8/2012 20,153 396.5 1,327
6/9/2012 20,280 395.3 1,331

6/10/2012 21,508 529.9 1,893
6/11/2012 23,444 405.1 1,577
6/12/2012 23,426 366.6 1,427
6/13/2012 24,596 398.2 1,627
6/14/2012 25,924 369.4 1,591
6/15/2012 26,626 316.9 1,401
6/16/2012 25,279 311.3 1,307
6/17/2012 23,201 333.9 1,287
6/18/2012 24,892 371.7 1,537
6/19/2012 25,581 400.9 1,703
6/20/2012 25,441 387.0 1,635
6/21/2012 25,095 354.0 1,476
6/22/2012 24,738 330.2 1,357
6/23/2012 25,040 252.2 1,049
6/24/2012 25,150 326.2 1,363
6/25/2012 25,541 346.7 1,471
6/26/2012 25,914 370.3 1,594
6/27/2012 26,154 380.2 1,652
6/28/2012 26,248 393.1 1,714
6/29/2012 26,825 332.1 1,480
6/30/2012 26,241 413.1 1,801
7/1/2012 28,666 395.8 1,885
7/2/2012 28,982 404.0 1,945
7/3/2012 29,046 434.8 2,098



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

7/4/2012 29,709 403.2 1,990
7/5/2012 29,638 379.3 1,867
7/6/2012 29,661 406.7 2,004
7/7/2012 29,149 391.3 1,895
7/8/2012 28,429 334.3 1,579
7/9/2012 28,590 279.2 1,326

7/10/2012 27,664 305.9 1,406
7/11/2012 27,486 339.1 1,548
7/12/2012 27,903 410.1 1,901
7/13/2012 28,625 328.9 1,564
7/14/2012 27,279 407.2 1,845
7/15/2012 27,198 378.2 1,709
7/16/2012 27,250 317.8 1,438
7/17/2012 27,148 374.2 1,688
7/18/2012 27,782 402.1 1,856
7/19/2012 28,102 390.8 1,824
7/20/2012 28,382 390.3 1,840
7/21/2012 28,379 390.0 1,838
7/22/2012 29,039 372.3 1,796
7/23/2012 30,055 368.9 1,842
7/24/2012 29,730 364.6 1,801
7/25/2012 27,547 400.7 1,834
7/26/2012 27,320 412.8 1,873
7/27/2012 27,694 389.0 1,790
7/28/2012 29,403 327.1 1,598
7/29/2012 28,906 348.5 1,674
7/30/2012 28,707 361.0 1,721
7/31/2012 28,680 347.9 1,657
8/1/2012 27,891 375.1 1,738
8/2/2012 31,494 322.6 1,688
8/3/2012 32,095 277.5 1,479
8/4/2012 31,863 293.8 1,555
8/5/2012 31,085 388.3 2,005
8/6/2012 31,473 362.6 1,896
8/7/2012 31,243 361.9 1,878
8/8/2012 30,234 398.5 2,001
8/9/2012 32,896 444.8 2,430

8/10/2012 33,004 385.5 2,113
8/11/2012 31,145 433.7 2,244
8/12/2012 30,629 383.9 1,953
8/13/2012 30,492 409.6 2,075
8/14/2012 31,019 393.9 2,029
8/15/2012 30,839 387.0 1,982
8/16/2012 30,893 428.1 2,197
8/17/2012 30,693 433.1 2,208
8/18/2012 30,440 406.2 2,054
8/19/2012 30,321 401.2 2,021
8/20/2012 30,680 386.4 1,969
8/21/2012 30,754 357.5 1,826
8/22/2012 31,097 327.9 1,694
8/23/2012 31,574 324.0 1,699
8/24/2012 29,239 309.2 1,502
8/25/2012 25,934 291.3 1,255
8/26/2012 25,408 339.5 1,433
8/27/2012 28,534 274.5 1,301
8/28/2012 25,213 354.5 1,485
8/29/2012 28,198 159.5 747
8/30/2012 25,222 20.6 86
8/31/2012 27,639 102.4 470
9/1/2012 28,309 212.0 997



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

9/2/2012 27,038 244.0 1,096
9/3/2012 27,550 299.7 1,372
9/4/2012 29,854 391.0 1,939
9/5/2012 28,634 360.2 1,713
9/6/2012 28,078 436.2 2,034
9/7/2012 28,311 428.3 2,014
9/8/2012 28,318 409.0 1,924
9/9/2012 28,949 395.1 1,900

9/10/2012 28,968 353.1 1,699
9/11/2012 26,835 392.1 1,748
9/12/2012 29,708 438.8 2,165
9/13/2012 28,372 439.2 2,070
9/14/2012 28,472 413.0 1,953
9/15/2012 27,277 401.0 1,817
9/16/2012 27,573 401.0 1,837
9/17/2012 26,892 401.0 1,791
9/18/2012 27,723 401.0 1,847
9/19/2012 27,855 401.0 1,855
9/20/2012 27,554 401.0 1,835
9/21/2012 28,194 401.0 1,878
9/22/2012 28,305 401.0 1,885
9/23/2012 27,873 401.0 1,857
9/24/2012 28,646 401.0 1,908
9/25/2012 28,557 401.0 1,902
9/26/2012 29,131 401.0 1,940
9/27/2012 29,178 401.0 1,943
9/28/2012 29,553 401.0 1,968
9/29/2012 29,362 401.0 1,956
9/30/2012 29,186 401.0 1,944
10/1/2012 32,171 401.0 2,143
10/2/2012 30,627 401.0 2,040
10/3/2012 30,901 400.7 2,057
10/4/2012 30,913 374.2 1,921
10/5/2012 32,326 304.7 1,636
10/6/2012 26,367 293.3 1,285
10/7/2012 24,725 407.7 1,674
10/8/2012 24,683 385.6 1,581
10/9/2012 24,223 375.3 1,510
10/10/2012 24,475 423.6 1,722
10/11/2012 24,520 436.8 1,779
10/12/2012 24,336 340.9 1,378
10/13/2012 24,331 365.1 1,475
10/14/2012 23,780 340.0 1,343
10/15/2012 24,110 313.3 1,255
10/16/2012 25,388 307.0 1,295
10/17/2012 25,083 325.9 1,358
10/18/2012 26,119 259.2 1,124
10/19/2012 23,386 256.8 998
10/20/2012 19,250 285.9 914
10/21/2012 17,644 176.2 516
10/22/2012 19,941 35.5 117
10/23/2012 23,737 32.6 129
10/24/2012 24,529 181.4 739
10/25/2012 24,405 340.4 1,380
10/26/2012 26,025 502.2 2,171
10/27/2012 30,900 427.2 2,192
10/28/2012 28,619 382.9 1,820
10/29/2012 28,723 388.4 1,853
10/30/2012 28,384 407.1 1,920
10/31/2012 26,285 420.7 1,837
11/1/2012 26,646 496.8 2,199
11/2/2012 27,235 515.4 2,331
11/3/2012 26,859 460.3 2,053



U233 FG U233 Total S U233 FG SO2

MSCFD ppm lb/d

DATE

11/4/2012 26,966 491.5 2,201
11/5/2012 27,273 481.4 2,181
11/6/2012 27,422 512.9 2,336
11/7/2012 29,167 440.9 2,136
11/8/2012 29,439 343.7 1,681
11/9/2012 29,321 365.1 1,778
11/10/2012 29,759 346.1 1,711
11/11/2012 29,631 362.4 1,784
11/12/2012 26,908 417.3 1,865
11/13/2012 26,490 376.0 1,654
11/14/2012 24,863 385.3 1,591
11/15/2012 25,275 380.0 1,596
11/16/2012 25,129 353.0 1,473
11/17/2012 25,567 313.4 1,331
11/18/2012 26,089 330.0 1,430
11/19/2012 25,316 340.6 1,432
11/20/2012 25,088 433.5 1,806
11/21/2012 24,724 386.3 1,587
11/22/2012 24,968 413.6 1,715
11/23/2012 24,465 546.1 2,219
11/24/2012 25,390 543.9 2,294
11/25/2012 26,287 503.8 2,200
11/26/2012 26,716 520.4 2,309
11/27/2012 26,558 500.2 2,207
11/28/2012 26,797 501.8 2,234
11/29/2012 26,376 509.0 2,230
11/30/2012 26,244 425.0 1,852
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BY ELECTRONIC MAIL 
 
18 December 2013 
 
Hon. Federal Glover, Chair, and Members of the Board 
Board of Supervisors, Contra Costa County  

Hon. Elizabeth Patterson, Mayor, and Council Members 
City Council, City of Benicia 

Hon. Nancy Parent, Mayor, and Council Members 
City Council, City of Pittsburg 

Hon. Gayle McLaughlin, Mayor, and Council Members 
City Council, City of Richmond  
 
 
 
Re: Chevron Richmond Refinery “Modernization” Project, 

Phillips 66 San Francisco Refinery Rodeo “Propane Recovery” Project, 
Praxair “Contra Costa Pipeline” Project, 
Valero Benicia Refinery “Crude by Rail” Project, and 
WesPac Pittsburg “Energy Infrastructure” Project—Disclosure of 
Refinery Oil Feedstock Quality Among Data for Environmental Review 

 
Dear local government leaders, 
 
The Refinery Action Collaborative (Collaborative) is a labor-community-university 
partnership working to address critical environmental health and safety concerns shared 
by refinery workers and residents regionally.  Collaborative members include the Asian 
Pacific Environmental Network, the BlueGreen Alliance, Communities for a Better 
Environment, the Labor Occupational Health Program at UC Berkeley, the Natural 
Resources Defense Council, the United Steelworkers (USW) International Union, United 
Steelworkers Local 5, and United Steelworkers Local 326. 
 
We understand that the proposed projects identified above are currently in environmental 
review, including public review of potential environmental health and safety impacts, and 
that your city or county is the California Environmental Quality Act “lead agency” in this 
review for one or more of these projects.  The Collaborative has not taken a position on 
the projects at this time.  We write to support an adequate environmental review of these 



projects that includes, among other factors that have the potential to affect refinery safety 
and emissions, public disclosure of potential changes in refinery oil feedstock quality. 
 
Our Collaborative’s founding principles commit us to “pursue solutions that improve 
transparency and public accountability in the refinery industry.”  In a major effort earlier 
this year, our groups reached consensus on a Recommendation to Ensure Prevention of 
Feedstock-Related Emissions Increase, released in June 2013, that calls for the public 
disclosure and review of each Bay Area refiner’s oil feedstock quality.1  We also have 
supported community leaders’ call for full and transparent environmental review of all 
potential risks associated with the Valero Benicia proposal, including its potential to 
facilitate a change in refinery oil feedstock quality.2  More recently, we made 
recommendations to the Governor’s Interagency Refineries Task Force that called, 
among other things, for public reporting of refinery crude feed quality, explaining that: 

Disclosure by the refineries of the quality of crude oil entering the plant is necessary 
for assessing the efficacy of a plant’s safety measures and air pollution controls.3 

 
As leaders of the public environmental reviews for these proposed projects under the 
state’s Environmental Quality Act, your agencies are positioned to address these needs.  
Accordingly, we respectfully ask you to ensure that the environmental reviews of these 
proposed projects will disclose and address current and potentially changing refinery oil 
feedstock quality among the factors affecting community and worker health and safety. 
 
On Behalf of the Collaborative, 
 
 
Miya Yoshitani, Executive Director 
Asian Pacific Environmental Network 

Charlotte Brody, Vice President for Health Initiatives 
BlueGreen Alliance 

Greg Karras, Senior Scientist 
Communities for a Better Environment 

Nazima EL-Askari, MPH, Program Coordinator 
Labor Occupational Health Program, UC Berkeley 

Diane Bailey, Senior Scientist 
Natural Resources Defense Council 

Ron Espinoza, District 12 Sub-Director 
                                                 
1 Bay Area Air Quality Management District Proposed Regulation 12, Rule 15; March 2013 
Preliminary Draft Petroleum Refining Emissions Tracking Rule; comments submitted to Jack 
Broadbent, Executive Officer, BAAQMD. 13 June 2013.  See page 3. 
2 Supporting the Committee’s position on the Valero Crude-by-Rail Project; letter to the Benicia 
Good Neighbor Steering Committee c/o Marilyn Bardet. 25 July 2013. 
3 Initial Response of the Collaborative to the Findings & Recommendations of the July 2013 
Draft Report of the Interagency Working Group on Refinery Safety; 10 October 2013. See p. 7. 



United Steelworkers International 

Mike Smith, Local 5 Field Rep. 
United Steelworkers Local 5 
 
Moxie J. Loeffler, D.O. 
Internal Medicine Physician 
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Summary 

On August 6, 2012, the Chevron U.S.A. Inc. Refinery in Richmond, California, experienced a 
catastrophic pipe failure in the #4 Crude Unit.  The pipe ruptured, releasing flammable, hydrocarbon 
process fluid which partially vaporized into a large vapor cloud that engulfed nineteen Chevron 
employees.  All of the employees escaped, narrowly avoiding serious injury.  The flammable portion of 
the vapor cloud ignited just over two minutes after the pipe ruptured.  The ignition and subsequent 
continued burning of the hydrocarbon process fluid resulted in a large plume of unknown and 
unquantified particulates and vapor traveling across the Richmond, California, area.  In the weeks 
following the incident, approximately 15,000 people from the surrounding area sought medical treatment 
due to the release.  Testing commissioned by the U.S. Chemical Safety and Hazard Investigation Board 
(CSB) and the California Division of Occupational Safety and Health (Cal/OSHA) determined that the 
pipe failed due to thinning caused by sulfidation corrosion, a common damage mechanism in refineries.  
As a result of the incident, the Chevron Richmond Refinery crude unit remains out of commission over 
eight months later.  In addition, Cal/OSHA issued the refinery 17 citations related to the incident and 
eight additional citations, with a total proposed fine of nearly one million dollars.  In this interim report, 
the CSB is issuing recommendations to Chevron, the City of Richmond, Contra Costa County, 
Cal/OSHA, the State of California, and the U.S. Environmental Protection Agency, addressing the need 
for inherently safer design, rigorous and documented damage mechanism hazard reviews, and thorough 
analyses of process safeguards.   

This interim investigation report contains detailed analyses of and makes recommendations to Chevron 
and regulatory bodies at the local, state, and federal level.  The CSB believes the findings and 
recommendations presented in this report can be applied to refineries, chemical plants, and other 
industries nationwide to improve process safety.   

The CSB plans to release a comprehensive Final Investigation Report later in 2013 that will include 
analyses and recommendations relating to technical and regulatory investigation findings which are not 
included in this interim report.  The Final Investigation Report will cover topics including: the importance 
of having a competent, well-funded regulator and an adaptable regulatory regime; Chevron safety culture; 
process safety indicator data collection and reporting; emergency planning and response; stop work 
authority; and recommendations for improvement of petroleum industry standards and recommended 
practices.  Some of these issues are previewed at the end of this interim report under Additional Issues 
Currently Under Investigation. 
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Acronyms and Abbreviations 

ALARP As Low As Reasonably Practicable 

API  American Petroleum Institute 

ASTM  American Society for Testing and Materials 

BIN  Business Improvement Network 

bpd  Barrels Per Day 

BPTC  BP Texas City 

CAA  Clean Air Act 

Cal/OSHA California Division of Occupational Safety and Health 

CCPS  Center for Chemical Process Safety 

CCR   California Code of Regulations 

Chevron ETC Chevron Energy Technology Company 

CML  Condition Monitoring Locations 

CSB  U.S. Chemical Safety and Hazard Investigation Board 

CSHO  Compliance Safety and Health Officer 

CWS  Community Warning System 

EPA  Environmental Protection Agency 

°F  degree Fahrenheit 

HSE  Health and Safety Executive 

ISO  Industrial Safety Ordinance 

ISS  Inherently Safer Systems 

IST  Inherently Safer Technology 

KPI  Key Process Indicator 
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LEPC  Local Emergency Planning Committee 

LOPA  Layers of Protection Analysis 

MOC  Management of Change 

NEP  National Emphasis Program 

OEM  U.S. EPA Office of Emergency Management 

OSHA  Occupational Safety and Health Administration 

P&P  Policy and Procedures 

PHA  Process Hazard Analysis 

PMI  Positive Materials Identification 

psig  Pounds Per Square Inch Gauge 

PSM  Process Safety Management 

RISO  City of Richmond Industrial Safety Ordinance 

RLOP  Richmond Lube Oil Project 

RMP  Risk Management Plan 

SIP  Shelter-In-Place 

TML  Thickness Monitoring Location 

UK  United Kingdom 

USW  United Steelworker International Union 

wt. %  Weight Percent 
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Background and Findings 

1. On August 6, 2012, the Chevron U.S.A. Inc. Refinery in Richmond, California (Chevron 
Richmond Refinery), experienced a catastrophic pipe rupture in the #4 Crude Unit (crude unit). 
The ruptured pipe released a flammable hydrocarbon process fluid which then partially 
vaporized into a large vapor cloud that engulfed nineteen Chevron U.S.A. Inc. (Chevron) 
employees.  At 6:33 pm, approximately two minutes after the release, the flammable portion of 
the vapor cloud ignited.i

                                                      
i Surveillance footage provided by Chevron.  Chevron clarified to CSB that video time is approximately 5 minutes 
out of sync.  The video can be found at 

  Eighteen of the employees safely escaped from the cloud just before 
ignition; one employee, a firefighter, was inside a fire engine that caught fire when the vapor 
cloud ignited (Figure 1).  Because he was wearing full body fire-fighting protective equipment, 
he was able to make his way to safety.  Six Chevron employees suffered minor injuries during 
the incident and subsequent emergency response efforts.  

http://www.csb.gov/videoroom/detail.aspx?VID=69 (accessed February 8, 
2013).  

http://www.csb.gov/videoroom/detail.aspx?VID=69�
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Figure 1. The burned remains of the fire truck that was consumed by the fire.  A firefighter 
was in the cab when the vapor cloud ignited.  The fire truck was positioned approximately 
65 feet from the leak location. 
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2. The ignition and subsequent continued burning of the hydrocarbon process fluid resulted in a 
large plume of unknown and unquantified particulates and vapor traveling across the Richmond, 
California, area (Figures 2 and 3).  This resulted in a Community Warning System (CWS) Level 
3 alert,i and a shelter-in-placeii (SIP) was issued at 6:38 pm1

 

 for the cities of Richmond, San 
Pablo, and North Richmond.  It was lifted later that night at 11:12 pm after the fire was fully 
under control.  In the weeks following the incident, nearby medical facilities received over 
15,000 members of the public seeking treatment for ailments including breathing problems, 
chest pain, shortness of breath, sore throat, and headaches.  Approximately 20 people were 
admitted to local hospitals as inpatients for treatment. 

Figure 2. Vapor cloud (white) over Richmond area and smoke (black) from Chevron 
Richmond Refinery fire as seen from San Rafael in Marin County.

2

                                                      
i A Community Warning System Level 3 alert indicates that a facility within Contra Costa County has had a release 
that has offsite impact and is categorized by any of the following: 

 

1. Off-site impact that may cause eye, skin, nose and/or respiratory irritation to the general population. 
2. Fire, explosion, heat, or smoke with an off-site impact. Example: On a process unit/storage tank where 

mutual aid is requested to mitigate the event and the fire will last longer than 15 minutes. 
3. Hazardous material or fire incident where the incident commander or unified command, through 

consultation with the Contra Costa Health Services Hazardous Material Incident Response Team, requests 
that sirens should be sounded.   

See http://cchealth.org/hazmat/pdf/incident_notification_policy.pdf (accessed April 9, 2013). 
ii Contra Costa County considers a shelter-in-place to include going inside a home or nearest building, closing doors 
and windows, and turning off heating, ventilation, and air conditioning.  See http://cchealth.org/emergencies/shelter-
in-place.php (accessed February 6, 2013).  

http://cchealth.org/hazmat/pdf/incident_notification_policy.pdf�
http://cchealth.org/emergencies/shelter-in-place.php�
http://cchealth.org/emergencies/shelter-in-place.php�
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Figure 3. Initial vapor cloud formation (white cloud) and subsequent ignition (black smoke) 
as seen from a pier in San Francisco, California.  

3. The incident occurred from the piping referred to as the “4-sidecut” stream, one of several 
process streams exiting the C-1100 Crude Unit Atmospheric Column (Figure 4).i  A plot plan of 
the crude unit shows the leak location relative to C-1100 (Figure 5).  As shown in Figure 6, light 
gas oil (the crude unit 4-sidecut process fluid) exits the atmospheric column via a 20-inch nozzle 
and is split into a 12-inch line and an 8-inch line.  The August 6, 2012, pipe rupture (Figure 7) 
occurred on a 52-inch long component ii of the 4-sidecut 8-inch line (the 52-inch component). 
The line operated at a temperature of 640 degrees Fahrenheit (°F)iii

                                                      
i The atmospheric column separates crude oil feed into different streams through distillation.  These streams are 
further processed in other units in the refinery. 

 and had an operating 
pressure of approximately 55 pounds per square inch gauge (psig) at the rupture location.  At the 

ii The term “component” refers to a portion of piping between welds or flanges.  It includes straight run piping and 
pipe fittings.  
iii The auto-ignition temperature for this process, the temperature at which a material will combust in the presence of 
sufficient oxygen without an ignition source, was also 640 °F.  This number is based on the Chevron Light Gas Oil 
Material Safety Data Sheet. Chemical testing of 4-sidecut samples following the incident indicated lower auto-
ignition temperatures; however, these samples may not have been representative of typical 4-sidecut process fluid.     



Chevron Richmond Refinery Interim Investigation Report April 2013 
 

 
12    U.S. CHEMICAL SAFETY AND HAZARD INVESTIGATION BOARD 

time of the incident, light gas oil was flowing through the 8-inch line at a rate of approximately 
10,800 barrels per day (bpd).i

 

  

Figure 4. C-1100 Crude Unit Atmospheric Column and Upstream Process Equipment. 

 

  

                                                      
i This is the equivalent of 315 gallons per minute (gpm).  A barrel equals 42 gallons.   
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Figure 5. Overhead view of the equipment in the #4 Crude Unit showing the leak location, commonly 
referred to as a plot plan. 
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Figure 6. 4-sidecut line configuration and rupture location. 
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4. The CSB commissioned Anamet, Inc., a materials engineering and laboratory testing company, 
to conduct testing of the 4-sidecut pipe, including the failed 52-inch component.  The testing 
concluded that the rupture was due to pipe wall thinning caused by sulfidation corrosion,3

5. Anamet’s metallurgical analysis found that the 52-inch component where the rupture occurred 
had experienced extreme thinning; the average wall thickness near the rupture location was 
approximately 40 percent thinner than a dime

 which 
is discussed below. 

i (the thinnest American coin).  Between 1976 and 
2012, the 52-inch piping component had lost, on average, 90 percent of its original wall 
thickness in the area near the rupture.  The piping had an initial nominal wall thickness of 0.322-
inchii

 

 when it was installed in 1976.  

Figure 7. Photo of rupture on 4-sidecut 52-inch component. 

 

                                                      
i The U.S. Mint reports that a dime has a thickness of 1.35 mm, or 0.053 inches. Information can be found at 
http://www.usmint.gov/about_the_mint/?action=coin_specifications (accessed February 14, 2013).  
ii This portion of the 4-sidecut line was constructed of 8-inch Schedule 40 carbon steel piping.   

http://www.usmint.gov/about_the_mint/?action=coin_specifications�
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Sulfidation Corrosion 

6. Sulfidation corrosion is a damage mechanismi that is well understood in the refining industry. 
The sulfidation corrosion industry guidance document, American Petroleum Institute (API) 
Recommended Practice (RP) 939-C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion 
Failures in Oil Refineriesii

[Sulfidation] …is not a new phenomenon, but was first observed in the 
late 1800s in a pipe still (crude separation) unit, due to the naturally 
occurring sulfur compounds found in crude oil. When heated for 
separation, the various fractions in the crude were found to contain sulfur 
compounds that corroded the steel equipment.

 notes:  

4

7. Sulfidation corrosion, also known as sulfidic corrosion,

 

5 is a damage mechanism that causes 
thinning in iron-containing materials, such as steel, due to the reaction between sulfur 
compounds and iron at temperatures ranging from 450 °F to 800 °F.6  This damage mechanism 
causes pipe walls to gradually thin over time.  Sulfidation corrosion is common in crude oil 
distillationiii where naturally occurring sulfur and sulfur compounds found in crude oil feed, such 
as hydrogen sulfide,iv

8. The reaction between sulfur and iron produces a layer of iron sulfide scale

 are available to react with steel piping and equipment.  Process variables 
that affect corrosion rates include the total sulfur content of the oil, the sulfur species present, 
flow conditions, and the temperature of the system.  Virtually all crude oil feeds contain sulfur 
compounds and, as a result, sulfidation corrosion is a damage mechanism present at every 
refinery that processes crude oil.  Sulfidation corrosion can cause thinning to the point of pipe 
failure when not properly monitored and controlled.   

v on the inside surface 
of piping.7

                                                      
i Piping damage mechanisms are any type of deterioration encountered in the refining and chemical process industry 
that can result in flaws/defects that can affect the integrity of piping (e.g. corrosion, cracking, erosion, dents, and 
other mechanical, physical or chemical impacts). See API 570. "Piping Inspection Code: In-Service Inspection, 
Rating, Repair, and Alteration of Piping Systems." 3rd ed., Section 3.1.1.5, November 2009. 

  This reaction can be compared to that of oxygen and iron which also produces a 
scale, commonly known as rust.  The type of scale formed by sulfidation corrosion is dependent 
upon the components contained in the steel.  Certain scales formed are protective and actually 
reduce the reaction rate between sulfur compounds and iron, minimizing sulfidation corrosion 

ii API RP 939-C is one of several relevant American Petroleum Institute recommended practices and standards under 
evaluation by the CSB as part of this investigation.  To the casual observer API RP 939-C appears to obligate the 
industry to take significant actions.  However, the CSB concluded it was written to be permissive so that industry 
compliance with specific provisions would not be required.  The complete findings from this evaluation will be 
included in the CSB’s Final Report.  
iii Distillation separates mixtures into broad categories of its components by heating the mixture in a distillation 
column where different products boil off and are recovered at different temperatures. See 
http://www.eia.gov/todayinenergy/detail.cfm?id=6970 (accessed April 4, 2013). 
iv Hydrogen sulfide is the most aggressive sulfur compound that causes sulfidation corrosion.   
v Scale is a nonmetallic layer on the surface of metals and is often a result of corrosion. 

http://www.eia.gov/todayinenergy/detail.cfm?id=6970�
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rates.  For instance, sulfidation corrosion affecting steel alloys containing greater than two 
weight percent (wt. %) chromium produces a protective scale that inhibits the reaction between 
the iron and sulfur compounds, thereby reducing corrosion rates.i   With increasing percentages 
of chromium, the reaction is further slowed, greatly diminishing corrosion rates.8,ii  For example, 
stainless steel (an 18 wt. % chromium alloy) is nearly 15 times more resistant to sulfidation 
corrosion than 9-Chrome (a 9 wt. % chromium alloy).9  Conversely, sulfidation corrosion rates 
are significantly higher in steels containing very little chromium.  Carbon steel, the Chevron 4-
sidecut line material of construction, was manufactured with a maximum concentration of 0.40 
% chromium.10  The scale formed on carbon steel is less protective and allows continued 
reaction between the sulfur compounds and iron.11

9. In addition to its inherently faster rate of sulfidation corrosion when compared with higher 
chromium steels, carbon steel also experiences significant variation in corrosion rates due to 
variances in silicon content, a component used in the steel manufacturing process.  Carbon steel 
piping containing silicon content less than 0.10 wt. % can corrode at accelerated rates,

  Thus, carbon steel corrodes at a rate that is 
significantly faster than other materials of construction, such as high chromium steels.   

12

                                                      
i At greater than two wt. % chromium, sulfur compounds react with the steel to form FeCr2S4 scale.  This scale 
provides more protection than the FeS scale that forms on carbon steel piping.  See Niccolls, E. H., J. M. 
Stankiewicz, J. E. McLaughlin, and K. Yamamoto. "High Temperature Sulfidation Corrosion in Refining." 17th 
International Corrosion Congress.  Las Vegas: NACE International, 2008. 

 up to 
sixteen times faster than carbon steel piping containing higher percentages of silicon as shown in 
Figure 8.  This figure shows how carbon steel corrosion rates can greatly vary depending on 
silicon content.   

ii It has also been found that chromium “poisons” the decomposition of sulfur compounds to hydrogen sulfide which 
also slows down the sulfidation corrosion rate.  See Couper, A.S. “High Temperature Mercaptan Corrosion of 
Steels.” 19th Annual Conference of the National Association of Corrosion Engineers.  Pages 396t-401t, New York: 
March 1963.   
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Figure 8. This graph shows how corrosion rates increase in carbon steel containing 
decreasing percentages of silicon.  This information can be found in Annex C of API RP 939-
C.

i

10. The refining industry has been aware of increased rates of sulfidation corrosion in low-silicon 
carbon steel piping since as early as 1974,

   

13

Sulfidation corrosion has caused severe fires and fatalities in the refining 
industry, primarily because it causes corrosion over a relatively large 
area, so failures tend to involve ruptures or large leaks rather than 
pinhole leaks.  It can be insidious in that moderately high corrosion rates 
can go undetected for years before failure.  Finally, process changes that 
increase the temperature or sulfur content can creep up over time and 

 nearly 40 years before the August 6, 2012, incident 
and two years before the Chevron crude unit was constructed.  Prior to the incident, Chevron 
documented its understanding of the significant consequences of sulfidation corrosion.  This is 
reflected in Chevron’s Corrosion Prevention and Metallurgy Manual, which states: 

                                                      
i The y-axis of this figure is in units of mils per year (mpy).  A “mil” is 1/1000 inch. 

Silicon Content (Weight %)  
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multiply corrosion rates so that what was thought to be a low corrosion 
rate system becomes corrosive enough to fail before the increased 
corrosion rate is recognized. 

11. Carbon steel piping is manufactured to meet certain specifications, including American Society 
for Testing and Materials (ASTM) A53B,14 ASTM A106,15 and API 5L.16  ASTM A53B and 
API 5L do not contain minimum silicon content requirements for carbon steel piping,17

12. In the mid 1980s, pipe manufacturers began to simultaneously comply with all three 
manufacturing specifications (ASTM A53B, ASTM A106, and API 5L) when manufacturing 
carbon steel piping.  The majority of carbon steel piping purchased following this time period 
likely has a minimum of 0.10 wt. % silicon content.  However, piping purchased and installed 
prior to the mid-1980s could still contain low silicon components that are susceptible to high, 
variable sulfidation corrosion rates.  

 while 
ASTM A106 requires the piping to be manufactured with a minimum silicon content of 0.10 
wt. %.  As a result, manufacturers have used different levels of silicon in the carbon steel pipe 
manufacturing process.  Thus, depending on the manufacturing specification for carbon steel 
susceptible to sulfidation corrosion, corrosion rates could vary depending on the silicon content 
within the steel.  

13. Over 95 percent of the 144 refineries in operation in the U.S., including the Chevron Richmond 
Refinery,i were built before 1985,18

14. The Chevron Richmond Refinery 4-sidecut piping circuit containing the 52-inch component that 
failed was constructed of ASTM A53B carbon steel, which had no minimum specification for 
silicon content.  Post-incident testing of samples of the 4-sidecut piping from the Chevron 
Richmond Refinery identified silicon content ranging from 0.01 wt. % to 0.2 wt. %.  Of twelve 
samples taken from the 8-inch and 12-inch 4-sidecut line, six had a silicon concentration of less 
than 0.10 wt. %.  The 52-inch pipe component that ruptured on the day of the incident had a 
silicon content of only 0.01 wt. %.  The elbow component directly upstream of the 52-inch 
component that failed had a silicon concentration of 0.16 wt. % and showed considerably less 
thinning (Figure 9). 

 and thus before piping manufacturers began producing 
carbon steel in compliance with all three manufacturing specifications.  Therefore, the original 
carbon steel piping in these refineries is likely to contain varying percentages of silicon content 
and may experience highly variable sulfidation corrosion rates.  

                                                      
i The Chevron Richmond Refinery was constructed in 1902. 
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Figure 9. 4-sidecut piping sample (E-017-8) analyzed by Anamet Labs showing the relative 
thickness of low silicon piping on the left and the high silicon piping on the right.  The 
ruptured pipe component (left) contained 0.01 % silicon and the upstream elbow component 
(right) contained 0.16 % silicon.

19

 

  The initial nominal thickness of this piping was 0.322-
inch. 
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Sulfidation Corrosion Inspection Techniques 

15. As evidenced by the chemical analysis performed on the Chevron 4-sidecut piping post-incident, 
carbon steel piping components within a single circuiti can contain varying percentages of 
silicon, resulting in a large variation in sulfidation corrosion rates by component.  Historically, 
sulfidation corrosion monitoring techniques required the measurement of pipe thickness at only 
a minimal number of permanent Condition Monitoring Locations (CMLs)ii along the piping.  
These CMLs are most frequently placed on elbows and fittings.iii  However, due to details of the 
manufacturing process, carbon steel pipe fittings generally contain high percentages of silicon.20 
When measurements are only taken at high-silicon containing fittings, the measurements can fail 
to identify high corrosion rates within a pipe circuit caused by low-silicon components.  At the 
Chevron Richmond Refinery, the 4-sidecut piping had a total of 24 CMLsiv

16. Determining silicon content in existing carbon steel piping and equipment in the field is a 
difficult undertaking.  To properly characterize the silicon content in each component in a piping 
circuit, every component must be inspected.  This is known as 100 percent component 
inspection.  Two techniques are currently used to determine silicon content in existing carbon 
steel piping circuits with unknown chemical composition:  performing chemical analysis and 
pipe wall thickness measurements of every component.   

 on piping and 
fittings.  The CSB found that there were no CMLs placed on the low silicon piping component 
that failed.  Chevron identified accelerated corrosion in the 52-inch component in a 2002 
inspection.  However, no CML was added to ensure future monitoring, and the 52-inch 
component was not inspected again.  Instead, the CSB found that Chevron relied on inspection 
data gained primarily from high silicon pipe-fitting components, such as elbow components.  
This inspection data did not reflect the corrosion rates of the lower-silicon components of the 4-
sidecut piping.  Relying on the limited inspection data from the CMLs on the high silicon 
components, Chevron management denied multiple recommendations to replace the 4-sidecut 
line.  As illustrated by the Chevron incident, inspection techniques alone may not accurately 
identify the most aggressive corrosion rates throughout an entire circuit of carbon steel piping.  
Low-silicon components can remain uninspected and unidentified until failures such as the 
August 6, 2012, Chevron incident occur.  As will be discussed below, upgrading metallurgy is a 
more effective means of managing sulfidation corrosion. 

                                                      
i A piping circuit is a length of pipe and the fittings associated with a particular process service that operate at 
similar conditions.  A circuit usually begins and ends at either a branch or a piece of process equipment such as a 
vessel or a pump.  Reference to piping by circuits allows piping to be grouped conveniently by proximity and 
operating service.  Piping circuits may also be referred to as piping runs. 
ii A condition monitoring location (CML) is a designated area where periodic thickness examinations are conducted. 
Each CML represents as many as four inspection locations located circumferentially around the pipe.  CMLs are 
also referred to as thickness monitoring locations (TMLs).  CML was historically referred to as corrosion monitoring 
locations (CMLs) and that terminology is sometimes still used within the industry.   
iii A fitting is a piping component usually associated with a change in direction or diameter.   
iv Many of these CMLs were added during the 2011 turnaround.   
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17. Many field-portable instruments used for positive material identification cannot adequately 
identify silicon content.21  If original manufacturing quality assurance datai are not available, as 
is generally the case with older plants, then chemical verification requires destructive testing. 
Metal shavings must be taken from each carbon steel piping component for chemical analysis in 
a laboratory.22

18. Carbon steel components containing low concentrations of silicon can also potentially be 
identified by performing thickness measurements of every component within a carbon steel 
circuit.

  This method requires that the insulation be removed for access to the piping so 
that each individual piping component can be sampled and verified.  

23  This practice is only useful if the piping circuit has been exposed to sulfidation 
corrosion for a long enough time period so that variances in corrosion rate caused by differences 
in silicon content may be detected.  Chemical analysis is therefore the most accurate technique 
to identify low-silicon carbon steel components.  As with chemical analysis, the thickness 
measurement method requires that each individual piping component be identified by removing 
insulation (so every weld seam can be located), a time consuming and costly undertaking, or by 
using non-destructive examination techniques.  Thickness measurements on high temperature 
piping typically can only be done accurately and safely during unit turnarounds.ii

19. API Recommended Practice 939-C Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion 
Failures in Oil Refineries describes the challenges faced when attempting to thoroughly inspect 
carbon steel lines susceptible to sulfidation corrosion.  The recommended practice states that 
older ASTM A53 piping, such as the Chevron piping that failed on August 6th, creates a “major 
inspection challenge”

  Although 
these various methods were available to detect the location of the field welds, Chevron had not 
used them to identify the 4-sidecut pipe segment locations.     

24 and that “unless the refinery is fortunate enough to have located an 
inspection point on that particular [low silicon] section of pipe or fitting, it is very difficult to 
detect the thinning component.”25  It states that in some applications, carbon steel will appear to 
be adequate based on measured corrosion rates until failure occurs at some undocumented or 
unidentified low-silicon component.26

20. Unlike silicon concentration, the chromium concentration of steel can easily be verified in the 
field using portable positive material identification instruments.  In addition, steel alloys 
containing at least 9 wt. % chromium are more resistant to sulfidation corrosion and do not run 
the risk of extreme variations in corrosion rates within components in the same piping circuit.

  

iii

                                                      
i Manufacturing quality assurance data, also known as mill data, provides the chemical composition of the steel. 

 
This makes alloys with higher chromium content an inherently safer choice in high temperature 

ii A “turnaround” is a scheduled shutdown of a process unit to perform maintenance, repairs, upgrades, and 
inspection of process equipment.   
iii The protective scale, FeCr2S4, begins to be the dominant scale formed in steels containing a chromium content of 
five wt. %.  The 5Cr steel alloy can be manufactured to contain anywhere from 4% to 6% chromium.  Thus, “the 
sulfidation corrosion rate can vary dramatically in 5Cr steels even in the same operating environment.”  See 
Niccolls, E. H., J. M. Stankiewicz, J. E. McLaughlin, and K. Yamamoto. "High Temperature Sulfidation Corrosion 
in Refining." 17th International Corrosion Congress. Las Vegas: NACE International, 2008. 
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sulfidation corrosion environments.i  As shown in the Modified McConomy Curvesii from API 
RP 939-C (Figure 10), 9-Chromeiii corrodes 15 times faster than stainless steel,iv and carbon 
steelv corrodes 125 times faster than stainless steel.27

 

  

Figure 10. Modified McConomy Curves from API RP 939-C.  

                                                      
i Steels with higher chromium content are inherently safer than carbon steel with respect to sulfidation corrosion. 
However, analysis is still required to ensure that the best material of construction is selected. 
ii Modified McConomy Curves are the set of curves API RP 939-C uses to predict sulfidation corrosion rates versus 
temperature for several steel alloys. 
iii 9-Chrome contains 9 wt. % chromium. 
iv Stainless steel contains 18 wt. % chromium. 
v ASTM A53B carbon steel contains a maximum of 0.40 wt. % chromium. 

100.0 
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Chevron Sulfidation Corrosion Knowledge and Expertise 

21. Figure 11 shows a timeline of Chevron’s key sulfidation events.  Chevron technical staff has 
considerable knowledge and expertise regarding sulfidation corrosion, specifically with respect to 
corrosion rate variations caused by differing silicon concentration in carbon steel piping.  Chevron 
employees have authored industry papers on sulfidation corrosion and had significant influence in 
the development of the industry sulfidation corrosion recommended practice, API RP 939-C.  This 
recommended practice, first published in 2009, was developed under Chevron leadership.  At the 
approximate time of publication of API RP 939-C, Chevron Energy Technology Company 
(Chevron ETC)i

 

  created an internal document on the subject of sulfidation corrosion.  Chevron 
ETC metallurgists released a formal report dated September 30, 2009 (nearly 3 years prior to the 
incident) to Chevron refinery-based reliability managers and chief inspectors entitled Updated 
Inspection Strategies for Preventing Sulfidation Corrosion Failures in Chevron Refineries.   

Figure 11. Chevron’s key sulfidation events between 1974 and 2013. 

 

                                                      
i The Chevron Energy Technology Company is a separate business unit within the Chevron Corporation that 
provides technology solutions and technical expertise for Chevron operations worldwide.  See 
http://richmond.chevron.com/home/aboutchevronrichmond.aspx (accessed April 4, 2013) 

http://richmond.chevron.com/home/aboutchevronrichmond.aspx�
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22. Sulfidation experts acknowledged in the Chevron ETC report that, “Until now, Chevron has not 
directly addressed the risk of low Si[licon] carbon steel…”i

Sulfidation corrosion failures are not common in Chevron or in the 
industry but they are of great concern because of the comparatively high 
likelihood of blowout or catastrophic failure […] .  This can happen 
because corrosion occurs at a relatively uniform rate over a broad area so 
a pipe can get progressively thinner until it actually bursts rather than 
leaking at a pit or local thin area.  In addition the process fluid is often 
above its autoignition temperature.  The combination of these factors 
means that sulfidation corrosion failures frequently result in large fires.  
[…] [S]everal case histories of sulfidation corrosion failures that have 
occurred in Chevron or in the industry several of which are blowouts. 

 and that the report lays out a program 
that “seeks to close these gaps, and to maximize the effectiveness of our inspection.”  The report 
clearly indicates that Chevron understood both the potential consequence and the high likelihood of 
a rupture or catastrophic failure from sulfidation corrosion and calls out Chevron’s need for action: 

This Chevron ETC report specifically recommends that inspectors perform 100 percent component 
inspection on high temperature carbon steel piping susceptible to sulfidation corrosion.  However, 
this 100 percent component inspection program was not implemented at the Richmond refinery 
prior to the August 6, 2012 incident.  The Chevron ETC report defines a priority ranking system to 
help focus the inspection implementation efforts.  The process conditions of the 4-sidecut stream 
placed it in the highest priority for inspection. 

23. Chevron ETC technical experts issued a corporate newsletter in 2010 that again warned of the 
potential consequence of sulfidation failures.  In this newsletter, the 100 percent component 
inspection recommendation from the 2009 report was reiterated for piping systems such as the 
crude unit 4-sidecut piping.  The newsletter states:  

Sulfidation corrosion failures … are of great concern because of the 
comparatively high likelihood of “blowout” or catastrophic failure.  This 
typically happens because corrosion occurs at a relatively uniform rate 
over a broad area, so a pipe can get progressively thinner until it actually 
bursts rather than leaking at a pit or local thin area.  In addition, the 
process fluid is often above its autoignition temperature.  The 
combination of these factors means that sulfidation corrosion failures 
frequently result in large fires.  Chevron and the industry have 
experienced numerous failures from this mechanism and recent incidents 
have reinforced the need for revised inspection strategies and a robust 
PMI (Positive Materials Identification) program.  

                                                      
i A 2003 corporate technical newsletter recommended 100 percent component inspection of carbon steel piping 
susceptible to sulfidation corrosion following a 2002 Chevron Salt Lake City sulfidation corrosion incident. 
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The Chevron ETC 100 percent component inspection recommendation for high risk piping systems, 
established in 2009, was not implemented at Richmond; therefore, the thin-walled low silicon 4-
sidecut piping component remained in service until it catastrophically failed on August 6, 2012. 

24. Chevron and Chevron ETC metallurgists, materials engineers, and piping inspectors had expertise 
regarding sulfidation corrosion.  They educated personnel and advocated for identification and 
control of damage mechanisms, including sulfidation corrosion.  However, they had limited 
practical influence to implement their recommendations.  These individuals did not participate in 
the crude unit Process Hazard Analysis (PHA)i and did not affect decisions concerning control of 
sulfidation corrosion during the crude unit turnaround process.ii

                                                      
i A process hazard analysis is a hazard evaluation to identify, evaluate, and control the hazards involved in a process.  
Facilities that process a threshold quantity of hazardous materials, such as the Chevron Richmond refinery, are 
required to conduct a process hazard analysis per the California Code of Regulations Title 8 Section 5189.  Process 
Safety Management of Acutely Hazardous Materials (1992).  PHAs are also required by the California Accidental 
Release Prevention Program and the federal EPA Risk Management Program. 

   

ii The turnaround process includes both the planning stage prior to the shutdown and the activities staged during the 
shutdown. 
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Other Significant Sulfidation Occurrences  

25. The refining industry has experienced numerous sulfidation corrosion failures, primarily in 
piping.28  API RP 939-C identifies 45 sulfidation corrosion failures, one third of which were 
found to have occurred in carbon steel piping containing low levels of silicon.29

26. The August 6, 2012, Chevron Richmond Refinery 4-sidecut pipe rupture was not the first 
sulfidation corrosion-related incident to occur at a Chevron refinery.  In 1988, a low silicon 
carbon steel (0.02 wt. % silicon) piping component failed at the Chevron’s former El Paso 
Refinery

  

i

27. In 2002, the Chevron Salt Lake City Refinery experienced a fire when process piping failed as a 
result of sulfidation corrosion in a low silicon ASTM A53 carbon steel piping component. 
Chevron communicated the incident throughout the company in a technical newsletter.  Chevron 
experts found that despite regular monitoring of the line for 30 years in compliance with industry 
standards, their inspection program failed to prevent the failure.  Corrosion rates at the 
unmonitored failure location were found to be five times greater than corrosion rates at the 
monitored piping locations.  The monitored locations were constructed of high silicon ASTM 
A106 piping (Figure 12).  Chevron also found that in the years preceding the failure, both the 
temperature

 in El Paso, Texas.  In addition, two sulfidation corrosion incidents occurred at the 
Chevron Pascagoula refinery in Pascagoula, Mississippi: one in 1993 and one in 1988 on a low-
silicon carbon steel component.  

ii

                                                      
i The El Paso Refinery is now owned by Western Refining. 

 and hydrogen sulfide concentration in the process had been increasing.  Each of 
these factors increased corrosion rates and contributed to the failure.  In 2003, following this 
incident, Chevron experts recommended that refineries inspect every piping component (100 % 
component inspection) in all high-risk piping systems: those operating above 550 °F and 
containing hydrogen sulfide. 

ii The temperature in the line had been increased by over 170 °F throughout the life of the unit.  During the two years 
prior to failure, temperatures of the line exceeded the measurement capabilities of the temperature measurement 
device and so the actual temperature increase cannot be determined.    
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Figure 12. Schematic of failed piping from the Chevron Salt Lake Refinery.  Similar to the 
Chevron Richmond Refinery incident, the failed piping contained low amounts of silicon and 
corroded significantly faster than adjacent piping components. 

28. In January 2007, a failure due to sulfidation corrosion caused a serious fire in the Chevron 
Richmond Refinery crude unit resulting in a CWS Level 3 alert, initiating a shelter-in-place for 
the surrounding community.  A carbon steel piping spooli failed catastrophically during 
operation (Figure 13).  The carbon steel piping contained a low percentage of silicon (<0.005 
wt. %).  The process fluid ignited, injuring a nearby worker.  Chevron informed Contra Costa 
Health Services’ Hazardous Materials Programii

                                                      
i A piping spool is a small, removable section of piping.  In some cases, a piping spool is installed or removed in 
order to provide a temporary connection or complete disconnection between two piping circuits. 

 (Contra Costa County) in a letter that the 
metallurgy had been upgraded following this incident as an inherently safer solution.  However, 
the CSB learned that this upgrade was limited to only the immediate piping spool that failed.  
The inherently safer, more corrosion resistant metallurgy was not implemented more broadly in 
crude unit high temperature service as a result of this incident. 

ii Contra Costa Health Services’ Hazardous Materials program is designed to respond to emergencies and monitor 
hazardous materials within Contra Costa County.  See http://cchealth.org/hazmat/ (accessed April 17, 2013).   

http://cchealth.org/hazmat/�
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Figure 13. Failed piping component that resulted in the 2007 Richmond crude unit fire.  This 
carbon steel piping was found to contain less than 0.005 percent silicon. 

29. Following the August 6, 2012, incident, personnel at the Chevron El Segundo, California, 
refinery, a near duplicate of the Richmond refinery, inspected their refinery’s crude unit 4-
sidecut piping.  Significant thinning was discovered in the line; the piping from the atmospheric 
crude column to the pumps was removed and substituted with 9-Chrome, an upgraded and 
inherently safer material of construction.  

30. On November 9, 2009, the Silver Eagle refinery in Woods Cross, Utah, experienced a 
catastrophic piping failure due to sulfidation corrosion in a 10-inch pipe, while conducting a 
temporary operation at higher than normal operating temperature.  The pipe was located on the 
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bottom of a reactor in the de-waxing unit.  The failed pipe released hydrogen which 
subsequently exploded, damaging over 100 homes in the nearby neighborhood.  

31. On October 6, 2011, an explosion and fire resulted from a catastrophic piping failure at a 
Canadian refinery in Regina, Saskatchewan, injuring 52 workers.  The piping component that 
failed was substantially thinner than neighboring components.  Prior to the incident, the 
company’s inspection data indicated that wall thickness in the overall piping system was within 
acceptable limits.  However, the specific component that failed was not inspected.  Although 
Canadian authorities are still investigating, metallurgical testing has indicated that hydrogen 
sulfide corrosion contributed to the catastrophic failure. 

32. In February 2012, the BP refinery crude unit in Cherry Point, Washington, suffered a failure due 
to sulfidation corrosion, causing a large fire.  This incident demonstrates that even when 
applying inherently safer concepts to reduce the potential for major hazards, it is still vital to 
fully understand all processes and piping configurations and incorporate a rigorous inspection 
program.  The piping that failed was constructed of 9-Chrome.  The line was used only during 
start-up operations and otherwise remained in-service and non-flowing.  Such lines that do not 
have regular process flow yet remain in contact with process fluids are commonly referred to as 
“dead legs.”  The failure location was a high-point in the piping connected to the top of an 
operating process line.  Hydrogen sulfide evolved from the process fluid and collected in the 9-
Chrome piping.  The concentrated vapor-phase hydrogen sulfide severely corroded the 9-
Chrome, causing the failure.  CMLs were located on adjacent elbow components; however, no 
CMLs were placed on the straight-run piping component where the failure occurred.  The Cherry 
Point sulfidation failure demonstrates that even with more corrosion-resistant, inherently safer 
metallurgy, failure from sulfidation corrosion still may occur if piping is not effectively 
inspected or piping configurations are not adequately evaluated.  In addition it is important to 
conduct a thorough analysis to determine the best material of construction for the process 
conditions.  
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Process Hazard Analysis 

33. Chevron personnel analyze numerous deviationsi

34. Sometimes referred to as a corrosion review, a damage mechanism hazard review analyzes risks 
presented by all process failure mechanisms such as corrosion and cracking. Common process 
failure mechanisms are described in API 571: Damage Mechanisms Affecting Fixed Equipment 
in the Refining and Petrochemical Industries.

 for each portion of a process when conducting 
a Process Hazard Analysis (PHA).  These include conditions such as changes in flow and 
temperature and pressure extremes.  Specifically of interest, one of the deviations analyzed was 
“leak/rupture” of the particular vessel or pipe.  For each deviation, the team’s responsibility was 
to identify causes, consequences, safeguards, and recommendations.  The 4-sidecut line was 
analyzed in the most recent crude unit PHA.  Corrosion was not identified as a potential cause of 
a leak/rupture in the piping (emphasis added).  

30  Such a review ensures that potential hazards 
caused by process conditions, process materials, and external mechanisms are properly 
identified, analyzed, and systems are put in place to control or eliminate the hazard.  Despite 
Chevron knowledge and expertise of potential damage mechanisms (such as sulfidation 
corrosion), the CSB found these hazards are only identified in a PHA if the participants 
conducting the PHA happen to have personal knowledge of the relevant mechanism.  The 
Chevron PHA teams do not typically seek assistance from corrosion experts.ii  The inclusion of a 
damage mechanism hazard review as part of the PHA is not required by the state of California, 
the California Division of Occupational Safety and Health (Cal/OSHA),iii Contra Costa County, 
the City of Richmond,iv

                                                      
i Deviations using guide words (such as no, more, less, as well as) and process parameters (such as flow, pressure, 
temperature) are analyzed in PHAs. See Center for Chemical Process Safety (CCPS). “Guidelines for Hazard 
Evaluation Procedures.” 2nd ed., Page 132, 1992.    

 or Chevron standards.  Because Chevron does not conduct, and is not 
required to conduct, a formal damage mechanism hazard review, damage mechanisms are only 
identified when the PHA team happens to have some knowledge of the mechanism.  As a result, 
many damage mechanisms which occur in various processes are not properly addressed.    

ii The Crude Unit Business Improvement Network (BIN) Leader, a crude unit expert, reviews portions of the PHA 
with the PHA team.  However, this review did not identify the potential for sulfidation corrosion failures in the 4-
sidecut piping.  A rigorous review of corrosion and damage mechanisms present in the crude unit was not performed 
during the PHA process.   
iii The state of California, under an agreement with the federal Occupational Safety and Health Administration, or 
OSHA, operates an occupational safety and health program in accordance with Section 18 of the Occupational 
Safety and Health Act of 1970.  See http://www.osha.gov/dcsp/osp/stateprogs/california.html (accessed April 17, 
2013).  The Department of Industrial Relations administers the California Occupational Safety and Health Program, 
commonly referred to as Cal/OSHA.  The program applies to all public and private sector places of employment in 
the state, with some exceptions.  See http://www.dir.ca.gov/dosh/dosh1.html (accessed April 17, 2013).   
iv The City of Richmond adopted an ordinance on Industrial Safety, Richmond Municipal Code Chapter 6.43 (also 
known as the RISO), on December 18, 2001, “for the purposes of protecting public health and safety by prevention 
of accidental release of hazardous materials and to assure protection of the environment.”  Richmond Municipal 
Code §6.43.040 (February 5, 2013).  There are two facilities, including Chevron, that are located in the City of 
Richmond and subject to this ordinance.  More information about the RISO is provided later in the report.  

http://www.osha.gov/dcsp/osp/stateprogs/california.html�
http://www.dir.ca.gov/dosh/dosh1.html�
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35. During a hazard analysis process such as a PHA, the evaluation team has to determine the 
likelihood of a hazardous consequence occurring.  Then the team must identify safeguards which 
will reduce the risk of the hazard to an acceptable level.  A recognized methodology for 
consistently and objectively making these determinations could include the use of quantitative, 
semi-quantitative, or qualitative tools.31  Chevron does not employ a prescribed methodology for 
determining the likelihood that an incident will occur or whether a safeguard will be effective.  
Instead, Chevron relies upon the judgment of the people on the PHA team, who base their 
conclusions upon their collective experiences, beliefs, and areas of expertise.  In its 2009 crude 
unit PHA, Chevron simply cited non-specific, judgment-based qualitative safeguards such as: 
utilizing metallurgy to minimize corrosion, having effective maintenance and inspection 
programs, and providing pipe wall corrosion allowances.i

36. Following the August 6th incident, Cal/OSHA inspected the Chevron facility and issued 
citations.  Only one citation related to PHAs, and it was not associated with evaluating the 
effectiveness of safeguards.  Rather, the emphasis was that Chevron’s PHA did not adequately 
account for hazards caused by other units associated with the crude unit.  The citation stated 
“The Employer [Chevron] failed to perform an effective Process Hazard Analysis [PHA] of the 
crude unit.  Specifically, it failed to identify, evaluate, and control potential hazards caused by 
upstream and downstream units that provide and receive feed from the crude unit.”

  The effectiveness of these safeguards 
was neither evaluated nor documented; instead the safeguards were merely listed in the PHA.  
Had the adequacy of these safeguards been verified, improved safeguards intended to protect 
against sulfidation-induced failure of carbon steel piping could have been recommended.  

32

                                                      
i Corrosion allowance refers to extra wall thickness added as a safety factor to the design of a piece of equipment 
beyond that needed solely for mechanical considerations such as design temperature and pressure.  This extra 
thickness is provided to accommodate for expected loss of wall thickness due to corrosion over the life of the 
equipment. 

  Had the 
Cal/OSHA regulation required documentation of the effectiveness of safeguards, Chevron would 
have been obligated to conduct this analysis and Cal/OSHA inspectors could rely on the 
regulation for support during inspections.   
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Operational Changes 

37. The original design of the 4-sidecut circuit included equipment which had the effect of removing 
dissolved hydrogen sulfide, the most aggressive sulfur compound associated with sulfidation 
corrosion, from the 4-sidecut light gas oil process fluid.  As a result, the 4-sidecut equipment 
was effective in reducing the sulfidation corrosion rate.  This allowed the 4-sidecut equipment to 
be constructed of carbon steel.  In 1991, this 4-sidecut equipment was taken out of service.  No 
management of changei

38. Crude oil feedstock used at the Chevron Richmond Refinery is obtained from a variety of 
different sources that are blended before processing.  These various crudes have different 
compositions, such as varying sulfur compounds and concentrations.  These crudes can have 
differing corrosion effects on process equipment and piping.  There is an increasing trend in 
crude oil refining to process less expensive “opportunity crudes” because they can provide 
significant cost savings to the company.

 (MOC) was performed to analyze the effect of the elimination of this 
hydrogen sulfide-removing equipment on 4-sidecut corrosion rates.  Such an MOC would have 
ensured that the increase in sulfur concentration on the carbon steel 4-sidecut piping was 
reviewed prior to removing the equipment. 

ii  However, these crudes may contain more undesirable 
characteristics such as high sulfur content, high naphthenic acid content, or very heavy 
hydrocarbons33

                                                      
i Management of change requires that employers have procedures to manage changes to process chemicals, 
technology, equipment, and procedures.  The procedures must address the technical basis for the change, the impact 
on safety and health, and training required for employees affected by the change. 

 that a refinery may not have been originally designed to process.  Refinery 
equipment may not be the proper material of construction to achieve the design life of the 
equipment when exposed to the different operating conditions.  Additional mitigation may be 
needed to reduce risk.  In 1984, the Chevron Richmond Refinery crude oil feed contained 
approximately 85 volume %  Alaskan North Slope (1 wt. %) crude oil.  As the refinery began 
running more high-sulfur content crudes, the sulfur content in the 4-sidecut line steadily 
increased (Figure 14), as discussed below.  

ii Crude oil costs can account for up to 90% of the operating costs in a refinery.  See Qu, Dingrong, Xiaohui Liu, Xiu 
Jiang, Zhenggui Lan, and Guangbin Shan.  “Setting Critical Operational TAN and Sulfur Level for Crude 
Distillation Units.” Corrosion 2011 Conference & Expo.  Paper No. 11362. NACE International, 2011.    
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Figure 14. Graph shows the percentage increase from 1984 values of the sulfur content in 
the 4-sidecut.  

39. When Chevron introduces a new crude, an MOC is generated to evaluate the potential impact on 
the refinery.i

40. The CSB found that increased Chevron Richmond usage of non-domestic crude feed stock over 
time resulted in higher sulfur content in the process fluid passing through the 4-sidecut piping.  
Specifically, the percentage of sulfur in the Richmond refinery crudes increased nearly 85% 
between 1984 and 2012, including a significant jump of 32% from 1998 to 1999.  This increase 
in sulfur content corresponded with a simultaneous increase in the usage of non-domestic crude 
feed at the Richmond refinery.  

   While Chevron stayed under its established crude unit design basis for total wt. % 
sulfur of the blended feed to the crude unit, the sulfur composition significantly increased over 
time.  Historic data indicates that the sulfur in the 4-sidecut stream has increased from 0.8 to 1.6 
wt%.  This increase in sulfur composition likely increased corrosion rates in the 4-sidecut line. 
Chevron did not conduct an MOC analyzing the impact that increases in sulfur composition 
would have on corrosion in the crude unit.  Chevron also did not change its corrosion monitoring 
programs in response to the increased sulfur content.   

                                                      
i Chevron MOCs on new crudes considered general operational issues but did not analyze corrosion effects from 
sulfidation corrosion.   
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41. Sulfidation corrosion rates increase in piping circuits as temperature and sulfur content increase. 
Accordingly, the 4-sidecut sulfidation corrosion rate increased between 1984 and 2012 due to 
the increase in sulfur content in the line.  The CSB found that for the 26-year period from the 
installation of the piping in 1976 through 2002, the 52-inch 4-sidecut component had lost 
approximately 33 percent of its wall thickness.  From the single inspection of the 52-inch 
component in 2002 to the incident in 2012 – just ten years – an additional 57 percent of the 
original component nominal wall thickness was lost near the rupture location due to sulfidation 
corrosion.i

42. API RP 939-C states that refinery feed stock changes reduce the relevance of past inspection 
data when predicting future corrosion rates:  

   In addition to the sulfur content increase, the 4-sidecut draw temperature increased 
from 625 °F in 1992 to 680 °F in 2002.  Corrosion rates and remaining life calculations based on 
past sulfur content and temperatures may not accurately reflect current corrosion rates if process 
conditions have changed.  Inspection based on historical corrosion rates may be too infrequent to 
detect an increase in corrosion caused by adverse changes in process conditions, potentially 
leading to equipment failure.  

Oil refineries that processed a consistent diet of a particular crude oil or 
crude blend could often base future predictions on past experience. 
However, over the past 20+ years, global economics have resulted in 
many refineries processing tens of different crudes in any given year; 
thus, minimizing the accuracy, or even feasibility, of predictions based 
on historical data.  Additionally, the verification of the actual corrosion 
rate experienced while processing a specific crude oil is very difficult.34

43. API 570 Piping Inspection Code: In-service Inspection, Rating, Repair, and Alteration of Piping 
Systems, the API standard for inspecting piping, recommends companies to incorporate process 
changes into inspection programs.  The standard states:  

 

The owner/user is … responsible for implementing an effective MOC 
process that will review and control changes to the process and to the 
hardware.  An effective MOC process is vital to the success of any 
piping integrity management program in order that the inspection group 
will be able to anticipate changes in corrosion or other deterioration 
variables and alter the inspection plan to account for those changes.  The 
MOC process shall include the appropriate materials/corrosion 
experience and expertise in order to effectively forecast what changes 
might affect piping integrity.  The inspection group shall be involved in 
the approval process for changes that may affect piping integrity. 

                                                      
i The 4-sidecut 52-inch component had an original wall thickness of 0.322 inches.  Metallurgical analysis found the 
thinnest portion of the 52-inch 4-sidecut component was 0.03 inches.   
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Changes to the hardware and the process shall be included in the MOC 
process to ensure its effectiveness [emphasis added].35

Chevron failed to comply with the requirements of API 570 when it did not conduct an 
MOC to thoroughly evaluate the change of increasing sulfur weight percentage in crude 
oil feed and to assess how it might affect corrosion rates within the 4-sidecut piping 
circuit.  After the August 6, 2012, incident, Cal/OSHA inspected the Chevron 
Richmond Refinery and issued citations.

  

i

Chevron Sulfidation Corrosion Inspection and Mitigation 

  However, Cal/OSHA did not issue any 
citations for failing to perform an MOC when sulfur composition in the crude oil feed 
was increased. 

44. In the ten years prior to the incident, a small number of Chevron personnel with knowledge and 
understanding of sulfidation corrosion made at least six recommendations (listed in the 
following six paragraphs and included in Figure 15) to increase inspections or upgrade the 
metallurgy in the 4-sidecut piping.  The recommendations made by these personnel were not 
implemented by Chevron management.  

 

Figure 15. Key events at the Richmond refinery between 1998 and 2013. 

                                                      
i Cal/OSHA citations issued January 30, 2013. 
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45. In August 2002, a Chevron Richmond Refinery employee performed a study analyzing 
sulfidation corrosion rates in the crude unit and identifying potentially vulnerable areas.  The 
employee discovered that the 4-sidecut operating temperature had been increased and concluded 
that this increase would cause more hydrogen sulfide to evolve, leading to increased sulfidation 
corrosion rates.  As a result of these findings, the employee recommended increased inspection 
of the 4-sidecut piping and noted that this piping might need to be upgraded from carbon steel to 
5-Chrome, a steel alloy that is more resistant to sulfidation corrosion.  In 2002, proactively 
following up on this study, the crude unit inspector conducted additional piping inspection and 
identified accelerated corrosion in the 52-inch 4-sidecut component.  The inspector 
recommended upgrading this piping during the next shutdown in 2007.  In the inspector’s 2002 
accomplishments, Chevron management acknowledged this effort to prevent a significant 
incident; it was characterized as “a save.”  However, during the 2007 turnaround the 
recommendation was not implemented, and because a CML was not added to the inspection 
program, the 52-inch component was not inspected after 2002. 

46. In February 2006, a team consisting of a materials and corrosion engineer, an inspector, a 
process engineer, a metallurgist, and a design engineer issued a Corrosion Mitigation Plan for 
the Chevron Richmond Refinery crude unit.  The report specifically identified the 4-sidecut 
piping to be at risk for high temperature sulfidation corrosion.  The report described that low 
silicon carbon steel can corrode faster than carbon steel manufactured with higher silicon 
content, and recommended that 100 percent inspection be performed on the 4-sidecut line using 
continuous monitoring technology.  During the 2007 crude unit turnaround, continuous 
monitoring probes were only installed on a segment of the 4-sidecut line that did not include the 
52-inch component that ultimately failed.  The 100 percent inspection recommended in the 2006 
Corrosion Mitigation Plan was not performed. 

47. During the 2007 turnaround, the crude unit inspector recommended that the refinery upgrade the 
entire 4-sidecut piping with 5-Chrome.  The recommendation was based on findings obtained 
during the 2002 crude unit turnaround, where the crude unit inspector found that the 52-inch 4-
sidecut component had lost one-third of its wall thickness due to corrosion.  However, after 
evaluation, this recommendation was not accepted by the turnaround planning team.  Basing its 
decision on limited inspection data, Chevron determined that the 8-inch portion of the 4-sidecut 
piping that ran from the atmospheric column to the pump, the portion which included the 52-
inch component, had sufficient wall thickness to last to the next turnaround scheduled for Fall 
2011.i

                                                      
i This decision was made without reinspecting or evaluating the thickness of the thinned 52-inch component 
identified in 2002 that prompted the recommendation.  

  The piping downstream of the pump, which operates at a higher pressure, was 
determined not to have sufficient wall thickness to last to the next turnaround.  This piping was 
removed and replaced with 9-Chrome, an upgraded and inherently safer metallurgy.  The 52-
inch component of the 8-inch piping between the atmospheric column and the pump was not 
replaced during the 2007 turnaround even though it had been identified as thinned in 2002. 
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Furthermore, a permanent CML was not placed on the 52-inch component, and it was not 
entered into the inspection database.  As a result, the component was not inspected again. 

48. In September 2009, Chevron ETC corrosion experts released a formal technical report 
discussing sulfidation corrosion and the specific issues associated with carbon steel, including 
the potential for high corrosion rates in carbon steel piping containing low percentages of 
silicon.  In its report, Chevron ETC issued recommendations for inspection and provided 
guidelines for prioritizing piping circuits susceptible to sulfidation corrosion so that high-risk 
lines could be evaluated first.  It was recommended that 100 percent component thickness testing 
be completed on all high priority lines one time to identify thin, low-silicon components to 
establish a baseline of corrosion rate and risk for failure.  Following the release of the report, the 
Chevron Richmond Refinery materials group completed the risk-ranking of the carbon steel 
piping in the Richmond Lube Oil Project (RLOP) and in the crude unit, two units known to be 
susceptible to sulfidation corrosion.  The group identified the crude unit 4-sidecut line as a high 
risk line per the report ranking guidance.  Instead of completing the 100 percent component 
inspection, the 4-sidecut was recommended for replacement with 9-Chrome.  However, the 
replacement recommendation was denied because the available, limited inspection data indicated 
the piping would last until the next turnaround.  Subsequently, the alternative 100 percent 
component inspection was also never performed.  

49. Five months prior to the incident in March 2012, a Chevron corporate review of Richmond 
identified that inspection of all carbon steel components susceptible to sulfidation corrosion was 
not being performed at the Richmond refinery.  In addition to identifying that CMLs were not in 
the proper locations, this corporate review found that critical inspection recommendations were 
being submitted to the shutdown planning process, but were being denied.  Chevron corporate 
identified that Richmond refinery leadership needed to review and implement the 2009 Chevron 
ETC report recommendations. 

50.  Chevron conducts “Intensive Process Reviews” prior to turnarounds.  This process involves 
knowledgeable individuals including Business Improvement Network leaders, process engineers, 
metallurgical engineers, design engineers, and turnaround planners.  The purpose of the review is 
to identify key unit issues that should be addressed and repaired during the unit turnaround.  Prior 
to the 2011 crude unit turnaround, Chevron personnel conducted an Intensive Process Review of 
the crude unit and specifically recommended that the 4-sidecut carbon steel piping “should be 
upgraded to 5 Cr [5-Chrome]… due to sulfidation.”  Although the Intensive Process Review 
identified sulfidation problems in the 4-sidecut line, this activity was ineffective.  The 4-sidecut 
piping was not upgraded during the 2011 crude unit turnaround.    

51. In preparation of the work list for the 2011 crude unit turnaround, the crude unit inspector and 
crude unit metallurgist recommended that the 4-sidecut line be replaced with an upgraded 
metallurgy, 9-chrome, the metallurgy recommended in the Chevron new construction guidelines 
for piping in high temperature and high sulfur service.  The recommendation was based on the 
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high priority ranking of the 4-sidecut line, corrosion history, and both Chevron and industry 
recommended best practice.  However, the turnaround management team determined that the 
inspection data available for the 4-sidecut piping, from CMLs on elbow components which are 
less prone to sulfidation corrosion, did not support a material upgrade during the 2011 
turnaround.i, ii

                                                      
i This decision was made without reinspecting or evaluating the thickness of the 52-inch component identified in 
2002.  

  The lack of data on the more susceptible 4-sidecut straight-run piping components 
was not considered.  

ii A portion of the 4-sidecut 12-inch line was replaced during the 2011 turnaround with carbon steel due to thinning 
caused by sulfidation corrosion. 
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Inherently Safer Systems 

52. The Center for Chemical Process Safety (CCPS) is a corporate membership organization that 
identifies and addresses process safety needs within the chemical, pharmaceutical, and 
petroleum industries.36  Chevron is a corporate member of CCPS.37  The CCPS book Inherently 
Safer Chemical Processes, 2nd ed. defines inherently safer design as the process of identifying 
and implementing inherent safety in a specific context that is permanent and inseparable.38  In 
the book Guidelines for Engineering Design for Process Safety, 2nd ed., CCPS states “inherently 
safer design solutions eliminate or mitigate the hazard by using materials and process conditions 
that are less hazardous.”39

53. Inherently safer technologies are relative; a technology can only be described as inherently safer 
when compared to a different technology with regard to a specific hazard or risk.

 

40  A 
technology may be inherently safer with respect to one risk but not safer from another risk.  For 
this reason, it is important to carry out a comprehensive, documented hazard analysis to 
determine the individual and overall risks in a process and assess how the risks can be 
effectively minimized to control hazards.  An inherently safer systems review details a list of 
choices offering various degrees of inherently safer implementation.  The review should include 
risks of personal injury, environmental harm, and lost production, as well as evaluating 
economic feasibility.41

54. It is simpler, less expensive, and more effective to introduce inherently safer features during the 
design process of a facility rather than after the process is already operating.

 

42

55. After a 2007 incident caused by a pipe failure in the Richmond refinery crude unit, Chevron 
implemented an “Inherently Safer Solution” by upgrading the piping to metallurgy that was less 
susceptible to sulfidation corrosion.  However, the change was implemented intuitively without 
a supporting inherent safety review or failure mechanism hazard review to provide a detailed 
documented technical rationale for the metallurgy selection.  Without such a review, the material 
selected cannot be analyzed to determine if it is the best inherently safer solution for the process 
in order to minimize risk.     

  Process upgrades, 
rebuilds, and repairs are additional opportunities to implement inherent safety concepts.  
Conducting a comprehensive hazard review to determine risks and identify ways to eliminate or 
reduce risks is an important step in implementing an inherently safer process.  Chevron training 
programs on inherently safer systems reflect this approach, stating “we have the greatest 
opportunity to eliminate or minimize hazards during the development phase of new projects or 
major revamps of existing facilities.”  
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56. Following the August 6, 2012, incident, the 4-sidecut piping circuit at the Richmond refinery 
was upgraded from carbon steel to 9-Chrome.i  However, Chevron did not produce a 
documented inherently safer hazard review before commencing the rebuild of the crude unit. 
The crude unit at the Chevron El Segundo refinery is nearly identical in construction and design 
to the Richmond refinery crude unit.  Chevron informed the CSB that piping downstream of the 
4-sidecut pumps in the 4-sidecut piping circuit at the El Segundo refinery was upgraded in 2001ii

57. An effectiveness ranking of techniques used to control hazards and the risk they represent can be 
described as a hierarchy of controls.  The further up the hierarchy, the more effective the risk 
reduction achieved (Figure 16).  All concepts in the hierarchy of controls should be included in 
the process of risk assessment and reduction.  Upgrading metallurgy to a more corrosion 
resistant material may be a high ranking, inherently safer choice for certain corrosion 
mechanisms, such as sulfidation corrosion.  Holding other variables constant, upgrading the 
material of construction may reduce the severity of corrosion and the likelihood of a failure. 

 
from carbon steel to stainless steel.  As stated previously, after the August 6, 2012, Richmond 
incident, the 4-sidecut piping upstream of the 4-sidecut pumps at the El Segundo refinery was 
upgraded from carbon steel to 9-Chrome.  Had a comprehensive inherently safer systems review 
been conducted at the Richmond refinery following the August 6th incident, a different 
metallurgy, such as stainless steel which was installed at the Chevron El Segundo Refinery, may 
have been identified as inherently safer than 9-Chrome with respect to sulfidation corrosion.  

 

Figure 16. Hierarchy of controls.  The boxes reflect inherently safer controls from left to 
right, based on Process Plants: A Handbook for Inherently Safer Design Second Edition; 
Kletz, Trevor Amyotte, Paul; CRC Press 2010. 

58. Chevron employees have recommended implementing inherently safer designs through the 
MOC process, incident investigations, technical reports, and recommendations from employees 
in the past.  However, the CSB has not identified any documented, thorough analysis of the 
proposed inherently safer solutions.  In addition, Chevron has repeatedly failed to implement 
proposed inherently safer recommendations.  For example, following the discovery of significant 
4-sidecut piping sulfidation corrosion in 2002, a Chevron inspector issued the following 
recommendation to replace the piping in the 2007 turnaround: 

 
                                                      
i After the 2012 incident, the Richmond refinery stated that stainless steel was susceptible to chloride stress 
corrosion cracking and should not be used. 
ii Chevron verbal estimate for date of piping installation. No MOC was conducted to review and document this 
change. 
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The #4 sidecut piping from C-1100 to P-1149/A to E-1113 was RT (x-
ray) inspected for hot H2S [sulfidation] corrosion.  The piping is actively 
corroding, particularly on the section on the discharge line from the 
pumps near the exchanger; the line upstream of the P-1149/A pumps is 
corroding as well.  Corrosion rates indicate that the piping has 4 years of 
remaining life until the refinery throwaway thickness of 0.14” [inch] is 
reached.  The carbon steel piping is currently running at temperatures 
between 650 °F on the pump suction line to 641 °F on the line just before 
E1113; the upper limit for carbon steel piping in this service is 550 °F.  A 
materials upgrade to 5 chrome would raise the upper limit to between 
650-750 °F.  Additionally, the ABCR piping loop from the same sidecut 
draw line off of the column to P-1148/A to E-1111 is also carbon steel 
and operates at the same temperatures, rendering the ABCR piping 
system to E-1111 susceptible to hot H2S corrosion as well. 

INFORMATION 

Replace the existing #4 sidecut piping noted above from C-1100 through 
P-1149/A to E1113 and P-1148/A to E-1111 (approximately 700’[feet] 
of 12”, 10”, 8” and 6”piping, plus some 4”and 3” at the P-1149/P-1148 
suction/discharge headers).  Upgrade the pipe material from carbon steel 
to 5 chrome.  

Recommendation 

To implement this recommendation, Chevron initiated an MOC in 2006 to replace the piping 
during the 2007 Turnaround.   However, the MOC supporting documents had a narrowed scope 
to only replace the section of piping from P-1149/A pumps to the E-1113 heat exchanger 
because Chevron reduced the work scope during the 2007 turnaround planning process.  The 
Description of Change in the MOC stated:  

Existing line is carbon steel in a hot service that operates in the range 
where high temperature sulfadation [sic] occurs.  The line has been uti 
inspected and found to be nearing tminii

Contradicting this Description of Change detailing a replacement of the entire 4-sidecut piping 
circuit, the MOC Summary Review and attached documentation only authorized replacement of 
the piping from the P-1149’s to E-1113.  The MOC states: 

 requiring replacement.   Due to 
the higher temperature 9CR [9-Chrome] would be the prefered [sic] 
material. 

                                                      
i UT is an abbreviation used to indicate ultrasonic thickness testing inspection technique. 
ii Tmin is an abbreviation used to indicate minimum required piping wall thickness. 
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4 S/C piping has been operating hotter in recent years.  The hotter 
temperatures 550 °F are in the high temperature sulfadation [sic] range. 
Additionally the section of 4 S/C piping from P-1149' s to E-1113 has 
been found to be nearing tmin. 

The section of pipng [sic] from P-1149’s to E-1113 will be replaced with 
9 Cr [9-Chrome] piping. 

As a result, the portion of the piping containing the 52-inch component that failed on August 6th 
remained in service.  Although the recommendation was intended to more broadly apply 
inherently safer materials of construction, the final implementation by the MOC limited the 
application of this more corrosion resistant metallurgy.i

59. In 2007, the Chevron Richmond Refinery conducted training to teach employees about the 
importance of complying with the City of Richmond’s Industrial Safety Ordinance (RISO)

  Again, the inherently safer, more 
corrosion resistant, metallurgy was not implemented more broadly in crude unit high 
temperature service.  Other examples are discussed above in the section entitled Chevron 
Sulfidation Corrosion Inspection and Mitigation. 

ii 
inherent safety guidance.  The training states “we should always strive to implement inherently 
safer strategies to the greatest extent feasible.”  However, Chevron did not regularly or 
rigorouslyiii apply inherently safer design strategies in opportunities including PHAs, MOCs, 
incident investigation recommendations, and during turnarounds.iv

60. Chevron uses an inherently safer design checklist

  

v

                                                      
i As discussed earlier, only the section of piping downstream of the pumps was replaced with 9-Chrome. 

 for PHAs to meet inherently safer systems 
analysis requirements of the RISO.  The checklist, provided by Contra Costa County, is intended 
to aid identification of opportunities to implement inherently safer design during the PHA 
process.  The checklist was intended to stimulate discussion and analysis of potential 
opportunities to implement inherently safer design.  Contra Costa County’s guidance on the IST 
checklist states that some items may need to be reviewed by a team that is outside the PHA team 
in order to involve people with the required expertise.  Chevron utilized the Contra Costa 
County inherently safer technologies checklist (IST Checklist) during the 2009 crude unit PHA.  

ii The RISO will be discussed in more detail in the Regulatory Oversight section below.   
iii Chevron does not utilize inherent safety guidewords or checklists during the MOC or incident investigation 
process.  Inherently safer guidewords help direct the inherently safer review process.  Examples of guidewords 
include minimization, substitution, moderation, and simplification.  These words may be applied to materials, 
product inventory, process controls, process piping, and siting, among others.  See Center for Chemical Process 
Safety (CCPS). “Inherently Safer Chemical Processes – A Life Cycle Approach.”  2nd ed., Table 8.3, 2009.   
iv As stated in the Regulatory Oversight section below, Chevron is only required to conduct inherently safer design 
strategies during PHAs and for the construction of new processes.    
v Contra Costa County’s guidance document entitled “Attachment C: Inherently Safer Systems Checklist” is 
provided as a tool for facilities to utilize during the PHA process.  The actual use of the checklist is not required.  
See http://cchealth.org/hazmat/pdf/iso/attachment_c.pdf (accessed April 17, 2013).   

http://cchealth.org/hazmat/pdf/iso/attachment_c.pdf�
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However, only three permissively wordedi inherently safer system recommendations were made, 
none of which addressed sulfidation corrosion or piping metallurgy.  In addition, Chevron 
performed the checklist analysis using the same individuals who conducted the PHA despite 
Contra Costa County’s guidance to involve other personnel with additional expertise.  
Performing a superficial analysis, Chevron failed to adequately consider inherently safer systems 
like improved metallurgy for corrosion resistance.  For instance, the checklist prompted: “Use 
corrosion resistant material?”  In response, Chevron stated that “vessel specifications and piping 
classifications include a conservative wall thickness and an appropriate corrosion allowance for 
each service.”  No mention is given to improving metallurgy to reduce corrosion.  There is also 
no documented analysis regarding potential materials with enhanced corrosion resistance.  There 
was no documentation of the inherently safer technologies analysis, and no inherently safer 
alternatives were documented.  The checklist as applied by Chevron was a “check-the-box” 
exercise.  Chevron Richmond PHAs were thus not an effective means of driving inherent safety.  
The table below gives a sample of the IST checklist questions along with the associated Chevron 
responses.ii

Contra Costa County Checklist Question 

      

Chevron IST Analysis 

Use Corrosion resistant materials? 
Vessel specifications and piping classifications 
include a conservative wall thickness and an 
appropriate corrosion allowance for each service. 

Use smallest diameter piping? Piping sizes are the smallest possible for the capacity 
of the unit. 

Substitute less hazardous raw materials? Raw materials in use are of minimal hazard. 

Dilute hazardous raw materials? Raw materials currently dilute where applicable. 

Minimize off-site impacts? 
#4 Crude Unit is located at a distance from public 
areas. 

Easy operation of valves designed to prevent 
inadvertent error? 

In general, valves are arranged in a logical manner. 

Increasing wall strength? 
Piping classifications include a conservative wall 
thickness and an appropriate corrosion allowance for 
each service. 

 

61. Contra Costa County inspected the Chevron Richmond Refinery in 2011, auditing Chevron’s 
implementation of the county’s inherently safer systems analysis requirements in the PHA 
process.   The inspectors determined that Chevron’s PHAs “follows the requirements specified 
by … ISS [inherent safety systems] guidelines.”  This approval by Contra Costa County 

                                                      
i All began with “consider” and two began with “consider evaluating” which does not require any action by 
Chevron. 
ii The comprehensive list of IST checklist questions and Chevron’s corresponding answers are provided separately 
on the CSB website.   
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conveyed to Chevron that the regulator considered that Chevron’s minimal analysis of 
opportunities to implement inherently safer design, its “check-the-box” exercise, was sufficient.  

62. Effectively implementing inherently safer technology provides an opportunity for preventing 
major chemical incidents.  The August 6, 2012, incident at Chevron and other incidents43

63. It is essential that MOCs incorporate hazard analyses and the assessment of opportunities to 
implement inherently safer systems.  This process can be assisted through the use of guidewords 
to trigger the thought process.  CCPS states that “by including inherent safety guidewords in a 
management of change program, the MOC protocol recognizes inherent safety as both a driving 
force for - and as an opportunity during - implementation.”

 
throughout the refining industry highlight the difficulty in preventing failure caused by 
sulfidation corrosion in low silicon carbon steel piping solely through inspection, a procedural 
safeguard that is low on the hierarchy of controls.  Using inherently safer design concepts to 
avoid issues such as variation in corrosion rate in carbon steel piping due to hard-to-determine 
silicon content will reduce future similar failures in refineries.  Chevron and other process 
plants’ implementation of inherently safer systems to the greatest extent feasible would provide 
a higher degree of protection from incidents like the one that occurred on August 6, 2012.  

44

64. Layer of Protection Analysis (LOPA) is a well-recognized hazard analysis methodology that is 
intended to determine if a sufficient number of safeguards or layers of protection exist to protect 
against a particular hazard or accident scenario.

  

45  As the potential consequence of a particular 
scenario increases, the number of safeguards or protection layers must increase to reduce the risk 
of the scenario to what is considered an acceptable or tolerable level.46  LOPA can be used to 
help an organization decide if the risk of a scenario or hazard has been reduced to a level that is 
“as low as reasonably practicable” (ALARP).47  ALARP is a risk reduction goal, where risk 
reduction efforts are continued until the incremental effort to further reduce risk becomes grossly 
disproportionate to the level of additional risk reduction.48  By rigorously reviewing accident or 
hazard scenarios, evaluating the potential consequence of the scenario, and identifying the 
safeguards or layers of protection necessary to drive risk to as low as reasonably practicable, 
LOPA becomes an effective organizational tool for implementing a Process Safety Management 
(PSM) mechanical integrity program.49  LOPA also helps an organization decide which 
safeguards to focus on during operation, maintenance, and training.i, 50  In addition, the LOPA 
methodology includes provisions allowing an organization to determine the availabilityii and 
effectiveness of a safeguard or layer of protection in reducing the risk of a potential scenario.51

                                                      
i Chevron is a member of CCPS and peer-reviewed the CCPS LOPA publication.  See Center for Chemical Process 
Safety (CCPS). “Layer of Protection Analysis – Simplified Process Risk Assessment,” page xiv, 2001. 

  

ii The probability that a system will be able to perform its designated function when required for use. Another term 
frequently used is Probability of Failure on Demand (PFD).  Availability = 1 - PFD. See Center for Chemical 
Process Safety (CCPS), “Guidelines for Safe Automation of Chemical Processes,” page XIX, 1993. 
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Regulatory Oversight 

65. The Contra Costa County Industrial Safety Ordinance (ISO) requires that regulated facilitiesi

66.  The purpose of the ISO is to “prevent accidental release of hazardous chemicals; improve 
accident prevention by soliciting participation from industry and the community; require 
industry to submit a Safety Plan; and conduct audits of the plan and inspections of the industrial 
plants.”

 
within the county implement safety programs to prevent chemical incidents.  Since the ISO took 
effect in January 1999, Contra Costa County has continued to make improvements to the 
implementation of the prevention program’s elements. 

52

67. Although the City of Richmond is located in Contra Costa County, the county does not have 
jurisdiction over industrial facilities located within the city limits.  Thus, the ISO is not 
enforceable within the City of Richmond.  On December 18, 2001, the City of Richmond 
adopted its own industrial safety ordinance (RISO), based on the ISO.

 

ii, 53  The RISO covers the 
two facilities located within the City of Richmond: Chevron and General Chemical West 
Richmond Works.54  Pursuant to an agreement between the two parties, Contra Costa County 
inspects these two facilities and implements the RISO for the City of Richmond.55

68. The ISO and RISO contain identical provisions that address the use of inherent safety concepts.  
Each defines “inherently safer systems” as “feasible alternative equipment, processes, materials, 
lay-outs and procedures meant to eliminate, minimize, or reduce the risk of a major chemical 
accident or release by modifying a process rather than adding external layers of protection.”

  

56

For all covered processes, the stationary source shall consider the use of 
inherently safer systems in the development and analysis of mitigation 
items resulting from a process hazard analysis and in the design and 
review of new processes and facilities.  The stationary source shall select 
and implement inherently safer systems to the greatest extent feasible.  If 
a stationary source concludes that an inherently safer system is not 
feasible, the basis for this conclusion shall be documented in meaningful 
detail.

  
Both regulations also require that:  

57

                                                      
i The ISO applies to oil refineries and chemical plants within the county jurisdiction that are required to submit a 
Risk Management Plan to EPA and are program level 3 stationary sources as defined by the California Accidental 
Release Prevention (CalARP) Program.  There are seven facilities covered by the ISO, five of which are refineries.  
See 

 

http://cchealth.org/hazmat/iso/ (accessed April 17, 2013).   
ii At the time of the August 6th incident, the RISO did not include amendments made to the ISO in 2006.  The 2006 
amendments required an expansion of human factors programs, expanded management of organizational change 
reviews, security vulnerability analyses, and safety culture assessments.  These amendments were subsequently 
adopted by the City of Richmond in February 2013. See http://cchealth.org/hazmat/iso/  (accessed on April 9, 2013). 

http://cchealth.org/hazmat/iso/�
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69. The apparent intent of the ISO and RISO regulations is to require companies to evaluate their 
processes in order to identify opportunities to implement inherently safer systems.  However, the 
plain language contained within these regulations conflicts with this intent.  Both regulations 
contain the following permissive language: “the stationary source shall consider the use of 
inherently safer systems…”58

70. The language within the ISO and RISO regulations also requires effective action to implement 
inherently safer systems “to the greatest extent feasible.”

  This language does not require companies to conduct a 
comprehensive analysis and implement inherently safer systems even where feasible.  It only 
requires such an analysis be considered.  The regulations allow companies to merely engage in 
an activity contemplating the potential use of inherently safer systems.  

59 If an inherently safer system is not 
implemented, the regulations require that the basis for this decision be “documented in 
meaningful detail.” 60  However, these regulations do not require documentation supporting the 
adequacy of existing “inherently safer” 61

71. The inherently safer systems requirements of the ISO and RISO are only triggered by the 
conduct of a PHA or the construction of a new process.

 claims.  Chevron’s compliance with the RISO is 
indicative of this deficiency.  In its inherently safer systems checklist, Chevron simply 
concluded that its systems were inherently safer to the extent that no modifications were 
necessary.  However, the company offered no documentation to substantiate these claims.  Had 
the ISO and RISO regulations required analysis of inherently safer systems regardless of what 
the site already had in place, Chevron may have implemented the inherently safer 
recommendations made by technical staff to replace the 4-sidecut with an inherently safer 
metallurgy.   

62

72. The Contra Costa County PHA guidance document presents four categories of risk reduction:

  Rebuilds, repairs, MOCs, and the 
implementation of incident investigation corrective actions do not require the analysis and 
application of inherently safer systems.  

i 
inherent, passive, active, and procedural (Figure 15).ii  It states that all four categories should be 
used in the development of recommendations from process hazard analyses.63  It reiterates the 
CCPS statement that all may contribute to the overall safety of a process, but that inherent safety 
is the most effective.64  It goes on to state “The inherent and passive categories should be 
implemented when feasible for new processes and facilities and used during the review of 
Inherently Safer Systems for existing processes if these processes could cause incidents that 
could result in a Major Chemical Accident or Release.”65

                                                      
i The guidance document uses CCPS definitions for the identified categories of risk reduction. 

  This wording in the guidance 

ii Inherent risk reduction involves eliminating the hazard by using materials and process conditions that are non-
hazardous.  Passive risk reduction is defined as minimizing the hazard through process and equipment design 
features that reduce the frequency or consequence of the hazard without active functioning of any device.  Active 
risk reduction includes using controls, alarms, safety instrumented systems, and mitigation systems to detect and 
respond to process deviations from normal operation.  Procedural risk reduction achieves the lowest level of risk 
reduction and involves using policies, operating procedures, training, administrative means, emergency response, 
and management approaches to prevent incidents and minimize the effects of an incident. 



Chevron Richmond Refinery Interim Investigation Report April 2013 
 

 
48    U.S. CHEMICAL SAFETY AND HAZARD INVESTIGATION BOARD 

document demonstrates the importance Contra Costa County places on risk reduction and 
prevention such as metallurgy upgrades; however, as a guidance document, it is non-mandatory.  

73. The California Division of Occupational Safety and Health (Cal/OSHA) has jurisdiction over 
employee safety in California.66  Cal/OSHA is a division of the California Department of 
Industrial Relations and has operated a state plan industrial health and safety program since 1973 
under a delegation from the U.S. Occupational Safety and Health Administration (OSHA). 
Cal/OSHA conducts inspections of California workplaces in response to industrial accidents, 
safety complaints, or as part of an inspection program targeting specific industries.67 
Consideration of inherently safer processes is not currently a required component of any 
Cal/OSHA (or federal OSHA) standard or regulation.i

74. The State of California has promulgated process safety regulations similar to OSHA

 

68 for the 
prevention or minimization of the consequences of the accidental release of acutely hazardous 
chemicals.69  These regulations require that covered employers perform a PHA to identify, 
evaluate and control hazards involved in the process using recognized methodologies.70

75. California regulations, however, do not provide for a specific review of the effectiveness of the 
proposed safeguards to control the hazards identified in the PHA using recognized 
methodologies such as Layers of Protection Analysis (LOPA).

  

71

76. The Energy Institute, an industry technical working group

  Additionally, California 
regulations do not have any requirements for the use of inherently safer systems analysis and the 
hierarchy of controls for establishing safeguards for identified process hazards.  Cal/OSHA, like 
federal OSHA, also does not require damage mechanism hazard reviews as part of the PHA 
process.  

ii organized in the United Kingdom 
(UK), with contributions from regulators including the UK’s Health and Safety Executive 
(HSE),iii as well as other entities,iv developed a document in 2008v that provides guidance on 
damage mechanism hazard reviews in the UK’s offshore petrochemical industry.  The guidance 
states that effective management of corrosion will contribute to equipment integrity and reduce 
risk from safety and environmental hazards.72  In addition, during the design of a process, a 
corrosion review can be used to eliminate risks and achieve inherent safety.73

                                                      
i This is also the case for US EPA Risk Management Program and the California Accidental Release Prevention 
Program regulations. 

  The guidance also 

iiThe Energy Institute is the leading chartered professional membership body supporting individuals and 
organizations across the energy industry. With a combined membership of over 13,500 individuals and 300 
companies in 100 countries, it provides an independent focal point for the energy community and a powerful voice 
to engage business and industry, government, academia and the public internationally. See 
http://www.energyinst.org/about-us (accessed April 17, 2013).    
iii HSE is an independent regulator that is tasked with securing the health, safety and welfare of workers within the 
UK.  See http://www.hse.gov.uk/aboutus/index.htm (accessed April 17, 2013).   
iv Chevron Energy Technology Company (ETC) was one of roughly 30 entities recognized in the guidance 
document as providing contributions to the institute that were “key to the development of this publication…”.  See 
http://www.energyinstpubs.org.uk/pdfs/815.pdf (accessed April 17, 2013).   
v Ibid.     

http://www.energyinst.org/about-us�
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notes that damage mechanism hazard reviews should provide a structured framework for 
identifying risks associated with corrosion and developing suitable risk reduction measures.74  
These reviews should cover failure mechanisms including, but not limited to corrosion, 
environmental cracking, erosion, and mechanical damage, such as vibration induced fatigue.75  
Finally, this guidance states that a formal, documented quantitative and logic based assessment 
should be used when conducting corrosion reviews.76

77. Under a rule issued by the U.S. Environmental Protection Agency (EPA),

   

77 a facility with a 
tank, drum, pipe, or other processi that contains an extremely hazardous toxic or flammable 
substance listed at 40 CFR §68.130 in an amount above the “threshold quantity” specified for 
that substance, is required to conduct a hazard assessment as well as develop a prevention 
program and an emergency response program.  These requirements are documented in a Risk 
Management Plan (RMP) that is submitted to EPA.  Covered facilities must implement the RMP 
and update their RMPs periodically or when certain changes occur.  The goal of EPA’s Risk 
Management Program is to prevent accidental releases of substances that can cause serious harm 
to the public and the environment from short-term exposures, and to mitigate the severity of 
releases that do occur.78

78. The EPA RMP program provisions build on the planning and preparedness groundwork laid by 
the  Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA).  EPCRA 
establishes requirements for federal, state, and local governments, as well as industry, regarding 
emergency planning and “Community Right-to-Know” reporting on hazardous toxic chemicals.  
EPCRA “help[s] increase the public’s knowledge and access to information on chemicals at 
individual facilities, their uses, and releases into the environment.”

  

79  According to the U.S. 
EPA’s Chemical Emergency Preparedness and Prevention Office,ii

Both EPCRA and the CAA [Clean Air Act] section 112(r) Risk 
Management Program encourage communication between facilities and 
the surrounding communities about chemical safety and chemical risks.  
Regulatory requirements, by themselves, will not guarantee safety from 
chemical accidents.  Information about hazards in a community will 
allow local emergency officials and the public to work with industry to 
prevent accidents.

 transparency between 
industry and the public will improve community safety: 

80

                                                      
i “Process” means “any activity involving a regulated substance including any use, storage, manufacturing, handling, 
or on-site movement of such substances, or combination of these activities…”  40 CFR §68.3 (1997).  

 

ii In 2004, the U.S. EPA’s Chemical Emergency Preparedness and Prevention Office was merged with the Superfund 
Emergency Response Program and Oil Spill Prevention Program to form the Office of Emergency Management, or 
OEM.  OEM works with other EPA partners, federal, state, and local agencies, and industry to prevent accidents and 
maintain and provide superb response capabilities.  See http://www.epa.gov/oem/about.htm (accessed April 17, 
2013).   

http://www.epa.gov/oem/about.htm�
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The CCPS also notes that governments and advocacy organizations have been 
successful in driving performance improvement by using public disclosure to 
make safety information available to the public.81

79. Under the RMP program’s hazard assessment requirement, a facility must prepare a worst-case 
release scenario analysis

 

82 and complete a five-year accident history.83  A covered facility must 
also develop and implement an emergency response program that includes procedures for 
informing the public and local agencies about accidental releases and procedures and measures 
for emergency response after an accidental release.84

80. Workforce involvement is a key element of process safety and effective chemical accident 
prevention.  In the Center for Chemical Process Safety publication, Guidelines for Risk Based 
Process Safety, it lists workforce involvement as one of 20 essential management systems 
necessary to reduce process safety risks and prevent chemical accidents.

  Officials and the public, including local 
emergency planning committees (LEPCs) can use this information to understand the chemical 
hazards in the community and then work with industry to address and mitigate those 
hazards.   With both EPCRA and the Risk Management Program, the regulatory purpose and 
substantive provisions emphasize the importance of transparency, sharing of process safety data, 
and public participation to prevent chemical accidents.  The CSB notes that post-incident, during 
the decision-making related to piping repairs to the crude unit, the public, worker 
representatives, regulators, and governmental bodies played a key role driving transparency, 
accountability, and improved risk reduction.   

85

…workers are potentially the most knowledgeable people with respect to 
the day-to-day details of operating the process and maintaining the 
equipment and facilities and may be the sole source for some types of 
knowledge gained through their unique experiences.  Workforce 
involvement provides management a mechanism for tapping into this 
valuable expertise.

  CCPS states that: 

86

This CCPS publication discusses general areas of workforce involvement in risk assessments, 
inspections, audits, and performance reviews.  The CCPS notes that participation leads to 
empowerment, management responsiveness, and process safety performance improvement. 

 

87  
The OSHA PSM Standard emphasizes the importance of participation by workers and their 
representatives.  It requires employers to develop a written plan of action, consult with 
employees, and make available all process safety information. 88  In previous investigation 
reports, the CSB has identified that workers and their representatives play a very important role 
in major incident prevention.  For example, in the BP Texas City oil refinery investigation 
report, the CSB recommended that BP and the United Steelworkers International Union (USW) 
establish a joint program to report incidents and near misses, and to ensure that 
recommendations made during investigations were implemented.  The CSB also recommended 
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that API and the USW work together to develop a safety standard addressing leading and 
lagging process safety indicators. i

81. In July 2012, the CSB held a public hearing on process safety indicators

 

ii to explore how 
companies and regulators use process safety metrics to manage risks and drive continuous safety 
improvements.  During this hearing the CSB stated that, following the 2005 BP Texas City 
accident, both the CSB and Baker Paneliii

82. Process safety management systems are critical for reducing process safety incidents.  Process 
safety indicators are a significant element of these systems.  Indicators measure the strengths and 
weaknesses of process safety management systems, to achieve and maintain safe and reliable 
operations. 

 reports noted the lack of focus by BP on process safety 
and inadequate performance measurement indicators.  The CSB also noted that one goal of 
process safety indicators is to drive continuous process safety improvement, and that regulators 
can utilize these indicators to focus inspections, audits, and investigations.   

89  Properly selected and managed indicators will identify the successes and point out 
the flaws of the system.90

83. In 2008, the CCPS published a guidance document for the development of leading

 

iv and laggingv 
process safety indicators to assist industry in avoiding catastrophic chemical incidents.91  While 
process safety indicators are an important tool for major accident prevention, the simple activity 
of identifying and recording process safety metrics will not drive process safety improvement.  
CCPS notes that these metrics must be “collected, analyzed, communicated, understood, and 
acted upon.”92

84. The UK HSE has published a guidance document to help chemical and major hazard industries 
develop process safety indicators.  HSE states that:  

   

Most systems and procedures deteriorate over time, and system 
failures discovered following a major incident frequently 
surprise senior managers, who sincerely believed that the 
controls were functioning as designed.  Used effectively, process 

                                                      
i Process safety indicators are also referred to as safety performance indicators, metrics, key process indicators 
(KPI), performance measures, indicators, etc… 
ii See http://www.csb.gov/assets/1/19/CSB_20Public_20Hearing.pdf (accessed April 17, 2013).  
iii See http://www.bp.com/liveassets/bp_internet/globalbp/globalbp_uk_english/SP/STAGING/local_assets/assets/pd
fs/Baker_panel_report.pdf (accessed April 12, 2013). 
iv Leading indicators are measurements that predict future performance to ensure that safety protection layers and 
operating discipline are being maintained, including unsafe behaviors or insufficient operating discipline equipment 
selection, engineering design, specification of inspection frequency, and technique.  See Center for Chemical 
Process Safety (CCPS), Guidelines for Process Safety Metrics, Page 20. 2010. 
v Lagging indicators are facts about previous events, such as process safety incidents, that meet the threshold of 
severity and should be reported as part of the process safety metric.  See Center for Chemical Process Safety 
(CCPS), “Guidelines for Process Safety Metrics,” 2010; Page 20. 
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safety indicators can provide an early warning, before 
catastrophic failure, that critical controls have deteriorated to an 
unacceptable level. 93

85. The public can play an important role in monitoring safety management systems.  In its recent 
guidelines, the CCPS promoted the sharing of process safety indicators with the public: 

 

Sharing performance metrics and results broadly can engage the 
public as a partner in holding the organization accountable for 
process safety performance.  Making metrics and performance 
public can be an especially powerful way of maintaining upper 
management commitment since it will likely be the CEO or other 
senior managers who will be called to account by the public if 
goals are not met or performance declines.  Communicating 
process safety successes also demonstrates to employees and the 
public that positive change can be, and are being, made within an 
organization. 94
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Recommendations 

Under 42 U.S.C. 7412(r)(6)(C)(ii), the U.S. Chemical Safety and Hazard Investigation Board is charged 
with “recommending measures to reduce the likelihood or the consequences of incidental releases and 
proposing corrective steps to make chemical production, processing, handling and storage as safe and free 
from risk of injury as possible ….”  The CSB makes recommendations based on the findings and 
conclusions of the investigation.  Recommendations are made to parties that can affect change to prevent 
future incidents, which may include the company, contractors, industry organizations responsible for 
developing good practice guidelines, regulatory bodies, and/or organizations that have the ability to 
broadly communicate lessons learned from the incident, such as trade associations or professional 
societies. 

Chevron U.S.A (Urgent) 

2012-03-I-CA-R1 

At all Chevron U.S. refineries, engage a diverse team of qualified personnel to perform a documented 
damage mechanism hazard review.  This review shall be an integral part of the Process Hazard Analysis 
cycle and shall be conducted on all PSM-covered process piping circuits and process equipment.  The 
damage mechanism hazard review shall identify potential process damage mechanisms and consequences 
of failure, and shall ensure safeguards are in place to control hazards presented by those damage 
mechanisms.  Analyze and incorporate into this review applicable industry best practices, Chevron 
Energy Technology Company findings and recommendations, and inherently safer systems to the greatest 
extent feasible.      

2012-03-I-CA-R2 

At all California Chevron U.S. refineries, report leading and lagging process safety indicators, such as the 
action item completion status of recommendations from damage mechanism hazard reviews, to the 
federal, state, and local regulatory agencies that have chemical release prevention authority. 
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Mayor and City Council,  
City of Richmond, California 

2012-03-I-CA-R3 

Revise the Industrial Safety Ordinance (ISO) to require that Process Hazard Analyses include 
documentation of the recognized methodologies, rationale and conclusions used to claim that safeguards 
intended to control hazards will be effective.  This process shall use established qualitative, quantitative, 
and/or semi-quantitative methods such as Layers of Protection Analysis (LOPA).     

2012-03-I-CA-R4 

Revise the Industrial Safety Ordinance (ISO) to require the documented use of inherently safer systems 
analysis and the hierarchy of controls to the greatest extent feasible in establishing safeguards for 
identified process hazards.  The goal shall be to drive the risk of major accidents to As Low As 
Reasonably Practicable (ALARP).  Include requirements for inherently safer systems analysis to be 
automatically triggered for all Management of Change and Process Hazard Analysis reviews, prior to the 
construction of new processes, process unit rebuilds, significant process repairs, and in the development 
of corrective actions from incident investigation recommendations. 

2012-03-I-CA-R5 

Ensure the effective implementation of the damage mechanism hazard review program (2012-03-I-CA-
R1 and 2012-03-I-CA-R2), so that all necessary mechanical integrity work at the Chevron Richmond 
Refinery is identified and recommendations are completed in a timely way.   
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Board of Supervisors 
Contra Costa County, California 

2012-03-I-CA-R6 

Revise the Industrial Safety Ordinance (ISO) to require that Process Hazard Analyses include 
documentation of the recognized methodologies, rationale and conclusions used to claim that safeguards 
intended to control hazards will be effective.  This process shall use established qualitative, quantitative, 
and/or semi-quantitative methods such as Layers of Protection Analysis (LOPA).     

2012-03-I-CA-R7 

Revise the Industrial Safety Ordinance (ISO) to require the documented use of inherently safer systems 
analysis and the hierarchy of controls to the greatest extent feasible in establishing safeguards for 
identified process hazards.  The goal shall be to drive the risk of major accidents to As Low As 
Reasonably Practicable (ALARP).  Include requirements for inherently safer systems analysis to be 
automatically triggered for all Management of Change and Process Hazard Analysis reviews, prior to the 
construction of new processes, process unit rebuilds, significant process repairs, and in the development 
of corrective actions from incident investigation recommendations. 

2012-03-I-CA-R8 

Monitor and confirm the effective implementation of the damage mechanism hazard review program 
(2012-03-I-CA-R1 and 2012-03-I-CA-R2), so that all necessary mechanical integrity work at the Chevron 
Richmond Refinery is identified and recommendations are completed in a timely way.   
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California State Legislature,  
Governor of California 

2012-03-I-CA-R9 

Revise the California Code of Regulations, Title 8, Section 5189, Process Safety Management of Acutely 
Hazardous Materials, to require improvements to mechanical integrity and process hazard analysis 
programs for all California oil refineries.  These improvements shall include engaging a diverse team of 
qualified personnel to perform a documented damage mechanism hazard review.  This review shall be an 
integral part of the Process Hazard Analysis cycle and shall be conducted on all PSM-covered process 
piping circuits and process equipment.  The damage mechanism hazard review shall identify potential 
process damage mechanisms and consequences of failure, and shall ensure safeguards are in place to 
control hazards presented by those damage mechanisms.  Require the analysis and incorporation of 
applicable industry best practices and inherently safety systems to the greatest extent feasible into this 
review.   

2012-03-I-CA-R10 

For all California oil refineries, identify and require the reporting of leading and lagging process safety 
indicators, such as the action item completion status of recommendations from damage mechanism hazard 
reviews, to state and local regulatory agencies that have chemical release prevention authority.  These 
indicators shall be used to ensure that requirements described in 2012-03-I-CA-R9 are effective at 
improving mechanical integrity and process hazard analysis performance at all California oil refineries 
and preventing major chemical incidents.   
 
2012-03-I-R11 

Establish a multi-agency process safety regulatory program for all California oil refineries to improve the 
public accountability, transparency, and performance of chemical accident prevention and mechanical 
integrity programs.  This program shall: 

1. Establish a system to report to the regulator the recognized methodologies, findings, conclusions 
and corrective actions related to refinery mechanical integrity inspection and repair work arising 
from Process Hazard Analyses, California oil refinery turnarounds and maintenance-related 
shutdowns; 

2. Require reporting of information such as damage mechanism hazard reviews, notice of upcoming 
maintenance-related shutdowns, records related to proposed and completed mechanical integrity 
work lists, and the technical rationale for any delay in work proposed but not yet completed;  
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3. Establish procedures for greater workforce and public participation including the public reporting 
of  information; and 

4. Provide mechanisms for federal, state and local agency operational coordination, sharing of data 
(including safety indicator data), and joint accident prevention activities.  The California 
Department of Industrial Relations will be designated as the lead state agency for establishing a 
repository of joint investigative and inspection data, coordinating the sharing of data and joint 
accident prevention activities. 

2012-03-I-CA-R12 

Require that Process Hazard Analyses required under California Code of Regulations, Title 8, Section 
5189 Section (e) include documentation of the recognized methodologies, rationale and conclusions used 
to claim that safeguards intended to control hazards will be effective.  This process shall use established 
qualitative, quantitative, and/or semi-quantitative methods such as Layers of Protection Analysis (LOPA).     

2012-03-I-CA-R13 

Require the documented use of inherently safer systems analysis and the hierarchy of controls to the 
greatest extent feasible in establishing safeguards for identified process hazards.  The goal shall be to 
drive the risk of major accidents to As Low As Reasonably Practicable (ALARP).  Include requirements 
for inherently safer systems analysis to be automatically triggered for all Management of Change and 
Process Hazard Analysis reviews, prior to the construction of new process, process unit rebuilds, 
significant process repairs and in the development of corrective actions from incident investigation 
recommendations. 

2012-03-I-CA-R14 

Monitor and confirm the effective implementation of the damage mechanism hazard review program 
(2012-03-I-CA-R9 and 2012-03-I-CA-R10), so that all necessary mechanical integrity work at all 
California Chevron Refineries is identified and recommendations are completed in a timely way.    
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The U.S. Environmental Protection Agency 

2012-03-I-CA-R15 

Jointly plan and conduct inspections with Cal/OSHA, California EPA and other state and local regulatory 
agencies with chemical accident prevention responsibilities to monitor the effective implementation of the 
damage mechanism hazard review and disclosure requirements under 2012-03-I-CA-R9 and R10 above.  

 
The Board of Supervisors, Contra Costa County, California, 2012-03-I-CA-R16;  
The Mayor and City Council, City of Richmond, California, 2012-03-I-CA-R17;  
The California Air Quality Management Divisions, 2012-03-I-CA-R18;  
The U.S. Environmental Protection Agency, 2012-03-I-CA-R19; and 
The California Environmental Protection Agency, 2012-03-I-CA-R20; 
 
Participate in the joint regulatory program described in recommendation 2012-03-I-CA-R11.  This 
participation shall include contributing relevant data to the repository of investigation and inspection data 
created by the California Department of Industrial Relations and jointly coordinating activities. 
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Additional Issues Currently Under Investigation 

The following section highlights additional issues which the CSB has identified to date in its investigation 
of the Chevron Richmond Refinery fire and major hydrocarbon release that occurred on August 6, 2012. 
These issues relate to the ongoing CSB investigation of the management and regulation of health and 
safety at refineries.  The CSB final report will make additional recommendations consistent with this 
interim report and will present additional detailed findings and analyses in a final report on the incident, 
to be released later in 2013.  

Regulatory Oversight 

The CSB noted in its BP Texas City (BPTC) Final Investigation Report (issued in March 2007) the 
importance of having a well-resourced, competent regulator consisting of individuals with the necessary 
training, education, and experience to conduct planned comprehensive and robust inspections of facilities 
with the goal of preventing catastrophic accidents.  In a 1992 compliance directivei the federal 
Occupational Safety and Health Administration (OSHA) stated that the primary enforcement model for 
the Process Safety Management of Highly Hazardous Chemicals (PSM) standard would be planned, 
comprehensive, and resource-intensive Program Quality Verification (PQV) inspections to help prevent 
catastrophic accidents.95

Spurred in part by the CSB’s recommendations, OSHA issued the Petroleum Refinery Process Safety 
Management National Emphasis Program (NEP) on June 7, 2007.

  However, the CSB report noted that for the 10-year period prior to the Texas 
City incident, federal OSHA had conducted no planned PQV inspections in oil refineries.  Regular 
planned inspections appropriately emphasize the prevention of accidents that are potentially catastrophic. 
Issuing fines and prosecuting companies post-incident are not acceptable substitutes for prevention.  As a 
result, CSB recommended in its report that OSHA strengthen the planned enforcement of the OSHA 
Process Safety Management (PSM) standard by developing more highly trained and experienced 
inspectors to conduct more comprehensive inspections similar to those under OSHA’s PQV program at 
facilities presenting the greatest risk of a catastrophic accident.  

ii  The NEP was a federal program that 
established guidelines for inspecting petroleum refineries to assure compliance with the PSM standard, 29 
CFR §1910.119.96  Unlike the PQV approach to inspections, which “employs a broad, open-ended 
inspection strategy and uses a more global approach to identify compliance deficiencies…,”97 the NEP 
“provide[d] a specific tool to evaluate compliance with the [PSM] standard…[which] identifies a 
particular set of requirements from the PSM standard from which CSHOs [Compliance Safety and Health 
Officers] are to review documents, interview employees, and verify implementation for specific 
processes, equipment, and procedures.”98

                                                      
i Compliance directives are the main method OSHA uses to communicate plans, inspection methods, and 
compliance expectations to their Compliance Safety and Health Officers (CSHOs) for enforcing a new regulation.  

  While the CSB called for an ongoing comprehensive inspection 

ii Originally Directive Number CPL 03-00-004.  Extended August 18, 2099 as Directive Number CPL 03-00-010 to 
allow more time to complete NEP inspections under the original CPL 03-00-004.  
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program, inspections being conducted pursuant to the NEP were terminated in 2011.  The CSB 
recommendation to OSHA remains Open.i

OSHA State Plan States

 

ii were strongly encouraged but not required to implement the NEP.  California’s 
Division of Occupational Safety and Health (Cal/OSHA) did not adopt the NEP “because of its dedicated 
PSM Unit.”99  Cal/OSHA informed the CSB that federal OSHA approved this decision in 2007.  In lieu of 
conducting NEP inspections, Cal/OSHA’s PSM Unit has conducted and continues to conduct a full range 
of programmed, accident, complaint, and referral inspections of PSM-covered facilities in the state of 
California pursuant to the California Labor Code, Title 8 regulations, and Cal/OSHA’s Policy and 
Procedures (P&P) Manual C-17 “Process Safety Management,”iii

Between 2006 and August 6, 2012, Cal/OSHA conducted three planned inspections of the Chevron 
Richmond facility, totaling only 150 inspector hours of effort.  None of these inspections resulted in 
citations or fines.  In contrast, according to statistics provided by OSHA, federal NEP refinery inspections 
conducted between 2007 and the end of 2011 lasted roughly 1,000 inspector hours each and resulted in an 
average of 11.2 violations and $76,821 in penalties per inspection.  OSHA noted that hours spent on a 
typical federal refinery NEP inspection were 40 times greater than the average OSHA inspection.  These 
numbers indicate a major disparity in thoroughness and comprehensiveness between the planned 
inspections conducted by Cal/OSHA and the NEP inspections conducted by OSHA and other OSHA 
State Plan States. 

 to ensure these facilities are complying 
with PSM requirements.  

The safety case is a rigorous prescriptive and goal-setting regulatory regime that is highlighted by its 
adaptability and requirements for continuous improvements in risk reduction for high hazard industrial 
facilities.  The approach is used widely overseas but is not used currently for U.S. process industries.  The 
CSB is currently examining whether the implementation of the safety case regime could be a more 
effective regulatory tool for Cal/OSHA in its effort to ensure that California refineries are identifying and 
controlling hazards and ultimately driving risk to as low as reasonably practicable (ALARP).  Utilizing 
the safety case requires effective implementation by an independent, competent, well-funded regulator.   
Experience and competence of the regulator in technical areas such as chemical engineering, human 
factors, and process safety are necessary to provide effective auditing and regulatory oversight for 
prevention.  To ensure effective implementation of the safety case, industry standards and guidelines must 
be rigorous and up-to-date as well.  The CSB notes that relevant and applicable industry standards and 
guidelines – such as API RP 939-C – currently contain voluntary and permissive language.  The CSB will 
be examining the need for more effective good practice standards and guidelines containing the necessary 
requirements to prevent catastrophic accidents.  

                                                      
i Open - Awaiting Response or Evaluation/Approval of Response (O - ARE/AR) - The recipient has not submitted a 
substantive response, or the evaluation by CSB staff of a response is pending, or the Board has not yet acted on staff 
recommendation of status. 
ii Section 18 of the Occupational Safety and Health Act of 1970 encourages States to develop and operate their own 
job safety and health programs, referred to informally as an OSHA State Plan.  OSHA approves and monitors State 
plans and provides up to 50 percent of an approved plan's operating costs. 
iii Issued June 6, 1994.  Revised August 1, 1994 and May 19, 2007.  
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In addition to the issues discussed above, the CSB will also be examining the need for the reporting of  
leading and lagging process safety indicators to the regulator; the regulator’s effective use of these 
process safety indicators; workforce and stakeholder involvement in regulatory oversight of refineries; 
and the thoroughness of Contra Costa County’s safety auditing of the Chevron facility.  

Emergency Planning and Reporting 

According to information provided by Contra Costa Emergency Medical Services, 15,213 individuals 
sought emergency medical attention between August 6 and August 23, 2012, due to the Chevron refinery 
major hydrocarbon release and fire.   

CSB Investigation Team members visited local hospitals the week of the incident to better understand the 
impact on the surrounding community.  Officials at Doctor’s Medical Center (DMC) in San Pablo, 
California, informed the CSB that in the days following the incident they were inundated with emergency 
room visits and found it difficult to handle the influx due to a lack of funding and staffing.  Officials at 
both DMC and Kaiser Permanente Hospital (KP) in Richmond told the CSB that they lacked specific 
knowledge of the chemicals released as a result of the incident, complicating efforts to evaluate and treat 
individuals.   

The California Code of Regulations (CCR) requires that owners and operators of hazardous waste 
facilities make “arrangements to familiarize local hospitals with the properties of hazardous waste 
handled at the facility and the types of injuries or illnesses which could results from fires, explosions, or 
releases at the facility.”100

Following the incident, Contra Costa County’s Community Warning System (CWS) notified the 
surrounding community of a hazardous material incident and ordered a shelter-in-place (SIP).  The CWS 
uses sirens, the news media, and phone calls to residents in order to initiate the SIP.  Contra Costa County 
issued the SIP on August 6, 2012, at 6:38 pm for the cities of Richmond, San Pablo, and North 
Richmond, California, and lifted the SIP later that evening at 11:12 pm.  However, the CSB has learned 
that some phone calls notifying residents of the SIP did not occur until over four hours after the release.  

  The CSB is currently evaluating ways to ensure that hospitals have the 
information necessary to properly evaluate and treat individuals that may be exposed to releases from 
facilities in Contra Costa County.   

It is essential that responders, community residents, and hospitals in the areas surrounding industrial 
facilities be aware of what hazardous materials exist at these facilities, what specific chemicals are 
released into the community in the event of an incident, and what is known about the potential acute and 
chronic health impacts.  The CSB will be analyzing ways to strengthen current regulations and policies to 
ensure there is proper emergency planning and reporting for industrial facilities in Contra Costa County 
and the state of California.  
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Emergency Response 

OSHA provides guidance on emergency response in its Hazardous Waste Operations and Emergency 
Response standard, known as HAZWOPER, under 29 CFR §1910.120 (p) and (q).  Under 29 CFR 
§1910.120(q)(6), the HAZWOPER standard contains requirements for training and qualification of all 
individuals involved in emergency response related to their roles and responsibilities.  

Good safety practice dictates that individuals responding to emergencies should have the technical 
knowledge to give input into shutdown decisions, set up an incident command structure, establish 
boundary limits, and evaluate the “hot zone.”  Access to the hot zone must be strictly limited to personnel 
with higher degrees of specific training, experience, and appropriate personal protective equipment; all 
others must be removed to a safe location away from chemical hazards.  Hot zone boundaries must be 
established to anticipate the possible escalation of releases and the positioning of firefighting equipment 
such as fire trucks.  

The CSB will be looking at the sufficiency of regulatory requirements, industry standards, and good 
practices, in addition to evaluating emergency response decision-making following the leak and 
subsequent pipe rupture (including the training and qualification of responders) to determine whether 
improvements are needed in these areas.  

Safety Culture 

The Center for Chemical Process Safety (CCPS) defines process safety culture as the “combination of 
group values and behaviors that determines the manner in which process safety is managed.”101

The CSB notes that on August 6, 2012, following discovery of the leak on the 4-sidecut piping, Chevron 
hoped to forestall a shutdown by installing a leak repair clamp.

  As the 
CSB noted in its BP Texas City Report, safety culture can be influenced by management changes, 
historical events, and economic pressures.  After reviewing evidence and decisions made relating to 
materials of construction and mechanical integrity within the crude unit at the Chevron refinery, as well 
as the response to the leak on August 6, 2012, the CSB has determined that issues relating to safety 
culture are relevant to this incident.  The CSB will examine the Chevron Richmond Refinery’s approach 
to safety, its safety culture and any organizational deficiencies, to determine how to best prevent future 
incidents. 

i  Chevron’s mechanical integrity 
management system has not been fully successful in detecting and replacing deteriorated piping 
components prior to failure, resulting in the company’s frequent use of leak repair clampsii

                                                      
i Chevron’s leak repair clamp vendor was called out to the scene of the leak to help determine potential clamping 
options. 

 to externally 
stop process fluid leaks.  Chevron’s reliance on such clamps to mitigate process piping component leaks 
identifies serious questions about its mechanical integrity program.  The CSB determined that Chevron 

ii Leak repair clamps are mechanical devices designed and installed to stop a leak from a piping component such as 
piping, valves, flanges, and instrumentation.  These devices are typically intended to provide a temporary repair 
while a process continues operation until a plant shutdown takes place and a permanent repair can be made. 
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has more than 100 clamps on hydrocarbon and other process piping components at the Richmond 
refinery.  The leak repair clamp is typically relied upon to prevent further leaking until the next unit 
turnaround, when the deteriorated piping component can be repaired.  However, Cal/OSHA citations 
following the August 6, 2012, fire in the crude unit identified that Chevron has not always replaced these 
clamps during unit turnarounds and these devices then remain in service significantly longer than 
originally intended.  The CSB determined that Chevron has leak repair clamps in place on piping 
components containing hazardous flammable process fluids including applications where the process 
material is above the autoignition temperature.  Some of these leak repair clamp applications are in 
locations where a permanent repair would not have required a unit shutdown.  The CSB will further 
evaluate the frequent use of leak repair clamps by Chevron and the potential that the deviance of a weak 
mechanical integrity management system has been normalized.i

  

 

                                                      
i Normalization of deviance is a long-term phenomenon in which individuals or work teams gradually accept a lower 
standard of performance until the lower standard becomes the norm.  It is typically the result of conditions slowly 
changing and eroding over time.  See Center for Chemical Process Safety (CCPS), Recognizing Catastrophic 
Incident Warning Signs in the Process Industries, Page 4. 2012. 
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Testimony of  
Greg Karras, Senior Scientist  
Communities for a Better Environment (CBE) 
1904 Broadway, Suite 600  
Oakland, CA  94612 

Before the 
U.S. Chemical Safety and Hazard Investigation Board (CSB) 

Regarding the 
INTERIM INVESTIGATION REPORT 
CHEVRON RICHMOND REFINERY FIRE 
PUBLIC HEARING OF THE CSB BOARD on 
19 April 2013 at Memorial Auditorium,  
Civic Center Plaza, Richmond, California 
 

Thank you for demonstrating support for environmental justice by including local 

community and worker expertise on this panel.  

My name is Greg Karras.  I have thirty years of practical experience in pollution 

prevention engineering and industrial-environmental investigation focused in the energy 

sector and oil refining in particular; have published peer reviewed work in this field; and 

will submit my CV with the emailed copy of this testimony.   

As a Senior Scientist with Communities for a Better Environment—“CBE”—I have 

the honor of working for and with the disproportionately impacted, deeply motivated and 

highly organized communities of Richmond and West Contra Costa County.  We know 

that the latest disaster at the Richmond refinery that sent more than 15,000 of us to area 

hospitals could have killed many of us if the weather or the specific evolution of the fire 

happened to be different.  We know that, after ignition, it did not do so by accident.  But 

we also know what caused this incident was not an accident and could happen again.  In 

fact, we know that without positive change, it will happen again. 

In my view, the findings of the CSB’s draft interim report are accurate and strongly 

support each of your recommendations.  CBE believes each recommendation is urgently 

needed and respectfully urges you to adopt all of them tonight.   
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However, I hope you will consider two additional actions as the CSB completes its 

ongoing investigation and final report regarding this incident. 

First, the CSB’s interim findings support an urgent need to require inherently safer 

systems based on a hierarchy of controls1 at the Richmond refinery.  Additional 

evidence, from Chevron’s post-incident repair permits summarized in this chart,2 further 

supports this urgent need at the Richmond refinery and industry wide.   

 

Note points 1, 2, and 12 in this chart.  Point 1 indicates the 4–sidecut pipe section that 

failed in this incident, where your findings demonstrate that the inherently hazardous 

                                                
1 Herein generally, this italicized phrase is called “Inherently Safer Technology” or IST. 
2 An 8.5 x 11” copy of this chart, Publicly identified corrosion in the Richmond crude unit, and a 
CBE fact sheet that provides additional information and specific references for the data 
summarized in this chart will be attached to the emailed copy of this testimony.  
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combination of more corrosive feedstock and less corrosion-resistant piping metal 

involved in this incident was at best extremely difficult to manage.   

Points 2 and 12 in this chart indicate sections of atmospheric overhead piping where 

Chevron reported finding internal corrosion pitting severe enough to indicate a failure 

risk before the next scheduled maintenance shutdown (5-year intervals for this unit at this 

time) was found only after fire-damaged pipe was cut out and removed, and extensive 

internal checking was done.3  Chevron suggests the need to monitor thousands of pieces 

of equipment and thousands of miles of piping at Richmond.4  Thus, new information 

suggests that, at least in some cases, inherently hazardous refinery technology might, as a 

practical matter, be impossible to manage.  

 The CSB’s proposed findings indicate that no U.S., state, or local officials require 

inherently safer technology in high-hazard industries.   This indicates a fundamental 

failure of safety policy here and nationwide that warrants adopting your proposals that 

would require inherently safer systems based on a hierarchy of controls as urgent 

recommendations tonight. 

// 

// 

// 

// 

// 

 

                                                
3 See Chevron’s “Scope Tracking–Additional Work” documents 18111 and 18096, submitted to 
the City of Richmond for Planning Dept. permit number 120568. 
4 Richmond Refinery 4 Crude Unit Incident, August 6, 2012. Prepared by the CUSA Richmond 
Investigation Team.  12 April 2013. See page 27. 
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Second, in its ongoing investigation and final report regarding this incident, the CSB 

should complete its analysis of material input substitution.  Data on corrosion in the pipe 

section that ruptured in the incident, sulfur in the gas oil running through this pipe, and 

sulfur in the refinery crude feed supplying that gas oil, are shown in this chart.5  The 

percent change from baselines is shown.6   

 

As sulfur increased in the crude, it increased in the gas oil distilled from that crude 

and running through the 4-sidecut pipe section, and sulfidic corrosion began to thin the 

wall of this pipe more than four times faster than before that dramatic sulfur increase.  

Thus Chevron’s feedstock switch played a key role in this incident. 

                                                
5 An 8.5 x 11” copy of this chart, Richmond refinery feedstock quality / 4-sidecut pipe corrosion, 
and CBE’s 9 April 2013 memo will be attached in an email of this testimony. 
6 For example, sulfur increased by more than 50% in crude based on crude sulfur content > 1.5% 
wt. (Aug 2011–Jul 2012 average) versus a baseline of sulfur content < 1% wt. (1996 avg). 
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Material input substitution, a technical term for this causal factor, is central to IST 

and is at or near the top of pollution prevention and safety hierarchies of controls.  This 

evidence demonstrates specifically for this incident the universally applicable principle 

that feedstock quality must be considered if we hope to drive catastrophic incident risk as 

low as reasonably possible.7    

 In this regard it may be important to respond to a concern I have often heard from oil 

industry representatives informally.  The idea that any serious investigation of crude feed 

quality could leave refineries with no other choice but to shut down, destroying jobs and 

our economy, is like saying the world is flat—if we go check we will fall off the edge.  In 

my opinion, if the industry believed this claim it would have no reason for calling 

cheaper, lower quality refinery feedstock “opportunity crudes.”  Instead, substantial 

evidence suggests that preventing catastrophic climate disruption may require leaving 

much of the recoverable oil resource in the Earth,8 leading to a question this community 

has raised explicitly and repeatedly—why not refine the least polluting and least 

hazardous part of the remaining oil resource? 

                                                
7 Background on three details of the oil quality and pipe corrosion evidence shown in the second 
chart may help to explain and support this additional evidence.  The chart shows that the pipe 
wall thinned 4.4 times faster after the sulfur content of the crude and atm. gas oil feeds increased 
dramatically.  This is a conservative estimate based on publicly available data that show a pipe 
wall loss of ~33% by 2002 and of an additional ~57% by 2012.  It is possible that more than 57% 
of the original pipe wall thickness was lost after the dramatic gas oil sulfur increase (1998–1999) 
because of accelerated sulfidation corrosion that began to occur before the first pipe thickness 
measurement was reported (in 2002).  This possibility may be hard to confirm or reject: based on 
discussions with CSB and USW staff I understand that Chevron may not have obtained, kept, or 
reported pre-2002 thickness measurements for this pipe section.   
  The chart also shows that the percent increase in gas oil exceeds that in crude.  I expected to see 
this for two reasons.  One is that this refinery shifted to a crude feed dominated by Persian Gulf 
crudes with atmospheric gas oil cuts that are proportionately higher in sulfur (as a percentage of 
sulfur in whole crude) than the Alaska North Slope crude stream that dominated its crude feed 
earlier in the 1990s.  The other reason is that an increase in atmospheric gas oil temperature in the 
Richmond crude unit (noted in the CSB interim report) indicates that a cut-point change sent 
denser gas oil, which generally has higher sulfur content, through this 4-sidecut pipe circuit. 
  Data sources and methodological details of the crude feed estimate shown in the chart were 
provided previously and will be attached to the emailed copy of this testimony. 
8 See: Meinshausen et al., 2009. Nature 458: 1158-1162. DOI: 10.1038/nature08017; and Allen et 
al., 2009. Nature 458: 1163–1166. DOI: 10.1038/nature08019. 
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Flat-world theories did not stop us before: we investigated, and among other things, 

Columbus “discovered” the Americas.  Similarly, when Bay Area refiners claimed it 

would be unsafe to curb their then-routine flaring, community and labor leaders here 

worked together to investigate flaring prevention, and the landmark regional flare policy 

that was implemented here with our help has helped make refineries safer and has begun 

to spread nationwide.   

Now Bay and LA area community groups and refinery workers’ labor leaders have 

begun working together more closely.  Based on information and belief, I can testify that 

we are doing so because we are stronger together, and largely because we believe this 

will be necessary to get the CSB’s recommendations implemented.  Our success in this 

likely will depend in part upon our ability to nurture trust among workers and other 

residents of our communities.  We cannot duck the feedstock quality question.  The CSB 

can help us by joining us in investigating this question.   

In my opinion, in its ongoing investigation and final report regarding this incident, the 

Chemical Safety Board should consider completing its analysis of inherently safer 

chemical inputs for refineries. 

Respectfully submitted on 19 April 2013 
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Richmond refinery feedstock quality / 4–sidecut pipe corrosion (8.5 x 11” chart version) 
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Lube
Area 
(p. 2)

3. Atmospheric column C-1100 
shell: corrosion under insulation

1. #4 sidecut pipe from atmo-
spheric column C-1100 to pumps 
P-1149/A: sulfidation corrosion 
leads to rupture in Aug. 2012 fire

14. Stripping steam 
pipe to atm. column 
C-1100: corroded & 
leaking

10. #7 sidecut pipe from 
pumps P-1179 & 1189A to 
exchanger E-1109: sulfida-
tion corrosion repairs

15. Reflux drum V-1100 pH sample 
pipe & tubing: repeated plugging 
suggests corrosion upstream

7. C-1100 crude feed pipe from 
furnaces F-1100A/B: internal 
weld corrosion after repair from 
naphthenic acid corrosion

17. Aqueous ammonia tank TK-1108: 
underside & internal corrosion

20. Condensate pipe adjacent to C-1100 & pumps    
P-1105/A: corrosion under insulation

4. Atmospheric column C-1100 
pressure taps PT 001 & 003: 
internal pitting corrosion

9. Smothering steam pip-
ing for furnace F-1160 
firebox: localized corro-
sion found since 2006

8. Relief piping for atmo-
spheric reflux drum V-1100: 
43% of pipe wall is lost to 
external crevice corrosion

18. Atm. overhead pipe from C-1100 to E-1101: 
external corrosion, bulging & delamination

19. Medium-pressure 
condensate header piping: 
corrosion under insulation

5. Atmospheric reflux drum 
V-1100 shell: internal corrosion

11. Atm. overhead pipe 
from E-1101 to condenser: 
external corrosion pitting

12. Atm. overhead pipe   
from E-1100 to V-1100: 
extensive internal corrosion 
pitting, found after fire-dam-
aged pipe removed, suggests 
a failure risk before the next 
scheduled shutdown

6. Condensate pipe 
downstream from 
vessel V-1164: inter-
nal & external corro-
sion & leaks

16. Stripping steam pip-
ing to column C-1130: 
corrosion under in-
sulation thins pipe to 
50% of recommended 
replacement thickness

2. Atmospheric overhead pipe from C-1100 
to relief header: extensive internal corrosion 
pitting, found after fire-damaged pipe was 
removed, suggests a failure risk before the 
next scheduled maintenance shutdown

13. FT-007 tubing between reflux 
drum V-1100 & exchanger E-1100: 
corrosion at compression fitting

The small red box in this 
map of Richmond refinery 
processing areas shows 
the crude unit areas in the 
detailed blow-up above.

Continued next page...

Crude 
Unit

Widespread corrosion at 
the Richmond Refinery
This page: The pipe that ruptured in Chevron’s disastrous August 
2012 fire (point 1 below) is just one of at least twenty known 
places where corrosion damaged equipment in its crude unit alone.  
Next page: Corrosion attacks process equipment refinery-wide.



The extensive corrosion documented above represents only a partial sample in a small part of the 
refinery.  Chevron reported those data publicly only for crude unit equipment it sought permits 
to replace or repair after its August 2012 fire (1–20).  And some serious corrosion damage was 
found only after fire-damaged equipment was dismantled and easier to inspect (e.g., 2, 12).  

Corrosive chemicals—such as hydrogen sulfide formed in high-temperature processing of oil 
feedstock that is contaminated by sulfur—can attack processing equipment refinery-wide.

Workers “downstream” from the Richmond crude unit warned in 2011 that Chevron was ignor-
ing widespread and accelerating corrosion following its switch to higher sulfur crude oils (21).  
At the Richmond lube oil processing area alone (see the black rectangle in the map above), the 
refinery workers identified at least seven examples of corrosion-damaged equipment:
•  Accelerating internal corrosion of the V-1410 High Pressure Separator process vessel;
•  Internal corrosion damage of the Column C-1500 process vessel and trays;
•  Corrosion and cracking of the Column C-1500 impingement plate and cladding;
•  Plugging of the Column C-1500 sidecuts by corrosion products (“scale”);
•  Corrosion damage in Vessel V-1110, which is upstream of Column C-1200; 
•  Plugging of the Column C-1200 reboilers by corrosion products (scale); and
•  A corroded furnace tube elbow failed in a fire at Heavy Neutral Cracker Furnace F-1551 (21).

Refiners can install clamps on corroded pipes to stop leaks as a temporary stop-gap measure.  
Reported data on this practice at Richmond reveals a refinery-wide corrosion problem:
•  Refinery-wide, Chevron relied on as many as 2,000 of these temporary clamps in 2012 (22).
•  Cal-OSHA inspected a portion of these temporary clamps and cited Chevron for relying on at 

least nine of these clamps long after the corroded equipment should have been replaced (23).

Ignoring worsening corrosion greatly increases catastrophic incident risk refinery-wide.

References for points of corrosion damage in the Richmond refinery Crude Unit:
(1) Chevron, 2012. Tracking–Additional Work (TAW) 17531, City of Richmond Permit 12-05068 sub 12-05740.
(2) Chevron 2012.  TAW 18111, City Permit 12-05068 sub 12-05383.  (3) Chevron, 2012. TAW 17933, City Permit 
12-05068 sub 12-05069.  (4) Chevron, 2012. TAW 18437, City Permit 12-05068 sub 12-05740.  (5) Chevron, 2012. 
TAW 17881, City Permit 12-05068 sub 12-05072.  (6) Chevron, 2012. TAW 18467, City Permit 12-05068 sub 12-
05596.  (7) Chevron, 2012. TAW 17568, City Permit 12-05068 sub 12-05069.  (8) Chevron, 2012. TAW 18410, City 
Permit 12-05068 sub 12-05491.  (9) Chevron, 2012. TAW 18067, City Permit 12-05068 sub 12-05493.          
(10) Chevron, 2012. TAW 18606, City Permit 12-05068 sub 13-00079.  (11) Chevron, 2012. TAW 18206, City Per-
mit 12-05068 sub 12-05385.  (12) Chevron, 2012. TAW 18096, City Permit 12-05068 sub 12-05153.  (13) Chevron, 
2012. TAW 17916, City Permit 12-05068 sub 12-05153.  (14) Chevron, 2012. TAW 17594, City Permit 12-05068 
sub 12-05486.  (15) Chevron, 2012. TAW 17737, City Permit 12-05068 sub 12-05689.  (16) Chevron, 2012. TAW 
18238, City Permit 12-05068 sub 12-05600.  (17) Chevron, 2012. TAW 17910, City Permit 12-05068 sub 12-05490.
(18) Chevron, 2012. TAW 18149, City Permit 12-05068 sub 12-05489.  (19) Chevron, 2012. TAW 18068, City Per-
mit 12-05068 sub 12-05493.  (20) Chevron, 2012. TAW 17845, City Permit 12-05068 sub 12-05596.
Reference for points of corrosion damage in the Richmond refinery Lube Processing Area:
(21) Cal-OSHA, 2012. Inspection report, Inspection 314328980 (unsafe working conditions complaint).
References for clamps on corroded piping at Richmond refinery-wide:
(22) Garrett Brown, Senior Safety Engineer & Special Assistant to the Chief, Cal-OSHA, personal communication 
with Greg Karras, CBE, on 31 January 2013.  (23) Cal-OSHA, 2013. Inspection 314332370 (Citation 8 Item 1).  
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Revised 9 April 2013 
 
To: Daniel Horowitz, Managing Director, U.S. Chemical Safety Board (CSB) 
From: Greg Karras, Senior Scientist, Communities for a Better Environment (CBE) 
Copy: Don Holmstrom and Dan Tillema, CSB 
 

SUBJECT: Documentation of sulfur in crude refined at Richmond, California 
 

Dear Dr. Horowitz, 

You asked me about the source documents and calculation method supporting the 
estimate of Chevron Richmond refinery crude feed sulfur content that was reported in a 
chart, excerpted below, from a recent CBE fact sheet.1  This response focuses on 
domestically produced crude oil, as I understand that is the focus of your question. 

 

Background 

CBE estimated Richmond refinery crude feed sulfur content as a rolling annual average.  
This estimate applies to the total crude feed processed (foreign and domestic), which is 
the input processed initially in the facility’s No. 4 Crude Unit before further processing in 
various downstream units.  The facility’s Title V air permit2 caps its crude feed at 
257,200 b/d.  Oil & Gas Journal3 reported that the crude capacity of the Richmond 
refinery (in barrels per calendar day; the volume that can be processed in 24 hours 
accounting for types and grades of inputs, products, environmental constraints and 
downtime) was generally 243,000 b/cd during most of this 1994–2012 period.   

It should be noted that the Richmond refinery also processes, on average, some 22,000–
46,000 b/d of “imported gas oils” that are partially pre-processed elsewhere.  These oils 
bypass the crude unit, entering processing as additional feed to its fluid catalytic cracking 
and “TKC” hydrocracking units, and this additional “imported” feed is not counted 
toward its crude feed volume cap.  Thus, the crude feed (estimated for purposes of the 
chart above at 248,000 b/d and excluding imported gas oil) represents the oil processed in 
the crude unit—and the vast majority of oil processed refinery wide. 



Documentation of sulfur in crude refined at Richmond 
8 April 2013 
 

Page 2 

The volume, density and sulfur content of crude feeds refined are reported publicly for 
each shipment of foreign crude received and processed by each U.S. refinery4 and for 
total (domestic and foreign) crude feeds processed by U.S. refining regions5 monthly.  
However, reporting on domestically produced crude oils refined by individual facilities is 
generally not required.  This problem restricts the environmental and safety-related 
information that is readily available to the public and public agencies, but it does not 
appear to serve any legitimate business interest in trade secrecy, because a refiners’ 
domestic crude feed volume and quality can be estimated using other public information, 
as discussed below.  CBE and others6 have called for reporting on total crude feeds to 
plug this environmental health and safety information loophole. 

Site-specific crude transport and processing logistics can be used with crude stream 
assays and other publicly available data to estimate the density and sulfur content of 
domestic crude feeds processed by refineries.  I used such data to develop peer reviewed 
estimates of annual average crude feed density and sulfur content for San Francisco Bay 
Area refineries in the aggregate7 and individually,6 and adapted this method to derive the 
rolling annual average estimate reported for the Richmond refinery that is shown above.  

Richmond refinery domestic crude source 

Chevron and others report that the domestic component of the Richmond refinery’s crude 
feed is limited to Alaskan North Slope (ANS) crude, with ANS being replaced now by 
Persian Gulf imports.8 9  Other information strongly supports this finding.  Significant 
domestic crude supplies for California refineries are limited to California and Alaska.10  
Within California, transport and processing logistics favor Bay Area processing of both 
ANS, which is shipped from the southern terminus of the Trans-Alaska Pipeline System 
(TAPS) at Valdez, and San Joaquin Valley crude (SJV), which is piped downstream to 
the San Francisco Bay Area.11 12  Within the Bay Area, those logistics (i.e., the Richmond 
refinery is unique here in having no direct pipeline connection for SJV crude and no 
coker) favors refining ANS at Richmond.  In contrast to the Benicia, Avon, Martinez and 
Rodeo refineries here, the Richmond refinery processed no SJV in recent years.7 13    

Richmond refinery domestic crude volume 

Average reported practical crude capacity at Richmond (243,000 b/cd)3 is consistent with 
the volume cap on crude throughput in this facility’s air permit (257,200 b/d).2  The 
volumes—also densities and sulfur contents—of foreign crude imports processed at 
Richmond are reported monthly.4  I estimated ANS volumes processed at Richmond from 
the difference of these practical capacity (b/cd) and foreign crude input (b/d) volumes.    

This method may be subject to error when actual annual average throughputs fall below 
practically available (b/cd) capacity.  However, such errors are likely to be small given 
the relatively high capacity utilization of California refineries before 20086 7 and the 
increasing refined product exports from the Bay Area in recent years.14  Additionally, 
such errors would overestimate ANS volume, and thus underestimate the increase in 
crude feed sulfur, since ANS15–19 has lower sulfur content than the increasing volume of 
foreign crude oils refined at Richmond4 during 1998–July 2012.   
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Richmond refinery domestic crude feed quality 

Chevron reported refining ANS crude with an average of roughly 0.9% sulfur,9 or more 
precisely, 0.86% sulfur15 at Richmond in 2007.  As delivered to California refineries by 
ships loaded from the southern terminus of the Trans-Alaska Pipeline System (TAPS) at 
Valdez, ANS is a blend of oils.  The combined effects of multiple upstream inputs and 
withdrawals tend to stabilize its quality, and it varies relatively gradually over decades.  

Publicly available ANS assays reveal this relative stability.  Recent (2002–2010) Valdez 
and “export” samples of ANS vary by only 0.9% in specific gravity and 0.18% in sulfur.  
See the data shaded with yellow in the table below.  Further, the average quality of ANS 
processed at Richmond in 2007 that Chevron reported (specific gravity: 0.860; sulfur 
0.86 %) is only 0.6% lower in specific gravity and 0.07% lower in sulfur than the most 
recent Valdez assay of ANS shown in the table.  Taken together, these observations 
support using Chevron’s site-specific data for 2007 to estimate the quality of ANS crude 
refined at Richmond in recent years.  CBE used these Chevron-reported data15 to estimate 
the Richmond crude feed sulfur content shown in our fact sheet.1   

Whole-crude density and sulfur content reported publicly for Alaska North Slope crude 
year sample (source)  ºAPI      specific gravity sulfur content (% wt.) 
2010 export (BP16)   32.1  0.865   0.93 
2008 export (ExxonMob17)  30.6  0.873   1.01 
2007 Richmond (Chevron15)  33.0  0.860   0.86 
2002 Valdez (BP18)   31.9  0.866   0.93 
2002 Valdez (Env. Can.19)  30.9  0.871   1.11 
1992 export (Env. Can.19)  27.5  0.890   1.11 
1989 NA (Env. Can.19)  26.8  0.894   1.04 
NA Valdez (Env. Can.19)  29.8  0.877   1.13 
NA N. Pole (Env. Can.19)  29.9  0.877   1.16 
NA N. line (Env. Can.19)  30.6  0.873   1.14 

Accuracy, reliability and limitations 

CBE’s estimate appears reasonably accurate and reliable, especially in the latter part of 
the 1994–2012 period, when relatively well-documented foreign crude inputs grew in 
volume to dominate the Richmond crude feed.   The annual average sulfur content of the 
total crude feed processed at Richmond in 2007 that CBE estimated using these data and 
methods (1.50 %)1 compares well with Chevron’s estimate for that year (1.53–1.54 %).15   

However, Chevron should be asked to help resolve some remaining limitations in the 
data.  Importantly, Chevron should report data on partially pre-processed “gas oils” that 
bypass the crude unit but affect processing elsewhere in the refinery.  It also should report 
distillation, hydrogen, and trace element properties of the crude and gas oil it refines.  

Chevron also should report a complete history of the Richmond refinery’s crude feed.  
The highest reported sulfur content of Valdez or “export” ANS before 1998 (1.11 % in 
1992) is well  below that of the average Richmond crude feed since 2005 (1.25–1.55 %).  
Nevertheless, more complete data for the density and sulfur content of ANS refined at 
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Richmond could improve the accuracy of total crude feed sulfur content estimates for 
1994–1997, a period when ANS was a larger portion of this facility’s total crude feed 
than it has been in the years since 1998. 

Documents transmitted with this response 

Source documents being transmitted with this response are identified in boldface type as 
attachments (e.g., Attachment A) in the listing of references below.  I hope this response 
is useful to the CSB’s investigation.  Please contact me at 510/ 302-0430 x19, or 
gkatcbe@gmail.com, if you have a question about this response. 

In Health, 

 
 

References (attachments that are transmitted with this response are shown in boldface).  
Note that the superscript note (3) in the caption of the chart excerpted on page 1 refers to 
data and analysis methods cited briefly in the CBE fact sheet (Attachment A) that are 
addressed in more detail above. 
                                                
1 CBE, 2013. Chevron fire exposes unsafe crude switch. A CBE fact sheet. Communities 
for a Better Environment: Oakland, CA. Revised February 2013. Attachment A. The 
superscript note (3) in the caption of the chart excerpted on page 1 refers to data and 
analysis methods cited briefly in this fact sheet that are addressed in more detail above. 
2 BAAQMD, 2011. Final Major Facility Review Permit Issued To Chevron Products 
Company Facility #A0010, 841 Chevron Way, Richmond, CA 94802. 
3 OGJ surveys downloads; PennWell: Tulsa, OK, 2013, 1994–2008 worldwide refining, 
Oil & Gas Journal web site; http://www.ogj.com/index/ogj-survey-downloads.html.  
Note that the superscript note (3) in the caption of the chart excerpted on page 1 refers to 
data and analysis methods cited briefly in the CBE fact sheet (Attachment A) that are 
addressed in more detail above. 
4 Company level imports; U.S. Energy Information Administration: Washington, D.C.; 
USEIA web site; http://www.eia.gov/petroleum/imports/companylevel/archive. 
5 Crude oil input qualities; U.S. Energy Information Administration: Washington, D.C.; 
USEIA web site; http://www.eia.gov/dnav/pet/pet_pnp_crq_dcu_nus_m.htm. 
6 UCS, 2011. Oil refinery CO2 performance measurement; Union of Concerned 
Scientists: Berkeley, CA; technical analysis prepared by CBE; www.ucsusa.org/ 
assets/documents/global_warming/oil-refinery-CO2-performance.pdf 
7 Karras, 2010. Environ. Sci. Technol. 44: 9584–9589. DOI: 10.1021/es1019965; 
Supporting Information at page S41. Supporting Information; Attachment B. 
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8 Chevron, 1992. Response to the RWQCB request for information regarding the WSPA 
selenium proposal; California Regional Water Quality Control Board, San Francisco Bay 
Region: Oakland, CA. Attachment C. 
9 City of Richmond, 2008. EIR SCH#2005072117; City of Richmond Planning 
Department: Richmond, CA; Chevron Energy and Hydrogen Renewal Project Final 
Environmental Impact Report Volume 3–Responses to Comments; Response to 
Comment 3.09 at pages 3.9-1 through 3.9-3.  Attachment D. 
10 Oil supply sources to California refineries; California Energy Commission; 
http://energyalmanac.ca.gov/petroleum/statistics/crude_oil_receipts.html 
11 California crude oil production and imports; Staff Paper dated 2006 by Margaret 
Sheridan, Fossil Fuels Office, Fuels and Transportation Division, California Energy 
Commission; California Energy Commission: Sacramento, CA.  Attachment E. 
12 Baker & O’Brien, 2009. Southern California crude oil outlook summary update; 
prepared for Plains All American Pipeline, L.P., May 2009.  Attachment F. 
13 McGuire, 2008. Preliminary results of sampling for mercury in crude processed at Bay 
Area refineries; San Francisco Bay Regional Water Quality Control Board: Oakland, CA; 
technical memorandum submitted by Environmental Resources Management on behalf of 
the Western States Petroleum Association. Attachment G. 
14 Brookings Institute, 2012. Export Nation 2012, San Francisco-Oakland-Fremont, CA; 
summary of facts with notes and link to full study. Attachment H. 
15 City of Richmond, 2008. EIR SCH#2005072117; City of Richmond Planning 
Department: Richmond, CA; 10 April 2008 Planning Commission Agenda Report 
Attachment 6.  The data table of this reference, which CBE provided to the CSB 
previously in its entirety, is attached for your convenience as Attachment I. 
16 Assay from vendor data reported by BP online; accessed 16 September 2012. 
17 Assay from vendor data reported by ExxonMobil online; accessed 5 June 2011. 
18 Assay from vendor data reported by BP online; accessed 5 June 2011. 
19 Environment Canada oil properties database; ; accessed 13 June 2011; web site: 
www.etc-cte.ec.gc.ca/databases/oilproperties. 
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I. INTRODUCTION 

 

 The Valero Benicia Refinery (Refinery) is proposing to import certain 
unidentified "North American-sourced crude oils" to the Refinery by railroad (Project).  
The City of Benicia has issued a draft Initial Study/Mitigated Negative Declaration 
(IS/MND)1 for this Project.  I was asked to review the IS/MND and prepare comments on 
the impact of the imported crude on air emissions from the Refinery.   
 
 My analyses, presented below, indicate the subject "North American-sourced 
crudes" that would be imported by rail are likely to include Canadian tar sand crudes 
blended with diluent or "DilBits".  These have the potential to increase emissions 
compared to the current crude slate, which would result in potentially significant impacts 
not disclosed in the IS/MND.  The "North American-sourced crudes" may also include 
light sweet shale oil crudes, such as Bakken, which also have the potential to increase 
emissions, and result in significant environmental impacts, compared to the current crude 
slate.  
   
 The pollutants in the diluent blended with these DilBit crudes and in the light 
sweet shale crudes include significant amounts of hazardous air pollutants, such as 
benzene, a potent carcinogen.  These would be emitted at many fugitive components in 
the Refinery, including compressors, pumps, valves, fittings, and tanks, in greater 
amounts than from other crudes that are currently being refined or have otherwise been 
proposed.  
 
 These increased emissions would result in significant air quality impacts not 
acknowledged in the IS/MND.  These include significant increases in volatile organic 
compounds (VOCs); hazardous air pollutants, including benzene and lead, which will 
cause significant health impacts; and highly odiferous sulfur compounds that would 
individually and cumulatively cause malodors, degrade ambient air quality, increase the 
incidence of accidental releases, and adversely affect the health of workers and residents 
around the Refinery.  Further, the high acid levels in these crudes would accelerate 
corrosion of refinery components, contributing to equipment failure and increased 
accidental releases.  Thus, an EIR should be prepared to properly analyze these impacts 
and identify mitigation measures. 
 
 Finally, the Project description is very incomplete and inadequate to sustain the 
conclusions in the IS/MND.  The sine qua non of a CEQA analysis is a baseline (physical 
condition of environment, e.g., emissions, at time of analysis).  The baseline is required 
to evaluate the significance of increases due to the Project.  The IS/MND contains no 
baseline conditions for any impact.   
 
 The Project description fails to identify the crudes that would be imported, the 
crudes that would be displaced, all of the key chemical composition data required to 

                                            
1 ESA, Valero Crude by Rail Project, Initial Study/Mitigated Negative Declaration, Use Permit Application 
12PLN-00063, Prepared for City of Benicia, May 2013. 
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assess crude quality and resulting impacts, and Project process flow diagrams and design 
documents essential to assess impacts.  In short, the IS/MND fails to provide a 
meaningful description of the Project.  The number and nature of the deficiencies are so 
substantial that the IS/MND should be withdrawn and replaced with a draft EIR with a 
complete Project description and a thorough environmental impact analysis.   
 

 My resume is included in Attachment 1 to these comments.  I have over 40 years 
of experience in the field of environmental engineering, including air emissions and air 
pollution control; greenhouse gas emission inventory and control; air quality 
management; water quality and water supply investigations; hazardous waste 
investigations; environmental permitting; nuisance investigations (odor, noise); 
environmental impact reports, including CEQA/NEPA documentation; risk assessments; 
and litigation support.   
 
 I have a M.S. and Ph.D. in environmental engineering from the University of 
California at Berkeley with minors in Hydrology and Mathematics.  I am a licensed 
professional engineer (chemical, environmental) in five states; a Board Certified 
Environmental Engineer, certified in Air Pollution Control by the American Academy of 
Environmental Engineers; and a Qualified Environmental Professional, certified by the 
Institute of Professional Environmental Practice. 
 
 I have prepared comments, responses to comments and sections of EIRs for both 
proponents and opponents of projects on air quality, water supply, water quality, 
hazardous waste, public health, risk assessment, worker health and safety, odor, risk of 
upset, noise, land use and other areas for well over 100 CEQA documents.  This work 
includes Environmental Impact Reports (EIRs), Negative Declarations (NDs), and 
Mitigated Negative Declarations (MNDs) for all California refineries as well as various 
other permitting actions for tar sands refinery upgrades in Indiana, Louisiana, Michigan, 
Ohio, South Dakota, Utah, and Texas.  My work has been cited in two published CEQA 
opinions: (1) Berkeley Keep Jets Over the Bay Committee, City of San Leandro, and City 

of Alameda et al. v. Board of Port Commissioners (August 30, 2001) 111 Cal.Rptr.2d 598 
and Communities for a Better Environment v. South Coast Air Quality Management Dist. 

(2010) 48 Cal.4th 310.   
 

 Ian Goodman and Brigid Rowan of The Goodman Group, Ltd. (TGG) are also 
submitting Comments on IS/MND (TGG Comments) and specifically are undertaking an 
evaluation of crude supply.  I have relied on their report in my analysis. I conferred with 
TGG (Ian Goodman) during the preparation of our respective Comments, and (where 
relevant), each of the Comments makes reference to the other. 
 
II.  AIR EMISSIONS WOULD INCREASE DUE TO CHANGES IN CRUDE 

 QUALITY 

 
 The Project will allow the Refinery to replace up to 70,000 barrels per day (BPD) 
of crude oil currently transported by marine vessel with an equivalent amount of crude oil 
transported by rail.  MND, p. 1; IS, p. I-1.  The crude oil imported by rail is identified 
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only as "North American-sourced crude oil" that is "expected to be of similar quality 
compared to existing crude oil imported by marine vessels."  MND, p. 1; IS, p. I-1.  The 
specific "North American-sourced crude oils" are not identified.  As discussed below, all 
crudes are not created equal.   
 
 The IS/MND also asserts that imports by rail would not displace crude delivered 
by pipeline (heavy sour San Joaquin Valley crudes), would not result in an increase in the 
production of existing products or byproducts, and would require no modification to 
Refinery process equipment.  MND, p. 1, IS, p. I-1.  However, the Initial Study does not 
contain any of the information required to evaluate these claims and their resulting 
environmental impacts.  In fact, key project description and emissions data required to 
assess this claim and resulting environmental impacts are claimed as confidential (ATC, 
Appx. A, Appx. B (Attachs. B-1, B-2, B-4)), preventing meaningful public review.  
Further, the MND does not recommend any conditions that would assure these 
fundamental (and undisclosed) assumptions are in fact implemented.  The MND, for 
example, does not limit the quality of the rail imports, the origin of the rail imports, nor 
the quality of displaced ship imports.  These are serious flaws as crude quality determines 
environmental impacts, as explained elsewhere in these comments. 
  
 The emissions from a refinery depend upon the composition of the crude that it 
refines.  The Initial Study indicates the Refinery currently processes a blended slate of 
crude oil with a gravity that ranges from 20o to 30o API2 and a sulfur content that ranges 
from 0.6% to 1.9%, based on 2011 to 2012 data.  IS, pp. I-2, I-6.  However, nothing else 
about this crude slate is disclosed.  The undisclosed information determines the 
environmental impacts. 
 
 The Initial Study also asserts that the "North American-sourced crude oils are 
expected to replace crude oils of similar gravity and sulfur content currently brought in 
by ship," reporting the rail imports to have a gravity that ranges from 20o to 43.5o API 
and a sulfur content that ranges from 0.06% to 3.1%.  IS, pp. I-2, I-6.  Thus, the Initial 
Study concludes that "it is anticipated that the Refinery would continue to operate within 
its existing specifications for crude oil gravity and sulfur content range."  Ibid.  Further, it 
concludes that the Refinery would not need to change existing operations or process 
equipment, "nor would emissions from Refinery operations change (with the exception of 
the storage tank service and rail unloading emissions) as a result of accepting and refining 
the proposed North American-sourced crudes."  IS, pp. I-2, I-6, I-7.  These conclusions 
are unsupported and likely wrong. 

 First, the ability of a refinery to process a particular crude and the resulting 
emissions depend upon many more variables than just the API gravity and sulfur 

                                            
2 The specific gravity of crude oil is typically measured using the American Petroleum Institute (API) 
standard or the API gravity of the crude oil.  The API gravity is a measure of the weight of crude oil in 
relation to the weight of water (which has an API gravity of 10 degrees).  Heavy crude oil has an API 
gravity of 18o or less.  The oil is viscous and resistant to flow.  Intermediate crude has an API greater than 
18o but less than 36o.  Light crude has an API gravity of greater than 36o. 
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content.3  Valero certainly knows this and could not evaluate crudes to include in its swap 
without substantially more information than disclosed in the IS/MND.  The same 
information Valero uses to select crudes is required to assess environmental impacts.  
This critical information is missing from the record.  The public has been left in the dark 
to guess what the crude quality and thus impacts might be.  This contravenes the 
information disclosure requirements of CEQA.  There are major chemical differences 
between the crudes currently imported by ship and available "North American-sourced 
crude oils" that could only arrive by rail.4    

 Second, the range of two crude characteristics does not reveal anything about the 
median and average value of those parameters, which ultimately determine emissions.  
The sulfur content of the crude slate, for example, could continue to fluctuate between 
0.6% to 1.9% while the average sulfur content of the slate could creep up, which has in 
fact happened at California refineries5 as well as elsewhere.6 

 Third, the IS/MND does not include any conditions of certification that would 
prevent the selection of any North American-sourced crude available by rail, either 
currently or in the future.  Many such crudes have unique chemical characteristics that 
would result in significant environmental impacts not disclosed in the IS/MND.  As 
discussed elsewhere in these comments, the Refinery is in the process of being modified 
to allow it to process a larger amount of also unidentified heavy high sulfur crudes, which 
Valero admits would increase the sulfur content of the crude and make it heavier.  The 
refining of many of these crudes would result in significant environmental impacts.  In 
fact, the most economically attractive heavy high sulfur crudes, those derived from 
Canadian tar sands bitumens, are only available in large quantities to the Refinery by rail.  
Thus, absent conditions of certification to the contrary, it is possible that a rail terminal 
would allow the import of heavy high sulfur crudes in the future, after the current 

                                            
3 See, for example, CCQTA, Canadian Crude Oil Quality Past, Present and Future Direction, February 7, 
2012, pp. 8 ("Need more than sulfur and gravity to determine the "acceptability and valuation" of crude oil 
in a refinery.  The crude oil's hydrocarbon footprint and contaminants determine the value of crudes.."), 
Available at: http://www.choa.ab.ca/index.php/ci_id/9210/la_id/1/, provided as Appendix I to TGG 
Comments. 
4 D. Stratiev and others, Evaluation of Crude Oil Quality, Petroleum & Coal, v. 52, no. 1, pp. 35-43, 2010, 
Available at: 
http://www.vurup.sk/sites/vurup.sk/archivedsite/www.vurup.sk/pc/vol52_2010/issue1/pdf/pc_1_2010_strati
ev_051.pdf.  See also www.crudemonitor.ca.  
5 Margaret Sheridan, California Crude Oil Production and Imports, California Energy Commissions Staff 
Paper, April 2006. 
6 EIA, Crude Oil Input Qualities, Available at: 
http://www.eia.gov/dnav/pet/PET_PNP_CRQ_A_EPC0_YCS_PCT_M.htm; Greg L. Armstrong, Crude Oil 
Trends & Recent Developments, January 11, 2012, pp. 19-20, Available at: 
http://www.ipaa.org/meetings/ppt/2012TIPRO/January/012012-Armstrong.pdf and Edward J. Swain, 
Sulfur, Coke, and Crude Quality - Conclusion U.S. Crude Slate Continues to Get Heavier, Higher in Sulfur, 
Oil & Gas Journal, January 9, 1995, Available at: http://www.ogj.com/articles/print/volume-93/issue-2/in-
this-issue/refining/sulfur-coke-and-crude-quality-conclusion-us-crude-slate-continues-to-get-heavier-
higher-in-sulfur.html.  

http://www.choa.ab.ca/index.php/ci_id/9210/la_id/1/
http://www.vurup.sk/sites/vurup.sk/archivedsite/www.vurup.sk/pc/vol52_2010/issue1/pdf/pc_1_2010_stratiev_051.pdf
http://www.vurup.sk/sites/vurup.sk/archivedsite/www.vurup.sk/pc/vol52_2010/issue1/pdf/pc_1_2010_stratiev_051.pdf
http://www.eia.gov/dnav/pet/PET_PNP_CRQ_A_EPC0_YCS_PCT_M.htm
http://www.ipaa.org/meetings/ppt/2012TIPRO/January/012012-Armstrong.pdf
http://www.ogj.com/articles/print/volume-93/issue-2/in-this-issue/refining/sulfur-coke-and-crude-quality-conclusion-us-crude-slate-continues-to-get-heavier-higher-in-sulfur.html
http://www.ogj.com/articles/print/volume-93/issue-2/in-this-issue/refining/sulfur-coke-and-crude-quality-conclusion-us-crude-slate-continues-to-get-heavier-higher-in-sulfur.html
http://www.ogj.com/articles/print/volume-93/issue-2/in-this-issue/refining/sulfur-coke-and-crude-quality-conclusion-us-crude-slate-continues-to-get-heavier-higher-in-sulfur.html
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modifications are complete, that would increase emissions relative to the current baseline, 
causing significant undisclosed environmental impacts.    

 This would be consistent with statements in the IS/MND that rail imports are 
"expected to be of similar quality compared to existing crude oil imported by marine 
vessels."  MND, p. 1; IS, p. I-1.   Further, many of the tar sands crudes fall within the 
range of API gravity and sulfur content reported in the IS/MND, from 20o to 43.5o API 
and a sulfur content that ranges from 0.06% to 3.1%.  IS, pp. I-2, I-6.  Crude oil import 
data reported by Valero to the U.S. Energy Information Administration (EIA) and 
discussed below indicate that the Refinery is currently importing Canadian tar sands 
crudes.  

 Thus, without crude assay data and conditions of certification that restrict crude 
quality to that analyzed in the CEQA documents, and at least annual reporting to assure 
compliance, the Refinery has the discretion to import any crude that is cheaper, 
regardless of environmental impacts.  This could include heavy sour Canadian tar sands 
crudes.  As discussed elsewhere in these comments, heavy sour Canadian tar sands 
crudes are a worst case for environmental impacts.  They would increase air emissions 
and result in other significant impacts, relative to the current baseline, that were not 
considered in the IS/MND.   

A. Related Projects Not Disclosed 

 Valero is currently in final phases of constructing the Valero Improvement Project 
or VIP, which will not be fully operational until the end of 2014.  The Crude by Rail 
Project should be evaluated in the context of the VIP FEIR, not through an isolated 
IS/MND that fails to even disclose this precedent, related project that it is modifying. 

 The VIP is designed to facilitate the import and processing of much higher sulfur 
and heavier crudes than the current slate, The VIP would permit the Refinery to process 
heavier, high sulfur feedstocks as 60% of total supply, up from just 30% prior to the 
VIP.7  The VIP has been permitted and is in the final stages of construction.  VIP DEIR 
2002.8  The VIP project includes the following elements that are designed specifically to 
allow a shift to a much lower quality crude slate: 

                                            

7 VIP DEIR, p. 3-20 (“The refinery currently imports and processes two primary raw materials – crude oil 
and gas oil. Currently, about 30% of the refinery feedstocks are lower-grade raw materials, with higher 
levels of sulfur and higher heavy pitch content. The VIP changes would allow the refinery to purchase and 
process additional volumes of lower-grade raw materials (crude oils or gas oils). In general terms, the 
refinery would be able to increase this percentage to about 60%, raising the average sulfur content of the 
imported raw materials from current levels of about 1 - 1.5% up to future levels of about 2 - 2.5%."). 
8 ESA, Valero Refining Company's Land Use Application for the Valero Improvement Project, 
Environmental Impact Report, Draft, October 2002 (DEIR),  The Benicia Planning Commission certified 
the Final EIR, consisting of the DEIR and the Responses to Comments in Resolution No. 03-4.  This FEIR 
was amended in 2007.  Supporting documents available at: 
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 Pipestill (crude unit) modifications to increase crude oil processing capacity 
from 135,000 BPD to 165,000 BPD, or by approximately 25% (VIP DEIR, p. 
3-27); 

 Fluid Catalytic Cracker Unit Feed Flexibility modifications to process 
different feeds and increase process rate from 72,000 BPD to 75,000 
BPD or higher on occasion (VIP DEIR, p. 3-28; VIP Amend., p. 2-21); 

 Coker Unit modifications from 30,000 BPD to 35,000 BPD (VIP 
DEIR, p. 3-30);  

 Increased refinery capacity to remove and recover sulfur from 320 
ton/day to  480 ton/day (VIP DEIR, p. 3-33) 

 Flue Gas Scrubber to reduce emissions from the main stack (VIP 
DEIR, Sec. 3.4.3.5); 

 Increase hydrogen production from 160 to 190 MMscf/day to support 
hydrofining and hydrocracking (VIP DEIR, p. 3-39); 

 Hydrofining optimization changes (VIP DEIR, Sec. 3.4.3.7); 

 Modifications to maximize hydrocracking, alkylation, and reforming 
capacity (VIP DEIR, Sec. 3.4.3.8); 

 Adding a Guard Reactor to the Hydrotreater (VIP DEIR, Sec. 3.4.3.9); 

 Modifications to optimize fractionation processes (VIP DEIR, Sec. 
3.4.3.10); 

 New and modified existing combustion sources (VIP DEIR, Sec. 
3.4.3.11); 

 Use of 150 gpm of additional water (VIP DEIR, Sec. 3.4.3.12); 

 Modifications to the wastewater treatment facility (VIP DEIR, Sec. 
3.4.3.13); 

 An additional desalter vessel to remove salts and solids (VIP Adden., 
Table 2.1.1-1); 

 Added support facilities and infrastructure (VIP DEIR, Sec. 3.4.3.14); 

 Added new crude tankage (VIP DEIR, Sec. 3.4.3.15); 

 Increased import and export ship and train traffic (VIP DEIR, Sec. 
3.4.3.16). 

 These are the types of modifications that would be required to increase the 
amount of heavy sour crude processed at the Refinery.  These modifications were 

                                                                                                                                  
http://www.ci.benicia.ca.us/index.asp?Type=B_BASIC&SEC=%7B737165B4-11C5-4974-9B0B-
0AE4AC535ECC%7D. 

http://www.ci.benicia.ca.us/index.asp?Type=B_BASIC&SEC=%7B737165B4-11C5-4974-9B0B-0AE4AC535ECC%7D
http://www.ci.benicia.ca.us/index.asp?Type=B_BASIC&SEC=%7B737165B4-11C5-4974-9B0B-0AE4AC535ECC%7D
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estimated to increase electricity demand by 23 MW9 and natural gas consumption by 9.6 
MMscf/day. (VIP DEIR, pp. 2-3).  They were also estimated to increase the firing rate of 
heaters and boilers throughout the Refinery by 400 MMBtu/hr (VIP DEIR, p. 3-47)10.   
These increased utility demands increase emissions. 

 They also would have other adverse impacts not disclosed in the VIP FEIR that 
must be disclosed in the Crude by Rail Project.  Most of the modifications have started 
up.  However, the last major part of the VIP project, the Hydrogen Plant, the critical link 
required to tie the rest of the Project together, is not estimated to startup until the end of 
2014.  Valero filed a request with the BAAQMD to extend the construction permit for the 
Hydrogen Plant through December 2014 to accommodate this delay.11  

 The VIP was specifically designed to allow the Refinery to shift to a much 
heavier, higher sulfur crude slate. The subject crudes would have sulfur contents up to 
4% and would require heated tanks for storage.12 These are "heavy sour crudes".  There 
are only a few crudes with these characteristics that might meet Valero's other goal of 
lowering the cost of petroleum feedstocks.  VIP DEIR, pp. 3-32, 3-35.  As further 

                                            
9 Increased by 1.5 MW in 2007 with the addition of a new desalter.  VIP Environmental Analysis, 
September 2007, p. 2-21. 
10 In the 2007 amendment, reduced by 100 MMBtu/hr by installing a new, more efficient Hydrogen Unit 
than originally planned for in the 2003 VIP FEIR and increased by 70 MMBtu/hr to facilitate FCCU 
modifications.  VIP Environmental Analysis, September 2007, pp. 2-18, 2-21. 
11 ENSR Corporation, Environmental Analysis, Valero Improvement Project Amendments, September 2007 
(2007 Amendments), Table 2.5.1-1 and VIP Semi-Annual Construction Report for the first half of 2012 - 
Revised, August 1, 2012 (showing the Hydrogen Plant starting up 4th quarter of 2014). 

12 VIP DEIR, pp. 1-1 (The purpose of the VIP is to allow the Refinery to process certain "lower grades of 
raw material" (crude oil and gas oil), 3-16 ("lower grade of crude"), 3-28 (the FCCU would be modified to 
allow it to "develop the flexibility to process heavier feedstocks.."), 3-30 ("[a] key characteristic of the new 
petroleum crude blends to be processed...is a higher percentage of heavier hydrocarbons than in the crude 
mix now processed.."), 3-32 ("the VIP would enable the refinery to process lower cost petroleum 
feedstocks (crudes) that could contain up to twice the sulfur content of the crudes presently processed at the 
refinery."), 3-35 ("[t]he VIP modifications to the refinery would enable the processing of additional lower 
cost heavy petroleum feedstocks (crudes) with higher sulfur.  One characteristic of these crudes is that they 
could contains about 4% sulfur, up to twice the average sulfur content of the crudes presently processed at 
the refinery.  Though these crudes are not necessarily new to the refinery, there would be more of them 
processed."), 3-45 (with the changes in feed stock characteristics anticipated after the VIP 
modifications..."), 3-46 ("The VIP would require more heat provided by combustion because more oil 
products will be processed than at present and because the VIP new crude blends will consist of heavier 
components which require more heat for processing...than the present crude blend."), 3-49 ("Several tanks 
that would store heavy feedstocks would need to be fitted with steam heating equipment.  By heating the 
heavy oil, the viscosity would be reduced enough to allow more efficient pumping."), 4.2-19 ("The VIP 
proposes to process a higher percentage of lower grades of crude oil with greater sulfur content than it 
presently can process."), 4.5-3 (The project would...allow lower grade materials to be refined there."), p. 
4.8-10 ("[t]he lower grade crude oils expected in the project..."), 4.8-11 ("heavier crude feedstocks", 
"heavier feedstock", "feedstock changes"), 4.8-14 (there will be about three additional ships per month for 
crude oil transport and a reduction of two barges and ships for gas oil transport."), 8-4 ("Valero proposes to 
develop the capability to economically process additional heavy crudes and crudes with more sulfur on 
average than those processed at the refinery since 1970."). 



8 

discussed in TGG Comments and Section C below, Canadian tar sands are the most 
proximate and cost effective option to achieve Valero's goals for the Benicia Refinery.13   

 Thus, clearly, Valero is in the process of implementing a major expansion project 
to allow it to process increased amounts of heavy sour crude, consistent with the 
composition of Canadian tar sands crudes.  The VIP is nearly complete.  The last 
component, a new Hydrogen Plant, is scheduled to startup at the end of 2014.  An 
increase in hydrogen is essential to refining increased amounts of heavy sour crude.  
Thus, the anticipated increase in heavy sour crude has not yet occurred.  This is 
confirmed by the U. S. Energy Information Administration (EIA) crude import data,14 
which shows only a tiny amount of heavy sour (>3.5%) crudes delivered to Benicia.  The 
EIA crude import data for 2010 to 2012 indicate 0.5% to 2% of the crude slate originated 
in Canada with an API gravity (20.8o-22.6o) and sulfur content (3.54%-3.75%) consistent 
with Canadian tar sand crudes.15  

 Thus, for purposes of CEQA analysis, the baseline for the Crude by Rail Project is 
the period 12/10/10 to 12/9/12 (IS, p. I-6), a period when very little Canadian tar sands 
crude was being processed.  The Crude by Rail CEQA analysis must evaluate impacts 
relative to physical conditions as they existed during this period.  The IS/MND assumes 
the proposed crude switch could occur without any change to Refinery process equipment 
or increases in production of existing products or byproducts.  IS, p. I-1.  This would 
likely be feasible if full buildout of the VIP is assumed as the baseline.   

B. All Increases In Emissions Must Be Considered Under CEQA 

 The IS/MND fails to disclose or quantify the increases in emissions that could 
result from modifying the crude slate.  However, replacing 70,000 BPD or 81% of its 
ship imports or nearly half (70/165 = 0.43) of its entire current crude slate with tar sands 
crudes in the long term would make the overall slate heavier, increase emissions, and 
result in significant environmental impacts.   

 The use of the proper CEQA baseline is critical to accurately evaluate impacts.  
The Refinery operates under a permit issued by the Bay Area Air Quality Management 
District (BAAQMD).  This permit establishes maximum amounts of regulated pollutants 
that can be emitted, including those permitted pursuant to the VIP.  The Crude by Rail 
Project may result in increases in emissions that fall within the limits in this and other 
permits and plans, such as the VIP FEIR and still result in significant impacts.  Permit 
limits and conditions of certification in previous CEQA actions do not establish the 
baseline for purposes of the CEQA review for the Crude by Rail Project. 

                                            
13 See, for example, Stratiev et al. 2010, Table 1 and Wikipedia, List of Crude Oil Products, Available at: 
http://en.wikipedia.org/wiki/List_of_crude_oil_products. 
14 EIA, Petroleum & Other Liquids, Company Level Imports, Available at: 
http://www.eia.gov/petroleum/imports/companylevel/. 
15 www.crudemonitor.ca. 

http://en.wikipedia.org/wiki/List_of_crude_oil_products
http://www.eia.gov/petroleum/imports/companylevel/
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 A long line of Court of Appeal decisions and a California Supreme Court decision 
hold that impacts of a proposed project are to be compared to the actual environmental 
conditions existing at the time of CEQA analysis, rather than to allowable conditions 
defined by a plan or regulatory framework, such as the BAAQMD permit or the VIP 
FEIR.  The California Supreme Court specifically concluded, in a case that I worked on 
involving the ConocoPhillips refinery in Los Angeles, that the pre-existing permits did 
not establish the baseline for CEQA analysis.  (2010) 48 Cal.4th 31.   

 Thus, while the emission increases identified below may well fall within existing 
Permit limits, this does not exclude them from CEQA review for the Crude by Rail 
Project.  The increases in emissions that will occur from importing "North American-
sourced crudes" must be quantified and evaluated under CEQA as of current conditions, 
regardless of permit limits.  The IS/MND does not do this.  To the extent that these 
emissions were considered in the related VIP Project, these emissions and mitigations 
must be evaluated within the regulatory and other frameworks on the ground during the 
baseline period.  Much has changed since the 1999 to 2001 baseline used to evaluate the 
VIP, which will be modified by the Crude-by-Rail project. 

 My analyses presented below indicate that these increases would be significant, 
would exceed BAAQMD CEQA significance thresholds and potentially would contribute 
to adverse health impacts, malodors, and major accidental releases, as well as degradation 
of ambient air quality.  The IS/MND is silent on these potential emission increases and 
their environmental consequences.  My analysis indicates these impacts are significant 
and unmitigated, requiring the preparation of an EIR. 

C. What Crude Will Be Imported By Rail? 

 Refining generates emissions.  The type and amount of emissions depend upon 
the chemical characteristics of the specific crudes included in the slate.  The central 
question that must be answered to determine environmental impacts of the Crude by Rail 
Project is what crude(s) will be imported by rail, and what crude(s) will replace them, for 
the life of the Project.  This is not disclosed in the IS/MND, presenting a mystery for 
reviewers.   

 In fact, the IS/MND goes to great lengths to not identify the crudes that would be 
imported, quoting only ranges in two parameters -- sulfur content and API gravity -- 
which are irrelevant to potential impacts.  The IS/MND claims nothing would change 
except the mode of transportation, from ship to rail.  It ignores all impacts related to the 
crude itself.  Thus, the IS/MND is asserting a claim that is inconsistent with the massive 
refinery upgrade and expansion currently underway.  The VIP heavy sour crude 
expansion would not be built if Valero was really planning to sweeten and lighten up its 
crude slate.  Further, the IS/MND claims as confidential all information that one could 
potentially use to identify these crudes, including crude quality data, process flow 
diagrams, and critical support for the emission calculations.  ATC, Appx. A, B.   
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1. The IS/MND Crude By Rail Project Is Inconsistent With The VIP Project 

 As explained above, the Refinery is being extensively modified to allow it to 
process increased amounts of heavy sour crudes, consistent with Canadian tar sands 
crudes.  However, the IS/MND asserts the opposite.  The VIP was specifically designed 
to allow the Refinery to increase the amount of heavy sour crudes in its slate, up to 60% 
of the total. 16 Valero characterized the VIP as a "crude ‘sour-up’" to reduce dependence 
on ANS.17 With the VIP fully operational, this Refinery could process approximately 
100,000 BPD of heavy sour crudes. 18  Thus, the full 70,000 BPD capacity of the Crude 
by Rail Project could be used for heavy sour crudes.   

Meanwhile, as of 2010, Valero stated that it had the ability to process 35% heavy 
sour crude, 47% medium/light sour crude, and 18% other.19 or less than 60,000 BPD of 
heavy sour crude.  So prior to completion of the VIP, this Refinery could process 
substantial amounts of heavy sour crudes, but much less than it will be able to in the near 
future. And once a Crude by Rail Project is in place, it could be used to deliver the heavy 
sour crudes that this Refinery can process. 

The IS/MND does not even mention the VIP nor attempt to resolve this 
inconsistency. 

 Valero has applied to the Bay Area Air Quality Management District (BAAQMD) 
for a construction permit for the Crude by Rail Project.  The Authority to Construct 
Application (ATC) is Appendix A to the IS/MND.  In the BAAQMD proceeding, Valero 
responded to questions by the BAAQMD in an April 11, 2013 letter.  In this letter, 
Valero repeatedly describes the crudes that would be imported as light sweet crudes that 
will cause the current slate to become "sweeter",  "lighter in gravity and lower in sulfur 
than the average Padd V or average Valero crude slate," and as "ANS look-alikes or 
sweeter".  (4/11/13 BAAQMD RTC ).20   

                                            

16 VIP DEIR, p. 3-20.  
17 Valero, Benicia Refinery Tour Slides, July 9, 2007, p. 26, provided as Appendix F to TGG Comments. 
18   IS p. I-1 (“The Refinery’s crude oil processing rate is limited to an annual average of 165,000 barrels 
per day (daily maximum of 180,000 barrels per day) by Bay Area Air Quality Management District 
(BAAQMD) permit.”). 60% of 165,000 BPD equals 99,000 BPD. Even if some of these heavy sour 

crudes are delivered by pipeline, most (if not all) of the crude by Rail could be heavy, sour.  In 

the 2007-2010 period, the refinery received 20-25% of its crude by pipeline, so in the order of 

25,000-35,000 BPD (Valero, Benicia Refinery Tour Slides, July 9, 2007, p. 26, provided as Appendix F 
to TGG Comments; Valero, Benicia Refinery Tour Slides, August 17, 2010, p. 29, provided as Appendix G 
to TGG Comments). 
19 Valero, Benicia Refinery Tour Slides, August 17, 2010, p. 29, provided as Appendix G to TGG 
Comments. 
20 Letter from Susan K. Gustofson, Valero to Thu Bui, BAAQMD, transmitting Crude by Rail Project, 
Response to BAAQMD 3/20/2013 Project Questions, April 11, 2013, Public Version, pp. 5 ("North 
American sourced crudes are typically characterized as "sweet" meaning they contain less than 0.5 wt% 
sulfur.  The North American sourced crudes currently available to the Valero Benicia refinery are expected 
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 This is exactly the opposite of claims in the VIP FEIR.  It further is unlikely as a 
long-term strategy due to the physical changes that have been and are currently being 
made to the Refinery.  Sourcing North American light sweet crudes by rail may be an 
interim strategy to boost profits while VIP construction is being completed, but it is not a 
likely or even credible long-term option. Using the Benicia Crude by Rail Project to 
deliver heavy, sour tar sands Dilbits is much more consistent with VIP, especially given 
the large capital investments that have already occurred, on-going construction of the VIP 
to allow more processing of heavy sour crudes, and the economic benefits of running 
these cheaper lower grade crudes.     

 Valero's response to the BAAQMD only asserts "[t]he North American sourced 
crudes currently available to the Valero Benicia refinery are expected to have sulfur 
below 0.5 wt%."  Response to BAAQMD, p. 5.  This says nothing about the future.  The 
VIP project is currently incomplete.  The Hydrogen Plant, which ties the VIP together 
and is essential to process increased amounts of heavy sour crude, will not be operational 
until the end of 2014.  The Crude by Rail Project would be operational by the end of 
2013 and would thus operate for about a year before the VIP would be fully operational.  

 Thus, it is conceivable that during this interim period, Valero would deliver 
increased amounts of a light sweet crude by rail, perhaps Bakken,21 which may continue 
to be available at a cost that is competitive compared to other crudes in its current slate. 
Interim imports of Bakken may occur while sufficient export facilities are constructed in 
Canada to handle the large unit trains proposed for Benicia.22  However, especially in the 
long term, the rail terminal could be used to import Canadian tar sands crudes planned for 
the VIP as the IS/MND does not propose any conditions of certification to limit rail 
import to only light sweet crudes.  As further discussed in TGG Comments, the import of 
tar sands crudes is likely as the Refinery will have been upgraded to process them, and 
they are likely to be discounted relative to other crudes available to the Refinery.  
Alternatively, Valero could blend heavy sour tar sands crude with light sweet North 
American crudes, such as Bakken, to make a "pseudo" Alaskan North Slope (ANS) 

                                                                                                                                  
to have sulfur below 0.5 wt% which is well below the typical crude slate average of 1.4 wt%.  Therefore, 
these crudes directionally sweeten the crude slate and reduce the amount of refinery fuel gas sulfur 
treatment required."), 6 ("...the crude slate is expected to be sweeter with the introduction of North 
American sourced crudes."), 7 ("North American sourced crudes are expected to be sweeter than existing 
average crude slate", "North American sourced crudes are characterized as sweet and are expected to have 
sulfur content lower than current crude slate sulfur average"), 8 ("The crudes proposed to be brought in by 
rail are those that fall into the lower right corner of the graph, which would be lighter in gravity and lower 
in sulfur than the average Padd V or average Valero crude slate."), 8 ("...the proposed North American 
sourced crudes are expected to be ANS look-alikes or sweeter...there is not expected to be any difference in 
emissions...compared to existing operations."), 9 ("North American-sourced crudes proposed to be received 
by railcar are ANS look-alikes or sweeter.."). 
21 John R. Auers, The Prospects for Bakken Crude from a Refiners Perspective, November 16, 2010, 
Available at: http://turnermason.com/Publications/petroleum-publications_assets/Bakken-Crude.pdf. 
22 Sandy Fielden, Crude Loves Rock'n'Rail - Heat It!  Bitumen by Rail (Part 2), March 19, 2013, Available 
at: http://www.rbnenergy.com/crude-loves-rocknrail-bitumen-by-rail-part-2. 

http://turnermason.com/Publications/petroleum-publications_assets/Bakken-Crude.pdf
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substitute,23 thus importing some of both.  Regardless, tar sands crudes cannot be 
eliminated as a rail terminal import.   

 Further, even assuming the import of light sweet crudes to lighten up the slate, the 
Crude by Rail project would result in changes in emissions that were not considered in 
either the VIP FEIR or the instant IS/MND.  For example, lighter crudes would increase 
emissions of VOCs  and volatile hazardous organic pollutants (HAPs) from tanks, pumps, 
compressors, valves and connectors throughout the Refinery.  These increases have not 
been evaluated in either the VIP FEIR nor the IS/MND.   

 Regardless, you cannot simultaneously lighten up and heavy up the crude slate 
and sour up and sweeten up the crude slate.  It is either one or the other.  The IS/MND 
does not disclose which it is, claiming it is neither, just the status quo without identifying 
the status quo.  In the long-term, given the modifications to the Refinery, the most likely 
option is to import increased amounts of sour heavy Canadian tar sands crudes by rail.  
This option cannot be eliminated as the Refinery has been upgraded to handle these 
crudes and they will improve profit margins.  Further, the worst case must be evaluated 
under CEQA absent conditions of certification prohibiting it. 

 Heavy sour crudes were anticipated to arrive by ship in the VIP, which assumed 
about three additional ships per month of heavy sour crude and two less barges and ships 
of gas oil.  VIP DEIR, p. 4.8-14.  The IS/MND, however, is contingent upon a 
comparable decrease in ship traffic. However, as further discussed in TGG Comments, 
due to delays in securing pipeline capacity and port facilities to export Canadian tar sands 
by ship, the only current way for Valero to take advantage of tar sands crudes and cost 
effectively deploy the VIP capital improvements is to import Canadian tar sands crudes 
by rail.  
  
2. What Crudes Are Likely To Be Refined?  

 The first step in determining emission increases is to identify the crudes that are 
involved in the proposed switch.  The crudes that the Refinery imported between 2007 
and 2013 are summarized in Figure 1 from data reported by Valero to the EIA.24 All of 
these crudes arrive by ship.25  

Figure 1 shows that a small amount of crude currently arrives from Canada.  The EIA 
composition data for this crude is consistent with heavy sour tar sands crudes.  The 
puzzle that the IS/MND reviewer is left to unravel is which of these crudes will be 
                                            
23 John R. Auers and John Mayes, North American Production Boom Pushes Crude Blending, Oil & Gas 
Journal, May 6, 2013, Available at: http://www.ogj.com/articles/print/volume-111/issue-5/processing/north-
american-production-boom-pushes.html. 
24 EIA, Petroleum & Other Liquids, Company Level Imports, Available at: 
http://www.eia.gov/petroleum/imports/companylevel/. 
25 In addition to these imports by ship, the Refinery also processes some domestic crudes, 

including ANS (which arrives by ship) and California crudes (which arrive by heated 

pipeline).   

http://www.ogj.com/articles/print/volume-111/issue-5/processing/north-american-production-boom-pushes.html
http://www.ogj.com/articles/print/volume-111/issue-5/processing/north-american-production-boom-pushes.html
http://www.eia.gov/petroleum/imports/companylevel/
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replaced by "North American-sourced crudes" and what "North American-sourced 
crudes" will do the replacing.  The IS/MND contains none of the information needed to 
solve this puzzle and thus is inadequate. 

Figure 1 

Imported Crudes Currently Refined at Valero Benicia 

 

 A recent presentation by Valero indicates that it plans to import "cost-advantaged 
crude oil" to its Benicia refinery.26  This is consistent with the VIP, which is designed to 
allow the Refinery to process increased amounts of cheaper heavier sourer crudes.  The 
cost-advantaged crude oils identified by Valero are shown in Figure 2. 

 

                                            
26 Valero, UBS Global Oil and Gas Conference, May 21-22, 2013, p. 10, Available at: 
http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx. provided as Appendix D to TGG 
Comments. 

http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx
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Figure 2 

Cost-Advantaged Crudes 

That Could Be Imported By Rail
27

 

 

 The largest growth in cost-advantaged crudes is coming from U.S. shale crudes 
and heavy Canadian tar sands crudes, both of which are "North American-sourced crude 
                                            
27 Brent is light sweet crude oil sourced from the North Sea, priced at export point there.  It has an API 
gravity of 37.9o and 0.45% sulfur.  LLS is light Louisiana sweet, priced at St. James, LA.  It has an API 
gravity of 37.0o and 0.38% sulfur.  MARS is a medium sour blended crude marketed into the Gulf coast 
and mid-continent regions, priced at Clovelly LA.  It has an API gravity of 28.7o and 1.8% sulfur.  Maya is 
a heavy sour crude oil from Mexico, priced at export point there.  It has an API gravity of 22o and 3.3% 
sulfur.  WTI Cush. is West Texas Intermediate crude priced at Cushing, OK, a major trading hub for crude 
oil.  It is a light crude oil with an API gravity of 39.0o and 0.4% sulfur (see also 
http://en.wikipedia.org/wiki/West_Texas_Intermediate).  WTI Mid. is West Texas Intermediate (API 
gravity of 39.0o and 0.4% sulfur) priced at Midland TX (proximate to Permian Basin production).  WTS is 
west Texas Sour priced at Midland, TX and an API gravity of 33.5o and 1.9% sulfur.  Syncrude is a light 
sweet synthetic Canadian tar sands crude consisting of a bottomless blend of hydrotreated naphtha, 
distillate, and gas oil fractions produced from a coker and hydrocracker based upgrader facility in Canada; 
priced at Edmonton Alberta.  It typically has an API gravity of 31.0o to 33.0o and 0.1% to 0.2% sulfur (see 
also http://www.crudemonitor.ca/crude.php?acr=SYN).  WCS is Western Canadian Select, priced at 
Hardesty, Alberta.  This is a tar sands DilBit crude with API gravity of 20.0o to 21.0o and 3.4% to 3.7% 
sulfur (see also http://www.crudemonitor.ca/crude.php?acr=WCS).   
Sources: Valero crude price data (in Figure 2) are sourced to Argus, so crude specifications in this footnote 
are based on Argus Methodology and Specifications: Americas Crude (Last Updated: May 2013)    
http://media.argusmedia.com/~/media/Files/PDFs/Meth/argus_americas_crude.pdf and (for Brent) Argus 
Crude (Updated: June 2013) http://media.argusmedia.com/~/media/Files/PDFs/Meth/argus_crude.pdf 
The pricing locations specified are those shown in Valero, UBS Global Oil and Gas Conference, May 21-
22, 2013, p. 8, Available at: http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx,  
provided as Appendix D to TGG Comments. 

http://en.wikipedia.org/wiki/West_Texas_Intermediate
http://www.crudemonitor.ca/crude.php?acr=SYN
http://www.crudemonitor.ca/crude.php?acr=WCS
http://media.argusmedia.com/~/media/Files/PDFs/Meth/argus_americas_crude.pdf
http://media.argusmedia.com/~/media/Files/PDFs/Meth/argus_crude.pdf
http://www.valero.com/InvestorRelations/Pages/EventsPresentations.aspx
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oils."  The puzzle then is to figure out which of the cost-advantaged crudes in Figure 2 
that Valero would import to Benicia by rail and which of the crudes currently imported 
by ship, shown in Figure 1, would be replaced.  Due to the paucity of information, only a 
first order guess is possible.  The IS/MND is deficient for placing the burden on the 
reviewer of piecing together Valero's plans. 

 The Canadian tar sands crudes (except the syncrudes) are heavy sour crudes while 
the U.S. shale crudes are light sweet crudes.  The modifications to the Refinery made 
under the VIP set it up to process increased amounts of heavy sour crudes, not the light 
sweet crudes such as those from U.S. shale crudes.  Thus, the light sweet shale crudes are 
unlikely to be the long-term choice.  However, in the interim, before the VIP is 
implemented, it is possible that light sweet shale crudes would be imported to bridge the 
gap between bringing the entire VIP on line and fuller build out of unit train loading 
terminal capacity in Canada.28  This is confirmed by the economics of the plays. 

Valero's list of cost-advantaged crudes in Figure 2 indicates that the most cost-
advantaged crude is Western Canadian Select (WCS),29 which is Canadian tar sands 
bitumen diluted to pipeline specifications with 25% to 30% diluent or a "DilBit."  I refer 
to these DilBit crudes in these comments as tar sands crudes.  The diluent is typically 
natural gas condensate, pentanes, or naphtha.30  Most of the tar sands crudes are too 
heavy to flow in a pipeline.  Thus, they must be diluted or thinned with a lighter 
hydrocarbon stream to reduce viscosity and density to meet pipeline specifications.  More 
diluent is required in the winter than summer to maintain flow rates during cold weather.  
The IS/MND and VIP FEIR are silent on the presence, composition and emissions from 
this diluent.   However, the potential rail import of DilBits cannot be eliminated and is the 
most likely rail import due to economic considerations.  The failure to disclose the 
potential import of tar sands crudes is a significant omission as the emissions from 
handling this material are large and significant.   

 As further discussed in TGG Comments, tar sands crudes are produced in 
Northern Alberta, which is landlocked and remote from the refineries that can process 
these crudes. Compared with other potential markets for these crudes, California is 
relatively proximate and has refineries configured to process heavy sour crudes. 
Transportation  costs from Alberta to California may thus be low enough to make 
the delivered cost of tar sands crudes attractive for California refineries.   

                                            
28 Fielden, March 19, 2013. 
29 Cenovus Energy, Western Canadian Select (WCS) Fact Sheet, Available at 
:http://www.cenovus.com/operations/doing-business-with-us/marketing/western-canadian-select-fact-
sheet.html.  See also CrudeMonitor.ca - Canadian Crude Quality Monitoring, Available at: 
http://www.crudemonitor.ca/crude.php?acr=WCS.  
30 Gary R.  Brierley, Visnja A.  Gembicki, and Tim M.  Cowan, Changing Refinery Configurations for 
Heavy and Synthetic Crude Processing, Available at: 
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId
=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138.  

http://www.cenovus.com/operations/doing-business-with-us/marketing/western-canadian-select-fact-sheet.html
http://www.cenovus.com/operations/doing-business-with-us/marketing/western-canadian-select-fact-sheet.html
http://www.crudemonitor.ca/crude.php?acr=WCS
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138
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 Figure 2 shows the most cost-advantaged crude is WCS, or a DilBit, which sells 
for a discount of nearly $40/bbl compared to ICE Brent.31  Assuming Valero's reported 
light crude rail delivery cost of $13/bbl to $15/bbl,32 WCE would arrive at Benicia at a 
discount of $23/bbl to $25/bbl relative to ICE Brent.  Rail delivery costs for heavy crude 
would be somewhat higher, and heavy, sour crudes are less valuable than Brent (the 
global benchmark for light, sweet crudes).  Still, the price of WCS delivered to Benicia 
may is likely lower (and very likely competitive), compared with all the other cost-
advantaged crudes (Fig. 2).  Thus, the most likely crude that Valero will import by rail at 
Benicia after the VIP is fully implemented is one of the tar sands crudes.  The API 
gravity and sulfur content of these crudes are consistent with those projected in the VIP 
FEIR and fall within the ranges reported in the IS/MND.  

 The cost advantage to delivering North American-sourced light sweet crudes by 
rail is less than for tar sands crudes. The North American light crudes are discounted less 
relative to conventional light sweet crudes (ICE Brent) due to North American light 
crudes having more desirable qualities and being less relatively proximate to Benicia.  
These include marginal light crude oils from Alberta, Bakken, and Texas.  The cost 
advantage of these crudes may be small (or completely disappear) after adding the cost of 
transport by rail to Benicia.   This is demonstrated by Valero's analysis summarized in 
Figure 3. 

                                            
31 Brent crude is a major trading classification of sweet light crude oil sourced from the North Sea.  Brent is 
the leading global price benchmark for Atlantic basin crude oils and is used to price two thirds of the 
world's internationally traded crude oil supplies.  It contains about 0.37% sulfur and has an API gravity of 
38.06o.  It is traded on the electronic IntercontinentalExchange, know as ICE.  See: 
http://en.wikipedia.org/wiki/Brent_Crude. 
32 Valero, May 21-22, 2013, p. 11, provided as Appendix D to TGG Comments. 

http://en.wikipedia.org/wiki/Brent_Crude


17 

Figure 3 

Valero's Estimate of Marginal Light Crude Oil Costs per Barrel 

 

 The Bakken crude, for example, the closest U.S. cost-advantaged crude, is 
reported by Valero at a discount of $12/bbl to $15/bbl relative to ICE Brent.  (Fig. 3). 
Valero indicates it would be sent by rail ($9/bbl) to an undisclosed port in Washington 
and then by ship to Benicia ($4/bbl to $5/bbl).  The delivered cost at Benicia would be 
$1/bbl to $2/bbl higher than ICE Brent if the initial crude discount relative to ICE Brent 
were $12/bbl.  It would be -$1/bbl to -$2/bbl lower if the discount relative to ICE Brent 
were -$15/bbl. 

Even if the delivered cost of Bakken into the California market would be slightly 
above Brent, this might still provide some savings to refiners, relative to the delivered 
costs of other crudes. The competitive position of Bakken (and other crudes) will depend 
in part on the pricing dynamics in the crude markets,33 and also how specific refineries 
are configured.34 

                                            
33 Crude pricing is highly dynamic and varies in part based on crude flows. To the extent that California 
(and other North American coastal markets) are importing Brent and other waterborne crudes, delivered 
costs typically include a small premium to cover the cost of importing the crudes by tanker. In Valero’s 
analysis in Figure 3, Brent-priced crude is assumed to be imported into East Coast US (PA/NJ), with the 
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 The delivered cost of Alberta light Syncrude would be slightly more favorable.  
As reported by Valero, Syncrude is at a discount of $15/bbl relative to ICE Brent.  (Fig. 
2).  And as previously noted, Valero indicates it would be sent by rail ($9/bbl) to an 
undisclosed port in Washington and then by ship to Benicia ($4/bbl to $5/bbl).  The 
delivered cost at Benicia would be $1/bbl to $2/bbl below ICE Brent.  However, the 
Benicia Refinery is not designed to process this crude and likely could accept only a 
small amount of it, much less than 70,000 bbl/day.35   

 Thus, it is unlikely that Valero would import light sweet crudes by rail if it were 
feasible to process the cheaper WCS tar sands crude.  In the short term, through at least 
the end of 2014, when the VIP Hydrogen Plant goes on line, it may not be feasible to 
refine large amount of the WCS tar sands crudes.  Thus, in the short-term, some of these 
light sweet shale crudes may very well be sourced to improve profits.  However, the long 
term prospects for these light sweet crudes are more uncertain, given the discount of tar 
sands crudes and the physical modifications to the Refinery. 

 My following comments on environmental impacts of the Crude by Rail Project 
assume up to 100% DilBit tar sands crudes would be imported, as they represent a worst 
case for air emissions.  However, 100% tar sands bitumen, Alberta Syncrude and light 
sweet shale crudes cannot be eliminated as part of a future potential mix of "North 
American-sourced crude" for the Refinery.  It is impossible to identify what that mix 
might be, given the inadequate Project description.  As impacts will be significant, 
regardless of the mix, an EIR should be prepared to evaluate the impacts of the full range 
of likely future imports.   

 The Project description suggests that undiluted bitumen would not be imported 
but it also suggests only light sweet material would be imported.  To import undiluted 
bitumen, the railcars would have to be insulated to prevent the bitumen from solidifying 
in cold weather and equipped with steam-coils to re-heat the bitumen at Benicia for 

                                                                                                                                  
delivered price there at a $2 premium over Brent. Market analysis typically assumes that overseas tanker 
delivery (e.g., from Brent to East or Gulf Coast) costs about $2/barrel. 
34 Bakken and other light, sweet shale crudes are especially attractive for less complex 

refineries that are configured for light, sweet crudes, as opposed to more complex refineries 

that can process heavier, sour feedstocks. 

35 Ebullated Bed Hydroprocessing's Role in Bitumen Upgrading, Refinery Operations, July 20, 2011, p. 3, 
Available at: http://refineryoperations.com/downloads/refinery-operations_2-14_2011-07-20.pdf; Gerald W. 
Bruce, Bitumen to Finished Products, Canadian Heavy Oil Association Technical Luncheon, November 9, 
2005, See pages captioned: Processing SCO and SCO Challenges, Available at: 
http://www.powershow.com/view/7004d-
OGExM/Bitumen_to_Finished_Products_Presented_by_Gerald_W_Bruce_Jacobs_Canada_Inc_Canadian_
Heavy_Oil_.Ass_powerpoint_ppt_presentation; Chris McManaman, The Major Challenges Facing the 
Future of Oil Sands Development, ("While SCO commands a premium price to WTI and is in many ways 
comparable to light sweet crude, the high aromaticity of bitumen from which it is derived limits its 
penetration into refineries that are not specially equipped to handle it. A typical refinery is limited to 
between 10-20% of SCO in its crude slate"), January 17, 2008, Available at: 
http://gembaoilsands.blogspot.com/2008/01/markets.html. 

http://refineryoperations.com/downloads/refinery-operations_2-14_2011-07-20.pdf
http://www.powershow.com/view/7004d-OGExM/Bitumen_to_Finished_Products_Presented_by_Gerald_W_Bruce_Jacobs_Canada_Inc_Canadian_Heavy_Oil_Ass_powerpoint_ppt_presentation
http://www.powershow.com/view/7004d-OGExM/Bitumen_to_Finished_Products_Presented_by_Gerald_W_Bruce_Jacobs_Canada_Inc_Canadian_Heavy_Oil_Ass_powerpoint_ppt_presentation
http://www.powershow.com/view/7004d-OGExM/Bitumen_to_Finished_Products_Presented_by_Gerald_W_Bruce_Jacobs_Canada_Inc_Canadian_Heavy_Oil_Ass_powerpoint_ppt_presentation
http://gembaoilsands.blogspot.com/2008/01/markets.html


19 

unloading.36  Further, the storage tanks would have to be heated as bitumen is too viscous 
to pump at ambient temperatures.  The Initial Study identifies only conventional bottom-
unload, closed-dome rail cars.  ATC, p. 7.  The Project description states the "North 
American crude oil would flow readily at ambient temperatures.  Therefore, this Project 
would not increase the steam demand..."  IS, p. 9.  However, this does not eliminate pure 
bitumen as some of the storage tanks in the VIP are heated (VIP DEIR, p. 3-49) and the 
railcars could be replaced with heated cars in the future unless conditions of certification 
specifically require unheated cars without insulation and steam coils. 

 To import undiluted bitumen, the offloading facility would have to be equipped 
with steam and nitrogen injection systems to heat the rail car coils and remove the 
crude.37  The IS/MND and ATC suggest conventional unloading racks.  However, 
Appendix A to the ATC, which contains the drawings and specifications required to 
affirmatively make this determination, are claimed as confidential business information, 
preventing full disclosure of the Project description.  The details of the loading racks are 
key to determining the types of crude that can be imported and hence, their impacts.  
Absent any design information on the loading racks, import of 100% bitumen cannot be 
eliminated and must be evaluated in an EIR. 

 In sum, the price discount of tar sands crudes relative to conventional light sweet 
crudes makes them an attractive crude to import by rail.  The Refinery is configured to 
upgrade these crudes.  As discussed in TGG Comments, presentations made by Valero in 
numerous fora indicate that it is considering importing tar sands crudes, most likely 
DilBit crudes.  Thus, the following sections discuss the impact on emissions of switching 
from crudes currently imported by ship (Fig. 1) to up to 70,000 BPD of tar sands 
crudes.38  

D. Why Does The Specific Crudes Matter?  

   The air quality impacts of refining North American-sourced crudes such as tar 
sands crudes depend on the chemical and physical composition of the refinery slate with 
tar sands crude compared to the current slate.    

 The chemical composition of tar sands crudes is different in important ways from 
the current Refinery slate.39 The current slate includes very little tar sands crudes, from 
                                            
36 Fielden, March 19, 2013. 
37 Fielden, March 19, 2013. 
38 As discussed above, crudes other than Dilbits may be delivered by rail to the Benicia 

Refinery, especially in the short-term prior to completion of  the VIP (Hydrogen Plant) and 

pending fuller build out of unit train loading facilities in Alberta. 

39 Straatiev and other, 2010, Table 1; Brian Hitchon and R.H. Filby, Geochemical Studies - 1 Trace 
Elements in Alberta Crude Oils, http://www.ags.gov.ab.ca/publications/OFR/PDF/OFR_1983_02.PDF;  
F.S. Jacobs and R.H. Filby, Trace Element Composition of Athabasca Tar Sands and Extracted Bitumens, 
Atomic and Nuclear Methods in Fossil Energy Research, 1982, pp 49-59; James G. Speight, The 
Desulfurization of Heavy Oils and Residua, Marcel Dekker, Inc., 1981, Tables 1-1, 2-2, 2-3, 2-4 and p. 13 
and James G. Speight, Synthetic Fuels Handbook: Properties, Process, and Performance, McGraw-Hill, 

http://www.ags.gov.ab.ca/publications/OFR/PDF/OFR_1983_02.PDF
http://link.springer.com/book/10.1007/978-1-4684-4133-8
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0.5% to 2% of the Refinery total crude slate over the period 2010 to 2012 (Fig. 1).  The 
Crude by Rail Project  could increase the heavy sour tar sands crude by up to 70,000 
BPD, or up to 42% of the permitted Refinery throughput.  This represents a significant 
increase in a crude that will increase emissions compared to the current Refinery slate.   

 The U.S. Geological Survey (“USGS”), for example, reported that “natural 
bitumen,” the source of all Canadian tar sands-derived oils, contains 102 times more 
copper, 21 times more vanadium, 11 times more sulfur, six times more nitrogen, 11 times 
more nickel, and 5 times more lead than conventional heavy crude oil, such as those 
currently refined from Ecuador, Columbia, and Brazil.40   
 
 The environmental damage caused by these pollutants includes acid rain; 
bioaccumulation of toxic chemicals up the food chain; the formation of ground-level 
ozone and smog; visibility impairment in Class I areas, such as National Parks; odor 
impacts that affect residents near the Refinery; accidental releases due to corrosion of 
refinery equipment; and depletion of soil nutrients.   

 Additionally, many of these chemicals pose a direct health hazard from air 
emissions.  These metals, for example, mostly end up in the coke.  Greater amounts of 
coke are produced by the tar sands crudes than the current crude slate.  The California Air 
Resources Board has classified lead as a pollutant with no safe threshold level of 
exposure below which there are no adverse health effects.  Thus, just the increase in lead 
from switching up to 42% of the slate to tar sands crude is a significant impact that was 
not disclosed in the IS/MND.  Accordingly, crude quality is critical to a thorough 
evaluation of the impacts of a crude switch, such as proposed here.   
  
 A good crude assay is essential for comprehensive crude oil evaluation.41  The 
type of data required to evaluate emissions would require, at a minimum, the following 
information for both the current slate, the future slate, the displaced crudes, and the 
unidentified "North American-sourced crudes":  

 Trace elements (As, B, Cd, Cl, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, U, V, Zn) 

 Nitrogen (total & basic) 

 Sulfur (total, mercaptans, H2S) 

 Residue properties (saturates, aromatics, resins) 

 Acidity 

                                                                                                                                  
2008, Tables A.2, A.3, and A.4; Pat Swafford, Evaluating Canadian Crudes in US Gulf Coast Refineries, 
Crude Oil Quality Association Meeting, February 11, 2010, Available at: http://www.coqa-
inc.org/20100211_Swafford_Crude_Evaluations.pdf . 
40 R.F. Meyer, E.D. Attanasi, and P.A. Freeman, Heavy Oil and Natural Bitumen Resources in Geological 
Basins of the World, U.S. Geological Survey Open-File Report 2007-1084, 2007, p. 14, Table 1, Available 
at http://pubs.usgs.gov/of/2007/1084/OF2007-1084v1.pdf. 
41 CCQTA February 7, 2012, p. 10. 

http://www.coqa-inc.org/20100211_Swafford_Crude_Evaluations.pdf
http://www.coqa-inc.org/20100211_Swafford_Crude_Evaluations.pdf
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 Aromatics content 

 Asphaltenes (pentane, hexane and heptane insolubles) 

 Hydrogen content 

 Carbon residue (Ramsbottom, Conradson) 

 Distillation yields 

 Properties by cut 

 Hydrocarbon analysis by gas chromatography 

 This type of information is reported in a crude assay or "fingerprint" of the oil, 
which are available to the applicant and was apparently supplied to the BAAQMD as 
confidential business information, but not the public, foreclosing any meaningful public 
review.  The IS/MND does not identify any specific "North American-sourced crudes" 
that would be imported, does not contain any crude assays for the current refinery slate, 
the crude that would be imported by rail, or the crude that is currently imported by ship 
but would be replaced.  The IS/MND also does not contain an analysis of the impact of 
changes in crude quality on air emissions, arguing instead there would be no change.  
Thus, the public is left to guess what the impacts might be.  The Initial Study should have 
evaluated the impacts of refining tar sands crudes on air emissions and other residuals or 
included conditions of certification specifically prohibiting their import as publicly 
available information indicates that Valero is considering tar sands crudes as they would 
likely arrive at the Refinery with pricing that is competitive relative to other crudes. 

 As none of the basic information required to assess air quality impacts is provided 
in the record, I will discuss in general some of the impacts that can reasonably be 
expected from including tar sands crudes in the crude slate.  Incorporating these "North 
American-sourced crudes" into the Refinery crude slate could be accomplished, for 
example, by meeting the API and sulfur range reported in the Initial Study, but with shifts 
in the means and/or major shifts in other properties, increasing emissions.   

 The IS/MND is based on the assumption that the composition of the crude slate 
will not change and thus will not impact air emissions.  However, this is based only on 
two gross or lumper crude quality parameters and ignores the actual chemical 
composition of the crudes, which is not disclosed in the record.   

 The specific chemicals, for example, determine which ones will be volatile and 
lost through equipment leaks and outgassed from tanks, which ones will be difficult to 
remove in hydrotreaters and other refining processes (thus determining how much 
hydrogen and energy must be expended to remove them), which ones will cause 
malodors, and which ones might aggravate corrosion, leading to accidental releases.  The 
Initial Study fails to grasp this distinction and looked only at the range of two gross 
lumper parameters.  Thus, it has failed to satisfy the disclosure requirements of CEQA 
and failed to analyze relevant impacts. 
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 For example, sulfur is not simply sulfur, but is made up of a complex collection of 
individual chemical compounds such as hydrogen sulfide, mercaptans, thiophene, 
benzothiophene, methyl sulfonic acid, dimethyl sulfone, thiacyclohexane, etc.  Each 
crude has a different suite of individual sulfur chemicals.  The impacts of "sulfur" depend 
upon the specific sulfur chemicals and their relative concentrations, not on the range of 
the "gross" amount of total sulfur expressed as weight percent sulfur, as reported in the 
Initial Study.  The fact that the range in the total sulfur content of rail-imported crude and 
the current crude slate is the same is irrelevant.   

 The role of the specific sulfur compounds was clearly and tragically demonstrated 
in the recent (August 2012) catastrophic accident at the nearby Chevron Richmond 
Refinery.  This accident was caused by the erroneous assumption that sulfur is sulfur, 
which led to significant corrosion.  See discussion elsewhere in these comments.  
Similarly, while the lighter sulfur compounds such as mercaptans and disulfides found in 
light sweet crudes may not significantly increase the overall weight percent sulfur in the 
crude slate, as claimed in the IS/MND, they do lead to impacts, such as aggressive 
sulfidation corrosion, which can lead to accidental releases.  These compounds 
concentrate in the lower boiling naphtha fraction and contribute to aggressive sulfidation 
corrosion in the convection section of naphtha hydrotreating furnaces.42  As another 
example, the specific sulfur compounds will determine which compounds will be emitted 
from storage tanks and fugitive component, some of which could result in significant 
odor impacts, e.g., mercaptans.  Thus, regardless of what crude might be brought in by 
rail, there are potential significant environmental impacts that are due to characteristics of 
that oil besides total sulfur and API gravity.   

 There are two significant differences between tar sands crudes that could be 
imported by rail (but not by ship due to lack of pipelines and ports) and other crudes they 
may displace: (1) the presence of large amounts of diluent and (2) the chemical 
composition of the heavy ends or residuum, which must be broken down into lighter 
products in a refinery.   

1. Emissions From Diluent 

 The majority of the crudes that will be transported by rail will likely be a blend of 
bitumen and diluent due to their discounted price compared to conventional light sweet 
crudes.  Pure undiluted bitumen is unlikely as the Project description does not disclose 
any equipment that would be necessary to handle pure bitumen but cannot be excluded as 
discussed elsewhere.  Undiluted bitumen would eliminate the impacts discussed in this 
section from diluent, but would significantly increase the impacts from refining the heavy 
ends, namely increased use of utilities that increase combustion emissions.  Setting aside 
undiluted bitumen, this leaves the question of the amount of diluent that would be mixed 
with the crude, which ultimately determines impacts. 

                                            
42 See, for example, Jim McLaughlin, Changing Your Crude Slate, Becht New, May 24, 2013, Available at: 
http://becht.com/news/becht-news/. 

http://becht.com/news/becht-news/
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 When heavy crude is shipped by pipeline, it needs to be diluted so that it will flow 
in the pipe.  Bitumen blended to pipeline specifications can be loaded on and off 
conventional rail tank cars like other light crudes.  However, bitumen can also be 
transported by rail as "RailBit," using 15% to 20% diluent.  The amount of diluent 
depends on the type of rail tank car and design details of the offloading facilities.  These 
have been excluded from the IS/MND, which suggests conventional rail cars and a 
conventional unloading terminal.  Further, the number of rail cars, 100 per day, or 700 
barrels per car, suggests a lighter material, with more diluent.  Thus, I assume that one of 
the materials that will be transported by rail is conventional pipeline-quality DilBits with 
20% to 30% diluent.   

 However, it is possible that the Project description is inadequate to distinguish 
between the various possible diluent mixes.  There would be, for example, incentive to 
import RailBit rather than DilBit as it would save on the cost of diluent and 
transportation.  Further, heavy crude refineries such as Valero generally do not want the 
diluent as it creates a "dumbell" crude curve that contains light components that are not 
useful to refineries configured to process conventional heavy crudes.  Further, transport 
of undiluted bitumen may be safer as spills do not travel as far from the spill site.   

 Regardless, the mixture of diluent and bitumen does not behave the same as a 
conventional crude, as the distribution of hydrocarbons is very different.  The blended 
lighter diluent generally evaporates readily when exposed to ambient conditions, leaving 
behind the heavy ends, the vacuum gas oil (VGO) and residuum.43  Thus, when a DilBit 
is released accidentally, it will generally create a difficult to cleanup spill as the heavier 
bitumen will be left behind.44  Further, in a storage tank, the diluent also can be rapidly 
evaporated and emitted through tank openings.   

 These conventional DilBits, which are the most likely "North American-sourced 
crude" to be imported by rail over the long term, given the current economic outlook, are 
sometimes referred to as "dumbell" or "barbell" crudes as the majority of the diluent is C5 
to C12 and the majority of the bitumen is C30+ boiling range material, with very little in 
between.45  This means these crudes have a lot of material boiling at each end of the 
boiling point curve, but little in the middle.  Thus, they yield very little middle distillate 
fuels, such as diesel, heating oil, kerosene, and jet fuel and more coke, than other heavy 
crudes.  A typical DilBit, for example, will have 15% to 20% by weight light material, 

                                            
43 The residuum is the residue obtained from the oil after nondestructive distillation has removed all of the 
volatile materials.  Residua are black, viscous materials.  They may be liquid at room temperature (from the 
atmospheric distillation tower) or almost solid (generally vacuum residua), depending upon the nature of 
the crude oil. 
44 A Dilbit Primer: How It's Different from Conventional Oil, Inside Climate News.  Available at: 
http://insideclimatenews.org/news/20120626/dilbit-primer-diluted-bitumen-conventional-oil-tar-sands-
Alberta-Kalamazoo-Keystone-XL-Enbridge?page=show. 
45 Gary R. Brierley and others, Changing Refinery Configuration for Heavy and Synthetic Crude 
Processing, 2006, Available at: 
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId
=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138.  

https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BA07DE342-E9B1-402A-83F7-36B18DC3DD05%7D&documentTitle=5639138
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basically the added diluent, 10% to 15% middle distillate, and the balance, >75% is 
heavy residual material (vacuum gas oil and residue) exiting the distillation column.  
These characteristics distinguish DilBits from crudes currently refined at Benicia.46 

 The large amount of light material that distills below 149 C is very volatile and 
can be emitted to the atmosphere from storage tanks and equipment leaks of fugitive 
components (pumps, compressors, valves, fittings) in much larger amounts than other 
heavy crudes that it would replace.  The IS/MND does not indicate whether other heavy 
crudes processed at the Refinery currently arrive with diluent.  However, EIA crude 
import data, summarized in Figure 1, do not identify any crudes that are blended with 
diluent.  Thus, the use of diluent to transport tar sands crudes is likely an important 
difference between the current heavy crude slates processed at the Refinery and the tar 
sands crudes that could replace them.  This diluent will have impacts during railcar 
unloading as well as at many processing units within the Refinery. 

  The diluent is a low molecular weight organic material with a high vapor 
pressure that contains high levels of VOCs, sulfur compounds, and HAPs.  These would 
be emitted during unloading and present in emissions from the crude tank(s) and fugitive 
components from its entry into the Refinery with the crude until it is recovered and 
marketed, or at least between the desalter and downstream units where some of it is 
recovered.  The presence of diluent would increase the vapor pressure of the crude, 
substantially increasing VOC and HAP emissions from tanks and fugitive component 
leaks compared to those from displaced heavy crudes not blended with diluent.  The 
IS/MND and the VIP FEIR did not disclose the potential presence of diluent and made no 
attempt to estimate these diluent-derived emissions.  
 
 The composition of some typical diluents/condensates is reported on the website, 
www.crudemonitor.ca.47  The specific diluents that would be used by the Project are 
unknown.  The CrudeMonitor information indicates that diluent contains very high 
concentrations (based on 5-year averages, v/v basis) of the hazardous air pollutants 
(HAPs) benzene (7,200 ppm to 9,800 ppm); toluene (10,300 ppm to 25,300 ppm); ethyl 
benzene (900 ppm to 2,900 ppm); and xylenes (4,600 ppm to 23,900 ppm).   
 
 The sum of these four compounds is known as "BTEX" or benzene-toluene-
ethylbenzene-xylene.  The BTEX in diluent ranges from 27,000 ppm to 60,900 ppm.  The 
BTEX in DilBits, blended from these materials, ranges from 8,000 ppm to 12,300 ppm.48  
                                            
46 Stratiev and others, 2010, Table 1, compared to DilBit crude data on www.crudemonitor.ca. 
47 Condensate Blend (CRW) - http://www.crudemonitor.ca/condensate.php?acr=CRW;  Fort Saskatchewan 
Condensate (CFT) - http://www.crudemonitor.ca/condensate.php?acr=CFT;  Peace Condensate (CPR) -
 http://www.crudemonitor.ca/condensate.php?acr=CPR; Pembina Condensate (CPM) -
 http://www.crudemonitor.ca/condensate.php?acr=CPM; Rangeland Condensate (CRL) -
 http://www.crudemonitor.ca/condensate.php?acr=CRL; Southern Lights Diluent (SLD) -
 http://www.crudemonitor.ca/condensate.php?acr=SLD. 

48 DilBits:  Access Western Blend (AWB) -http://www.crudemonitor.ca/crude.php?acr=AWB; Borealis 
Heavy Blend (BHB) -http://www.crudemonitor.ca/crude.php?acr=BHB;  Christina Dilbit Blend (CDB) -
http://www.crudemonitor.ca/crude.php?acr=CDB; Cold Lake (CL) -

http://www.crudemonitor.ca/
http://www.crudemonitor.ca/condensate.php?acr=CRW
http://www.crudemonitor.ca/condensate.php?acr=CFT
http://www.crudemonitor.ca/condensate.php?acr=CPR
http://www.crudemonitor.ca/condensate.php?acr=CPM
http://www.crudemonitor.ca/condensate.php?acr=CRL
http://www.crudemonitor.ca/condensate.php?acr=SLD
http://www.crudemonitor.ca/crude.php?acr=AWB
http://www.crudemonitor.ca/crude.php?acr=BHB
http://www.crudemonitor.ca/crude.php?acr=CDB
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Similarly, the BTEX in synthetic crude oils (SCOs) ranges from 6,100 ppm to 14,100 
ppm.49  These are very high concentrations that were not considered in the emission 
calculations in the IS/MND and underlying ATC nor in the VIP FEIR.  These high levels 
could result in significant worker and public health impacts. 
 
 The ATC estimated emissions of these compounds (ATC, Table 3-3) from Tank 
1776 and fugitive components using the "default speciation profile" for crude oil from the 
EPA program, TANKS4.09d, for all constituents except benzene.  For benzene, the 
IS/MND variously claims it substituted either 0.06wt.% or 0.6wt.% for the default 
value.50  Thus, the IS/MND's claims as to benzene in fugitive emissions are internally 
inconsistent.  My research indicates the TANKS default value for benzene in crude oil is 
0.6wt.%.51  The IS/MND lowered this to 0.06wt.% in its HAP emission calculations.  
IS/MND, Appx. A.  The IS/MND contains no support for lowering EPA's crude oil 
default benzene level by a factor of ten.  This value substantially underestimates the 
amount of benzene that would be present in tank and fugitive component emissions when 
processing either DilBits or Bakken crudes.   
 
 The value of 0.06wt.% benzene used to calculate tank and fugitive benzene 
emissions contradicts published crude composition for the range of North American-
sourced crudes that could be imported by the Project. Table 1 compares the concentration 
of BTEX used to estimate BTEX emissions in the IS/MND with the BTEX 
concentrations in various diluents, two widely traded DilBits, including the DilBit that 
Valero used in its cost analysis (Fig. 2), Western Canadian Select and Bakken crude oils.  
This table shows that regardless of which material is imported by the Crude by Rail 

                                                                                                                                  
http://www.crudemonitor.ca/crude.php?acr=CL; Peace River Heavy (PH) -
http://www.crudemonitor.ca/crude.php?acr=PH; Seal Heavy (SH) -
http://www.crudemonitor.ca/crude.php?acr=SH; Statoil Cheecham Blend (SCB) -
http://www.crudemonitor.ca/crude.php?acr=SCB; Wabasca Heavy (WH) -
http://www.crudemonitor.ca/crude.php?acr=WH;  Western Canadian Select (WCS) -
http://www.crudemonitor.ca/crude.php?acr=WCS; Albian Heavy Synthetic (AHS) (DilSynBit) -
 http://www.crudemonitor.ca/crude.php?acr=AHS. 

49 SCOs: CNRL Light Sweet Synthetic (CNS) -http://www.crudemonitor.ca/crude.php?acr=CNS; Husky 
Synthetic Blend (HSB) -http://www.crudemonitor.ca/crude.php?acr=HSB; Long Lake Light Synthetic 
(PSC) -http://www.crudemonitor.ca/crude.php?acr=PSC; Premium Albian Synthetic (PAS) -
http://www.crudemonitor.ca/crude.php?acr=PAS; Shell Synthetic Light (SSX) -
http://www.crudemonitor.ca/crude.php?acr=SSX; Suncor Synthetic A (OSA) -
http://www.crudemonitor.ca/crude.php?acr=OSA;  Syncrude Synthetic (SYN) -
http://www.crudemonitor.ca/crude.php?acr=SYN. 
50 The text in the ATC, p. 11, pdf 17, in the note following Table 3-3, states that benzene in crude oil was 
assumed to be 0.6%.  However, in Table 3-5, p. 12, pdf 18, it is stated that benzene in the crude oil was 
assumed to be 0.06%.  Similarly, the supporting appendices indicate that 0.06% benzene was actually used 
in the fugitive emissions calculations.  ATC, Attach. B-3, Fugitive Component Emissions, pdf 33.  Similar 
data for tank emission calculations cannot be checked as it is claimed to be confidential.  ATC, Attach. B-2. 
51 Crude oil component speciation data was obtained by using the TANKS409d model available at 
http://www.epa.gov/ttnchie1/software/tanks/ using the database interface to export the speciation profile for 
the TANKS default crude oil, viz., "Data --> Speciation Profiles --> Export" menu selection and choosing 
crude oil.  This spreadsheet confirms that the default benzene level for crude oils is 0.6wt.%. 

http://www.crudemonitor.ca/crude.php?acr=CL
http://www.crudemonitor.ca/crude.php?acr=PH
http://www.crudemonitor.ca/crude.php?acr=SH
http://www.crudemonitor.ca/crude.php?acr=SCB
http://www.crudemonitor.ca/crude.php?acr=WH
http://www.crudemonitor.ca/crude.php?acr=WCS
http://www.crudemonitor.ca/crude.php?acr=AHS
http://www.crudemonitor.ca/crude.php?acr=CNS
http://www.crudemonitor.ca/crude.php?acr=HSB
http://www.crudemonitor.ca/crude.php?acr=PSC
http://www.crudemonitor.ca/crude.php?acr=PAS
http://www.crudemonitor.ca/crude.php?acr=SSX
http://www.crudemonitor.ca/crude.php?acr=OSA
http://www.crudemonitor.ca/crude.php?acr=SYN
http://www.epa.gov/ttnchie1/software/tanks/
http://www.epa.gov/ttnchie1/software/tanks/
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Project, benzene emissions would be much higher than estimated in the IS/MND.  
Further, benzene emissions are higher in the most recently collected samples than in the 
five-year averages in Table 1.  These benzene emissions would result in significant health 
impacts. 
 

Table 1 

Comparison of BTEX Levels Assumed in IS/MND 

with Levels in Diluents and DilBits 
 Default 

Crude 
ATC 

Attach. 
B-3 

(wt.%) 

Diluents 
(5-yr Avg)52 

 
 
 

(wt.%) 

Christina 
DilBit53 

(5-yr Avg) 
 
 

(wt.%) 

Western 
Canadian 
Select54 

(5-yr Avg) 
 

(wt.%) 

Bakken55 
Crude 

 
 
 

(wt.%) 
Benzene 0.06 0.83-1.27 0.27 0.15 0.1-1.0 
Ethylbenzene 0.4 0.11-0.33 0.06 0.06 0.33 
Toluene 1.00 1.32-2.89 0.44 0.27 0.92 
Xylenes 1.4 0.59-2.71 0.34 0.27 1.4 

 
 The ATC discloses that annual emissions of benzene from Tank 1776 exceed the 
BAAQMD chronic trigger level (6.4 lb/yr trigger level compared to a net increase of 28.3 
lb/yr).  ATC, p. 17-18 & Table 4-3.  Further, the IS/MND and underlying ATC fail to 
disclose that benzene emissions from fugitive components, when calculated using the 
correct benzene level (> or = 0.6%, rather than 0.06%), also exceed the BAAQMD 
screening level (6.4 lb/hr screening level compared to 20 lb/hr emitted, adjusted to 0.6% 
benzene).   
 
 The Initial Study conducted a screening health risk assessment.  It found no 
significant health impact.  IS, p. II-15.  However, the benzene emissions used in this 
analysis apparently (no support is provided in the record) were underestimated by factors 
of 2.5 (0.15/0.06 = 2.5) to 4.5 (0.27/0.06 =4.5) assuming DilBits and up to a factor of 17 
                                            
52 The reported range includes the following diluents: Condensate Blend, Saskatchewan Condensate, Peace 
Condensate, Pembina Condensate, Rangeland Condensate, and Southern Lights Diluent.  The composition 
data for all of these diluents is found at http://www.crudemonitor.ca.  Concentrations reported in volume % 
(v/v) in this source were converted to weight % by dividing by the ratio of compound density in kg/m3 at 
25 C (benzene =876.5 kg/m3, toluene = 0.866.9 kg/m3, ethylbenzene 866.5 kg/m3, and the xylenes 863 
kg/m3) to crude oil density in kg/m3, as reported at www.crudemonitor.ca, 5-year average.  See also 
Cenovus Energy Inc. Material Safety Data Sheet, Condensate (Sour) and Condensate (Sweet), Available at: 
http://www.cenovus.com/contractor/msds.html. 
53 Christina DilBit Blend (CDB) -.http://www.crudemonitor.ca/crude.php?acr=CDB.  Concentrations 
reported in volume % (v/v) converted to weight % as explained in footnote 52. 
54 Western Canadian Select (WCS) -http://www.crudemonitor.ca/crude.php?acr=WCS.  Concentrations 
reported in volume % (v/v) converted to weight % as explained in footnote 52. 
55 Cenovus Energy, Material Safety Data Sheet for Light Crude Oil, Bakken (benzene), Available at: 
http://www.cenovus.com/contractor/docs/CenovusMSDS_BakkenOil.pdf.  Other components of BTEX 
from Keystone DEIS, Tables 3.13-1 (density) and 3.13-2 (BTEX).  Concentrations reported in volume % 
(v/v) converted to weight % as explained in footnote 52. 

http://www.cenovus.com/contractor/msds.html
http://www.crudemonitor.ca/crude.php?acr=CDB
http://www.crudemonitor.ca/crude.php?acr=WCS
http://www.cenovus.com/contractor/docs/CenovusMSDS_BakkenOil.pdf
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(1.0/0.06=17) for Bakken crudes.  There is one DilBit with a benzene concentration of 
0.06wt.%, Borealis Heavy Blend.  However, this represents the lower end of the range for 
DilBits.  There is no evidence that this is the only DilBit that would be imported by rail.   
 
 Benzene is a carcinogen, the principal one included in the HAP emission 
calculations.56  IS/MND, Appx. A.  The only sources of benzene disclosed in the IS/MND 
is Tank 1776 and fugitives, which were underestimated due to the use of an anomalously 
low crude concentration.  Thus, the cancer risk reported in the IS/MND in Table 3-3 can 
be adjusted for this error by multiplying the IS/MND Table 3-3 cancer risks by the 
benzene ratios reported above (benzene in crude of interest from Table 1 ÷ benzene 
assumed in the IS/MND (0.06wt.%).  This assumes the contribution, if any, to cancer risk 
from ethylbenzene is negligible.    
 
 Thus, the reported cancer risk to the maximum exposed worker increases from 
4.46 in a million (IS, Table 3-3) up to 11 (4.46x2.5=11.2) to 20 (4.46x4.5= 20.1) in a 
million for DilBits and up to 76 (4.46x17=76) in a million for Bakken crudes.  For the 
maximum exposed residential receptor, the reported cancer risk increases from 2.27 (IS, 
Table 3-3) up to 5.7 (2.27x2.5=5.7) to 10 (2.27x4.5=10.2) in a million for DilBits and to 
39 (2.27x17=39) in a million for Bakken crudes.  These cancer risk levels equal or 
exceed the assumed cancer significance threshold of 10 in a million.  IS, p. II-15.  These 
are significant unmitigated impacts (to workers and nearby residents) that were not 
disclosed in the IS/MND and are directly caused by the IS/MND's failure to consider the 
composition of the crude that is being imported. 
 
 The CrudeMontior information also indicates that these diluents contain elevated 
concentrations of volatile mercaptans (9.9 to 103.5 ppm), which are highly odiferous and 
toxic compounds that will create odor and nuisance problems at the Refinery in the 
vicinity of the unloading area, crude storage tanks and supporting fugitive components.  
Mercaptans can be detected at concentrations substantially lower than will be present in 
emissions from the crude tanks and fugitive emissions from the unloading rack and 
related components, including pumps, valves, flanges, and connectors.57  In fact, 
mercaptans are added to natural gas in very tiny amounts so that the gas can be smelled to 
facilitate detecting leaks.   
 
 Thus, unloading, storing, handling and refining bitumens mixed with diluent and 
shale crudes such as Bakken would emit VOCs, HAPs, and malodorous sulfur 
compounds, not found in comparable levels in conventional crudes, depending upon the 
DilBit or shale crude source.  There are no restrictions on the crudes, diluent source or 
their compositions nor any requirements to monitor emissions from tanks and leaking 
equipment where DilBit-blended and other light crudes would be handled.  As the market 
                                            
56 Ethylbenzene was classified by OEHHA as a weak carcinogen in 2007.  See: 
 http://oehha.ca.gov/tcdb/index.asp.  As the IS/MND risk calculations were not available, it is uncertain 
whether the IS/MND's risk assessment included ethylbenzene as a carcinogen. 
57 American Industrial Hygiene Association, Odor Thresholds for Chemicals with Established Occupational 
Health Standards, 1989; American Petroleum Institute, Manual on Disposal of Refinery Wastes, Volume on 
Atmospheric Emissions, Chapter 16 - Odors, May 1976, Table 16-1. 

http://oehha.ca.gov/tcdb/index.asp
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has experienced shortages of diluents, any material with a suitable thinning ability could 
be used, which could contain currently unanticipated hazardous components. 
 
2. Composition of Tar Sands Bitumen 
 
 The composition of tar sands crudes is chemically different from other heavy 
crudes currently processed at the Refinery as they are tar sands bitumen mixed with 
diluent.  They are unique for two major reasons: (1) presence of large quantities of 
volatile diluent full of VOCs and toxic chemicals and (2) unique chemical composition of 
the bitumen.  The previous comment discussed diluent.  This comment discusses the 
unique composition of tar sands bitumens that require more intense processing and thus 
higher emissions.    
 
 Tar sands bitumens are composed of higher molecular weight chemicals and are 
deficient in hydrogen compared to conventional heavy crudes.  This means more energy 
will be required to convert them into the same slate of refined products.  Thus, most fired 
sources in the refinery—heaters, boilers, etc.—will have to work harder to generate the 
same quantity and  quality of refined products.  This will increase all utilities required to 
run the refinery - electricity, natural gas, hydrogen, water, and steam.  This section 
discusses these bitumens and their impact on refining emissions. 
 
 Refining converts crude oils into transportation fuels.  This is done by removing  
contaminants (sulfur, nitrogen, metals) and breaking down and reassembling chemicals 
present in the crude oil charge by adding hydrogen, removing carbon as coke, and 
applying heat, pressure, and steam in the presence of various catalysts.  More intensive 
refining is required to convert tar sands crudes into useful products than other heavy 
crudes.  This means a greater amount of energy must be expended to yield the same 
product slate.  Thus, all of the combustion sources in a refinery, such as heaters and 
boilers, must work harder and thus emit more pollutants, than when refining conventional 
heavy and other crudes.  The IS/MND fails completely to analyze the impact of crude 
composition on the resulting emissions from generating increased amount of these 
utilities.    
 
 Canadian tar sands bitumen is distinguished from conventional petroleum by the 
small concentration of low molecular weight hydrocarbons and the abundance of high 
molecular weight polymeric material.58  Crudes derived from Canadian tar sands 
bitumen—DilBits, SCOs and SynBits—are heavier, i.e., have larger, more complex 
molecules such as asphaltenes,59 some with molecular weights above 15,000.60  They 

                                            
58 O.P. Strausz, The Chemistry of the Alberta Oil Sand Bitumen, Available at: 
http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/22_3_MONTREAL_06-77_0171.pdf.  
59 Asphaltenes are nonvolatile fractions of petroleum that contain the highest proportions of heteroatoms, 
i.e., sulfur, nitrogen, oxygen.  The asphaltene fraction is that portion of material that is precipitated when a 
large excess of a low-boiling liquid hydrocarbon such as pentane is added.  They are dark brown to black 
amorphous solids that do not melt prior to decomposition and are soluble in benzene and aromatic 
naphthas. 

http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/22_3_MONTREAL_06-77_0171.pdf
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generally have higher amounts of coke-forming precursors; larger amounts of 
contaminants (sulfur, nitrogen nickel, vanadium) that require more intense processing to 
remove; and are deficient in hydrogen, compared to other heavy crudes.  
 
 Thus, to convert them into the same refined products requires more utilities -- 
electricity, water, heat, and hydrogen.  This requires that more fuel be burned in most 
every fired source at the refinery and that more water be circulated in heat exchangers 
and cooling towers.  Further, this requires more fuel to be burned in any supporting off-
site facilities, such as power plants that may supply electricity or Steam-Methane 
Reforming Plants that may supply hydrogen.  Under CEQA, these indirect increases in 
emissions caused by a project must be included in the impact analysis.  These increases in 
fuel consumption release increased amounts of NOx, SOx, VOCs, CO, PM10, PM2.5, and 
HAPs as well as greenhouse gas emissions (GHG).  Some of the principle differences are 
identified below, followed by a discussion of the impacts these differences have on 
emissions. 
 
 a. Higher Concentrations of Asphaltenes and Resins 

 

 The severity (e.g., temperature, amount of catalyst, hydrogen) of hydrotreating 
depends on the type of compound a contaminant is bound up in.  Lower molecular weight 
compounds are easier to remove.  The difficulty of removal increases in this order: 
paraffins, naphthenes, and aromatics.61  Most of the contaminants of concern in tar sands 
crudes are bound up in high molecular weight aromatic compounds such as asphaltenes 
that are difficult to remove, meaning more heat, hydrogen, and catalyst are required to 
convert them to lower molecular weight blend stocks.  Some tar sands-derived vacuum 
gas oils (VGOs), for example, contain no paraffins of any kind.  All of the molecules are 
aromatics, naphthenes, or sulfur species that require large amounts of hydrogen to 
hydrotreat, compared to other heavy crudes.62   
 
 Asphaltenes and resins generally occur in tar sands bitumens in much higher 
amounts than in other heavy crudes.  They are the nonvolatile fractions of petroleum and 
contain the highest proportions of sulfur, nitrogen, and oxygen.63  They have a marked 
effect on refining and result in the deposition of high amounts of coke during thermal 
processing in the coker.  They also form layers of coke in hydrotreating reactors, 
requiring increased heat input, leading to localized or even general overheating and thus 
even more coke deposition.  This seriously affects catalyst activity resulting in a marked 
decrease in the rate of desulfurization.  They also require more intense processing in the 
                                                                                                                                  
60 O.P. Strausz, The Chemistry of the Alberta Oil Sand Bitumen, Available at: 
http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/22_3_MONTREAL_06-77_0171.pdf.  
61 Gary et al., 2007, p. 200. 
62 See, for example, the discussion of hydrotreating and hydrocracking of Athabasca tar sands cuts in 
Brierley et al. 2006, pp. 11-17. 
63 James G. Speight, The Desulfurization of Heavy Oils and Residua, Marcel Dekker, Inc., 1981, Tables 1-
1, 2-2, 2-3, 2-4 and p. 13 and James G. Speight, Synthetic Fuels Handbook: Properties, Process, and 
Performance, McGraw-Hill, 2008, Tables A.2, A.3, and A.4. 

http://web.anl.gov/PCS/acsfuel/preprint%20archive/Files/22_3_MONTREAL_06-77_0171.pdf
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coker required to break them down into lighter products.  These factors require increases 
in steam and heat input, both of which generate combustion emissions -- NOx, SOx, CO, 
VOCs, PM10, and PM2.5. 
 
 Further, if the crude includes a synthetic crude, SCO, for example, the material 
has been previously hydrotreated.  Thus, the remaining contaminants (e.g., sulfur, 
nitrogen), while present in small amounts, are much more difficult to remove (due to their 
chemical form, buried in complex aromatics), requiring higher temperatures, more 
catalyst, and more hydrogen.64  
 
 The higher amounts of asphaltenes and resins generate more heavy feedstocks 
that require more severe processing than lighter feedstocks.  The coker, for example, 
makes more coker distillate and gas oil that must be hydrotreated, compared to 
conventional heavy crudes.  Similarly, the Crude Unit makes more atmospheric and 
vacuum gas oils that must be hydrotreated.65  This increases emissions from these units, 
including fugitive VOC emissions from equipment leaks and combustion emissions from 
burning more fuel. 

 

 b. Hydrogen Deficient 

 

 Tar sands crudes are hydrogen deficient compared to heavy and conventional 
crude oils and thus require substantial hydrogen addition during refining, beyond that 
required to remove contaminants (sulfur, nitrogen, metals).  This again means more 
combustion emissions from burning more fuel. 
 
 c. Higher Concentrations of Catalyst Contaminants 

 

Tar sands bitumens contain about 1.5 times more sulfur, nitrogen, oxygen, nickel 
and vanadium than typical heavy crudes.66  Thus, much more hydrogen per barrel of feed 
and higher temperatures would be required to remove the larger amounts of these 
poisons.  These impurities are removed by reacting hydrogen with the crude fractions 
over a fixed catalyst bed at elevated temperature.  The oil feed is mixed with substantial 
quantities of hydrogen either before or after it is preheated, generally to 500 F to 800 F.  
The amount of hydrogen required for a particular application depends on the hydrogen 
content of the feed and products and the amount of the contaminants to be removed.  
Hydrogen consumption is typically about 70 scf/bbl of feed per percent sulfur, about 320 
scf/bbl feed per percent nitrogen, and 180 scf/bbl per percent oxygen removed.67 
                                            
64 See, for example, Brierley et al. 2006, p. 8 ("The sulfur and nitrogen species left in the kerosene and 
diesel cuts are the most refractory, difficult-to-treat species that could not be removed in the upgrader's 
relatively high-pressure hydrotreaters."); Turini et al. 2011  p. 4. 
65 See, for example, Turini et al. 2011, p. 9. 
66 See, for example, USGS, 2007, Table 1.    
67 James H. Gary, Glenn E. Handwerk, and Mark J. Kaiser, Petroleum Refining: Technology 

and Economics, 5th Ed., CRC Press, 2007, p. 200 and A.M. Aitani, Processes to Enhance 

Refinery-Hydrogen Production, Int. J. Hydrogen Energy, v. 21, no. 4, pp. 267-271, 1996. 
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Canadian tar sands crudes generally have higher nitrogen content, 3,000 to >6,000 

ppm68 and specifically higher organic nitrogen content, particularly in the naphtha range, 
than other heavy crudes.69  This nitrogen is mostly bound up in complex aromatic 
compounds that require a lot of hydrogen to remove.  This affects emissions in five ways. 

 
 First, additional hydrotreating is required to remove them, which increases 
hydrogen and energy input.  Second, they deactivate the cracking catalysts, which 
requires more energy and hence more emissions to achieve the same end result.  Third, 
they increase the nitrogen content of the fuel gas fired in combustion sources, which 
increases NOx emissions from all fired sources that use refinery fuel gas. Fourth, nitrogen 
in tar sands crudes is present in higher molecular weight compounds than in other heavy 
crudes and thus requires more hydrogen and energy to remove.  Fifth, some of this 
nitrogen will be converted to ammonia and other chemically bound nitrogen compounds, 
such as pyridines and pyrroles.  These become part of the fuel gas and could increase 
NOx from fired sources.  They further may be routed to the flares, where they would 
increase NOx. 
 
 These types of chemical differences between the current crude slate and the new 
crude slate facilitated by the Crude by Rail Project were not addressed at all in the 
IS/MND.  While the Refinery may currently be operating with its BAAQMD permits, 
and the subject increase would not exceed any existing permit limits, the existing permit 
limits is the wrong baseline for CEQA impact analyses. 
 
 However, some of these increased utility impacts were addressed in the VIP FEIR 
as of 2002.  The VIP FEIR admitted that then-proposed changes in the crude slate would 
cause: (1) an increase in electricity demand of 23 MW; (2) an increase in natural gas 
consumption of 9.6 MMscf/day (VIP DEIR, pp. 2-3); (3) an increase in the firing rate of 
heaters and boilers of 400 MMBtu/hr (VIP DEIR, p. 3-47); (4) an increase in the 
hydrogen capacity of 30 MMscf/day (VIP DEIR, p. 3-39); and an increase in coker 
capacity of 5,000 BPD (VIP DEIR, p. 3-30).  Mitigations were proposed in the VIP FEIR 
for these significant increases in utility demands.  However, this decades old analysis has 
not been re-evaluated to determine if the current proposed change in crude slate would 
result in increased impacts within the framework of the VIP or if the changed regulatory 
framework requires more aggressive mitigation. 
 
E. Does the VIP FEIR Mitigate The Impacts Of Refining Tar Sands Crudes? 

 
 The Valero Improvement Project is designed to process increased amounts of 
heavy sour crudes such as Canadian tar sands crudes.  It identified some of the impacts of 
this proposed switch in crudes, including an increase in the amount of electricity that 

                                            
68 Murray R. Gray, Tutorial on Upgrading of Oil Sands Bitumen, University of Alberta, Available at: 
http://www.ualberta.ca/~gray/Links%20&%20Docs/Web%20Upgrading%20Tutorial.pdf.  
69 See, for example, James G. Speight, Synthetic Fuels Handbook:  Properties, Process, and Performance, 
McGraw-Hill, 2008, Appendix A.  

http://www.ualberta.ca/~gray/Links%20&%20Docs/Web%20Upgrading%20Tutorial.pdf


32 

would be used (23 MW), an increase in the amount of natural gas that would be burned, 
and an increase in the amount of hydrogen that would be required.  All of these increases 
in utilities also increase emissions and were mitigated to various degrees in the VIP FEIR 
as of a 1999 to 2001 baseline.  However, this is not the correct baseline to evaluate the 
Crude by Rail Project.  These increases in utilities, concomitant emission increases, and 
proposed VIP mitigations must be evaluated relative to the physical baseline at the time 
of the Crude by Rail Project environmental review, or 2009 to 2011. 
 
1. The Impacts from VIP and Crude by Rail Project Must Be Considered Together 
 
 The VIP environmental analysis was performed over 10 years ago.  Much has 
changed in the last 10 years, from the suite of tar sands products available in the market, 
to the transportation options (ship was considered feasible 10 years ago, today, rail is 
required), to the timing of implementation of the VIP, to the regulatory framework.  Thus, 
a new, full, thorough analysis is required in conjunction to the proposed Crude by Rail 
Project. The impacts of importing unidentified crudes by rail cannot be reasonably 
evaluated without keying off of this prior analysis.  Some examples follow. 
 
 The VIP FEIR, for example, assumes that the use of a higher percentage of sour 
crudes would mitigate increases in VOC emissions from increasing crude throughput.  
VIP RTC, p. IV-61.  The reported increase in fugitive VOC emissions over the 3-year 
baseline 1999-2001 was only 3 ton/yr, which at the time was less than the CEQA 
significance threshold.  VIP DEIR, Table 4.2; VIP Addendum, Table 2.  However, this 
assumed heavier crudes would be refined under the VIP than were refined in the 1999-
2001 baseline, which offset most of the increase in fugitive VOC emissions from a 25% 
increase in crude throughput under the VIP.  These VOC emissions include large amounts 
of hazardous air pollutants, such as benzene, toluene and xylenes, that result in significant 
health impacts, including cancer. 
 
 However, the proposed Crude by Rail project asserts that the imported crudes 
could include up to 70,000 BPD of light, low density crudes.  These crudes have a much 
higher vapor pressure than the crude slate contemplated in the VIP FEIR and would 
significantly increase VOC emissions from tanks, pumps, compressors, valves, and 
connectors throughout the Refinery compared to the scenario analyzed in the VIP FEIR.  
Further, the FEIR explicitly assumes that the imported heavy sour crudes would mitigate 
increases in VOC emissions.  This assumption did not consider the fact that diluents are 
now widely used to blend with the crudes.  Or that light shale crudes may be imported, 
which would not offset VOC increases.  These diluents or shale crudes consist of light 
hydrocarbons, including large amounts of benzene, toluene and xylene, which would  
increase VOC emissions from tanks, pumps, compressors, valves, and connectors 
throughout the Refinery.   
 
 The BAAQMD CEQA significance threshold for VOCs is 15 ton/yr.  Assuming  
70,000 BPD of the crude throughput or 42% of the total, is light sweet crude, as now 
asserted in the Crude by Rail project, the VOC emissions would increase to more than 
104 ton/yr  (73x1.42=104) or by 31 ton/yr (104-73=31).  This exceeds the BAAQMD 
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CEQA significance threshold by a factor of two and is a very significant unmitigated 
impact, triggering an EIR. 
 
 Actual increases could be much higher under any of the currently understood 
plausible scenarios, importing light sweet crude under the Crude by Rail Project, or 
importing diluent-blended DilBit under the VIP project.  These increases in VOCs from 
importing a light sweet crude or a diluent blended tar sands crude would greatly exceed 
the 15 ton/yr VOC threshold as demonstrated above.  Alternatively, assuming just the 
25% increase in throughput under the VIP, based on light sweet crudes, the fugitive VOC 
emissions would increase from 73 ton/yr in the 1999 to 2001 baseline to 91.25 ton/yr 
(73x1.25 = 91.25), or by 18.25 ton/yr (91.25-73=18.25).  Thus, fugitive VOC emissions 
are a significant undisclosed impact of the Crude by Rail Project, requiring an EIR.  
These increases were not considered in either the VIP FEIR or the IS/MND and are a 
significant unmitigated impact of the Project. 
 
2. The Impacts from the VIP Project and the Crude By Rail Project Are 
 Cumulatively Considerable 
 
 The VIP Project is still being constructed.  The last portion of this project, the new 
Hydrogen Plant, will be under construction at the same time that the new rail terminal is 
being constructed.  The Initial Study estimated that the daily average construction exhaust 
emissions from building the rail terminal would be 51.9 lb/day.  IS, Table 3-1.  The 
CEQA significance threshold is 54 lb/day.70  The VIP FEIR did not calculate construction 
emissions, as this was not required at the time, an example of the change in regulatory 
framework.  However, based on my experience calculating construction emissions for 
many projects, the NOx emissions from constructing the Hydrogen Plant would exceed 
2.1 lb/day and thus NOx emissions from simultaneously constructing the Hydrogen Plant 
and the Crude by Rail project would be cumulatively significant. 
 
3. The Regulatory Framework Has Changed 
 
 Ten years have passed since the environmental analysis was done for the VIP and 
the FEIR was certified. As the VIP FEIR was certified in 2003, and amended in 2007, the 
regulatory and informational framework within which the Project would be developed 
today has changed dramatically, rendering the 2002 analysis obsolete.  
 
 Since the VIP FEIR was certified in 2003, new scientific evidence 
about the potential adverse impacts of air pollutants has become available, and in 
response, new guidance has been published and several federal and state ambient air 
quality standards have been revised. These include: 

                                            
70 Staff-Recommended CEQA Threshold of Significance, Available at: 
http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/Staff-
Recommended%20and%20Existing%20CEQA%20Thresholds%20Table%2010-07-09.ashx?la=en. 

http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/Staff-Recommended%20and%20Existing%20CEQA%20Thresholds%20Table%2010-07-09.ashx?la=en
http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/Staff-Recommended%20and%20Existing%20CEQA%20Thresholds%20Table%2010-07-09.ashx?la=en
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 The 8-hour CA ozone standard was approved by the Air Resources Board on 
April 28, 2005 and became effective on May 17, 2006. 

 The EPA lowered the 24-hour PM2.5 standard from 65 µg/m3 to 35 µg/m3 in 
2006. EPA designated the Bay Area as nonattainment of the PM2.5 standard on 
October 8, 2009. 

 On June 2, 2010, the U.S. EPA established a new 1-hour SO2 standard, effective 
August 23, 2010.  

 The EPA promulgated a new 1-hour NO2 standard of 0.1 ppm, effective January 
22, 2010. 

 The EPA issued the greenhouse gas tailoring rule in May 2010, which requires 
controls of GHG emissions not contemplated in the VIP FEIR. 

 The California Air Resources Board has identified lead and vinyl chloride as 
‘toxic air contaminants’ with no threshold level of exposure below which there 
are no adverse health effects determined. 

 The EPA issued a final rule for a national lead standard, rolling 3-month average, 
on October 15, 2008. 

 Emissions must be reduced to assure that these new regulatory levels are not 
exceeded.  Lead, for example, can be present in very high concentrations in fugitive dusts 
from coke storage, handling, and export, especially when heavy sour crudes are being 
processed.  There is a long history of nuisance coke dust issues at this Refinery that 
impact residents.  See, e.g., VIP DEIR, p. 4.2-14.  The VIP would increase coke 
production and thus fugitive coke dust emissions with elevated lead levels.  The proposed 
Crude by Rail Project also could increase coke production, depending upon the specific 
"North American-sourced crude" that it imports. 71  This possibility cannot be eliminated 
based on the record.  The California Air Resources Board has concluded there is no safe 
threshold level of exposure for lead.  Any amount poses significant health risks.   Thus, 
the increase in coke fugitive emissions admitted in the VIP EIR and facilitated by the 
Crude by Rail Project are a significant public health impact under today's regulatory 
framework. 

 The VIP DEIR assumed health impacts from coke dust exposure would be 
mitigated by complying with the then-current PM10 and PM2.5 regulations.  VIP DEIR, 
p. 4.8-14.  However, these have been significantly lowered and an ambient air quality 
standard for lead has been promulgated.  There has been no demonstration that the 
increase in lead-laden coke dust, that could reasonably be expect to result from the Crude 
to Rail Project, could comply with these new standards or that such compliance would 
mitigate lead health impacts, given the CARB's zero threshold finding. 

                                            
71 The VIP DEIR did not disclose the actual coke increase, but did acknowledge that it would increase coke 
exports over the dock by 12 ships per year and by rail of 5 rail cars per day.  VIP DEIR, p. 3-52.  The 
capacity of a coke ship and coke rail cars was not disclosed. 
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 Similarly, very high concentrations of NO2 are present in the exhaust emissions 
from diesel train engines that would be used at the newly proposed rail terminal.  Based 
on my work at other rail loading terminals, these NO2 emissions are routinely high 
enough to exceed the new 1-hour NO2 standard.  While annual NO2 emissions may be 
offset of reducing ship imports, the ambient impacts would occur at different locations 
and times, exceeding the new 1-hour NO2 standard. This was not considered in the 
IS/MND and is a significant impact that requires that an EIR be prepared.  These 
emissions can and must be mitigated, for example by using an electronic positioning 
system,72 rather than the locomotive engine, to move the cars through the unloading 
facility. 

III. ACCIDENTAL RELEASES WILL INCREASE 

The Benicia Refinery was built before current American Petroleum Institute (API) 
standards were developed to control corrosion and before piping manufacturers began 
producing carbon steel in compliance with current metallurgical codes.  While some of 
Benicia's metallurgy was updated as part of the VIP, metallurgy used throughout much of 
the Refinery is likely not adequate to handle the unique chemical composition of tar 
sands crudes without significant upgrades.  There is no assurance that required 
metallurgical upgrades would occur as they are very expensive and not required by any 
regulatory framework.  Experience with changes in crude slate at the nearby Chevron 
Refinery in Richmond suggest required metallurgical upgrades are ignored, leading to 
catastrophic accidents.73  The IS/MND is silent on corrosion issues and metallurgical 
conditions of the Refinery. 

 
Both DilBit and SynBit crudes have high Total Acid Numbers (TAN), which 

indicates high organic acid content, typically naphthenic acids.  These acids are known to 
cause corrosion at high temperatures, such as occur in many refining units, e.g., in the 
feed to cokers.  As a rule-of-thumb, crude oils with a TAN number greater than 0.5 
mgKOH/g74 are considered to be potentially corrosive and indicates a level of concern.  A 
TAN number greater than 1.0 mgKOH/g is considered to be very high.  Canadian tar 
sands crudes are high TAN crudes.  The DilBits, for example, range from 0.98 to 2.42 
mgKOH/g.75 

 
Sulfidation corrosion from elevated concentrations of sulfur compounds in some 

of the heavier distillation cuts is also a major concern, especially in the vacuum 
                                            
72 See, for example, Oregon Department of Environmental Quality, Standard Air Contaminant Discharge 
Permit, Coyote Island Terminal, LLC, July 24, 20120, p. 3, Condition 1.1.a (an electric powered 
positioning system for maneuvering railcars through the Railcar Unloading Building). 
73 U.S. Chemical Safety and Hazard Investigation Board, Interim Investigation Report, Chevron Richmond 
Refinery Fire, Chevron Richmond Refinery, Richmond, California, August 6, 2012, Draft for Public 
Release, April 15, 2013, Available at; http://www.csb.gov/chevron-refinery-fire/. 
74 The Total Acid Number measures the composition of acids in a crude.  The TAN value is measured as the 
number of milligrams (mg) of potassium hydroxide (KOH) needed to neutralize the acids in one gram of 
oil. 
75 www.crudemonitor.ca. 

http://www.csb.gov/chevron-refinery-fire/
http://www.crudemonitor.ca/
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distillation column, coker, and hydrotreater units.  The specific suite of sulfur compounds 
may lead to increased corrosion.  The IS/MND did not disclose either the specific suite of 
sulfur compounds or the TAN for the proposed crude imports. 

 
A crude slate change could result in corrosion from, for example, the particular 

suite of sulfur compounds or naphthenic acid content, that leads to significant accidental 
releases, even if the crude slate is within the current design slate basis, due to 
compositional differences.   

 
This recently occurred at the nearby Chevron Richmond Refinery.  This refinery 

gradually changed crude slates, while staying within its established crude unit design 
basis for total weight percent sulfur of the blended feed to the crude unit.  This is the 
scenario the IS/MND and VIP FEIR assume will mitigate all crude slate issues.  
However, the sulfur composition at Chevron Richmond significantly changed over 
time.76  This change increased corrosion rates in the 4-sidecut line, which led to a 
catastrophic pipe failure in the #4 Crude Unit on August 6, 2012.  This release sent 
15,000 people from the surrounding area for medical treatment due to the release and 
created huge black clouds of pollution billowing across the Bay.   

 
These types of accidents can be reasonably expected to result from incorporating 

tar sands crudes into the Benicia slate, even if the range of sulfur and gravity of the 
crudes remains the same, unless significant upgrades in metallurgy occur, as these crudes 
have a significant concentration of sulfur in the heavy components of the crude coupled 
with high TAN and high solids, which aggravate corrosion.  The gas oil and vacuum resid 
piping, for example, may not be able to withstand naphthenic acid or sulfidation 
corrosion from tar sands crudes, leading to catastrophic releases.77  Catastrophic releases 
of air pollution from these types of accidents were not considered in the IS/MND. 

 
Refinery emissions released in upsets and malfunctions can, in some cases, be 

greater than total operational emissions recorded in formal inventories.  For example, a 
recent investigation of 18 Texas oil refineries between 2003 and 2008 found that “upset 
events” were frequent, with some single upset events producing more toxic air pollution 
than what was reported to the federal Toxics Release Inventory database for the entire 
year.78 
 
 

                                            
76 US Chemical Safety and Hazard Investigation Board, 2013, p.34 ("While Chevron stayed under its 
established crude unit design basis for total wt. % sulfur of the blended feed to the crude unit, the sulfur 
composition significantly increased over time.  This increase in sulfur composition likely increased 
corrosion rates in the 4-sidecut line."). 
77 See, for example, Turini and others, 2011. 
78 J. Ozymy and M.L. Jarrell, Upset over Air Pollution: Analyzing Upset Event Emissions at Petroleum 
Refineries, Review of Policy Research, v. 28, no. 4, 2011. 



Exhibit 14 



 

  

 
 
 

 
Comments on  

Initial Study/Mitigated Negative Declaration (IS/MND) 
Valero Crude by Rail Project  

Benicia, California 
 

Use Permit Application 12PLN-00063 
 
 
 
 

 
 
 
 
 
 
 

Ian Goodman 
Brigid Rowan 

 
 

 
www.thegoodman.com 

 
 

July 1, 2013 
  

http://www.thegoodman.com/


 

 
 
 Comments on Initial Study/Mitigated Negative/Declaration (IS/MND)  
 Valero Crude by Rail Project: Benicia, California Use Permit Application 12PLN-00063  
 

Table of Contents 

1. Introduction ........................................................................ 1 

2. Context and Information for Market Analysis of the 
Proposed Project ............................................................... 4 

3. Benicia Refinery Reconfiguration Project (VIP) ............... 9 

3.1. Introduction ......................................................................................... 9 

3.2. Nexus with the Proposed Rail Project .............................................. 9 

4. Benicia Refinery Crude Supply ....................................... 16 



 

 
 
 Comments on Initial Study/Mitigated Negative/Declaration (IS/MND)  
 Valero Crude by Rail Project: Benicia, California Use Permit Application 12PLN-00063  
 

LIST OF APPENDICES 
 

A:  Resume of Ian Goodman 

B:  Resume of Brigid Rowan 

C:  Valero Investor Relations Website: Information Posted 

D:  Valero Presentation: UBS Global Oil and Gas Conference 

E:  Valero Presentation: Refining 101 

F:  Valero Presentation: Benicia Refinery Tour - July 9, 2007 

G:  Valero Presentation: Benicia Refinery Tour - August 17, 
2010 

H:  Marathon Petroleum Presentation: Refining 101

I:    CCQTA Presentation: Canadian Crude Oil Quality: Past, 
Present and Future Direction 

 



 

 
 
 Comments on Initial Study/Mitigated Negative/Declaration (IS/MND)  
 Valero Crude by Rail Project: Benicia, California Use Permit Application 12PLN-00063 1 
 

1. Introduction 
 

As described in the draft Initial Study/Mitigated Negative Declaration (IS/MND) issued by the 

City of Benicia:1 

 

The proposed Valero Crude by Rail Project would allow the Valero Benicia 

Refinery (Refinery) access to additional North American-sourced crude oil for 

delivery to the Refinery by railroad. The Project would involve the installation and 

modification of Refinery non-process equipment that would allow the Refinery to 

receive a portion of its crude oil deliveries by railcar replacing equal quantities of 

crude currently being delivered to the Refinery by marine vessel. Valero intends 

to replace up to 70,000 barrels per day of the crude oil currently supplied to the 

Refinery by marine vessel with an equivalent amount of crude oil transported by 

rail cars. The crude oil to be transported by rail cars is expected to be of 
similar quality compared to existing crude oil imported by marine vessels. 
Crude delivered by rail would not displace crude delivered to the Refinery 
by pipeline. 

 

Valero has applied to the Bay Area Air Quality Management District (BAAQMD) for a 

construction permit for the proposed Crude by Rail Project (the Project).  The Authority to 

Construct Application (ATC) is Appendix A1 to the IS/MND.2  In the BAAQMD proceeding, 

Valero responded to questions by the BAAQMD in an April 11, 2013 letter (Valero Response to 

BAAQMD April 11, 2013).3   

 

The IS/MND assumes that the Project will not significantly affect crude quality and will not 

displace crude delivered by pipeline. As further explained in the Comments on IS/MND 

submitted by Dr. Phyllis Fox (Fox Comments), refinery air emissions can increase due to 

changes in crude quality. Thus, to meaningfully evaluate the proposed Valero Refinery Crude by 

Rail Project, it is necessary to consider how the crudes delivered by rail might differ from those 

that would be delivered by marine vessel and pipeline. Simple summary information (such as 

                                                             
1 ESA, Valero Crude by Rail Project, Initial Study/Mitigated Negative Declaration, Use Permit Application 12PLN-
00063, Prepared for City of Benicia, May 2013, MND p. 1 (emphasis added). 
2 In these Comments, all references to the ATC are to the Public Document.  We have not been provided with 
access to the full version of this document, which includes content that Valero claims to be Confidential Business 
Information. 
3
 In these Comments, all references to the Valero April 11, 2013 Response to BAAQMD are to the Public Document. 

We have not been provided with access to the full version of this document, which includes content that Valero 
claims to be Confidential Business Information. 
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API gravity and sulfur content) is not sufficient as a measure of crude quality, since refinery 

processing is affected by a wide range of crude quality attributes.4  

  

These Comments were prepared by Ian Goodman5 and Brigid Rowan6 of The Goodman Group, 

Ltd. (TGG), a consulting firm specializing in energy and regulatory economics.7 TGG was 

retained to provide a Market Analysis to evaluate how the proposed Crude by Rail Project could 

affect crude supply (and thus quality) for the Refinery.8 The evaluation undertaken by TGG is 

therefore also an input provided to assist Dr. Fox in her evaluation of the proposed Project. TGG 

and Phyllis Fox conferred during the preparation of their respective Comments, and (where 

relevant) each of the Comments makes reference to the other. 

  

In evaluating complex energy issues, TGG’s orientation is to undertake a deep and 

comprehensive analysis of the relevant economic and other issues. However, the IS/MND 

touches upon a very wide range of issues regarding rapidly evolving crude markets. As further 

discussed in Sections 2, 3, and 4 and the Fox Comments, much of the relevant information 

relating to the proposed Project is incomplete and/or not publicly available. In some instances, 

relevant information has not been publicly disclosed because Valero claims it to be Confidential 

Business Information.9 In other instances, the IS/MND and other Project documents have failed 

to consider the Project’s relevant context, and thus do not adequately evaluate the relevant 

issues based on the relevant information. Put more simply, in many instances, relevant 

information is not even identified, much less evaluated. Given the limited time, information, and 

other resources available, it is simply impractical for TGG to undertake a full independent 

analysis.  

 

In light of these constraints, TGG has provided a sound alternative analysis that offers useful 

guidance to policymakers. In particular, the alternative analysis provided in these Comments 

provides more useful guidance than does the IS/MND. Based on flawed, simplistic, and 

                                                             
4 See Fox Comments, Section 2 below, and, e.g., Canadian Crude Oil Quality, Past, Present and Future Direction: A 

Historical Perspective. Canadian Crude Quality Technical Association (CCQTA), Presented to the Canadian Heavy Oil 

Association (CHOA) February 7, 2012, attached to these Comments as Appendix I (especially pp. 4, 6-14, 19-25). 
5 Resume of Ian Goodman is provided as Appendix A to these Comments. 
6 Resume of Brigid Rowan is provided as Appendix B to these Comments. 
7 www.thegoodman.com  
8 These Comments were co-authored by Ian Goodman and Brigid Rowan, co-authors of “Report evaluating the 
Keystone XL (KXL) Draft Supplemental Environmental Impact Statement (DSEIS) Market Analysis” that was filed 
April 22, 2013 as an attachment to the DSEIS Comments jointly submitted by the Sierra Club, NRDC, and 14 other 
environmental and public interest organizations: 
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20on%20the
%20Keystone%20XL%20DSEIS.4.22.13.pdf  
9 As discussed in footnotes 2 and 3, we do not have access to the full version of certain Project documents, which 
include content that Valero claims to be Confidential Business Information. We thus have access to only the Public 
Document versions of the ATC (which is Appendix A1 to the IS/MND) and the Valero Response to BAAQMD April 
11, 2013. 

http://www.thegoodman.comt/
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20on%20the%20Keystone%20XL%20DSEIS.4.22.13.pdf
http://switchboard.nrdc.org/blogs/aswift/Comments%20of%20Sierra%20Club%2C%20et.%20al.%2C%20on%20the%20Keystone%20XL%20DSEIS.4.22.13.pdf
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incomplete data and assumptions, the IS/MND assumes that the proposed Project will not 

significantly affect crude quality. From the information now available, TGG concludes that the 

proposed Project could significantly affect crude quality. Based on guidance from our alternative 

analysis, the Fox Comments, and other input received as part of the Comment process, the City 

of Benicia should undertake a full Environmental Impact Report (EIR) in order to provide a 

sound basis for decision-making on the proposed Valero Crude by Rail Project. 

 

Sections 2 and 3 demonstrate how the IS/MND issued by the City of Benicia depends on 

incomplete and flawed information and analysis that do not constitute a meaningful basis for 

decision-making. The relevant information and analysis for meaningful evaluation of the Project 

are available and are in fact used by Valero as a basis for its business decisions; but Valero has 

chosen not to consider or disclose this relevant information. Issues relating to historical and 

future crude supply for the Benicia Refinery are considered at length in Section 4. 

 

Section 2 discusses the broader market context, which informs Valero’s decisions. This section 

demonstrates that in order to evaluate the Project, Valero would have already undertaken an 

extensive market analysis involving detailed information on crude supply and quality. At Valero 

(and other refiners), refinery planning, operations, and capital project decisions are based on 

very detailed analysis that explicitly considers the broader market and the specifics of each 

refinery, processing units, feedstock and product. However, instead of providing the relevant 

information on crude supply and quality (that Valero already possesses and uses for its internal 

decision-making), Valero has instead provided a vague and incoherent consideration of crude 

supply and quality for the IS/MND (and for the ATC, which is Appendix A1 to the IS/MND).  

 

Section 3 highlights another major flaw in Valero’s Project proposal: the complete failure to 

disclose and consider the Valero Improvement Project (VIP), another major and related project 

at the Benicia Refinery. The VIP is a large-scale ongoing reconfiguration project at the Refinery 

to enable a large shift in crude supply to Cost-Advantaged heavier, sour crudes. Therefore the 

VIP creates significant and ongoing changes to the Refinery configuration and affects crude 

supply and quality. The proposed Crude by Rail Project can only be meaningfully evaluated in 

the context of the VIP. Again, because of Valero’s failure to consider and disclose information 

on the VIP as part of its Project proposal, the IS/MND is based on incomplete and flawed 

information and analysis.  

 

As demonstrated in Sections 2 and 3, the IS/MND has failed to provide adequate information 

regarding crude supply and quality, which is necessary in order to evaluate the impact of the 

Project. However, information provided elsewhere does offer some insight into the crudes now 

being processed at Benicia and thus what type of crudes might be delivered by rail. Based on 

this information, Section 4 discusses issues related to historical and future crude supply for the 

Refinery and draws some conclusions regarding the impact of the Project on crude supply and 

quality.  
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2. Context and Information for Market Analysis of the 
Proposed Project 

 

 

Petroleum markets are large, complex, and highly interconnected. In turn, Petroleum Market 

Analysis can be highly complex, with significant interrelationships between its various elements. 

Petroleum markets are also highly dynamic and interactive. 

 

Refining is a very information-intensive activity. Valero is particularly well-positioned to have 

high-quality information resources, and to use these resources to be successful in all aspects of 

refining. As the world’s largest independent refiner,10 Valero is involved in a very wide range of 

activities relating to refining: 

 

Valero has grown from a regional energy company with a single refinery to the 

world's largest independent refiner, with 16 refineries stretching from California to 

Canada to the United Kingdom. With this network of refineries, Valero has a 

combined throughput capacity of approximately 3 million barrels per day.11 

 

Through its corporate website and other channels, Valero discloses extensive ongoing 

information to investors, including events and presentations; key commodity prices and other 

industry fundamentals; financial reports, filings and statements; and other disclosures. 

Information currently posted on the Valero Investor Relations website is shown in Appendix C.  

 

Valero’s most recent Investor Presentation (UBS Global Oil and Gas Conference, May 21-22, 

2013) is attached to these Comments as Appendix D. This Presentation provides useful 

information regarding the proposed Crude by Rail Project at the Benicia Refinery and more 

generally about Valero’s plans to use rail and other logistics to access Cost-Advantaged Crudes 

from the Canadian tar sands and other sources.12  

 

As this Presentation clearly shows, development of the proposed Benicia Crude by Rail Project 

is not occurring in isolation. Rather, this Project is very much part of the dramatic shifts now 

underway throughout the North American oil system.13 This Project can only be meaningfully 

                                                             
10

 Independent refiners (such as Valero and Tesoro) do not have their own crude production, so their entire crude 
supply must be sourced from third parties. Integrated oil companies (such as Chevron and Shell) engage in both 
crude production (oil wells) and crude processing (oil refineries).  
11 http://www.valero.com/OURBUSINESS/Pages/RefiningOurBusiness.aspx 
12

 Appendix D, pages 6-11, 25, 32, 44-45. 
13 These shifts, and their implications for the Benicia Crude by Rail Project, will be addressed in Section 4 of these 
Comments. 

http://www.valero.com/OURBUSINESS/Pages/RefiningOurBusiness.aspx
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evaluated within the broader Market Analysis context; Valero’s internal decision-making in 

regard to the proposed Project is based on its evaluation of this broader market context.  

 

This broader context is not adequately considered in the IS/MND and other Project Documents. 

However when communicating with investors, Valero has provided much more useful 

information resources concerning this broader context. Valero’s most recent “Refining 101” 

Presentation (January 2013) is attached as Appendix E. The focus of that presentation is on the 

fundamentals of refining, which are generally relevant for Valero’s refineries throughout the US, 

Canada, and globally.  

  

But the content in the general Refining 101 Presentation is also similar to the content provided 

by Valero in Investor Presentations specific to the Benicia Refinery.  Presentations for Benicia 

Refinery Tours on July 9, 2007 and August 17, 2010 are attached as Appendices F and G, 

respectively. There is very substantial overlap between the content in Valero’s Presentations for 

Refining 101 (Appendix E) and the Benicia Refinery Tours in 2007 and 2010 (Appendices F and 

G). 

The Refining 101 and Refinery Tour Presentations show the framework and types of information 

that Valero utilizes in undertaking Market Analysis and crude sourcing for the Benicia Refinery.  

These Presentations provide confirmation that issues relating to crude supply and quality can 

only be meaningfully evaluated in the context of refinery configuration. 

 

Moreover, despite Valero’s broad and repeated claims as to what is Confidential Business 

Information in regard to the IS/MND and other Project documents, the framework and 

information that Valero utilizes in undertaking Market Analysis and crude sourcing is (in various 

ways) not unique to Benicia or Valero. Other refiners (including Valero’s direct competitors) 

utilize similar framework and information in undertaking Market Analysis and Crude Sourcing. 

For example, Marathon Petroleum (another leading independent refiner) also has a “Refining 

101” Presentation (attached as Appendix H) that is quite similar to that which Valero has 

provided. There is very substantial overlap between the content in Marathon’s Refining 101 

Presentation (Appendix H) and Valero’s Presentations (Appendices E, F, and G). 

The vague and incoherent consideration of crude quality in the IS/MND and other publicly 

available Project Documents is in notable contrast to how Valero (and other refiners) actually 

undertake refinery planning, operations, and capital decisions. At Valero (and other refiners), 

refinery planning, operations, and capital project decisions are based on very detailed analysis 

that explicitly considers the highly differentiated specifics of each type of refinery, processing 

unit, feedstock, and product.  

 

As emphasized in the attached Presentations (Appendices E, F, G, and H), each petroleum 

refinery is uniquely configured to process a set of raw materials (crude slate) into a desired set 
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of products (product slate). Moreover, each type of crude is also unique. Refinery configuration 

is key in determining the suitability of crudes for a given refinery.14 Crude selection is based on 

the relative economics of available choices, assisted by analysis using Linear Programming 

(LP) models. These complex LP models incorporate representations of each refinery unit’s 

operations, every potential feedstock and product, and take into account varying properties and 

pricing: 

 
• Refinery configuration plays a large part in determining the suitability of 

crudes and feedstocks in a given refinery 
• Crude and feedstock selection is based on the relative economics of available 

choices assisted by analysis using LP models15 
[…] 
• Valero uses linear programming models (LP) to optimize its refineries 
• LPs are complex models that incorporate: 

– Representations of each refinery unit’s operations 

– Every potential feedstock, intermediate, and product 
• Takes into account varying properties and pricing 

• LP results guide decisions on refinery utilization, feedstock purchases, and 

product yields 

• Valero does this by unit, by refinery, and across its portfolio of refineries16 

Each type of crude has unique physical and chemical properties, and crudes differ widely in 

their characteristics. Crude quality is a central element in refinery planning, operations, and 

capital project decisions. High quality and very detailed crude oil assay17 information is essential 

for refinery planning, operations, and capital project decisions: 

                                                             
14 The simplest refinery configuration, called a topping refinery, consists of tankage, a distillation unit, recovery 
facilities for gases and light hydrocarbons, and the necessary utility systems (steam, power, and water-treatment 
plants).Topping refineries may produce large quantities of unfinished oils. 

The addition of hydrotreating and reforming units to this basic configuration results in a more flexible 
hydroskimming refinery, which can also produce desulfurized distillate fuels and high-octane gasoline. But these 
refineries still produce a large portion of their output as heavy (residual) fuel oil, asphalt, and other heavy (and 
typically low value) products. 

The most versatile refinery configuration is known as a conversion refinery. A medium conversion refinery 
incorporates all the basic building blocks found in both the topping and hydroskimming refineries, but it also 
features gas oil conversion plants such as catalytic cracking and hydrocracking units, olefin conversion plants such 
as alkylation or polymerization units.  

A high conversion refinery also has coking units for sharply reducing or eliminating the production of 
residual fuels. High conversion refineries can produce a large portion of their output as gasoline, with the balance 
distributed between distillates (diesel, jet fuel, and light fuel oil), liquefied petroleum gases (propane/butane), and 
a small quantity of petroleum coke. 
15 Valero Refining 101 Presentation (Appendix E, p. 19, emphasis added). 
16 Valero Refining 101 Presentation (Appendix E, p. 17, emphasis added). 
17

 A crude oil assay is a test performed by a laboratory on a sample to evaluate the crude’s physical and chemical 
properties. Crude oil assays typically measure viscosity, density, acidity and sulfur content, and other properties. 
For sources and additional information regarding crude oil assays, see footnote 18; Intertek Crude Oil Assay 
(footnote continued on next page) 
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Crude Oil Assay Program 
 Crude oils are characterized utilizing a very comprehensive testing slate 

 Typical full crude assay cost: 

 $10,000 - $20,000 per crude 

 Information is used for: 

 Purchase decisions 

 Refining planning and optimization 

 Capital project decisions 

[…] 

Analytical Testing 

 A representative sample of the crude is distilled in the laboratory under 

similar conditions as the refinery. 

 Ten or more boiling range fractions are obtained. 

 Very extensive testing is conducted on the whole crude and the various 

fractions. 

 Tests performed are selected based on the products. 

[…] 

Converting Information to Intelligence 

 Following the analytical testing, special software programs are used to put 

the raw analytical data into a form that conclusions, comparisons, and 

correlations can be made. 

 Sophisticated computer models use the crude assay data together with 

operational data and price information to allow for optimal planning and 

operation. 18 

 

                                                                                                                                                                                                    
(footnote continued from previous page) 
Testing http://www.intertek.com/petroleum/crude-assay/; and Alberta Ministry of Energy 
http://www.energy.alberta.ca/OilSands/1708.asp.  
18 Marathon Petroleum Refining 101 Presentation (Appendix H, pp. 13, 14, 16, emphasis bold in original, emphasis 
underlining added). The crude oil assay program activities described by Marathon Petroleum are representative of 
those at Valero and across the oil industry. Assay data are used by refineries to determine if a crude is compatible 
for a particular refinery or if it could cause yield, quality, production, environmental and other problems.  
There is extensive collaboration between refiners and across the industry in regard to crude quality, notably via 
Crude Oil Quality Association (COQA  http://www.coqa-inc.org/) and Canadian Crude Quality Technical Association 
(CCQTA http://www.ccqta.com/). See, for example, CCQTA, Canadian Crude Oil Quality Past, Present and Future 
Direction, February 7, 2012, attached to these Comments as Appendix I, p. 8: "Need more than sulfur and gravity 
to determine the "acceptability and valuation" of crude oil in a refinery.  The crude oil's hydrocarbon footprint and 
contaminants determine the value of crudes;" Valuing Opportunity Crudes with Haverly H/COMET, David 
Alexander, Haverly Systems. March 7, 2013 (showing use of assay data by refiners and across the industry 
http://www.coqa-inc.org/20130306-07_Alexander.pdf); and Domestic Sweet/WTI Specifications, June 2010 
(involving both Marathon and Valero http://www.coqa-inc.org/06102010_Sutton.pdf).  

http://www.intertek.com/petroleum/crude-assay/
http://www.energy.alberta.ca/OilSands/1708.asp
http://www.coqa-inc.org/
http://www.ccqta.com/
http://www.coqa-inc.org/20130306-07_Alexander.pdf
http://www.coqa-inc.org/06102010_Sutton.pdf
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As discussed in the Fox Comments, the crude assay information relied upon by Valero (and 

other refiners) provides the types of detailed data required to evaluate refinery air emissions. 19 

But Valero has failed to publicly disclose the information required to meaningfully evaluate 

emissions for the proposed Crude by Rail Project at the Benicia Refinery.  

 

The vague and incoherent consideration of crude quality in the IS/MND and other publicly 

available Project documents does not meaningfully reflect how Valero (and other refiners) 

actually undertake refinery planning, operations, and capital project decisions. The issue of 

concern is not whether Valero has the information regarding crude quality that is required to 

meaningfully evaluate the proposed Crude by Rail Project, since Valero clearly does have this 

information. Rather, the issue of concern is that Valero has failed to disclose the relevant 

information that it utilized internally to evaluate the proposed Project, And in turn, the broader 

and most relevant issue of concern then becomes that the IS/MND issued by the City of Benicia 

depends on incomplete and flawed information and analysis that do not constitute a meaningful 

basis for decision-making. 

 

                                                             
19 As shown in the Marathon Petroleum Refining 101 Presentation (Appendix H, p. 17) and footnote 18, the crude 
assay information relied upon by Valero and other refiners provides the types of data identified in the Fox 
Comments as required to evaluate emissions. 
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3. Benicia Refinery Reconfiguration Project (VIP) 

3.1. Introduction 
As demonstrated in Section 2, the IS/MND and other publicly available Project documents fail to 

disclose and consider relevant information, notably in regard to the Market Analysis context and 

crude quality. But the failure to disclose and consider relevant information is actually even more 

profound and pervasive than would be concluded based just on Section 2. As discussed below 

and in the Fox Comments, the IS/MND and all publicly available Project documents completely 

fail to disclose and consider the Valero Improvement Project (VIP), another major (and related) 

project at the Benicia Refinery. Once again, the IS/MND depends on incomplete and flawed 

information and analysis that do not constitute a meaningful basis for decision-making. 

 

The VIP is a large-scale ongoing reconfiguration project at the Benicia Refinery to enable a 

large shift in crude supply to Cost-Advantaged heavier, sour crudes. The proposed Crude by 

Rail Project can only be meaningfully evaluated in the context of the Benicia Refinery 

configuration and crude supply. Any changes in the Refinery configuration (particularly 

substantial and ongoing changes) that significantly affect crude supply must also be considered 

as part of a meaningful evaluation of the proposed Project.  

 

The VIP clearly creates significant and ongoing changes to the Refinery configuration and crude 

supply. The VIP is specifically intended to affect Benicia crude supply, notably to enable a large 

shift to Cost-Advantaged heavier, sour crudes. Therefore, the proposed Crude by Rail Project 

can only be meaningfully evaluated in the context of the VIP. But there is no mention of the VIP 

in the IS/MND and all publicly available Project documents. Meanwhile, the VIP is prominently 

featured in Valero’s disclosures to investors regarding the Benicia Refinery.  

 

The VIP is a very large and complex project that is being implemented over an extended period, 

both preceding and overlapping implementation of the proposed Crude by Rail Project. The VIP 

affects crude supply, both preceding and overlapping implementation of the proposed Crude by 

Rail Project.  The IS/MND and other publicly available Project documents fail to disclose and 

consider the VIP and also provide only vague generalities in regard to which crudes have been 

and will be processed at the Benicia Refinery. Meanwhile, Valero’s publicly available 

disclosures to investors provide considerably more and better information regarding Refinery 

crude supply. 

 

3.2. Nexus with the Proposed Rail Project 
As explained in the Benicia Refinery Tour - July 9, 2007 Presentation: 
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Valero Benicia Refinery 
 Significant modifications and upgrades have made the refinery one of the 

most complex and profitable refineries in the United States
20

 
 

Benicia Feedstocks 
 Crude slate includes Alaska North Slope (ANS), San Joaquin Valley (SJV), 

and a wide variety of other crudes 
• 80% received by ship across Refinery docks 
• 20% received by pipeline 

 Shifting crude slate 
• When acquired in 2000, 80% of Benicia’s crude was ANS 
• Today, less than 40% ANS 

 Versatile, high-conversion facility with ability to process heavy, sour crudes 
• 35% heavy sour, 47% medium/light sour, 2% acidic sweet, 16% other 

 Capable of processing imported intermediate feedstocks21 
 

Benicia Projects in Development 
 Valero Improvement Project (VIP) development under way for 2010 

turnaround and beyond 
• Crude “Sour-up” to reduce dependence on ANS 

− New desalter 
− Sulfur removal and sulfur recovery capacity improvements 

• Flue gas scrubber for Coker and FCC 
• New hydrogen manufacturing unit22 
 

The Benicia Refinery Tour - July 9, 2007 Presentation also provides a flow diagram for the 

Refinery.
23

 Meanwhile, in the permitting process for the proposed Crude by Rail Project, Valero 

claims that the Process Flow Diagram is Confidential Business Information.24   

 

As compared with the Benicia Refinery Tour - July 9, 2007 Presentation, the August 17, 2010 

Refinery Tour Presentation provides similar and updated  information in regard to which crudes 

have been and will be processed at the Refinery: 

 
Benicia Feedstocks  

• Crude slate includes a wide variety of international crudes, San Joaquin Valley 
(SJV), and Alaska North Slope (ANS) 
– 75% received by ship across refinery docks 
– 25% received by pipeline 

• Shifting crude slate 

                                                             
20 Appendix F, p. 20 (emphasis bold in original).  
21 Appendix F, p. 23 (emphasis bold in original, emphasis underlining added).  
22 Appendix F, p. 26 (emphasis bold in original, emphasis underlining added).  
23

 Appendix F, p. 29.  
24 Valero Authority to Construct Application to BAAQMD (ATC), Appendix A, which is in turn Appendix A1 to the 
IS/MND. 
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– When acquired in 2000, 80% of Benicia’s crude was ANS 
– Today, less than 10% ANS 

• Versatile, high-conversion facility with ability to process heavy, sour crudes 
– 35% heavy sour, 47% medium/light sour, 18% other 

• Capable of processing imported intermediate feedstocks25 

 

The information provided in the two Refinery Tour Presentations reveals that crude slate for the 

Benicia Refinery has shifted dramatically, since this refinery was acquired by Valero in 2000. 

ANS was 80% of crude supply in 2000, dropping to less than 40% in 2007 and less than 10% in 

2010. There has also been a smaller shift towards crudes delivered by pipeline, which rose from 

20% of total crude supply in 2007 to 25% in 2010. Issues relating to historical and future crude 

supply for the Benicia Refinery will be considered at length in Section 4.  

 

In 2010, the VIP to reconfigure the Refinery was ongoing, and construction of the massive flue 

gas scrubber is featured prominently in the 2010 Refinery Tour Presentation.26 

 

The proposed Crude by Rail Project is intended to modify Refinery crude supply, notably via a 

shift to North American-sourced crude that can be delivered by rail. As noted above and 

disclosed to investors by Valero, issues relating to crude supply and quality can only be 

meaningfully evaluated in the context of refinery configuration: 

 
Refinery configuration plays a large part in determining the suitability of crudes 
and feedstocks in a given refinery27 

 

Thus, as indicated above, the proposed Crude by Rail Project can only be meaningfully 

evaluated in the context of the Benicia Refinery configuration. Any changes in the Refinery 

configuration (particularly significant and ongoing changes) that could significantly affect crude 

supply must also be considered as part of a meaningful evaluation. The VIP clearly creates 

significant and ongoing changes to the Refinery configuration: it is specifically intended to affect 

Benicia crude supply, notably to enable a large shift to Cost-Advantaged heavier, sour crudes.  

 

Moreover, as discussed below and in the Fox Comments, the VIP is a very large and complex 

project that is being implemented over an extended period, both preceding and overlapping 

implementation of the proposed Crude by Rail Project. Hence, the VIP has the potential to 

interact with the proposed Crude by Rail Project in a variety of ways. Put simply, the VIP is a 

key part of the relevant context for the Crude by Rail Project, but the VIP has not been disclosed 

or considered in the IS/MND and other Project Documents. 

 

                                                             
25 Valero Presentation, Benicia Refinery Tour, August 17, 2010 (Appendix G, p. 29, emphasis bold in original, 
emphasis underlining added).  
26 Appendix G, pp. 31-34.  
27 Valero Refining 101 Presentation (Appendix E, p. 19). 



 

 
 
 Comments on Initial Study/Mitigated Negative/Declaration (IS/MND)  
 Valero Crude by Rail Project: Benicia, California Use Permit Application 12PLN-00063 12 
 

Initiated in 2002, the VIP28 was designed to enable a large shift in crude supply to Cost-

Advantaged heavier, sour crudes:  

 

The VIP would implement a series of modifications and additions that are 

focused on four objectives. 

 

1. Provide ability to process lower grades of raw materials. [footnote 1 
in original: As used in this document, the term “raw materials” is defined 
as crude oil and gas oil feedstocks.] 

2. Provide flexibility to substitute raw materials – crude oil instead of gas oil. 
3. Optimize operations for efficient production of clean burning fuels. 
4. Mitigate project-related impacts to avoid detrimental effects on the 

community.29 
 

[…] 

 

The refinery currently imports and processes two primary raw materials – crude 

oil and gas oil. Currently, about 30% of the refinery feedstocks are lower-
grade raw materials, with higher levels of sulfur and higher heavy pitch 
content. The VIP changes would allow the refinery to purchase and process 
additional volumes of lower-grade raw materials (crude oils or gas oils). In 
general terms, the refinery would be able to increase this percentage to 
about 60%, raising the average sulfur content of the imported raw materials 
from current levels of about 1 - 1.5% up to future levels of about 2 - 2.5%. 
 
With the increase in maximum crude rate, there would also be an opportunity for 

the refinery to reduce processing of gas oil when economics favor the 

substitution of crude oil. Although the project would result in a nominal increase 

of about 25% in crude oil processing capacity that increase in capacity is 

expected to result in only a 10% increase in gasoline production. This is because 

a reduction in gas oil processing would be called for to keep the refinery 

operations balanced.  

 

It should be further noted that any increase in gasoline production capacity would 

be contingent upon the availability of optimum crude blends to meet the refinery’s 

                                                             
28 ESA, Valero Refining Company's Land Use Application for the Valero Improvement Project, Environmental Impact 
Report, Draft, October 2002 (VIP DEIR)  
http://www.ci.benicia.ca.us/vertical/sites/%7B3436CBED-6A58-4FEF-BFDF-
5F9331215932%7D/uploads/%7B529090B4-087B-435C-9799-5C137730DD7F%7D.PDF  
The Benicia Planning Commission certified the Final EIR, consisting of the DEIR and the Responses to Comments in 
Resolution No. 03-4.  This FEIR was amended in 2007-2008.  Supporting documents available at: 
http://www.ci.benicia.ca.us/index.asp?Type=B_BASIC&SEC=%7B737165B4-11C5-4974-9B0B-0AE4AC535ECC%7D.   
29 VIP DEIR, p. 1-1, emphasis added. 

http://www.ci.benicia.ca.us/vertical/sites/%7B3436CBED-6A58-4FEF-BFDF-5F9331215932%7D/uploads/%7B529090B4-087B-435C-9799-5C137730DD7F%7D.PDF
http://www.ci.benicia.ca.us/vertical/sites/%7B3436CBED-6A58-4FEF-BFDF-5F9331215932%7D/uploads/%7B529090B4-087B-435C-9799-5C137730DD7F%7D.PDF
http://www.ci.benicia.ca.us/index.asp?Type=B_BASIC&SEC=%7B737165B4-11C5-4974-9B0B-0AE4AC535ECC%7D
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capabilities. The refinery purchases crude and gas oil in the market place, 
and the optimum blends are not always available. The proposed project 
provides the refinery with the flexibility to utilize diverse qualities of raw 
materials, especially the lower priced ones that are higher in sulfur content, 
but it does not necessarily imply that there would be an increase in gasoline 

production.  

 

The implications of the differences in crude oil and variations in feedstocks with 

respect to the operation and equipment changes for the affected refinery units 

are described and discussed under the descriptions of the project components in 

Section 3.4.3 that follows. Furthermore, the material changes in the 

environmental effects that would result from processing the different 

feedstocks are described in detail in Chapter 4, Environmental Setting, Impacts 

and Mitigations, of this document.30 

 

As indicated in the citation above, the VIP was designed to enable a doubling in the 
processing of heavier, sour feedstocks (from 30% to 60% of total feedstocks), and also 
to provide flexibility to process more crude oil and less gas oil. Put simply, the VIP 
enables a very large shift in Refinery crude supply to heavier, sour crudes.  
 
To enable this very large shift in crude supply, the VIP includes large-scale modifications to 

many parts of the Refinery. As further discussed in the Fox Comments, these modifications 

consist of expansions and other upgrading of the units required to process heavier, sour crudes 

(including modifications to the coker, hydrocracking, hydrofining, hydrogen production, and 

crude tankage): 

 
The VIP would modify and install typical refining equipment -- piping, heat 
exchangers, instrumentation, catalytic reactors, fractionation equipment, pumps, 
compressors, furnaces, tanks, and their associated facilities. These changes 
would include installation of new facilities as well as minor changes to existing 
facilities. The components of the project include the following: 
 

 Pipestill modifications to increase crude oil processing capacity by 
approximately 25% 

 Fluid Catalytic Cracker Unit Feed Flexibility modifications to process 
different feeds 

 Coker Unit modifications to process additional feed 
 Increased refinery capacity to remove and recover sulfur 
 Flue Gas Scrubber to reduce emissions from the main stack 
 Additional hydrogen production to support hydrofining and 

hydrocracking 
 Hydrofining optimization changes 

                                                             
30 VIP DEIR, p. 3-20 – 3-25, emphasis added. 
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 Modifications to maximize hydrocracking, alkylation, and reforming 
capacity 

 Adding a Guard Reactor to the Hydrotreater 
 Modifications to optimize fractionation processes 
 New and modified existing combustion sources 
 Use of additional water 
 Modifications to the wastewater treatment facility 
 Added support facilities and infrastructure 
 Added new crude tankage 
 Import and export changes 31 

 

The VIP import and export changes relate to increased imports of crude (and other feedstocks) 

and increased exports of refinery products: 

 

IMPORT AND EXPORT LOGISTICS  
Introduction 
The increased import of crude oil and gas oil and export of refinery products will 
result in increases in surface transportation. 32  

 

In particular, the VIP was estimated to increase Benicia Refinery shipments of both inputs and 

outputs: 

 increased ship traffic due to increased imports of crude,33 

 increased ship traffic due to increased exports of coke production,34 and 

 increased train, truck, and pipeline shipments to deliver increased production of coke 

and various other refinery products. 35 

 

The VIP was estimated to have substantial transportation impacts, with overall ship traffic 

(imports and exports) estimated to increase by over 10%.36 

 

The VIP is a very large-scale project, with very large impacts on Refinery crude supply, 

production, and marine and other transportation.  

                                                             
31 VIP DEIR, pp. 1-1 – 1-2, emphasis added. 
32 VIP DEIR, p. 3-51, emphasis bold and italics in original. 
33 Crude imports increase by 36 ships per year, partially offset by a decrease of 24 ships and barges per year for gas 
oil imports, with a resulting net increase of 12 ships per year for crude and gas oil dock movements (VIP DEIR, pp. 
3-51 – 3-52, 4.8-14). 
34 The VIP includes coker modifications to expand coker capacity from approximately 30,000 bpd to 35,000 bpd 
and to otherwise facilitate increased processing of heavier feedstocks, with a resulting increase in production of 
petroleum coke and other products (VIP DEIR, pp. 3-30 – 3-32). Coke exports increase by 12 ships per year, with 5 
additional rail cars per day of coke to dock area (VIP DEIR, p. 3-51 – 3-52). 
35 VIP DEIR, pp. 3-51 – 3-52; see also footnote 34 regarding rail shipments of coke to dock area. 
36

 Baseline ship visits of 229 per year increase by 24 per year (net increase of 12 additional ships per year for crude 
and gas oil imports (see footnote 33), plus 12 additional ships per year for coke exports (see footnote 34); (VIP 
DEIR, p. 3-51 – 3-52, 4.8-14). 
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Interactions between the VIP and Crude by Rail Project are of particular concern given the 

timing of the two projects. As further discussed in the Fox Comments, the VIP is a very large 

and complex project that is being implemented over an extended period, both preceding and 

overlapping implementation of the proposed Crude by Rail Project. Completion and full 

operation of the VIP has been delayed. The Hydrogen Plant is not expected online until the end 

of 2014, and Valero has filed a request with the BAAQMD to extend the construction permit for 

the Hydrogen Plant through December 2014 to accommodate this delay.37 Moreover, as further 

explained in the Fox Comments, delays relating to the Hydrogen Plant can significantly affect 

other aspects of the VIP.38 

 

Hence, the VIP has the potential to substantially interact with the proposed Crude by Rail 

Project in a variety of significant ways. As emphasized above, the VIP is a key part of the 

relevant context for the Crude by Rail Project, but the VIP has not been disclosed or considered 

in the IS/MND and other Project Documents. 

 

As the above discussion of the VIP clearly shows, the Benicia Crude by Rail Project proposal is 

not occurring in isolation. Rather, this Project is very much related to the VIP. This Project can 

only be meaningfully evaluated within the context of the VIP, and Valero’s internal decision-

making in regard to the proposed Project is based on its evaluation of how these related 

projects would interact.  

 

As also discussed in the Fox Comments, Valero has failed to publicly disclose the information 

required to meaningfully evaluate the proposed Crude by Rail Project at the Benicia Refinery, in 

combination with the ongoing VIP.  

 

The consideration of proposed Project, absent mention of the VIP, in the IS/MND and other 

publicly available Project documents does not meaningfully reflect how Valero (and other 

refiners) actually undertake capital project decisions. The issue of concern is not whether Valero 

has the information regarding VIP that is required to meaningfully evaluate the proposed Crude 

by Rail Project, since Valero clearly does have this information. Rather, the issue of concern is 

that Valero has failed to disclose the relevant information that it utilized internally to evaluate the 

proposed Project, And in turn, the broader and most relevant issue of concern then becomes 

that the IS/MND issued by the City of Benicia depends on incomplete and flawed information 

and analysis that do not constitute a meaningful basis for decision-making. 

                                                             
37 ENSR Corporation, Environmental Analysis, Valero Improvement Project Amendments, September 2007 (2007 
Amendments), Table 2.5.1-1 and VIP Semi-Annual Construction Report for the first half of 2012 - Revised, August 1, 
2012 (showing the Hydrogen Plant starting up 4th quarter of 2014). 
38 Heavier, sour crudes (and especially Canadian tar sands crudes) require intensive refinery processing that is 
hydrogen-intensive. 
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4. Benicia Refinery Crude Supply 
 

As demonstrated in Sections 2 and 3, the IS/MND has failed to provide adequate information 

regarding crude supply and quality, which is necessary in order to evaluate the impact of the 

Project. However, information provided elsewhere does offer some insight into the crudes now 

being processed at Benicia and thus what type of crudes might be delivered by rail and 

displaced by rail. This section first explains why adequate information on the impact of the 

Project on crude supply and quality is essential. Then, based on information provided 

elsewhere, this section discusses issues related to historical and future crude supply for the 

Refinery and draws some conclusions regarding the impact of the Project on crude supply and 

quality.  

 

To meaningfully evaluate the proposed Valero Refinery Crude by Rail Project, it is necessary to 

consider how the crudes delivered by rail might differ from those that would be delivered by 

marine vessel.  

 

Moreover, while the IS/MND assumes that crude delivered by rail would not displace crude 

delivered to the Refinery by pipeline, no basis for this assumption is provided. Likewise, the 

MND does not impose any conditions to restrict displacement of pipeline deliveries. Thus, to 

meaningfully evaluate the proposed Valero Refinery Crude by Rail Project, it is also necessary 

to consider how the crudes delivered by rail might differ from those that would be delivered by 

pipeline. 

 

The IS/MND does not provide sufficient information to meaningfully evaluate crude quality for 

the crudes that would be delivered by rail. Likewise, the IS/MND does not provide sufficient 

information to meaningfully evaluate crude quality for the crudes that would be displaced by rail 

deliveries (i.e., crude deliveries by marine vessel and possibly by pipeline). In turn, the IS/MND 

does not provide sufficient information to meaningfully evaluate the impact on crude quality as a 

result of the shift (crude by rail displacing crude by marine vessel, and possibly pipeline).   

 

This paucity of information is notable. As indicated above and further explained below, Valero 

has extensive, high-quality information regarding crude quality, but Valero has chosen not to 

disclose this information. Thus, we are left to make educated guesses based on the very limited 

publicly available information. 

 

As the operator of the Refinery, Valero has very high-quality information regarding historical 

crude supply and quality attributes. Such information is essential for crude procurement and 
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refinery operations. Put simply, Valero needs to know what it is buying: the attributes of each 

specific crude affect its value and how it will be processed at the refinery.39 

 

Likewise, in analyzing whether to undertake the proposed Project, Valero had to project what 

type of crudes will be available by rail vs. marine vessel (and pipeline), and how a shift to rail 

would affect the cost of crude supply, refinery operations, product output, and profitability. 

 

Despite the paucity of information provided by Valero, the IS/MND has accepted and repeated 

Valero’s simplistic assumptions that the proposed Project will not significantly affect crude 

quality.  

 

Echoing Valero,40 the IS/MND provides inadequate detail on the quality of the crude oil 

delivered by rail, identifying it only as "North American-sourced crude oil" that is "expected to be 

of similar quality compared to existing crude oil delivered by marine vessels" (MND, p. 1).   

 

The Initial Study indicates the Refinery currently processes a blended slate of crude oil with a 

gravity ranging from 20o to 30o API41 and a sulfur content ranging from 0.6% to 1.9%, based on 

2011 to 2012 data.42  Beyond that, no information about this crude slate is disclosed. The Initial 

Study also claims that the "North American-sourced crude oils are expected to replace crude 

oils of similar gravity and sulfur content currently brought in by ship," reporting the rail deliveries 

to have a gravity that ranges from 20o to 43.5o API and a sulfur content that ranges from 0.06% 

to 3.1%.43   

 

Thus, the Initial Study concludes that "it is anticipated that the Refinery would continue to 

operate within its existing specifications for crude oil gravity and sulfur content range." 44  

Further, it concludes that the Refinery would not need to change existing operations or process 

equipment, "nor would emissions from Refinery operations change (with the exception of the 

                                                             
39 As discussed in Valero Response to BAAQMD April 11, 2013 (pp. 3, 8), Valero typically blends crudes together to 
meet Refinery specifications. Detailed information regarding each crude is required as input to decisions on crude 
sourcing and blending. See Appendix E (Valero Refining 101, pp. 17-21), Appendix H (Marathon Refining 101, pp. 
12-18), Appendix I (CCQTA Presentation: Canadian Crude Oil Quality: Past, Present, and Future Direction), and 
Valero Response to BAAQMD April 11, 2013 (p. 8).  
40 Environmental Resources Management (ERM),Valero Crude by Rail Project Description, Benicia Refinery, Benicia, 
California, March 2013, pp. 5-6. 
41 As also explained in the Fox Comments, tthe specific gravity of crude oil is typically measured using the American 
Petroleum Institute (API) standard or the API gravity of the crude oil.  The API gravity is a measure of the weight of 
crude oil in relation to the weight of water (which has an API gravity of 10 degrees).  Heavy crude oil has an API 
gravity of 18o or less.  The oil is viscous and resistant to flow.  Intermediate crude has an API greater than 18o but 
less than 36o.  Light crude has an API gravity of greater than 36o. 
42

 IS, pp. 1-2, 1-6.   
43 IS, pp. 1-2, 1-6.   
44 IS, pp. 1-2, 1-6.   
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storage tank service and rail unloading emissions) as a result of accepting and refining the 

proposed North American-sourced crudes."  IS, pp. 1-2, 1-6, 1-7.   

 

As further discussed in Fox Comments, Valero has now claimed the crudes delivered by rail will 

actually tend to be lighter and sweeter than the existing crude supply that would be displaced. 

Valero has applied to the Bay Area Air Quality Management District (BAAQMD) for a 

construction permit for the Crude by Rail Project.  The Authority to Construct Application (ATC) 

is Appendix A1 to the IS/MND.  In the BAAQMD proceeding, Valero responded to questions by 

the BAAQMD in an April 11, 2013 letter.  In this letter, Valero repeatedly describes the crudes 

that would be imported as light sweet crudes that will cause the current slate to become 

"sweeter",  "lighter in gravity and lower in sulfur than the average Padd V or average Valero 

crude slate," and as "ANS look-alikes or sweeter".  (4/11/13 BAAQMD RTC ).45  

  

The Refining 101 Presentation (Appendix C, p. 7) provides a chart of Basic Refining Concepts, 

which has also been provided in Valero Response to BAAQMD April 11, 2013 (p. 4).  The 

Refining 101 Presentation (Appendix C, p. 5) also provides a chart of Crude Oil Quality by 

Types.46 The Valero Response to BAAQMD April 11, 2013 (p. 8) makes reference to a similar 

chart, which Valero appears to have redacted from the Public Document, based on a claim that 

it is Confidential Business Information: 

 

The graph below identifies Padd V historical data, the blended crude feedstock criteria 

for the Valero refinery (green box), and historic crudes processed at this refinery from 

2007 through 2012. The crudes proposed to be brought in by rail are those that fall into 

the lower right corner of the graph, which would be lighter in gravity and lower in sulfur 

than the average Padd V or average Valero crude slate. 

                                                             
45 Letter from Susan K. Gustofson, Valero to Thu Bui, BAAQMD, transmitting Crude by Rail Project, Response to 
BAAQMD 3/20/2013 Project Questions, April 11, 2013, Public Version, pp. 5 ("North American sourced crudes are 
typically characterized as "sweet" meaning they contain less than 0.5 wt% sulfur.  The North American sourced 
crudes currently available to the Valero Benicia refinery are expected to have sulfur below 0.5 wt% which is well 
below the typical crude slate average of 1.4 wt%.  Therefore, these crudes directionally sweeten the crude slate 
and reduce the amount of refinery fuel gas sulfur treatment required."), 6 ("...the crude slate is expected to be 
sweeter with the introduction of North American sourced crudes."), 7 ("North American sourced crudes are 
expected to be sweeter than existing average crude slate", "North American sourced crudes are characterized as 
sweet and are expected to have sulfur content lower than current crude slate sulfur average"), 8 ("The crudes 
proposed to be brought in by rail are those that fall into the lower right corner of the graph, which would be lighter 
in gravity and lower in sulfur than the average Padd V or average Valero crude slate."), 8 ("...the proposed North 
American sourced crudes are expected to be ANS look-alikes or sweeter...there is not expected to be any 
difference in emissions...compared to existing operations."), 9 ("North American-sourced crudes proposed to be 
received by railcar are ANS look-alikes or sweeter.."). 

46 A similar chart of Crude Oil Quality by Types is provided in Valero Presentation, Benicia Refinery Tour, July 9, 
2007 (Appendix F, p. 5). 
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Based on Valero’s chart of Crude Oil Quality by Types (The Refining 101 Presentation, 

Appendix C, p. 5), the North American-sourced crudes that “fall into the lower right corner of the 

graph” and are “ANS look-alikes or sweeter”, and are likely to be delivered by rail, are Bakken 

and possibly Eagle Ford.47  

 

Meanwhile, as also shown on Valero’s chart of Crude Oil Quality by Types (The Refining 101 

Presentation, Appendix C, p. 5), the other North American-sourced crudes and tar sands Dilbits 

(WCS and Cold Lake). These heavy, sour crudes are upper left corner of the graph. 

 

So as further discussed in Fox Comments, the North American-sourced crude that are likely to 

be delivered by rail are either very light and sweet, or very heavy and very sour. Hence, 

depending on the specific crudes that would be delivered by rail, crude quality could differ 

enormously. And as discussed in Fox Comments, crude quality has very important implications 

in terms of air emissions and other impacts. 

Thus, to meaningfully evaluate the proposed Crude by Rail Project, it is essential that the 

analysis be based on a detailed representation of the specific crude types that would be 

delivered by rail, and those that would be displaced. Put simply, in this context, even more than 

usual, meaningful project evaluation requires good information.   

Yet as emphasized above, in the context of the Benicia Crude by Rail Project IS/MND, very little 

information has been provided regarding crude supply and quality.  But information provided 

elsewhere does offer some insight into the crudes now being processed at Benicia and thus 

what type of crudes might be delivered by rail. 

 

As disclosed by Valero to investors and discussed in Section 3, the Benicia Refinery used to 

process very large amounts of Alaska North Slope (ANS), a medium sour crude delivered by 

marine vessel. But in recent years, Benicia has shifted away from processing ANS and by 2010 

it was reported to be less than 10% of total supply.48  

  

As also disclosed by Valero to investors and discussed in Section 3, the Benicia Refinery 

processes sizable amounts of San Joaquin Valley (SJV) crude received by pipeline, comprising 

                                                             
47 The North American-sourced crudes that “fall into the lower right corner of the graph” and are “ANS look-alikes 
or sweeter” appearing on the chart also include LLS Light and WTI, but these crudes are not commonly delivered 
by rail.   
48

 Valero Presentation, Benicia Refinery Tour, July 9, 2007 (Appendix F, p. 23); Valero Presentation, Benicia 
Refinery Tour, August 17, 2010 (Appendix G, p. 29). ANS was 80% of crude supply when Valero acquired the 
Refinery in 2000, dropping to less than 40% in 2007. 
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20% of total supply in 2007 and 25% in 2010.49 This heavy, viscous crude is produced in 

California and transported to Bay Area refineries in a heated pipeline.50  

 

The Benicia Refinery also processes large amounts of imported crudes delivered by marine 

vessel. There is some information available regarding these imports, via reports from US EIA.51 

Figure 1 shows the breakdown of imports by country of origin over the 2007-2012 period. 

 

 

Figure 1 

Imported Crudes Refined at Valero Benicia 2007-2012 

 
 

                                                             
49 Valero Presentation, Benicia Refinery Tour, July 9, 2007 (Appendix F, p. 23); Valero Presentation, Benicia 
Refinery Tour, August 17, 2010 (Appendix G, p. 29). 
50 California Crude Oil Production And Imports, California Energy Commission Staff Paper, April 2006, CEC-600-
2006-006   http://www.energy.ca.gov/2006publications/CEC-600-2006-006/CEC-600-2006-006.PDF 
51 EIA Data for Company Level Imports, with destination, country of origin, quantity, API gravity, and sulfur content 
for each shipment.  http://www.eia.gov/petroleum/imports/companylevel/  
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Over the last 3 years (2010-2012), the Benicia refinery has imported an average of about 

70,000 barrels per day (bpd), but the trend has been upward (approximately 55,000 bpd in 

2010, 76,000 bpd in 2011, and 80,000 bpd in 2012).52 

 

Meanwhile, according to data in the IS/MND, total crude deliveries by marine vessel to the 

Benicia Refinery have averaged about 86,000 bpd over the same period.53 This indicates that 

marine deliveries to the Benicia Refinery are now virtually all imports, with only a small amount 

of other crudes by water (notably domestic ANS). 

 

Thus, to the extent that the proposed Project would displace deliveries of crude by marine 

vessel, these would be mainly imported crudes, and also possibly a small amount of domestic 

ANS. Therefore, the crude quality attributes of imported crudes could be an important factor in 

assessing the impacts of the proposed Crude by Rail Project, since these may be indicative of 

quality for the crude supply that would be displaced.  

 

The EIA data on imports does not provide any in-depth information on crude quality. But data 

are reported for each shipment, specifying country of origin gravity, and sulfur content. Thus, 

some rough matching to crude type is possible. 

 

For example, starting in 2010, the Benicia Refinery has been importing Canadian crudes with 

API gravity ranging from 20.8° to 22.3° and sulfur content exceeding 3.5%. These 

characteristics are consistent with those of tar sands Dilbits.54  

                                                             
52

 As defined in the IS/MND (p. I-6), the 3-year Baseline period for the Crude by Rail Project is December 10, 2009 
through December 9, 2012. However, the US EIA import data is reported for monthly periods, such that it is not 
possible to differentiate between imports occurring earlier or later within a month. Thus, the EIA data for 
December 2009 and 2012 imports during the Baseline Period (December 10, 2009 – December 31, 2009 and 
December 1, 2012- December 9, 2012) cannot be distinguished from data for December 2009 and 2012 imports  
outside of the Baseline Period ( December 1, 2009 – December 9, 2009 and December 10, 2012- December 31, 
2012). Given this data limitation and the large amount of overlap between the Baseline Period and calendar years, 
the analysis of EIA import data in these Comments is based on the 3-year period 2010-2012. The results of this 
analysis of calendar year data for 2010-2012 will likely closely approximate the results of analysis based on the 3-
year Baseline Period (December 10, 2009 through December 9, 2012). Valero has all of the data required to 
analyze crude supply in the Baseline Period, and these data should be disclosed in order to enable meaningful (and 
efficient) review of the proposed Crude by Rail Project.    
53  IS p. I-1 estimates 70,000 bpd of Crude by Rail could displace 81% of marine deliveries, based on 3-year baseline 
period December 10, 2009 – December 9, 2012. This implies total marine deliveries of about 86,000 bpd (70,000 / 
0.81 = 86,420). IS Att. B-4, p. 1 reports marine vessel deliveries for 3-year baseline period total 93,361,985 barrels, 
so about 85,000 bpd (93,361,985 / 365 * 3 = 85,262).  
54 There is extensive discussion of Alberta tar sands Dilbits in the Fox Comments. For characteristics of specific tar 
sands dilbits see CrudeMonitor http://www.crudemonitor.ca, including:    
Access Western Blend (AWB) -http://www.crudemonitor.ca/crude.php?acr=AWB;  
Borealis Heavy Blend (BHB) -http://www.crudemonitor.ca/crude.php?acr=BHB; 
Christina Dilbit Blend (CDB) -http://www.crudemonitor.ca/crude.php?acr=CDB; 
Cold Lake (CL) -http://www.crudemonitor.ca/crude.php?acr=CL; 
(footnote continued on next page) 

http://www.crudemonitor.ca/
http://www.crudemonitor.ca/crude.php?acr=AWB
http://www.crudemonitor.ca/crude.php?acr=BHB
http://www.crudemonitor.ca/crude.php?acr=CDBD
http://www.crudemonitor.ca/crude.php?acr=CL
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Moreover, as will be further discussed later in this section, pricing for tar sands crudes (and 

especially Dilbits) has been heavily discounted, such that it is economically attractive for Valero 

to utilize these crudes at the Benicia Refinery (which can process heavy sour crudes, such as 

tar sands Dilbits). The constraint has been that there has been very limited capability to deliver 

these crudes to West Coast refineries. There are currently no crude pipelines linking Alberta 

and California, and only one, relatively small pipeline and marine terminal that can deliver crude 

from Alberta to the West Coast.  

 

Thus, the only practical delivery method to Benicia has been via the Trans Mountain Pipeline 

from Alberta to British Columbia, and then by marine vessel from the Westridge Marine 

Terminal in Burnaby (near Vancouver) to California. But demand for transportation via this 

pipeline and terminal has far exceeded supply.55  

 

So even if additional shipments of tar sands crudes to Benicia might have been profitable, they 

have not been feasible. Thus, averaged over the 2010-12 period, the Benicia Refinery has 

imported only about 2,000 bpd of tar sands Dilbits (approximately 3,000 bpd in 2010 and 2012, 

but less than 1,000 bpd in 2011). As will be further discussed below, the proposed Benicia 

Crude by Rail Project would enable much larger deliveries of tar sands Dilbits to this Refinery. 

 

While the Refinery has been able to import only small amounts of tar sands crudes, it has 

instead been importing significant amounts of other heavy and medium crudes. Over the 2010-

12 period, Benicia imported crudes with API gravity ranging from 17.6° to 23.0° from a variety of 

countries other than Canada (Angola, Australia, Brazil, Columbia, Ecuador, and Peru). These 

                                                                                                                                                                                                    
(footnote continued from previous page) 
Peace River Heavy (PH) -http://www.crudemonitor.ca/crude.php?acr=PH; 
Seal Heavy (SH) -http://www.crudemonitor.ca/crude.php?acr=SH; 
Statoil Cheecham Blend (SCB) -http://www.crudemonitor.ca/crude.php?acr=SCB; 
Wabasca Heavy (WH) -http://www.crudemonitor.ca/crude.php?acr=WH; 
Western Canadian Select (WCS) -http://www.crudemonitor.ca/crude.php?acr=WCS; 
Albian Heavy Synthetic (AHS) (DilSynBit) - http://www.crudemonitor.ca/crude.php?acr=AHS. 
55 Trans Mountain Pipeline has filed a Project Description with the Canadian National Energy Board to initiate the 
application process for authorization to substantially expand the capacity of this pipeline and marine terminal. 
http://www.neb.gc.ca/clf-nsi/rthnb/pplctnsbfrthnb/trnsmntnxpnsn/trnsmntnxpnsn-eng.html  
Likewise, Enbridge is seeking authorization to construct the Northern Gateway Project, which would also include a 
pipeline from Alberta to British Columbia and a marine terminal. 
http://gatewaypanel.review-examen.gc.ca/clf-nsi/hm-eng.html  
Both of these projects could enable increased deliveries of tar sands crudes to West Coast refineries. But both of 
these projects are also subject to very strong opposition, delays, and may never be completed.  
See e.g., discussion of Trans Mountain and Northern Gateway Pipelines in the Keystone XL Draft Supplemental EIS 
http://keystonepipeline-xl.state.gov/documents/organization/205644.pdf pp. 2.2-19, 27. 
Thus, the Benicia Crude by Rail Project could enable large scale deliveries of tar sands crudes sooner than would 
these other projects involving pipelines and marine terminals in British Columbia.    

http://www.crudemonitor.ca/crude.php?acr=PH
http://www.crudemonitor.ca/crude.php?acr=SH
http://www.crudemonitor.ca/crude.php?acr=SCB
http://www.crudemonitor.ca/crude.php?acr=WH
http://www.crudemonitor.ca/crude.php?acr=WCS
http://www.crudemonitor.ca/crude.php?acr=AHS
http://www.neb.gc.ca/clf-nsi/rthnb/pplctnsbfrthnb/trnsmntnxpnsn/trnsmntnxpnsn-eng.html
http://gatewaypanel.review-examen.gc.ca/clf-nsi/hm-eng.html
http://keystonepipeline-xl.state.gov/documents/organization/205644.pdf
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other imports have averaged about 16,000 bpd over the 2010-12 period (approximately 10,000-

12,000 bpd in 2010 and 2012, but more than 27,000 bpd in 2011).  

 

But while these other crude imports have been similar in gravity to tar sands Dilbit, they typically 

have had much lower sulfur content (approximately 1.5% in 2010, but only about 1.0% in 2011 

and 2012).56 Thus, if the proposed Crude by Rail Project delivers large amounts of tar sands 

Dilbits, this could displace all (or at least most) of heavy and medium crude imports from other 

countries now delivered by marine vessel. Moreover, imports of Canadian tar sands Dilbits 

would have much higher sulfur content than the heavy and medium crude imports from other 

countries during the 2010-2012 period.  

 

In general, and all else being equal, higher sulfur crudes are discounted relative to lower sulfur 

crudes. As discussed in the Fox Comments, higher sulfur crudes require more processing to 

remove the sulfur and are thus more costly to refine. Alternatively, to the extent that is 

feasible/permissible to produce/market refined products with higher sulfur content, these 

products typically are discounted relative to products with lower sulfur content. 

 

Given that crudes with higher sulfur content are typically discounted relative to lower sulfur 

crudes, it is notable that the crudes actually processed by Valero in the 2010-2012 period did 

not have particularly high sulfur content. Notably, with the exception of a small amount of tar 

sands Dilbits (which had sulfur content exceeding 3.5%), crude imports had a sulfur content 

averaging 1.0-1.5% (including even the relatively heavy crudes imported from countries other 

than Canada). 

 

The IS/MND and various materials submitted by Valero for the Crude by Rail Project (and 

disclosed publicly) do not provide a useful explanation of crude sourcing during the 3-year 

Baseline Period and subsequently. But considerable insight is provided by consideration of the 

VIP in connection with the Crude by Rail Project. As further discussed in the Fox Comments 

and in Section 3, the VIP is nowhere mentioned in the IS/MND or any of the other materials 

relating to the Crude by Rail Project. But the VIP is key to understanding crude sourcing during 

the Baseline Period and how it may change subsequently (and in connection with the Crude by 

Rail Project). 

 

Notably, as further discussed in the Fox Comments and Section 3, the VIP includes an 

expansion in hydrogen production (and specifically a new Hydrogen Plant) to support 

hydrofining (desulfurization), with refinery capacity to remove and recover sulfur increasing by 

                                                             
56 For all Benicia Refinery imports (all gravities from all countries), sulfur content averaged about 1.0% in 2010, 
1.4% in 2011, and 1.3% in 2012. Thus, the sulfur content of heavy and medium crude imports from countries other 
than Canada were similar to (and often lower than) the sulfur content of all imports. Stated another way, over the 
2010-2012 period, crudes that were more heavy were not more typically more sour, except for the imports of tar 
sands Dilbits (that were relatively heavy and very sour). 
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50% (from 320 ton/day to 480 ton/day).57 But as also discussed in the Fox Comments, 

completion of the Hydrogen Plant has been delayed and, is not estimated to startup until the 

end of 2014. 58 

 

Hence, crude sourcing during the 3-year Baseline Period appears to have been shaped by two 

major constraints. First, deliveries via marine vessel provided very little capability to access tar 

sands crudes. Second, capability to process sour crudes may have substantially limited by 

desulfurization capability (which in turn was affected by delays in completing the new Hydrogen 

Plant). As a result of these two constraints operating in tandem, crude supply during the 

Baseline Period included only minimal amounts of tar sands crudes. Specifically, there were 

only 1,000-3,000 bpd of Dilbits (which are relatively heavy and have high sulfur content).  

 

More generally, imported crude supply during the Baseline Period was not especially heavy or 

sour. Gravity averaged around 29 in 2010, 25 in 2011, and 27 in 2012. Sulfur content averaged 

about 1.0% in 2010, 1.4% in 2011, and 1.3% in 2012. 

 

But both of these major constraints (i.e., limited access to tar sands crudes and limited 

desulfurization capability) may be removed relatively soon. Refinery crude supply could then 

shift substantially towards heavier, sour crudes, and specifically tar sands Dilbits.  

 

The Benicia Crude by Rail Project would provide capability to deliver 70,000 bpd of crude 

supply. As the Project is now proposed, there would not be any specific and separate conditions 

limiting the types of crudes that could be supplied by rail. Valero could thus use the facility to 

bring in any crudes that can handled by the facility and processed at the Benicia Refinery. As 

further discussed in the Fox Comments, heavy, sour tar crudes (and specifically Dilbits) are 

likely to comprise a large portion of deliveries by rail, especially as unit train loading facilities are 

built out in Alberta.  

 

Likewise, as also further discussed in the Fox Comments, the new Hydrogen Plant is estimated 

to be in-service by 2015. The Refinery could then process the very heavy sour crude slate that 

the VIP was designed for. Heavy sour crudes   With the VIP fully operational, this Refinery could 

process approximately 100,000 BPD of heavy sour crudes.59 Thus, the full 70,000 BPD capacity 

                                                             
57 VIP DEIR, pp. 3-33, 39-40. See footnote 28 for more information on the VIP. 
58 Valero filed a request with the BAAQMD to extend the construction permit for the Hydrogen Plant through 
December 2014 to accommodate this delay. ENSR Corporation, Environmental Analysis, Valero Improvement 
Project Amendments, September 2007 (2007 Amendments), Table 2.5.1-1 and VIP Semi-Annual Construction 
Report for the first half of 2012 - Revised, August 1, 2012 (showing the Hydrogen Plant starting up 4th quarter of 
2014). 
59 “The Refinery’s crude oil processing rate is limited to an annual average of 165,000 barrels per day (daily 
maximum of 180,000 barrels per day) by Bay Area Air Quality Management District (BAAQMD) permit.”(IS p. I-1) 
60% of 165,000 BPD equals 99,000 BPD. Even if some of these heavy sour crudes are delivered by pipeline, most (if 
not all) of the crude by Rail could be heavy, sour.  In the 2007-2010 period, the refinery received 20-25% of its 
(footnote continued on next page) 
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of the Crude by Rail Project could be used for heavy sour crudes, and specifically tar sands 

Dilbits, from 2015 onward. And even before then, tar sands dilbits could comprise a sizable 

portion of overall crude deliveries by rail.   

 

As further discussed in the Fox Comments, evaluation of the proposed Crude by Rail Project 

should consider a range of potential scenarios, and particularly scenarios that are worst case in 

terms of adverse impacts. Thus, the City of Benicia should undertake a full EIR in order to 

provide a sound basis for decision-making on the proposed Valero Crude by Rail Project. 

 

 

 

 

  

                                                                                                                                                                                                    
(footnote continued from previous page) 
crude by pipeline, so in the order of 25,000-35,000 BPD (Valero, Benicia Refinery Tour Slides, July 9, 2007, 
Appendix F, p. 26; Valero, Benicia Refinery Tour Slides, August 17, 2010, Appendix G p. 29). Also, while it is 
assumed in the IS/MND that Crude by Rail deliveries will only displace marine deliveries, it is possible that rail 
deliveries will displace pipeline deliveries. The crude being delivered by pipeline is very heavy and viscous. So to 
the extent that Crude by Rail deliveries displace deliveries of very heavy crude by pipeline, very large amounts of 
tar sands dilbitDilbits could be processed at the Benicia Refinery (up to and even exceeding the full 70,000 bpd 
capacity of the proposed Crude by Rail Project). 
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Paul Cheng:   Good morning.  Our next presentation is Phillips 66, one of the largest and also most 

diversified downstream companies in the country.  We are extremely happy to have their 
senior management team here.  The speaker is Chairman and CEO, Greg Garland.  
Without further delay, let me welcome Greg. 

 
Greg Garland: Good morning, everyone.  It's a pleasure to be with you here today.  Paul thanks for being 

a great host for us.  We're glad to be back at Barclays and for the people in the room, 
thank you for the interest in our Company. 

 
 This is the obligatory Safe Harbor statement.  We may make forward-looking statements 

today during the presentation and in the course of the question-and-answer session later 
today.  Actual results could differ materially.  The sources of those differences are right 
here on this slide and with our filings with the SEC. 

 
 So, I've been in the energy business for 33 years and I can't think of a more exciting time 

to be in this business.  Think of what's happening in the changing American energy 
landscape, technology-driven access to shale and we look at the natural gas, the crudes 
and the natural gas liquids expansions coming at us and we look at where the assets at 
PSX sit, we think we're uniquely positioned to participate in this American energy 
landscape and the revolution in energy that's going on in our country today. 

 
 And so our question is- how do we take advantage of that and how do we lever that and 

capitalize on that as Phillips 66?  And as we look at our strategy, it hasn't changed since I 
talked to you last year.  We still think this is the right strategy for our Company and it 
starts with operating excellence and for us, that's to be one of the safest companies in the 
industry.  Every employee, every contractor goes home safe every day.  We manage our 
environmental footprint, we manage our costs; we run reliably. 

 
 We believe that is essential to sustainable value creation at Phillips 66.  So you'll hear us 

talk a lot about this because this is job one and you pay us to do this job very well every 
day. 

 
 Secondly, I think the infrastructure development around the shales, the opportunity for 

the chemical is clearly our growth avenues for our Company.  We have opportunities to 
improve returns in the base business in refining.  Also, as we shift investment into higher-
returning, higher multiple-valued businesses, then we can create total shareholder return 
value, too.   

 
 Distributions are fundamental to who we are.  We've raised the dividend 56% since we 

formed the Company.  We've got a $3 billion share repurchase program underway.  And 
then finally, just in terms of strategy, high-performing organization; a high-performing 
organization is an organization that knows how to win.  It's an organization that knows 
how to capture value from existing assets and create value from new assets, and simply 
put is an organization that is inspired to do their very best and achieve their very best 
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every day.  And so our 13,500 employees are well engaged and well committed to doing 
that every day. 

 
 Let me just talk about operating excellence for just a minute.  We have a strong history 

and legacy of great operations at Phillips 66 Company.  You can look at the results across 
our three major business platforms in 2012.  Each segment was among the very best in its 
respective industry segment.  We've continued that trend into 2013. 

 
 The other thing I would say is the industry and also our Company has done a really good 

job managing our environmental footprint.  We've got a great story to tell here.  We need 
to do a better job of telling it.  But you can see the chart on the right, which is SOx, NOx 
and particulate emissions.  We've made great progress in terms of reducing that footprint. 

 
 So this is a four box on strategy; the units across the top are our growth areas in 

Midstream and Chemicals.  As we think about Midstream, we think $100 billion of 
industry investment in infrastructure and logistics.  And we want to build on our 
integrated transportation system.  We want to use the Phillips 66 Master Limited 
Partnership as a vehicle to help fund that growth.  We'll continue an aggressive program 
of growth at DCP. 

 
 As we think about Chemicals, we've got great organic growth opportunities in North 

America in the Chemicals business.  CPChem has a great platform of proprietary 
technology, great marketing, global reach in terms of their marketing ability and so you 
think about access to low-cost feedstocks- the Middle East and North America extremely 
well positioned. 

 
 As you look to the bottom chart, our Refining strategy is to improve returns across that.  

We're focused not on growing capacity in refining; in fact, you're going to see us be very 
disciplined about the investments that we make in the refining business.  Our view is that 
our North American assets and our European assets; the markets are flat to declining and 
we won't invest in capacity additions.  We will invest in infrastructure on the front end to 
capture advantaged crudes, on export infrastructure on the back end; we will invest in 
quick-hit 40%-type return projects, which we'll talk more about today. 

 
 But this is an area of ROCE improvement for us and we have programs in place to 

improve our base return on a price-normalized basis. 
 
 Our Marketing and Specialties business is a great business.  It generates about $1 billion 

a year of EBITDA.  We like these businesses.  When we look at our retail businesses in 
Europe, we look at our wholesale business in the U.S.; that we have a lubes business that 
is a very good business and we'll seek to grow that business and grow our other specialty 
businesses, including our flow improvers business. 

 
 Historically, Refining represented about 50% of our earnings.  As we move forward into 

the future, we want a company that you look at and you see a company that is more 
marketing and specialties, more midstream logistics, transportation and more chemicals.  
So five years from today, Refining will be less than 50% of our income and it's not 
necessarily that it's going be so much smaller, but these other businesses are going to get 
larger and we think we create shareholder value by shifting the overall portfolio into 
higher-returning, higher EV-type businesses.   

 
 So we like our assets.  We like all the platforms we have.  We look at the Midstream and 

we look at the Chemicals; you look at our Refining and Marketing and as we benchmark 
that, we still think return on capital employed is a good benchmark.  We use it as we 
allocate capital.  We use it as we look at the portfolio and the changes we want to make in 
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the portfolio.  And these are some of the best assets out there today in terms of return on 
capital employed. 

 
 Just a couple comments about the macro environment, and this gets back to our strategy.  

As we look at what's happening in the North American energy landscape, we think 
natural gas is going to go from about 65 billion cubic feet a day, to about 78 billion cubic 
feet a day in 2020, 3 million barrels a day of new light sweet crude coming on in North 
America coming at us, natural gas liquids growing from 2.5 million barrels a day to over 
3.5 million barrels a day.  So this growing domestic crude supply, natural gas and NGLs 
is creating opportunities; creating opportunity for infrastructure investments, it's creating 
opportunity to capture advantaged crudes and get them to the front of our refineries, it's 
going to create opportunities for us to grow our Chemicals business long term. 

 
 We think over $100 billion of industry investment in infrastructure is going to be made 

over this period of time to gather the gas, process it, get the NGLs to the market centers, 
move the crude to where it needs to be to the liquid markets. 

 
 A word about the macro environment for our Chemicals business; you know, you look at 

the forecasts for ethane supply growth anywhere from 600,000 to over a million barrels a 
day of new ethane supply that are coming on.  You look at the cost curve on the right-
hand side of that chart and it tells you that the Middle East and North America are the 
two best places to make petrochemicals today.  And fundamentally, as we look at the 
olefins, polyolefins business and petrochemicals business, we think it remains a very 
attractive place to invest.  We think we have a good platform to invest through our 
CPChem business and really it's based upon growing demand for the products.  So the 
products are growing at some multiple of GDP and then access to affordable, reliable, 
secure feedstocks. 

 
 Looking at Refining, I always say this.  This is business always has been, it is today and I 

can almost assure you with absolute certainly, it's going to be a volatile business in the 
future.  And it's difficult to predict these dips and these spreads day to day, quarterly; but 
if we back-up and think over longer periods of time, we think that we've got crude 
coming at us, we've got NGLs coming at us and you think about 3 million barrels a day 
coming on in the Midcon area of the U.S. 

 
 We think transportation infrastructure ultimately gets built.  It clears north and south.  So 

as we think about what happens, we go back to the marginal cost of transportation to 
move these crudes east and west as they clear.  And so we tend to think of WTI to Brent 
in a range of $6 to $10.  We tend to think of LLS discounting to Brent in a range of $2 to 
$4. 

 
 You think about, as that crude shows up on the U.S. Gulf Coast; and what's the impact?  

So all that light sweet crude shows up; ultimately you satiate the demand or the ability of 
the industry to consume the light sweet crude.  And then you have to start incenting the 
refiners- just go to the light sours or even the medium crudes or you start moving to the 
East and the West Coast.   

 
 So we think, by the end of next year, that North American sweet production will be 

displaced; all the imports of light sweet crude in the U.S., certainly in the Gulf Coast.  
And then this is kind of our idea of the timeline as you move across from left to right. 

 
 So let me talk about each segment if I can, and I'm going to start with Midstream.  The 

strategy is growth for our Midstream businesses.  And what we want to do is build on our 
integrated transportation system at Phillips 66.  We do intend to leverage Phillips 66 
Partners as one of the primary vehicles or tools that we use to accelerate investment in 
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our own infrastructure in midstream businesses.  There's no question that we'll continue 
the aggressive growth program at DCP and we'll talk about DCP in just a minute; but 
we'll continue to use the MLP at DCP to fund growth at the DCP level. 

 
 On Transportation we've talked a lot in the past about the rail cars, the acquiring of 2,000 

rails cars, the two Jones Act ships, the unit train unloading facility; so we're looking at 
unloading facilities at Bayway is under construction, at Ferndale is under construction.  
We're looking a new 17,000 to 20,000 barrel-a-day unloading facility at Santa Maria in 
California. 

 
 One thing I would say to you today that- one of the things MLP has done for us; it has 

reoriented our thinking.  As we've looked at our Transportation historically, we treat it as 
a cost center, we treat is as a service center to really service the refineries and the 
marketing folks.  We're starting to think about this-- this is a business and we have 
opportunities to expand and grow this business.  We're looking at idle pipes that we've 
had that may have been in NGL service.  Now we can convert those to crude service, put 
third-party volumes through those pipes.   

 
 We're looking at new storage facilities at our refineries.  We're going to build a 500,000 

barrel-a-day tank at Los Angeles so that we import crude and advantaged crudes into 
California for our Los Angeles area refineries.   

 
 We talked about PSXP- has a piece of pipe that runs between Sweeny under the Houston 

Ship Channel and can connect to the Magellan and Kinder Morgan systems.  And so we'll 
be reactivating that line for PSXP. 

 
 So it's a change in mindset for us.  It's a good change for us.  It's a change that needed to 

happen and it's been liberated by our new MLP.  So lots going on in the transportation 
area; and as you know, we have a significant amount of assets in this space and there's 
optimization to occur here. 

 
 So we announced PSXP partners and got the IPO out in July, ahead of our original 

schedule.  I would say we're very pleased with the IPO to this point.  The MLP PSXP 
will own, it will develop and it will acquire primarily fee-based assets in transportation 
and midstream.  We look at it as a low-cost source of capital.  We look at it as a tool in 
our toolbox that we can grow our midstream and transportation infrastructure faster than 
we might normally otherwise would have. 

 
 It's an opportunity for the PSXP to purchase assets from Phillips 66 in the transportation 

space.  We have a large portfolio or inventory of assets that can be dropped into the MLP.  
Certainly at some point in time, PSXP achieves the scale that it can step out and do its 
own projects.  We do envision that we will make investments at the PSX level.  We'll 
incubate those and we'll drop those into the MLP with time. 

 
 As we think about the MLP itself, we're going to target the top quartile of distribution 

growth for Phillips 66 Partners and I would say in the early years you expect it might 
actually be above top quartile, because we're growing from a relatively small base. 

 
 Moving on to DCP Midstream; this is our joint venture with Spectra.  This is a great joint 

venture.  It's 50/50.  It's 13-14 years of relationship.  It's been a significant source of 
growth for us in the midstream.  The big pipes- Sand Hills and Southern Hills are 
completed.  They're in service.  Volumes are ramping up over the next two to three years 
on these projects.  We're completing the gathering systems, the gas plants; you can see 
them all listed here, including completing Front Range in Texas Express pipelines. 
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 So when you look at the DCP footprint, it's a great footprint.  The legacy assets set over 
some of the best plays from the Permian down to the Eagle Ford to the Gulf Coast, up to 
the Midcon, up to the DJ in Colorado.  We have about $2 billion to $4 billion of projects 
in flight at DCP over the next couple of years that we will execute.  We will use partners, 
DPM, to fund a lot of this growth that we have at DCP Midstream.  That's consistent with 
what we've been saying of DCP.  So DCP is executing well.  Their growth projects are on 
track and executing a large program very good. 

 
 As we look at our Midstream business at Phillips 66, of course we took a one-third 

interest in Sand Hills and Southern Hills; so the EBITDA is starting to flow through 
those.  I think one of the things that we're looking at accelerating is our own frac and 
export facility.  So we're looking at a world-scale, 100,000-barrel-a-day frac at our 
Sweeny complex, all the associated pipelines and cavern storage at Clemens and then 
ultimately connecting that with an export facility at Freeport which would be propane, 
butane and condensate. 

 
 This is a $2 billion to $3 billion investment.  Ultimately, we expect this would generate 

$400 million to $500 million of EBITDA, and this would be an asset that would be 
destined for the Master Limited Partnership.  I would say there's a lot of interest in this 
facility; so our idea is we create a new hub outside of Mont Belvieu, so a lot of interest 
from international and national, in terms of having ability to export condensate material, 
ability of the petchems, as you think kind of west of the Houston Ship Channel; for 
feedstocks for the next round of crackers that people are thinking about and looking at.   

 
 So we would expect that the frac would up in the 2015 timeframe and that the export 

facility would follow closely behind in early 2016. 
 
 So good growth here, a reorientation for us is we're thinking what the MLP gives us the 

opportunity and the toolset to do in growing this part of the business quicker. 
 
 So this is the rack up of the midstream in terms of the projects and the capital spend.  You 

can see that we've aggressively grown the capital spend.  The DCP portion is the equity 
share of our investment at DCP and then the transportation and NGL operations piece is 
the 100% piece of PSX's investment.  So a growth rate of over 40% in this business.  As 
we look out into the future we see similar type spins as we start executing the frac and the 
export facilities at PSX. 

 
 Let's move on and talk about Chemicals.  As we look at our Chemicals business, its 

organic growth; lots of opportunity to grow the chemicals organically.  Without question, 
CPChem has great global market positions in the products that they serve.  Most of 
CPChem's positions are built upon proprietary technology.  CPChem has done a nice job 
over the last decade executing five megaprojects in the Middle East- in Saudi Arabia and 
in Qatar.  And our attention is now really turning to the U.S. Gulf Coast, because that's 
the next area of opportunity. 

 
 And if you're going to play in this business, having access to advantaged feedstocks is a 

sustainable source of value creation.  If you think about feedstocks and you think about 
energy; it's 85% of your cost structure in this business.  And so being able to win is being 
able to access these attractively-prices feedstocks. 

 
 Just a little bit more on the portfolio; on the right, we've shown you CPChem's portfolio 

by region.  You can see that our assets are primarily concentrated in North America and 
the Middle East.  Those are the two best regions to be in now and into the future, we 
believe.  You know, we can run up to 100% light feedstock at CPChem, given our 
facilities in the Middle East and in North America. 
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 We intentionally pick these regions for growth for access to advantaged feedstocks.  

Without question, the Middle East has improved CPChem's competitive position and 
these projects that we have underway in North America will continue to do that. 

 
 We're a first mover.  We believe in terms of building new capacity on the U.S. Gulf 

Coast.  This is a rack up of the projects that we have, all centered around U.S. Gulf Coast 
expansion.  So as you look at CPChem over the next couple years to 2017, we're going to 
add about 30% capacity to CPChem.  We're going to spend between $6 billion and $7 
billion of capital between now and 2017 and we're going to add between $1.3 billion and 
$1.6 billion a year of EBITDA, plus 2017 as these projects come up. 

 
 So this is going to be a great source of top-line growth for our Company.  These are good, 

solid-return projects for CPChem and also for Phillips 66.  So good growth in CPChem; 
CPChem has great experience in executing megaprojects.  We've done five of these 
projects over the last 10 to 12 years in the Middle East, so we're taking that knowledge 
that we acquired by executing those projects, the project management skills, building 
very similar type assets and we're leveraging that knowledge as now we impart on 
building on the U.S. Gulf Coast. 

 
 I would also say that one thing that we think differentiates us as a first mover here is we 

have all the permits in hand to start construction.  So we have a greenhouse gas permit for 
the new cracker; the only one in the industry.  We have all the other construction permits 
we need from the state of Texas so you should expect that imminently, we'll take FID for 
this project.  We go to our Board in the next couple weeks for approval.  We've been 
doing the early engineering on the big project, long-lead items are underway, contractors 
have been selected, contracts negotiated; so we know what it's going to cost and we're 
ready to get started on this project. 

 
 So here's the rack up of projects and capital program; very similar to Midstream; you can 

see our steady progress in terms of shifting investment into the Chemicals business.  You 
can see the timeline.  The other thing I would say that we would expect both DCP and 
CPChem to be self-funding over this period of time.  Peak spend on the cracker project, 
derivator (ph) project, will be around 2015.  As you think about CPChem last year, it 
threw off about $3 billion of EBITDA.  Peak spend is going to be somewhere between 
$1.8 billion and $2 billion at CPChem level.  So we have an expectation we will fund 
capital through the cycle and return cash back to the owners of CPChem during this 
cycle. 

 
 So we'll move on and talk about one of our core businesses.  It's our Refining business.  

As you think about the Refining business, we have the opportunity to improve returns in 
this business.  It's not a growth business for us.  It's run-well and optimized business for 
us.  We have five things we're doing to improve returns here.  Ultimately, cumulatively 
we think this is about a 400 basis point improvement in a price-neutral environment in 
terms of our Refining business.   

 
 So first thing, and one of the big levers, is getting more advantaged crude to the front end 

of the refineries.  We continue to work yields.  Clean product yield, a 1% change is worth 
north of $100 million to us.  We've improved clean product yields about 2% over the last 
couple of years.  We think we may have another 1% to 2% improvement left without a lot 
of capital or hardly any capital investment. 

 
 We're also preferentially trying to make diesel versus gasoline.  Diesel demand is going 

to grow two and a half times what gasoline demand is going to grow globally.  So we 
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think there's an opportunity.  We already have an industry-leading distillate yield at about 
40%.  We think we have another 1% or 2% that we can move that yield.   

 
 We're working on the back end of the refineries to increase our export capability because 

we want to be able to run these facilities at rate.  We're working on the operating cost side 
of our business and then we have continued portfolio optimization work.  So we have a 
sales process underway for our Whitegate, Ireland facility.  I really can't comment much 
because it's underway but you can expect we'll give you some updates.  We do have 
people interested.  That's the good news, in this facility; so hopefully early next year we 
can give you an update of what's going on with that. 

 
 Long-term Asia also is really not core to our portfolio.  So you should expect that we 

would do something with that facility with time. 
 
 So you look at our refining portfolio; 15 refineries worldwide, 11 in the U.S.; 2.2 million 

barrels a day of capacity.  55% of our capacity is either in the Midcon or Gulf Coast.  We 
like that footprint that we have.  65% light, 35% heavy; 50% sweet, 50% sour; and so 
when we look at the crude slate that is coming to us, we think our refining portfolio is 
positioned about right. 

 
 And so integrating our transportation system and our infrastructure to make sure we get 

the right crudes into these facilities and using the MLP to help us do that is key to what 
we're going to be doing in Refining in terms of putting those advantaged crudes to the 
front of the refinery.  We ran in the second quarter about 68% advantage crudes; that's 
10% more than we ran last year.  Ultimately, we want to get to 100% advantaged crudes. 

 
 So I think between what we're doing, Tesoro, Valero is doing on the West Coast; I think 

ANS actually becomes an advantaged crude at some point in time.  As these crudes show 
up on the Gulf Coast, I think LLS will become an advantaged crude.  Our real challenge 
that we have or opportunity that we have is to get advantaged crudes to the East Coast 
and West Coast.  So we're working that in terms of moving Canadian crudes down into 
California or building rail facilities.  We're looking at rail to barge to ship, down to the 
West Coast refineries.  We've taken the Jones Act vessels to run Eagle Ford from Corpus 
around to the Alliance Refinery and also around to the Bayway Refinery.   Ultimately, 
Bayway will be on a diet of Bakken and Eagle Ford crudes which we think will be 
advantaged. 

 
 So I think I'd say is we have a sophisticated commercial organization that's out in the 

field, buying at the field.  It allows us to take advantage of opportunities.  It allows us 
hopefully to anticipate changes in the market, but certainly be able to respond quickly 
when changes in the market do occur.  And that's part of the overall optimization that this 
commercial group helps us achieve. 

 
 Increasing exports we believe is going to be important.  We have seven coastal refineries; 

three on the West Coast, one on the East Coast and of course we have our refineries on 
the U.S. Gulf Coast, three of those refineries.  Today we have the capability to export 
about 320,000 barrels a day.  In the second quarter we actually exported 180,000 barrels a 
day and you can see about 80% was distillate and 20% was gasoline. 

 
 As we look to the future and we think gasoline demand declines in the U.S., we're going 

to need to export more gasoline to run our facilities at rate.  So we think gasoline demand 
over the next five to seven years is going to decline on the order of 200,000 to 400,000 
barrels a day.  We look at the geographic close markets in Latin America and South 
America.  We think gasoline demand in that area grows by about that same amount.  So 
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we think that we can offset that decline in the U.S. with exports out of the U.S. into those 
close areas. 

 
 When you look at U.S. refiners in general, they have an energy cost advantage over 

European and Asian refiners of $1 to $3 a barrel.  I think we're going have some 
advantaged crude.  We have the close geography.  So I think that not only can we take the 
growth, we can compete and win in displacing others that are exporting into those 
markets today. 

 
 So I said we kind of have an agenda, a plan to increase by 400 basis points on a price-

neutral basis, our returns in Refining.  You're going to see us be very disciplined in our 
investments in Refining.  We need about $700 million annually of maintenance capital 
and we will keep our refineries in great shape.  You need to be able to run refineries 
every day in this business to take advantage of opportunities and you do that by taking 
good care of your facilities.  So we will take the very best care of our facilities.  We'll 
make the investments to keep them reliable, to make them environmentally friendly. 

 
 But not a lot of growth capital is going to go in our refining business.  I told the guys in 

refining that we'll fund every 40% return project you bring us.  And as shareholders, you 
want us to fund all of those 40% return projects.  The issue that I see is there's not a lot of 
40% return projects in refining today.  Certainly we have some energy-efficiency 
projects.  We're looking at small, quick hit, quick turn investments.  We're looking at 
some pre-flash capability in some of our Gulf Coast refineries where we can 
incrementally run some more barrels of light sweet crude.  We may not increase overall 
capacity, but just the ability to get more light sweet crude through the facilities without 
taking a rate reduction of running it through. 

 
 So those are some of the projects that we would be considering.  But you can see a very 

disciplined capital in terms of our Refining business. 
 
 Moving on to Marketing and Specialties; it's selective growth.  Again, this is about $1 

billion a year EBITDA business.  It's very stable income.  This is high-return business for 
us.  Our U.S. wholesale business has about 7,000 sites.  These are designed.  We have 
great relationships with our customers, long-term contracts; but it is really to ensure a 
low-cost way, a pull-through to the refineries to run the refineries at rate. 

 
 We like our retail presence in Europe; just over 1,000 sites in Europe.  We think over the 

next five years, we're going to add about 150 sites in Europe.  But we draw a ring around 
our European assets, the MiRO plus European retail is 25% plus return on capital 
employed business for us.  We have a great position in lubricants.  We'll-- look to us that 
we will grow that position.  We have a great flow improvers business and we'll grow that 
business also. 

 
 But the capital spend here is going to be relatively modest.  It's going to be on the order 

of $100 million to $150 million a year; so great business, but selective growth in this 
business.   

 
 Starting to wrap things up here, on the financial summary; so you can see the volatility 

here; we want to be very thoughtful about how we allocate capital at Phillips 66.  We're 
going to take a very disciplined approach and when we look at investment in the business 
versus returning capital to our shareholders.  We have objectives around earnings growth 
but also objectives around growing shareholder distributions. 

 
 We will commit the funds if necessary to maintain all of our assets at the very best level, 

but we also think it's important to have a strong balance sheet and financial flexibility.  
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And so we've paid $1.5 billion of debt so we've gone—essentially from $8 billion to $6.5 
billion.  You should expect we'll pay another $500 million of debt down this year.  That 
takes us to $6 billion of debt.  We'll hold at that level.  We have no plans to reduce below 
the $6 billion level.  That would put us at a 20% debt-to-cap ratio and that's kind of in the 
low end of our range of 20% to30%.   

 
 What does that do for us?  That gives us capability at all points in the cycle, even with the 

volatility in this business, to continue our investments in growth, continue our 
investments in distributions to our shareholders. 

 
 Just guidance a little bit on 2013 CapEx.  We're right on top of the previous guidance at 

$3.7 billion total.  So this is our share plus our equity share of our affiliates.  About $1 
billion of maintenance capital at PSX; we have about another $900 million of growth 
capital this year, a big portion of that was completion of our interest in finishing up the 
Sand Hills and Southern Hills pipelines.  The rest of it around infrastructure; tank storage, 
rail loading, unloading facilities, etc; at our joint venture, it's $1.8 billion and so we're on 
track for about $3.7 billion total this year. 

 
 Moving on to distributions; we believe that growing shareholder distributions create total 

shareholder return for our Company.  We think that dividends need to be bulletproof.  
You need to know that they're secure.  You need to be able to see the runway that we 
have to increase that dividend with time.  We've always said- in ten years we want to 
look back and say we increased the dividend every year.  You should expect that we will 
increase the dividend in 2013. 

 
 Our Board has authorized $3 billion of share repurchases.  We're well on our way to 

completing the first $2 billion tranche and we will start the last $1 billion tranche the 
third billion dollars, this year.  

 
 So when you look, since formation you look at our dividends and you look at our share 

repurchase program; we've returned about $2 billion of cash back to shareholders.  We've 
paid $1.5 billion of debt down.   

 
 So I'm going to wrap up.  I see my clock- I have one minute and twelve seconds left. So, I 

started today saying that I can't think of a more exciting time to be in this energy business 
and I meant that.  I haven't seen the opportunities that I see today for-- really for our 
country, for our industry, but also for Phillips 66 Company.  I think we're at the 
beginning of a new American century in terms of energy development in the U.S.   

 
 It's going to be an energy century as you think about it; it's going to be a century of 

opportunity.  We're very optimistic about the growth in U.S. manufacturing as people see 
$3.50 natural gas; they're looking at 8% unemployment.  They see the investment that the 
industry is making in infrastructure and petrochemical facilities and etc.  And we think at 
Phillips 66 we're extremely well-positioned to play our part in this changing American 
energy landscape and that we can be one of the premier companies in this space in terms 
of creating jobs, capturing value, providing energy and improving lives. 

 
Paul Cheng: So thanks for being here today.  I appreciate your attention. 
 That's perfect timing.  We will move directly to the breakout session; Liberty one and 

two for additional discussions.  Thank you.   
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The greenhouse gas emission intensity of refining lower
quality petroleum was estimated from fuel combustion for
energy used by operating plants to process crude oils of varying
quality. Refinery crude feed, processing, yield, and fuel data
from four regions accounting for 97% of U.S. refining capacity
from 1999 to 2008 were compared among regions and years
for effects on processing and energy consumption predicted by
the processing characteristics of heavier, higher sulfur oils.
Crude feed density and sulfur content could predict 94% of
processing intensity, 90% of energy intensity, and 85% of carbon
dioxide emission intensity differences among regions and
years and drove a 39% increase in emissions across regions
and years. Fuel combustion energy for processing increased by
approximately 61 MJ/m3 crude feed for each 1 kg/m3 sulfur
and44MJ/m3 foreach1kg/m3 densityofcruderefined.Differences
in products, capacity utilized, and fuels burned were not
confounding factors. Fuel combustion increments observed
predict that a switch to heavy oil and tar sands could double
or triple refinery emissions and add 1.6-3.7 gigatons of carbon
dioxide to the atmosphere annually from fuel combustion to
process the oil.

Introduction

Replacing limited conventional crude oil (1) with heavy oil
and natural bitumen (tar sands) resources could have
substantial energy and environmental costs (2). Physical and
chemical properties of the lower quality, heavier, more
contaminated oils predict the combustion of more fuel for
the energy necessary to convert them into product slates
dominated by light hydrocarbon liquids (3-8). Preliminary
estimates from fuel cycle analyses suggest that a switch to
heavy oil and tar sands could increase the greenhouse gas
emission intensity of petroleum energy by as much as
17-40%, with oil extraction and processing rather than
tailpipe emissions accounting for the increment (3, 4). This
raises the possibility that a switch to these oils might impede
or foreclose the total reduction in emissions from all sources
that is needed to avoid severe climate disruption. Accurate
prediction of emissions from substitutes for conventional
petroleum is therefore critical for climate protection. How-
ever, estimates of the emissions from processing lower quality
oils have not been verified by observations from operating
refineries.

Crude oils are extremely complex, widely ranging mixtures
of hydrocarbons and organic compounds of heteroatoms

and metals (2, 7). Refiners use many distinct yet intercon-
nected processes to separate crude into multiple streams,
convert the heavier streams into lighter products, remove
contaminants, improve product quality, and make multiple
different products in varying amounts from crude of varying
quality (5-11). Factors that affect emissions from refinery
process energy consumption include crude feed quality,
product slates, process capacity utilization, fuels burned for
process energy, and, in some cases, preprocessing of refinery
feeds near oil extraction sites. Estimates that construct
process-by-process allocations of emissions among these
factors have not been verified by observations from operating
refineries in part because publicly reported data are limited
for refinery-specific crude feeds and unavailable for process-
level material and energy inputs and outputs (4-6). Research
reported here distinguishes effects of crude feed quality on
processing from those of the other factors using refinery-
level data from multiple operating plants to estimate and
predict the process energy consumption and resultant fuel
combustion emissions from refining lower quality oil.

Experimental Section

Refinery crude feed volume, density, and sulfur content,
process capacity, capacity utilization, yield, and fuels were
reported annually for each U.S. Petroleum Administration
Defense District from 1999 to 2008 (9, 10). See the Supporting
Information for this data (Table S1, Supporting Information).
Districts 1 (East Coast-Appalachia), 2 (Midwest), 3 (Gulf Coast
and vicinity), and 5 (West Coast, AK, and HI) each refined
diverse crude feeds (19-41 source countries) at multiple
facilities. Smaller, landlocked District 4 (Rocky Mountain
states) refined nondiverse crude feeds (2-3 source countries).

At concentrations 4-8 times those of nitrogen and
160-500 times those of nickel and vanadium, sulfur is the
major process catalyst poison in crude by mass (2, 11). In
addition, for diverse blends of whole crude oils from many
locations and geologic formations, distillation yield, and
asphaltic, nitrogen, nickel, and vanadium content are roughly
correlated with density and sulfur (2, 7). Variability in the
effects of unreported crude feed characteristics on processing
is thus constrained by the density and sulfur content of well-
mixed crude feeds. Mixing analysis suggested that density
and sulfur are reasonably reliable predictors of natural
variability in unreported characteristics for annual crude
feeds processed in Districts 1, 2, 3 and 5 but could not exclude
the potential for unpredicted effects in processing the poorly
mixed District 4 feed (Table S2, Supporting Information).
The District 4 feed also was proportionately higher in
synthetic crude oil (SCO) than those of other districts (Table
S3, Supporting Information), and variant hydrogen produc-
tion that was not predicted by crude feed density was found
in District 4 (Table S4, Supporting Information). SCO may
increase refinery hydroprocessing requirements (12, 13). High
hydrogen capacity coincided with SCO refining in Districts
2 and 4 during 1999-2008, but the effect on refinery energy
was minimal in District 2, while it was significant and more
variable in District 4; other anomalies in the District 4 feed
might cause this effect (Tables S2 and S4, Supporting
Information). For these reasons, District 4 data were excluded
from analysis of refinery observations and used only in
estimates including upgrading for SCO. Districts 1, 2, 3, and
5 accounted collectively for 97% of U.S. refining capacity,
1999-2008. Analysis compared the reported data among
these districts and years for interactions of the variables
defined below.* Corresponding author e-mail: gkatcbe@gmail.com.
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Oil quality (OQ) was defined as the density (d) and sulfur
content (S) of crude feeds in mass per cubic meter (1 m3, 6.29
barrels oil; 264 gallons). The density of crude oils is
proportional to the fraction of higher molecular weight, higher
boiling point, larger hydrocarbon compounds in the oils that
are distilled in a vacuum, then cleaved (cracked) into fuel-
size compounds to make light hydrocarbon fuels. The larger
hydrocarbons have lower hydrogen/carbon ratios that require
hydrogen addition to improve product quality and higher
concentrations of sulfur and other catalyst poisons that are
freed by cracking and bonded with hydrogen to remove them
from the oil and protect process catalysts (2, 11). This
hydrocracking and hydrotreating of gas oil and residua uses
several times more hydrogen than does hydrotreating of
lighter streams such as naphtha (11). These processing
characteristics require increased capacity for vacuum distil-
lation, cracking, and hydroprocessing of gas oil and residua
in refineries designed to make light liquid products from
heavier, higher sulfur crude oils (4, 8, 14).

Crude processing intensity (PI) was thus defined as the
ratio by volume of vacuum distillation capacity, conversion
capacity (catalytic, thermal, and hydrocracking), and crude
stream (gas oil and residua) hydrotreating capacity to
atmospheric crude distillation capacity. These processes
account for the primary processing acting on the crude and
“reduced crude” that Speight distinguishes from secondary
processes acting on product streams such as gasoline,
naphtha, and distillate oils (7). PI measures the increasing
portion of the crude input fed to these processes that is
predicted by worsening OQ (increasing d, S, or both) and
indicates the additional energy needed for heat, pressure,
and reactants such as hydrogen to process those increasing
feed volumes. It also defines an operational distinction
between “crude stream” processing that acts on crude, gas
oils, and residua and the subsequent “product stream”
processing that acts on the unfinished products from crude
stream processing. This distinction was useful in the absence
of reported data for more detailed process-level analyses of
material and energy flows. PI was analyzed with refinery-
level crude feed, fuel, capacity utilization, and product yield
data to verify the refinery process energy predicted by OQ.

Energy intensity (EI) was defined as total refinery process
energy consumed per volume crude feed, based on reported
fuels consumed (Table S1, Supporting Information). Pur-
chased fuels consumed by refiners, such as electric power
from the transmission grid, were included in EI. Energy used
by hydrogen production plants was estimated based on 90%
of production capacity and data for new natural gas-fed steam
methane reforming facilities (10, 15, Table S1, Supporting
Information). EI integrates all factors in refineries that
consume fuel energy, allowing analysis of EI with OQ and
processing to account for refinery capacity utilized and yield.

Effects of variable product slates on refinery energy
consumption were distinguished from those of OQ in five
ways. First, product slate effects on the relationships observed
among crude feed quality, crude stream processing, and
energy were estimated directly. This was done by including
the products ratio, defined as the volume of gasoline,
kerosene, distillate, and naphtha divided by that of other
refinery products, as an explanatory variable in comparisons
of OQ, PI, and EI. Second, the products ratio, combined yield
of gasoline and distillate, and combined yield of petroleum
coke and fuel gas were analyzed with EI and OQ. This
quantified changes in refinery energy with yield and changes
in yield with crude feed quality for key conversion products
and byproducts. Third, energy use was analyzed with product
stream process capacities to estimate changes in EI that could
be explained by changes in product processing rates. Fourth,
effects of product stream processing on energy for hydrogen
were compared with those of crude stream processing by

analyzing hydrogen production capacity with product hy-
drotreating capacity, hydrocracking capacity, and OQ. Finally,
estimated total energy for processing product slates (Eprod-
ucts) was analyzed with OQ. Eproducts was estimated based
on product-specific factors developed by Wang et al. (6) and
yield data (Tables S1 and S5, Supporting Information).
Refinery capacity utilization was included as an explanatory
variable in all comparisons.

Analysis was by partial least squares regression (PLS,
XLSTAT 2009). PLS was used based on the expectation that
explanatory (x) variables may be correlated, the primary
interest in prediction of y (e.g., EI) and a secondary interest
in the weights of x variables (e.g., S and d) in predicting y.
Distributions of PLS residuals appeared normal (Shapiro-
Wilk; Anderson-Darling; Lilliefors; Jarque-Bera tests,R 0.05).

Synthetic Crude Oil (SCO). Coking- and hydrocracking-
based upgrading of bitumen in Western Canada uses energy
to yield SCO that has poor gas oil and distillate qualities but
lower density and sulfur than the bitumen (12, 13). Refinery
crude feeds and energy consumption do not reflect the
original bitumen quality for this SCO or the energy used in
its upgrading. SCO comprised appreciable fractions of annual
crude feeds in Districts 2 (2-8%) and 4 (2-12%), based on
limited estimates that may exclude SCO in some blended oil
streams (Table S3, Supporting Information). Process model-
ing data for energy consumed and density and sulfur lost in
coking- and hydrocracking-based upgrading (16) were ap-
plied to the estimated SCO volume in refinery feeds (Table
S3, Supporting Information). Districts and years were com-
pared for total processing (upgrading and refining) energy
estimated and that predicted by including estimated original
oil quality (d, S) in the prediction mode of the PLS model
based on refinery observations (Table S6, Supporting In-
formation).

Emissions. Emissions were assessed for carbon dioxide
(CO2), the predominant greenhouse gas emitted by refineries
(Table S7, Supporting Information). Direct measurements
for all emission vents were not reported. Observed fuel
consumption and fuel-specific emission factors developed
by the U.S. Energy Information Administration (17, 18) were
used to estimate “observed” emissions, and estimation details
were documented (Table S1, Supporting Information). Fuel
energy consumed ranged more widely among districts and
years than the emission intensity of the fuel mix. Emissions
predicted by OQ were based on EI predicted by OQ results
from PLS and the emission intensity of the fuel mix. Observed
and predicted emissions were compared among districts and
years by PLS. Emissions estimates by government agencies
(5, 19-21) that could be matched to data for OQ were
superimposed on this comparison by including their OQ and
predicted EI values in the prediction mode of the PLS models
for the districts data (Tables S8 and S9, Supporting Informa-
tion).

For heavy oil and natural bitumen, OQ data reported by
the U.S. Geological Survey (2) and the average (1999-2008)
U.S. refinery capacity utilization and products ratio were
used in the prediction mode of the PLS model for observed
EI versus OQ to predict EI (Table S8, Supporting Information).
Predicted emissions from heavy oil and natural bitumen were
derived from the products of these EI predictions (95%
confidence for observations) and the emission intensity of
the average (1999-2008) U.S. refinery fuel mix.

Results
Figure 1 shows results from comparisons of OQ, PI, and EI
among districts and years from 1999 to 2008. Observed OQ
ranges by 7.85 kg/m3 crude feed (kg/m3) for S and 37.6 kg/m3

for d. Observed PI ranges by 0.42, or 42% of atmospheric
crude distillation capacity. Observed EI ranges by 1.89 GJ/
m3 crude feed. PI is strongly and positively associated with

VOL. 44, NO. 24, 2010 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 9585



worsening OQ (increasing d, S, or both). EI is strongly and
positively associated with worsening OQ and increasing PI.
EI increases by approximately 44 MJ/m3 for each 1 kg/m3 d
and 61 MJ/m3 for each 1 kg/m3 S based on the PLS regression
analysis for EI versus OQ. The equation of the model (EI vs
OQ) can be expressed as

where EI is the central prediction in GJ/m3, d is in kg/m3, S
is in kg/m3, capacity utilized is in percent, products ratio is
expressed as a quotient, and the last term is the coefficient
for the intercept.

Table 1 shows additional results from analysis of refinery
observations. PI increases strongly with d and S (95%
confidence for observations). EI increases strongly with d
and S and with vacuum distillation, conversion, and crude
stream hydrotreating capacities. Hydrogen production ca-
pacity increases strongly with d and hydrocracking capacity.
Sulfur recovery capacity increases strongly with S. These
observations describe increasing portions of crude feeds
processed by crude stream capacity and resultant effects on
total refinery energy consumption as crude density and sulfur
content increase.

In contrast to crude stream processing, except for cracking
byproducts and two processes that treat them, product slate
indicators are not significant or decrease with increasing OQ
and EI. The products ratio is not significant in the strong
relationships among EI, PI, and OQ, perhaps in part because

light liquids yield is less variable than S or EI among these
districts and years. However, the ratio of light liquids to other
products decreases with increasing d (products ratio vs OQ)
and EI (EI vs products processing), and yield shifts, from
gasoline and distillate to coke and fuel gas, as OQ worsens
and EI increases.

Products processing reflects this shift from light liquids
to cracking byproducts. Product stream hydrotreating,
reforming, asphalt, aromatics, and polymerization/dimer-
ization capacities decrease as EI increases. Those five
processes account for 83-90% of total product stream
processing capacity among districts (Table S1, Supporting
Information). Among products processes, only alkylation and
isomerization (7-13% of products capacity), which receive
light streams from conversion processes, are positively
associated with EI. Product hydrotreating cannot explain the
observed increase in hydrogen production with increasing
d. Estimated refinery energy use for products processing
(Eproducts) decreases with increasing d. These results appear
to measure the decreasing fraction of crude inputs converted
to light liquid product streams and increasing creation of
cracking byproducts such as coke and fuel gas that result
from incomplete conversion as crude feed density and sulfur
increase.

A weak inverse association of hydrogen production with
product hydrotreating capacity (Table 1) results from a strong
increase in H2 capacity with d and hydrocracking, a steady
decrease in the hydrotreating/hydrocracking ratio with
increasing H2 capacity, and lower hydrotreating at high

FIGURE 1. Increasing crude processing intensity and energy intensity with worsening oil quality. OQ: Crude feed oil quality. PI:
Crude processing intensity. EI: Refinery energy intensity. Observations are annual weighted averages for districts 1 (yellow), 2 (blue),
3 (orange), and 5 (black) in 1999-2008. Diagonal lines bound the 95% confidence of prediction for observations.

EI ) 0.044d + 0.061S + 0.010(Capacity utilized) -
0.159(Products ratio) - 35.092 (1)
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H2 capacity among these districts and years (Figure S1,
Supporting Information). Refinery capacity utilization was
not significant in the effects of OQ on EI and affected the
relationships between PI and OQ and between PI and EI
only marginally, possibly because capacity utilization varied
little among districts and years (Table S1, Supporting
Information). Significant capacity utilization results are
consistent with marginally increased energy consumption
and decreased flexibility to process lower quality crude when
refineries run closer to full capacity.

Rough estimates including the energy, d, and S lost in
bitumen upgrading for SCO refined reveal greater effects of
total processing for crude feeds refined in Districts 2 and 4
and follow the relationships observed in refining (Figure 2).
Estimated total processing energy falls within the prediction
based on OQ from refinery observations in 43 of 50 cases and
exceeds the 95% confidence of prediction by more than 2%
only in two cases explained by District 4 hydrogen anomalies
discussed above. Oil quality-energy relationships observed
in refining can predict those for total processing because
upgrading and refining use similar carbon rejection, hydrogen
addition, and utility technology.

Emissions calculated from observed fuels consumed are
strongly and positively associated with EI predicted by OQ
(Table 1) and range by 39%, from 257 to 358 kg/m3 crude

feed (Figure 3). Observed emissions fall within the 95%
confidence of prediction based on OQ in 36 of 40 cases and
are within 3% of the confidence of prediction in all cases.
Despite emission differences among fuels, the fuel mix is not
significant in this prediction. The emission intensity of the
fuel mix varies much less than EI and decreases slightly with
decreasing petroleum coke contributions and a shift in
cracking processes as EI, d, and S increase (Table S1 and
Figure S1, Supporting Information). Refinery emission
estimates by government agencies that could be matched to
OQ differ from each other by as much as 12-30% but fall
within 2% of the central prediction based on OQ or within
4% of its confidence interval (5, 19-21, Table S8, Supporting
Information). The 2008 San Francisco Bay Area estimate in
Figure 3 (360 kg/m3) is close to estimated 2008 California
refinery emissions (354 kg/m3) (21), for which matching OQ
data were not available. California gasoline and diesel
production may account for 56% (197.2 kg) and 22% (78.7
kg) of this 354 kg/m3, respectively, based on fuel-specific
estimates for the average California crude feed (21-23, Table
S8, Supporting Information).

Predictions for heavy oil (957.4 kg/m3 d; 27.8 kg/m3 S)
and natural bitumen (1 033.6 kg/m3 d; 45.5 kg/m3 S) (USGS
average) (2) reflect their low quality compared with crude
feeds observed (Figure 1). On the basis of the PLS model for

TABLE 1. Results from Refinery Crude Feed Quality, Processing, Energy, Yield, and Emission Comparisonsa

effects of crude feed oil quality (OQ)

standardized coefficients of x variables (coeff)

y vs x R 2 density sulfur cap. utilized products ratio

process intensity (PI) vs OQ 0.94 0.73 0.42 0.09 -0.02
energy intensity (EI) vs OQ 0.90 0.80 0.23 0.05 -0.10
hydrogen production vs OQ 0.91 1.09 -0.01 0.05 0.35
sulfur recovery vs OQ 0.94 -0.01 0.95 -0.06 -0.15
pet. coke + fuel gas vs OQ 0.95 0.80 0.34 -0.04
gasoline + distillate vs OQ 0.75 -0.85 -0.07 -0.04
products ratio vs OQ 0.26 -0.40 -0.12 0.17
Eproducts vs OQ 0.74 -0.61 0.13 0.49

effects of oil quality (OQ) and fuels on CO2 emissions

standardized coefficients of x variables (coeff)

y vs x R 2 EI predicted by OQ fuel mix emission intensity

observed vs predicted CO2 0.85 0.88 -0.04

effects of processing and products yield

y vs x R 2 coeff. y vs x R 2 coeff.

EI vs PI 0.92 EI vs yield 0.93
vacuum distillation 0.35 pet. coke + fuel gas 0.59
conversion capacity 0.35 gasoline + distillate -0.42
csHydrotreating 0.22 capacity utilized -0.01
capacity utilized -0.16 products ratio -0.02
products ratio -0.14

EI vs psProcessing 0.91
H2 production vs hydrocracking 0.97 psHydrotreating -0.17
hydrocracking 1.02 reforming -0.19
capacity utilized -0.06 asphalt -0.30
products ratio 0.14 aromatics -0.33

polym./dimerization -0.25
H2 production vs product-stream hydrotreating lubricants 0.04

0.18 alkylation 0.30
psHydrotreating -0.33 isomerization 0.24
capacity utilized -0.09 capacity utilized -0.06
products ratio -0.17 products ratio -0.33

a R-squared values and standardized coefficients from PLS regressions on annual data from refining districts 1, 2, 3 and
5, 1999-2008. Boldface: significant at 95% confidence. Eproducts: estimated energy use to process a given product slate.
Prefix cs (ps): crude stream (product stream) processing.
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observations from Districts 1, 2, 3, and 5 (EI vs OQ) and the
emission intensity of the U.S. refinery fuel mix (73.8 kg/GJ),
processing the range of heavy oil/bitumen blends could use
8.23-14.13 GJ/m3 fuel (Table S8, Supporting Information)
and emit 0.61-1.04 t/m3 CO2.

Discussion
Strongly coupled increases in energy and crude stream
processing intensities with worsening oil quality (Figure 1)
describe energy for carbon rejection, aggressive hydrogen
addition, and supporting processes acting on larger portions
of heavier, higher sulfur crude feeds to yield light liquid
product streams. The creation of cracking reaction byprod-
ucts that limits conversion of heavier oils to light liquid

product streams is observed in the shift from gasoline and
distillate to coke and fuel gas yield as OQ worsens and EI
increases. Observed decreases in light liquids yield and most
major product stream processes as EI increases are consistent
with this rising reliance on incomplete conversion. Differ-
ences in product slates cannot explain increasing EI as OQ
worsens because capacities of processes comprising 83-90%
of product stream processing capacity decrease as EI
increases, and estimated energy use for products processing
decreases as OQ worsens. Hydrogen production increases
with crude density and hydrocracking. EI drives emissions
variability. OQ predicts 94% of PI, PI predicts 92% of EI, and
OQ predicts 90% of EI and 85% of emissions variability. These
observations from operating plants across the four largest
U.S. refining districts over 10 years provide evidence that
crude feed density and sulfur content predict processing,
energy, and CO2 emission intensities for large groups of
refineries with diverse feeds.

Slight, unexpected decreases in product hydrotreating at
high hydrogen production and in fuel mix emission intensity
with increasing d and S can be explained by a coincident
shift from hydrotreating and catalytic cracking to hydroc-
racking with worsening OQ. Refiners can substitute hydro-
cracking for hydrotreating and catalytic cracking to some
extent. OQ, along with other factors beyond this study scope,
may influence those business decisions.

Energy increments predicted by density (44 MJ/kg) and
sulfur (61 MJ/kg) in crude feeds (eq 1) compare to energy
inputs of 40-70 MJ/kg density (including sulfur) lost from
bitumen upgrading for SCO, based on process modeling of
coking- and hydrocracking-based upgraders ((16), Table S6,
Supporting Information). At an energy cost of 16.4 MJ/m3

(Table S1, Supporting Information), hydrogen for density
reduction by hydrocracking could account for 44 MJ/kg,
based on the H2/oil feed ratio of 308 m3/m3 Robinson and
Dolbear report for 22°API feed and 44°API yield (11).

Results help to explain differences among government
estimates of refinery emissions (Figure 3) and support the
high case fuel cycle emission increments from a switch to
heavy and tar sands oils reported for gasoline by Brandt and
Farrel (+40%) (3) and for diesel by Gerdes and Skone (+17%)
(4). Predicted emissions from processing heavy oil/natural
bitumen blends (0.61-1.04 t/m3) are 2-3 times the average
of observed and estimated emissions in Figure 3 (0.30 t/m3).
Assuming this 0.30 t/m3 refining average and 2007 world
petroleum emissions (11.27 Gt) (24) as a baseline, processing
heavy oil/bitumen blends at 2009 world refining capacity
(5.06 × 109 m3) (10) could increase annual CO2 emissions by
1.6-3.7 gigatons and total petroleum fuel cycle emissions by
14-33%.Extractionemissionswouldaddtothesepercentages.

This prediction applies to average CO2 emissions from
large, multiplant refinery groups with diverse, well-mixed
crude feeds and appears robust for that application. However,
the method used here should be validated for other ap-
plications. If it is applied to different circumstances, the
potential for significantly different product slates, poorly
mixed crude feeds, synthetic crude oil impacts on refining,
and effects on fuel mix emission intensity and hydrotreating
resulting from choices among carbon rejection and hydrogen
addition technologies should be examined.

Several issues suggest future work. Other properties of
crude feeds and incremental efficiencies from modernization
of equipment and catalyst systems might explain up to 10%
of the variability in EI observed among U.S. refining districts
and years and could be more important for single plants and
nondiverse crude feeds. Burning more fuel to refine lower
quality oil emits toxic and ozone-precursor combustion
products along with CO2. Pastor et al. estimate that refinery
emissions of such “co-pollutants” dominate health risk in
nearby communities associated with particulate matter

FIGURE 2. Estimated process energy for bitumen upgrading and
refining versus that predicted by oil quality (GJ/m3 crude),
1999-2008. OOQ: original oil quality including bitumen quality
for synthetic oil inputs. Black diamonds: District 2. Black
squares: District 4. Black circles: Districts 1, 3, and 5. White
diamonds (squares): District 2 (District 4) refinery energy and
oil quality only. Diagonal lines bound the 95% confidence of
prediction for refinery observations.

FIGURE 3. Refinery CO2 emission intensity observed versus
predicted by oil quality. OQ: Oil quality. Black circles: District
1, 2, 3, or 5 annually, 1999-2008. Black diamonds: United States
in 2002, 2005, 2006, 2007. Black square: San Francisco Bay Area
in 2008. Diagonal lines bound the 95% confidence of prediction
for observations. R2 value shown is for the comparison among
districts and years.

9588 9 ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 44, NO. 24, 2010



emitted by the largest industrial sources of greenhouse gases
in California and identify racial disparities in this risk as
important in emission assessment (25). Better facility-level
OQ data could improve local-scale pollutant assessment.
Better crude quality predictions could improve energy, and
climate protection, forecasts. Assessments of the need, scope,
and timing for transition to sustainable energy should account
for emissions from lower quality oil.
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Table S1
US Refinery crude inputsa ––––––––––––––––––––––––––––Refinery process capacityb ––––––––––––--–––––––––––––––––––
District Year Feed volume Density Sulfur Source Atm. dist. Vacuum dist. Coking & therm. Cat. cracking
PADD (m3/d•104) (kg/m3) (kg/m3) countries (m3/d•104) (m3/d•104) (m3/d•104) (m3/d•104)

1 1999 24.436 858.199 8.239 24 24.365 9.802 1.420 10.476
1 2000 24.754 860.182 8.000 23 24.592 9.721 1.440 10.798
1 2001 23.546 866.344 7.710 19 24.958 9.658 1.409 9.924
1 2002 24.246 865.708 7.445 20 25.222 9.742 1.442 9.899
1 2003 25.184 863.436 7.426 21 25.075 9.975 1.448 9.827
1 2004 24.961 865.443 7.789 21 25.025 9.974 1.448 9.827
1 2005 25.422 863.384 7.166 22 25.263 10.150 1.448 9.970
1 2006 23.626 864.122 7.172 21 25.263 10.149 1.448 9.970
1 2007 23.419 864.333 7.260 24 25.263 10.149 1.448 9.970
1 2008 22.115 863.647 7.082 24 25.263 10.149 1.448 9.970
2 1999 53.626 858.252 10.642 15 57.095 23.272 5.880 19.325
2 2000 54.215 860.025 11.352 16 56.984 23.625 6.098 19.189
2 2001 52.609 861.334 11.370 15 56.427 22.989 6.131 18.822
2 2002 51.162 861.019 11.279 20 55.775 22.592 5.698 18.688
2 2003 51.258 862.804 11.648 16 55.587 22.669 5.612 18.475
2 2004 52.482 865.655 11.859 20 55.528 22.961 5.818 18.268
2 2005 52.688 865.655 11.946 23 56.465 23.689 5.962 18.555
2 2006 52.609 865.443 11.597 20 56.506 23.895 5.948 18.538
2 2007 51.480 864.069 11.838 17 57.873 23.169 6.032 18.010
2 2008 51.575 862.594 11.731 16 57.980 23.466 5.923 18.676
3 1999 111.689 869.004 12.861 33 123.434 57.573 15.493 43.165
3 2000 113.024 870.287 12.967 31 123.436 59.107 16.498 43.434
3 2001 115.600 874.428 14.341 28 123.625 58.157 17.318 44.964
3 2002 112.786 876.703 14.466 33 125.817 57.449 18.717 46.010
3 2003 116.013 874.482 14.429 30 126.876 58.417 19.390 45.821
3 2004 119.145 877.791 14.396 33 128.032 60.442 20.047 46.126
3 2005 114.534 878.009 14.399 36 132.323 59.682 19.897 46.475
3 2006 117.253 875.673 14.361 41 133.383 59.850 20.190 46.632
3 2007 117.682 876.975 14.470 37 134.189 61.054 20.938 46.728
3 2008 111.879 878.663 14.937 36 133.771 61.411 21.046 47.311
5 1999 41.973 894.607 11.093 24 49.484 23.172 9.594 12.630
5 2000 43.086 895.853 10.840 23 49.836 23.152 9.714 12.717
5 2001 44.262 893.759 10.993 26 49.542 23.692 9.757 12.695
5 2002 44.787 889.993 10.858 27 48.422 23.419 9.834 12.768
5 2003 45.661 889.098 10.936 29 48.924 23.597 9.671 12.604
5 2004 45.486 888.874 11.200 28 48.723 23.478 9.695 12.717
5 2005 46.090 888.986 11.379 27 49.104 23.538 9.735 12.762
5 2006 45.693 887.648 10.918 30 49.441 23.930 9.759 13.026
5 2007 44.373 885.537 11.069 30 49.609 24.031 10.003 13.332
5 2008 44.739 890.161 12.106 30 49.730 24.411 9.793 13.170
4 1999 8.029 854.468 11.706 3 8.603 3.464 0.663 2.826
4 2000 8.156 859.346 12.031 2 8.094 3.130 0.663 2.705
4 2001 8.077 859.190 11.084 2 8.802 3.549 0.663 2.768
4 2002 8.363 860.234 12.043 2 9.054 3.616 0.676 2.898
4 2003 8.442 861.229 12.488 2 9.019 3.596 0.687 2.906
4 2004 8.856 862.594 11.645 2 9.296 4.255 0.695 2.950
4 2005 8.935 862.910 11.218 2 9.129 3.502 0.711 2.920
4 2006 8.856 860.496 11.359 2 10.018 3.560 0.711 3.121
4 2007 8.681 862.384 11.728 2 10.016 3.472 0.727 3.151
4 2008 8.585 863.120 12.170 2 9.555 3.305 0.989 2.832

US 1999 239.753 869.111 11.559 –– 262.981 117.283 33.050 88.422
US 2000 243.235 870.822 11.669 –– 262.942 118.735 34.413 88.844
US 2001 244.077 873.510 12.404 –– 263.354 118.046 35.278 89.173
US 2002 241.343 873.888 12.322 –– 264.289 116.819 36.368 90.263
US 2003 246.558 872.864 12.482 –– 265.481 118.253 36.809 89.633
US 2004 250.930 875.185 12.515 –– 266.604 121.109 37.703 89.887
US 2005 247.670 875.077 12.426 –– 272.284 120.561 37.753 90.682
US 2006 248.052 873.780 12.320 –– 274.612 121.385 38.056 91.286
US 2007 245.635 873.888 12.497 –– 277.389 124.553 39.148 91.191
US 2008 238.910 875.023 12.863 –– 276.299 122.742 39.198 91.959

Energy factorc –– –– –– –– –– –– –– ––
CO2 emission –– –– –– –– –– –– ––
factor (kg/GJ)c
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Table S1 continued
US Refinery process capacityb ––– ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
District Year Hydrocracking csHydrotreating psHydrotreating Reforming Alkylation Pol./Dim. Aromatics Isomerization
PADD (m3/d•104) (m3/d•104) (m3/d•104) (m3/d•104) (m3/d•104) (m3/d•104) (m3/d•104) (m3/d•104)

1 1999 0.666 1.320 12.826 4.567 1.282 0.284 0.861 0.447
1 2000 0.666 1.320 12.460 4.468 1.346 0.284 0.852 0.431
1 2001 0.680 0.715 13.030 4.483 1.281 0.212 0.852 0.526
1 2002 0.602 2.131 12.214 4.528 1.292 0.212 0.852 0.611
1 2003 0.602 1.473 13.779 4.548 1.290 0.212 0.852 0.868
1 2004 0.603 1.477 13.513 4.649 1.290 0.212 0.852 0.878
1 2005 0.603 1.477 13.227 4.681 1.335 0.212 0.852 0.878
1 2006 0.615 0.704 13.993 4.681 1.335 0.212 0.852 0.878
1 2007 0.615 0.704 14.057 4.681 1.335 0.212 0.852 0.878
1 2008 0.615 0.704 14.057 4.681 1.335 0.212 0.852 0.878
2 1999 2.533 7.126 29.912 13.533 3.927 0.208 0.924 2.796
2 2000 2.533 6.099 31.548 13.770 3.959 0.208 0.924 2.764
2 2001 2.386 5.401 32.961 13.435 3.940 0.208 0.924 2.757
2 2002 2.434 7.177 31.440 13.357 3.892 0.136 0.888 2.698
2 2003 2.410 7.355 34.844 13.339 3.835 0.136 0.888 2.863
2 2004 2.191 8.214 35.157 13.247 3.807 0.129 0.876 2.900
2 2005 2.798 8.330 38.089 13.368 3.984 0.128 0.838 2.908
2 2006 3.065 7.937 39.013 13.347 3.991 0.128 0.919 2.940
2 2007 3.701 7.929 38.528 13.460 3.911 0.128 0.657 2.944
2 2008 3.652 8.440 36.890 12.972 3.871 0.130 0.657 2.784
3 1999 11.265 18.638 64.038 27.308 8.602 0.310 4.081 4.523
3 2000 11.513 19.190 65.900 27.730 8.599 0.297 4.202 4.347
3 2001 11.842 15.900 70.483 26.840 8.514 0.297 4.260 4.291
3 2002 12.138 18.588 70.415 27.234 9.806 0.353 4.310 4.551
3 2003 11.359 21.356 76.385 27.088 8.982 0.355 4.072 4.572
3 2004 11.868 22.256 82.382 27.517 10.514 0.378 4.386 4.472
3 2005 11.439 22.191 87.486 26.859 9.144 0.347 4.354 4.345
3 2006 11.447 22.301 90.603 26.857 9.253 0.345 4.239 4.312
3 2007 12.059 24.717 91.006 27.458 8.907 0.646 5.026 3.923
3 2008 11.843 22.910 94.039 27.091 9.179 0.646 5.786 4.284
5 1999 8.089 9.630 21.588 8.763 2.928 0.224 0.040 2.097
5 2000 8.119 8.347 22.626 8.849 4.181 0.234 0.040 2.142
5 2001 8.192 8.614 22.642 8.950 2.933 0.234 0.045 2.142
5 2002 8.192 9.472 21.821 8.833 2.999 0.234 0.045 2.147
5 2003 8.043 8.053 23.957 8.847 3.114 0.235 0.045 2.716
5 2004 8.138 8.151 24.765 8.895 3.119 0.238 0.040 2.659
5 2005 8.259 8.154 24.643 8.946 3.153 0.250 0.036 2.727
5 2006 8.896 7.932 25.742 9.400 3.359 0.280 0.021 2.937
5 2007 9.221 8.274 26.024 9.634 3.362 0.228 0.019 3.258
5 2008 9.124 8.123 26.175 9.473 3.337 0.228 0.019 3.171
4 1999 0.079 0.965 4.702 1.901 0.578 0.073 0.000 0.245
4 2000 0.079 0.744 4.368 1.770 0.525 0.067 0.000 0.245
4 2001 0.278 0.437 5.062 1.905 0.586 0.083 0.000 0.236
4 2002 0.079 0.783 4.784 1.889 0.612 0.083 0.000 0.236
4 2003 0.087 0.783 5.090 1.901 0.622 0.083 0.000 0.238
4 2004 0.254 0.836 4.673 1.772 0.566 0.076 0.000 0.239
4 2005 0.087 0.852 5.123 1.917 0.583 0.097 0.000 0.239
4 2006 0.254 1.092 5.444 1.940 0.596 0.097 0.000 0.258
4 2007 0.280 1.092 5.607 1.953 0.604 0.097 0.000 0.264
4 2008 0.087 1.302 5.720 1.816 0.612 0.083 0.000 0.264

US 1999 22.632 37.678 133.066 56.072 17.317 1.099 5.906 10.108
US 2000 22.910 35.699 136.901 56.585 18.609 1.090 6.017 9.929
US 2001 23.379 31.067 144.178 55.613 17.254 1.034 6.080 9.952
US 2002 23.446 38.151 140.674 55.840 18.602 1.018 6.093 10.243
US 2003 22.502 39.021 154.054 55.723 17.842 1.020 5.856 11.258
US 2004 23.054 40.935 160.490 56.081 19.295 1.034 6.154 11.148
US 2005 23.186 41.005 168.568 55.771 18.200 1.033 6.079 11.097
US 2006 24.278 39.967 174.794 56.226 18.534 1.062 6.032 11.324
US 2007 25.876 42.717 175.222 57.186 18.119 1.311 6.554 11.268
US 2008 25.322 41.479 176.881 56.034 18.333 1.299 7.314 11.381

Energy factorc –– –– –– –– –– –– –– ––
CO2 emission –– –– –– –– –– –– –– ––
factor (kg/GJ)c
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Table S1 continued
US Refinery process capacityb ––– ––––––––––––––––Fuels consumed in refineriesa –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
District Year Lubes Asphalt Sulfur H2 production Crude oil LPG Distillate Res. fuel oil
PADD (m3/d•104) (m3/d•104) (kg/d•106) (m3•108) (m3•104) (m3•104) (m3•104) (m3•104)

1 1999 0.368 1.033 0.921 11.783 0.000 2.766 2.035 37.012
1 2000 0.300 0.461 0.921 14.056 0.000 5.008 4.165 38.904
1 2001 0.300 0.461 0.856 11.576 0.000 5.819 8.967 44.675
1 2002 0.299 0.445 1.265 10.232 0.000 4.483 7.631 29.190
1 2003 0.299 0.445 1.301 15.090 0.000 7.854 9.921 28.014
1 2004 0.300 0.445 1.301 15.090 0.000 7.870 7.409 18.013
1 2005 0.300 0.445 1.319 15.297 0.000 11.479 5.819 18.220
1 2006 0.300 0.445 1.319 17.364 0.000 5.231 0.366 14.627
1 2007 0.300 0.445 1.285 13.333 0.000 2.941 0.350 13.132
1 2008 0.300 0.445 1.285 13.333 0.000 0.827 0.461 6.344
2 1999 0.264 3.493 4.436 44.237 0.000 27.123 0.986 43.531
2 2000 0.264 3.763 4.402 44.030 0.000 14.484 0.763 34.166
2 2001 0.264 3.617 4.425 47.751 0.000 13.975 1.288 38.888
2 2002 0.277 3.668 4.672 43.926 0.000 16.439 1.081 29.747
2 2003 0.277 3.727 4.818 40.619 0.000 25.804 0.588 9.380
2 2004 0.277 3.705 4.631 41.032 0.000 17.155 0.588 3.100
2 2005 0.269 3.814 5.140 49.611 0.000 12.385 0.795 2.591
2 2006 0.269 3.897 5.243 77.000 0.000 9.015 0.715 3.275
2 2007 0.269 3.151 4.600 77.931 0.000 13.387 0.747 3.005
2 2008 0.135 3.608 5.200 78.551 0.000 12.783 0.700 3.084
3 1999 1.786 1.930 14.092 146.456 0.159 12.560 1.892 0.191
3 2000 1.801 1.967 15.297 148.833 0.000 13.085 2.798 0.032
3 2001 1.772 1.848 15.266 155.655 0.000 11.018 2.178 0.000
3 2002 1.745 1.904 16.516 160.512 0.000 13.450 1.335 0.000
3 2003 1.793 2.569 17.134 160.512 0.000 17.489 0.700 0.000
3 2004 1.982 2.409 19.395 174.362 0.000 5.898 1.304 0.000
3 2005 2.343 1.936 19.135 172.398 0.000 5.708 1.367 0.064
3 2006 2.351 1.914 19.393 162.269 0.000 4.404 1.765 0.016
3 2007 2.282 1.938 19.013 160.822 0.000 3.307 1.828 0.048
3 2008 2.281 1.938 19.243 164.233 0.000 8.204 1.701 0.048
5 1999 0.437 1.191 4.152 126.301 0.000 18.649 4.086 9.015
5 2000 0.437 1.215 4.152 151.934 0.000 34.150 3.736 11.081
5 2001 0.437 1.078 4.152 149.247 0.000 47.251 4.436 13.609
5 2002 0.342 0.742 4.230 151.004 0.000 19.587 3.307 14.341
5 2003 0.342 0.979 4.331 148.523 0.000 34.484 3.911 11.558
5 2004 0.286 0.920 4.286 147.903 0.000 24.627 3.657 11.495
5 2005 0.286 0.940 4.520 149.557 0.000 36.424 4.022 11.558
5 2006 0.318 0.916 4.911 159.169 0.000 23.339 4.054 12.242
5 2007 0.318 0.940 4.539 162.786 0.000 22.497 3.752 11.813
5 2008 0.318 0.940 5.011 162.786 0.000 23.991 4.642 11.845
4 1999 0.000 0.688 0.381 8.889 0.000 0.636 0.095 3.450
4 2000 0.000 0.671 0.382 8.992 0.000 0.890 0.048 4.786
4 2001 0.000 0.838 0.367 9.612 0.000 0.620 0.111 3.482
4 2002 0.000 0.738 0.368 9.612 0.000 0.700 0.000 3.259
4 2003 0.000 0.738 0.538 9.199 0.000 0.779 0.000 2.671
4 2004 0.000 0.743 0.612 9.509 0.000 1.065 0.016 2.337
4 2005 0.000 0.576 13.577 13.953 0.000 0.382 0.000 2.655
4 2006 0.000 0.796 0.593 13.953 0.000 0.238 0.000 1.924
4 2007 0.000 0.783 0.599 18.191 0.000 0.207 0.000 1.320
4 2008 0.000 0.807 0.595 20.878 0.000 0.779 0.000 0.779

US 1999 2.856 8.335 23.982 337.665 0.159 61.735 9.094 93.198
US 2000 2.803 8.077 25.154 367.845 0.000 67.617 11.511 88.969
US 2001 2.774 7.842 25.066 373.840 0.000 78.683 16.980 100.655
US 2002 2.662 7.498 27.051 375.287 0.000 54.660 13.355 76.536
US 2003 2.710 8.458 28.122 373.943 0.000 86.410 15.120 51.623
US 2004 2.845 8.222 30.225 387.896 0.000 56.615 12.973 34.945
US 2005 3.199 7.712 43.691 400.816 0.000 66.377 12.004 35.088
US 2006 3.239 7.967 31.459 429.756 0.000 42.227 6.900 32.084
US 2007 3.169 7.256 30.036 433.063 0.000 42.338 6.677 29.317
US 2008 3.035 7.737 31.334 439.781 0.000 46.583 7.504 22.099

Energy factorc –– –– –– 16.4 MJ/m3 38.49 GJ/m3 25.62 GJ/m3 38.66 GJ/m3 41.72 GJ/m3

CO2 emission –– –– –– 52.70 78.53 65.76 77.18 83.14
factor (kg/GJ)c
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Table S1 continued
US Fuels consumed in refineriesa –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
District Year Fuel gas (bl) Pet. coke Other prod- Natural gas Coal Electricity pur- Steam pur-
PADD (m3•105) (m3•105) uct (m3•104) (m3•108) (Gg) chased (TWh) chased (Tg)

1 1999 32.387 20.538 6.964 11.501 28.123 3.180 1.599
1 2000 31.990 19.093 6.105 12.553 27.216 3.084 1.897
1 2001 32.322 18.975 5.406 9.915 29.030 3.450 1.797
1 2002 33.987 18.805 5.851 11.086 28.123 3.282 1.865
1 2003 35.329 19.649 7.059 8.032 29.030 3.415 1.674
1 2004 35.419 20.377 2.242 9.177 26.308 3.410 2.352
1 2005 35.481 20.369 2.242 10.082 29.937 3.520 2.228
1 2006 33.756 17.541 0.859 10.258 28.123 3.576 2.593
1 2007 36.392 19.036 0.334 8.129 29.030 3.984 2.624
1 2008 33.909 19.393 0.461 7.892 28.123 4.192 2.360
2 1999 76.667 29.697 22.560 26.317 0.000 8.956 1.262
2 2000 77.341 29.335 19.047 30.038 1.814 8.949 0.890
2 2001 76.697 27.643 20.382 26.510 6.350 8.728 2.060
2 2002 73.293 27.689 19.555 27.235 0.000 8.933 2.368
2 2003 72.970 27.357 16.392 26.727 8.165 8.885 2.577
2 2004 79.249 25.339 27.855 29.254 7.257 9.486 2.863
2 2005 79.832 27.572 26.805 30.152 7.257 9.875 2.283
2 2006 78.834 26.236 31.177 32.485 2.722 10.488 3.310
2 2007 78.586 24.963 6.280 33.993 6.350 10.555 4.871
2 2008 77.716 23.856 0.286 39.330 10.886 10.804 4.999
3 1999 181.263 66.223 31.177 147.683 0.000 13.762 8.968
3 2000 184.163 67.454 34.405 147.541 0.000 14.501 11.455
3 2001 177.565 66.822 30.923 138.325 0.000 15.868 13.142
3 2002 181.193 66.891 21.479 129.876 0.000 16.145 14.670
3 2003 194.971 67.972 29.874 121.706 0.000 15.682 14.456
3 2004 190.864 69.595 22.544 111.896 0.000 17.044 14.827
3 2005 177.745 65.660 20.668 112.129 0.000 16.620 15.757
3 2006 198.807 72.481 31.336 112.029 0.000 18.612 17.690
3 2007 192.263 67.964 24.007 102.791 0.000 20.433 28.790
3 2008 181.956 62.598 26.996 107.893 0.000 20.675 28.919
5 1999 72.803 21.174 25.851 34.754 0.000 5.389 8.469
5 2000 74.282 22.314 26.185 38.268 0.000 4.809 8.268
5 2001 77.031 22.827 22.576 34.867 0.000 4.695 7.881
5 2002 70.694 22.640 22.672 38.733 0.000 4.780 7.589
5 2003 74.354 23.823 25.740 37.477 0.000 4.520 8.595
5 2004 73.964 24.441 31.305 35.335 0.000 4.871 8.732
5 2005 72.657 24.438 27.028 34.906 0.000 4.978 8.145
5 2006 71.543 23.133 34.961 35.733 0.000 4.973 8.164
5 2007 72.423 23.087 27.282 37.863 0.000 5.113 8.091
5 2008 68.973 19.651 32.227 39.629 0.000 5.125 8.064
4 1999 11.585 4.442 11.415 6.145 0.000 1.422 0.424
4 2000 11.465 4.153 13.132 5.502 0.000 1.486 0.384
4 2001 11.946 4.302 12.655 5.686 0.000 1.446 0.419
4 2002 11.639 4.262 13.260 6.024 0.000 1.581 0.337
4 2003 13.827 4.040 13.752 5.319 0.000 1.515 0.402
4 2004 13.541 4.372 8.649 5.472 0.000 1.583 0.504
4 2005 13.050 4.496 7.981 6.112 0.000 1.601 0.432
4 2006 13.508 4.480 2.258 7.031 0.000 1.704 0.343
4 2007 13.202 4.884 0.986 6.375 0.000 1.744 0.540
4 2008 14.501 4.571 1.081 6.445 0.000 1.886 0.458

US 1999 374.706 142.074 97.968 226.399 28.123 32.709 20.722
US 2000 379.240 142.348 98.874 233.902 29.030 32.829 22.894
US 2001 375.561 140.570 91.942 215.304 35.380 34.187 25.299
US 2002 370.806 140.287 82.816 212.953 28.123 34.721 26.830
US 2003 391.451 142.841 92.817 199.261 37.195 34.017 27.705
US 2004 393.037 144.125 92.594 191.134 33.566 36.394 29.278
US 2005 378.765 142.535 84.724 193.381 37.195 36.594 28.844
US 2006 396.448 143.871 100.591 197.536 30.844 39.353 32.100
US 2007 392.867 139.933 58.889 189.152 35.380 41.829 44.916
US 2008 377.056 130.069 61.051 201.191 39.009 42.682 44.801

Energy factorc 39.82 GJ/m3 39.98 GJ/m3 38.66 GJ/m3 38.27 MJ/m3 25.80 MJ/kg 3.6 MJ/kWh 2.18 MJ/kg
CO2 emission 67.73 107.74 73.20 55.98 99.58 187.78 91.63
factor (kg/GJ)c
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Table S1 continued
US Refinery product yieldsa ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
District Year LPG Fin. motor Aviation Kerosine Kerosine Distillate Residual Naphtha for
PADD (%) gasoline (%) gasoline (%)  jet fuel (%) (%) fuel oil (%) fuel oil (%) chem FS (%)

1 1999 2.5 46.6 0.2 7.0 0.8 26.3 6.5 0.8
1 2000 2.8 45.2 0.2 6.3 0.8 27.9 6.8 0.8
1 2001 2.9 45.8 0.2 5.3 0.8 29.1 6.6 0.8
1 2002 3.0 46.7 0.3 5.3 0.8 28.1 5.7 0.9
1 2003 3.0 46.4 0.2 5.2 0.8 27.2 7.8 0.8
1 2004 2.6 46.5 0.4 6.1 0.7 26.6 6.9 0.8
1 2005 2.4 46.6 0.3 5.7 0.7 28.8 6.2 0.8
1 2006 2.6 45.8 5.1 0.4 29.2 7.1 1.1
1 2007 3.2 45.5 0.1 5.0 0.5 29.4 7.2 1.1
1 2008 3.3 44.6 5.7 0.6 29.6 7.1 1.1
2 1999 3.7 51.1 0.1 6.6 0.5 24.8 1.6 0.6
2 2000 3.7 50.4 0.1 6.9 0.4 25.7 1.8 0.5
2 2001 3.6 51.1 0.1 6.6 0.4 26.0 2.0 0.6
2 2002 3.5 52.0 0.1 6.7 0.3 25.4 1.8 0.6
2 2003 3.3 51.5 0.1 6.2 0.3 26.0 1.7 0.5
2 2004 3.3 51.6 0.1 6.4 0.3 25.7 1.8 0.8
2 2005 3.1 50.4 0.1 6.5 0.3 27.1 1.6 0.8
2 2006 4.0 49.4 0.1 6.2 0.3 27.3 1.7 0.9
2 2007 3.9 49.8 0.1 6.1 0.1 28.2 1.7 0.9
2 2008 3.5 48.5 0.1 6.3 0.0 30.0 1.6 0.8
3 1999 6.1 44.8 0.2 11.1 0.4 21.1 4.3 2.1
3 2000 6.0 44.7 0.1 11.1 0.4 21.9 4.6 2.2
3 2001 5.6 44.3 0.1 10.5 0.6 22.8 4.8 1.7
3 2002 5.8 45.4 0.1 10.3 0.4 22.3 3.7 2.7
3 2003 5.5 44.8 0.1 9.9 0.4 23.0 4.1 2.6
3 2004 5.3 44.6 0.1 10.0 0.5 23.5 3.9 2.8
3 2005 4.7 43.8 0.1 10.2 0.6 24.5 3.9 2.3
3 2006 4.8 43.5 0.2 9.7 0.4 25.2 3.8 1.9
3 2007 5.0 43.2 0.1 9.4 0.3 26.0 4.1 1.9
3 2008 5.1 41.6 0.1 9.6 0.0 28.4 4.0 1.5
5 1999 2.6 44.7 0.1 15.8 0.2 18.3 8.5 0.2
5 2000 3.1 45.7 0.1 16.2 0.2 18.5 6.8 0.1
5 2001 2.7 45.5 0.1 16.0 0.1 19.2 6.9 0.1
5 2002 2.7 47.3 0.1 16.0 0.1 19.0 6.2 0.1
5 2003 2.9 47.2 0.1 16.0 0.0 19.5 5.8 0.1
5 2004 2.6 47.3 0.1 16.2 0.0 19.5 6.1 0.0
5 2005 2.5 47.3 0.1 16.2 0.0 20.4 5.8 0.0
5 2006 2.8 47.7 0.1 15.3 0.0 20.3 5.8 0.0
5 2007 2.8 46.6 0.1 15.6 0.0 20.8 6.3 0.0
5 2008 2.8 45.6 0.1 17.5 0.0 21.6 5.5 0.0
4 1999 1.3 47.8 0.1 5.4 0.5 28.7 2.3
4 2000 1.3 47.1 0.1 5.8 0.3 29.1 2.0 0.0
4 2001 1.3 47.4 0.1 5.3 0.3 29.8 2.3
4 2002 1.1 48.0 0.1 4.8 0.4 29.9 2.1
4 2003 0.8 47.9 0.1 4.9 0.4 29.5 2.4
4 2004 0.8 47.5 0.1 4.9 0.3 30.4 2.5
4 2005 0.7 46.0 0.1 5.4 0.3 30.6 2.7
4 2006 1.3 46.4 0.1 5.3 0.4 30.6 2.8
4 2007 1.5 46.3 0.1 5.4 0.3 29.8 2.6
4 2008 1.6 47.4 0.1 4.8 0.2 31.6 2.2

US 1999 4.5 46.5 0.2 10.2 0.4 22.3 4.6 1.3
US 2000 4.5 46.2 0.1 10.3 0.4 23.1 4.5 1.3
US 2001 4.3 46.2 0.1 9.8 0.5 23.8 4.6 1.1
US 2002 4.3 47.3 0.1 9.8 0.4 23.2 3.9 1.6
US 2003 4.2 46.9 0.1 9.5 0.4 23.7 4.2 1.5
US 2004 4.0 46.8 0.1 9.7 0.4 23.9 4.1 1.6
US 2005 3.6 46.2 0.1 9.8 0.4 25.0 4.0 1.4
US 2006 3.9 45.8 0.1 9.3 0.3 25.4 4.0 1.2
US 2007 4.1 45.5 0.1 9.1 0.2 26.1 4.2 1.3
US 2008 4.1 44.2 0.1 9.7 0.1 27.8 4.0 1.0

Energy factorc –– –– –– –– –– –– –– ––
CO2 emission –– –– –– –– –– –– –– ––
factor (kg/GJ)c
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Table S1 continued
US Refinery product yieldsa ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––Utilization of
District Year Oth. oils for Special Lubricants Waxes Petroleum Asphalt & Fuel gas Miscellaneous operable ref.
PADD chem FS (%) naphtha (%) (%) (%) coke (%) road oil (%) (%) products (%) capacitya (%)

1 1999 0.1 1.0 0.0 3.1 5.4 3.7 0.1 90.9
1 2000 0.1 0.9 0.1 3.0 6.1 3.5 0.1 91.7
1 2001 0.1 0.9 0.0 3.3 6.0 3.8 0.1 87.2
1 2002 0.1 1.0 0.0 3.1 6.0 3.9 0.1 88.9
1 2003 0.1 1.0 0.0 2.9 5.7 3.8 0.1 92.7
1 2004 0.1 1.1 0.0 3.1 6.2 3.9 0.1 90.4
1 2005 0.1 1.0 0.0 2.9 5.7 3.8 0.1 93.1
1 2006 0.1 1.1 0.0 3.0 5.6 3.6 0.2 86.7
1 2007 0.0 1.0 0.0 3.2 5.0 3.9 0.2 85.6
1 2008 0.0 1.1 0.1 3.3 5.1 3.8 0.2 80.8
2 1999 0.7 0.7 0.6 0.1 4.2 5.6 3.9 0.3 93.3
2 2000 0.4 0.7 0.5 0.1 4.3 5.5 3.9 0.3 94.2
2 2001 0.0 0.6 0.4 0.1 4.3 5.1 4.0 0.3 93.9
2 2002 0.0 0.5 0.5 0.1 4.1 5.3 4.0 0.4 90.0
2 2003 0.0 0.6 0.5 0.1 4.2 5.6 4.1 0.4 91.6
2 2004 0.3 0.1 0.4 0.1 4.3 5.7 4.1 0.4 93.6
2 2005 0.3 0.2 0.4 0.1 4.5 5.7 4.1 0.5 92.9
2 2006 0.2 0.2 0.5 0.1 4.4 6.1 4.1 0.5 92.4
2 2007 0.2 0.1 0.4 0.1 4.3 5.3 4.2 0.4 90.1
2 2008 0.2 0.1 0.4 0.1 4.3 5.3 4.0 0.4 88.4
3 1999 2.5 0.8 1.7 0.2 4.8 1.7 4.1 0.4 94.7
3 2000 2.3 0.4 1.7 0.2 4.8 1.8 4.1 0.4 93.9
3 2001 2.1 0.4 1.6 0.1 5.3 1.6 4.1 0.5 94.8
3 2002 1.9 0.4 1.6 0.1 5.7 1.6 4.2 0.5 91.5
3 2003 2.3 0.4 1.5 0.1 5.7 1.6 4.4 0.5 93.6
3 2004 2.4 0.5 1.6 0.1 5.9 1.5 4.3 0.4 94.1
3 2005 2.1 0.4 1.6 0.1 6.0 1.6 4.3 0.4 88.3
3 2006 2.4 0.4 1.7 0.1 6.2 1.5 4.6 0.5 88.7
3 2007 2.4 0.5 1.7 0.1 6.0 1.3 4.3 0.5 88.7
3 2008 2.3 0.5 1.7 0.1 6.0 1.1 4.4 0.6 83.6
5 1999 0.3 0.1 1.0 0.0 6.1 2.4 5.8 0.2 87.1
5 2000 0.3 0.1 0.9 -0.1 6.3 2.4 5.6 0.3 87.5
5 2001 0.3 0.1 1.0 0.0 6.0 2.1 5.8 0.3 89.1
5 2002 0.3 0.1 0.8 0.0 6.0 2.1 5.5 0.3 90.0
5 2003 0.3 0.1 0.8 6.2 1.9 5.6 0.3 91.3
5 2004 0.3 0.0 0.7 6.1 1.9 5.4 0.3 90.4
5 2005 0.4 0.0 0.7 6.2 1.7 5.1 0.3 91.7
5 2006 0.4 0.1 0.7 6.0 1.8 5.2 0.4 90.5
5 2007 0.3 0.0 0.6 5.8 1.8 5.4 0.4 87.6
5 2008 0.1 0.0 0.8 6.1 1.4 5.1 0.5 88.1
4 1999 0.1 0.0 0.7 3.4 8.8 4.1 0.4 95.7
4 2000 0.1 0.0 0.6 3.3 9.3 3.9 0.4 94.7
4 2001 0.2 0.0 0.6 3.3 8.6 4.1 0.4 90.7
4 2002 0.1 0.5 3.2 9.2 3.8 0.4 91.6
4 2003 0.1 0.4 3.2 9.1 4.5 0.4 91.9
4 2004 0.1 0.4 3.2 9.3 4.2 0.4 95.7
4 2005 0.1 0.0 0.4 3.3 9.5 4.1 0.4 95.5
4 2006 0.1 0.0 0.3 3.3 8.5 4.2 0.4 93.5
4 2007 0.1 0.0 0.0 3.4 8.9 4.2 0.3 91.3
4 2008 0.0 0.0 4.6 6.1 4.6 0.5 89.4

US 1999 1.4 0.6 1.2 0.1 4.7 3.3 4.3 0.3 92.6
US 2000 1.3 0.4 1.2 0.1 4.7 3.4 4.2 0.4 92.6
US 2001 1.1 0.3 1.1 0.1 4.9 3.1 4.3 0.4 92.6
US 2002 1.0 0.3 1.1 0.1 5.1 3.2 4.3 0.4 90.7
US 2003 1.2 0.3 1.1 0.1 5.1 3.2 4.5 0.4 92.6
US 2004 1.3 0.3 1.1 0.1 5.2 3.2 4.4 0.4 93.0
US 2005 1.1 0.2 1.1 0.1 5.3 3.2 4.3 0.4 90.6
US 2006 1.2 0.2 1.2 0.1 5.3 3.2 4.5 0.4 89.7
US 2007 1.3 0.3 1.1 0.1 5.2 2.9 4.4 0.4 88.5
US 2008 1.2 0.3 1.1 0.1 5.3 2.7 4.3 0.5 85.3

Energy factorc –– –– –– –– –– –– –– –– ––
CO2 emission –– –– –– –– –– –– –– –– ––
factor (kg/GJ)c
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Table S1 continued
US Energy consumed/volume crude feed (GJ/m3) and CO2 emitted/vol. crude feed (kg/m3) for refinery fuelsc

District Year Hydrogen prod. Crude oil consmd. LPG consumed Distillate consmd. Res. fuel oil cons. Fuel gas (bl) 
PADD (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3)

1 1999 0.195 10.28 0.000 0.00 0.008 0.52 0.009 0.68 0.173 14.39 1.446 97.93
1 2000 0.230 12.10 0.000 0.00 0.014 0.93 0.018 1.38 0.180 14.94 1.410 95.49
1 2001 0.199 10.48 0.000 0.00 0.017 1.14 0.040 3.11 0.217 18.03 1.498 101.43
1 2002 0.171 8.99 0.000 0.00 0.013 0.85 0.033 2.57 0.138 11.44 1.529 103.58
1 2003 0.242 12.77 0.000 0.00 0.022 1.44 0.042 3.22 0.127 10.57 1.530 103.66
1 2004 0.244 12.88 0.000 0.00 0.022 1.46 0.031 2.43 0.082 6.86 1.548 104.85
1 2005 0.243 12.82 0.000 0.00 0.032 2.08 0.024 1.87 0.082 6.81 1.523 103.13
1 2006 0.297 15.66 0.000 0.00 0.016 1.02 0.002 0.13 0.071 5.88 1.559 105.58
1 2007 0.230 12.13 0.000 0.00 0.009 0.58 0.002 0.12 0.064 5.33 1.695 114.82
1 2008 0.244 12.85 0.000 0.00 0.003 0.17 0.002 0.17 0.033 2.73 1.673 113.30
2 1999 0.334 17.58 0.000 0.00 0.036 2.33 0.002 0.15 0.093 7.71 1.560 105.64
2 2000 0.328 17.31 0.000 0.00 0.019 1.23 0.001 0.12 0.072 5.99 1.556 105.41
2 2001 0.367 19.34 0.000 0.00 0.019 1.23 0.003 0.20 0.084 7.02 1.590 107.72
2 2002 0.347 18.30 0.000 0.00 0.023 1.48 0.002 0.17 0.066 5.53 1.563 105.85
2 2003 0.320 16.89 0.000 0.00 0.035 2.32 0.001 0.09 0.021 1.74 1.553 105.19
2 2004 0.316 16.66 0.000 0.00 0.023 1.51 0.001 0.09 0.007 0.56 1.647 111.58
2 2005 0.381 20.07 0.000 0.00 0.016 1.09 0.002 0.12 0.006 0.47 1.653 111.96
2 2006 0.592 31.19 0.000 0.00 0.012 0.79 0.001 0.11 0.007 0.59 1.635 110.72
2 2007 0.612 32.26 0.000 0.00 0.018 1.20 0.002 0.12 0.007 0.55 1.665 112.80
2 2008 0.616 32.46 0.000 0.00 0.017 1.14 0.001 0.11 0.007 0.57 1.644 111.34
3 1999 0.530 27.94 0.000 0.01 0.008 0.52 0.002 0.14 0.000 0.02 1.771 119.92
3 2000 0.533 28.06 0.000 0.00 0.008 0.53 0.003 0.20 0.000 0.00 1.778 120.40
3 2001 0.545 28.70 0.000 0.00 0.007 0.44 0.002 0.15 0.000 0.00 1.676 113.50
3 2002 0.576 30.33 0.000 0.00 0.008 0.55 0.001 0.10 0.000 0.00 1.753 118.71
3 2003 0.559 29.49 0.000 0.00 0.011 0.70 0.001 0.05 0.000 0.00 1.833 124.18
3 2004 0.592 31.19 0.000 0.00 0.003 0.23 0.001 0.09 0.000 0.00 1.748 118.37
3 2005 0.609 32.08 0.000 0.00 0.003 0.23 0.001 0.10 0.000 0.01 1.693 114.67
3 2006 0.560 29.49 0.000 0.00 0.003 0.17 0.002 0.12 0.000 0.00 1.850 125.28
3 2007 0.553 29.12 0.000 0.00 0.002 0.13 0.002 0.13 0.000 0.00 1.782 120.72
3 2008 0.594 31.28 0.000 0.00 0.005 0.34 0.002 0.12 0.000 0.00 1.774 120.17
5 1999 1.217 64.13 0.000 0.00 0.031 2.05 0.010 0.80 0.025 2.04 1.892 128.17
5 2000 1.426 75.15 0.000 0.00 0.056 3.66 0.009 0.71 0.029 2.44 1.881 127.39
5 2001 1.364 71.86 0.000 0.00 0.075 4.93 0.011 0.82 0.035 2.92 1.899 128.59
5 2002 1.363 71.85 0.000 0.00 0.031 2.02 0.008 0.60 0.037 3.04 1.722 116.63
5 2003 1.315 69.32 0.000 0.00 0.053 3.49 0.009 0.70 0.029 2.41 1.776 120.32
5 2004 1.315 69.29 0.000 0.00 0.038 2.50 0.009 0.66 0.029 2.40 1.774 120.15
5 2005 1.312 69.15 0.000 0.00 0.055 3.65 0.009 0.71 0.029 2.38 1.720 116.48
5 2006 1.409 74.24 0.000 0.00 0.036 2.36 0.009 0.73 0.031 2.55 1.708 115.69
5 2007 1.484 78.18 0.000 0.00 0.036 2.34 0.009 0.69 0.030 2.53 1.781 120.60
5 2008 1.471 77.54 0.000 0.00 0.038 2.48 0.011 0.85 0.030 2.52 1.682 113.92
4 1999 0.448 23.59 0.000 0.00 0.006 0.37 0.001 0.10 0.049 4.08 1.574 106.62
4 2000 0.446 23.50 0.000 0.00 0.008 0.50 0.001 0.05 0.067 5.58 1.534 103.86
4 2001 0.481 25.36 0.000 0.00 0.005 0.35 0.001 0.11 0.049 4.10 1.614 109.29
4 2002 0.465 24.49 0.000 0.00 0.006 0.39 0.000 0.00 0.045 3.70 1.518 102.84
4 2003 0.441 23.22 0.000 0.00 0.006 0.43 0.000 0.00 0.036 3.01 1.787 121.02
4 2004 0.434 22.88 0.000 0.00 0.008 0.56 0.000 0.01 0.030 2.51 1.668 112.99
4 2005 0.631 33.28 0.000 0.00 0.003 0.20 0.000 0.00 0.034 2.82 1.593 107.92
4 2006 0.637 33.58 0.000 0.00 0.002 0.12 0.000 0.00 0.025 2.06 1.664 112.71
4 2007 0.847 44.66 0.000 0.00 0.002 0.11 0.000 0.00 0.017 1.44 1.659 112.38
4 2008 0.983 51.82 0.000 0.00 0.006 0.42 0.000 0.00 0.010 0.86 1.843 124.81

US 1999 0.570 30.01 0.000 0.01 0.018 1.19 0.004 0.31 0.044 3.69 1.705 115.48
US 2000 0.612 32.23 0.000 0.00 0.020 1.28 0.005 0.39 0.042 3.48 1.701 115.21
US 2001 0.619 32.64 0.000 0.00 0.023 1.49 0.007 0.57 0.047 3.92 1.679 113.70
US 2002 0.629 33.14 0.000 0.00 0.016 1.05 0.006 0.45 0.036 3.01 1.676 113.53
US 2003 0.613 32.32 0.000 0.00 0.025 1.62 0.006 0.50 0.024 1.99 1.732 117.31
US 2004 0.625 32.94 0.000 0.00 0.016 1.04 0.005 0.42 0.016 1.32 1.709 115.74
US 2005 0.654 34.49 0.000 0.00 0.019 1.24 0.005 0.40 0.016 1.35 1.668 113.00
US 2006 0.701 36.92 0.000 0.00 0.012 0.79 0.003 0.23 0.015 1.23 1.744 118.10
US 2007 0.713 37.57 0.000 0.00 0.012 0.80 0.003 0.22 0.014 1.13 1.745 118.18
US 2008 0.744 39.23 0.000 0.00 0.014 0.90 0.003 0.26 0.011 0.88 1.722 116.62

Energy factorc 16.4 MJ/m3 38.49 GJ/m3 25.62 GJ/m3 38.66 GJ/m3 41.72 GJ/m3 39.82 GJ/m3

CO2 emission –– 52.70 –– 78.53 –– 65.76 –– 77.18 –– 83.14 –– 67.73
factor (kg/GJ)c
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Table S1 continued
US Energy consumed/volume crude feed (GJ/m3) and CO2 emitted/vol. crude feed (kg/m3) for refinery fuelsc

District Year Petroleum coke Other products Natural gas Coal consumed Electricity purch. Steam purch.
PADD (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3) (GJ/m3) (kg/m3)

1 1999 0.921 99.186 0.030 2.21 0.493 27.63 0.008 0.81 0.128 24.10 0.039 3.58
1 2000 0.845 91.022 0.026 1.91 0.532 29.76 0.008 0.77 0.123 23.07 0.046 4.19
1 2001 0.883 95.103 0.024 1.78 0.442 24.72 0.009 0.87 0.145 27.14 0.046 4.18
1 2002 0.850 91.531 0.026 1.87 0.479 26.84 0.008 0.82 0.134 25.07 0.046 4.21
1 2003 0.855 92.078 0.030 2.17 0.334 18.72 0.008 0.81 0.134 25.11 0.040 3.64
1 2004 0.894 96.342 0.010 0.70 0.386 21.58 0.007 0.74 0.135 25.30 0.056 5.16
1 2005 0.878 94.557 0.009 0.68 0.416 23.28 0.008 0.83 0.137 25.64 0.052 4.80
1 2006 0.813 87.620 0.004 0.28 0.455 25.48 0.008 0.84 0.149 28.03 0.066 6.01
1 2007 0.890 95.924 0.002 0.11 0.364 20.37 0.009 0.87 0.168 31.51 0.067 6.13
1 2008 0.961 103.488 0.002 0.16 0.374 20.95 0.009 0.90 0.187 35.11 0.064 5.84
2 1999 0.607 65.353 0.045 3.26 0.515 28.80 0.000 0.00 0.165 30.93 0.014 1.29
2 2000 0.593 63.855 0.037 2.72 0.581 32.52 0.000 0.02 0.163 30.57 0.010 0.90
2 2001 0.576 62.009 0.041 3.00 0.528 29.58 0.001 0.08 0.164 30.73 0.023 2.14
2 2002 0.593 63.869 0.040 2.96 0.558 31.24 0.000 0.00 0.172 32.34 0.028 2.53
2 2003 0.585 62.985 0.034 2.48 0.547 30.60 0.001 0.11 0.171 32.10 0.030 2.75
2 2004 0.529 56.979 0.056 4.11 0.584 32.72 0.001 0.10 0.178 33.48 0.033 2.99
2 2005 0.573 61.755 0.054 3.94 0.600 33.59 0.001 0.10 0.185 34.71 0.026 2.37
2 2006 0.546 58.853 0.063 4.59 0.647 36.24 0.000 0.04 0.197 36.92 0.038 3.44
2 2007 0.531 57.224 0.013 0.95 0.692 38.76 0.001 0.09 0.202 37.97 0.057 5.18
2 2008 0.507 54.586 0.001 0.04 0.800 44.76 0.001 0.15 0.207 38.80 0.058 5.30
3 1999 0.649 69.972 0.030 2.16 1.386 77.61 0.000 0.00 0.122 22.82 0.048 4.39
3 2000 0.654 70.430 0.032 2.36 1.369 76.62 0.000 0.00 0.127 23.76 0.061 5.55
3 2001 0.633 68.217 0.028 2.07 1.255 70.23 0.000 0.00 0.135 25.42 0.068 6.22
3 2002 0.650 69.991 0.020 1.48 1.207 67.59 0.000 0.00 0.141 26.51 0.078 7.12
3 2003 0.642 69.143 0.027 2.00 1.100 61.57 0.000 0.00 0.133 25.04 0.074 6.82
3 2004 0.640 68.933 0.020 1.47 0.985 55.12 0.000 0.00 0.141 26.49 0.074 6.81
3 2005 0.628 67.654 0.019 1.40 1.026 57.46 0.000 0.00 0.143 26.88 0.082 7.53
3 2006 0.677 72.950 0.028 2.07 1.002 56.08 0.000 0.00 0.157 29.40 0.090 8.26
3 2007 0.633 68.154 0.022 1.58 0.916 51.27 0.000 0.00 0.171 32.16 0.146 13.39
3 2008 0.613 66.029 0.026 1.87 1.011 56.60 0.000 0.00 0.182 34.23 0.154 14.15
5 1999 0.553 59.534 0.065 4.78 0.868 48.60 0.000 0.00 0.127 23.78 0.121 11.04
5 2000 0.567 61.118 0.064 4.71 0.931 52.13 0.000 0.00 0.110 20.67 0.115 10.50
5 2001 0.565 60.863 0.054 3.95 0.826 46.24 0.000 0.00 0.105 19.65 0.106 9.74
5 2002 0.554 59.655 0.054 3.92 0.907 50.76 0.000 0.00 0.105 19.77 0.101 9.27
5 2003 0.571 61.570 0.060 4.37 0.861 48.17 0.000 0.00 0.098 18.33 0.112 10.30
5 2004 0.589 63.411 0.073 5.34 0.814 45.60 0.000 0.00 0.106 19.83 0.115 10.51
5 2005 0.581 62.572 0.062 4.55 0.794 44.45 0.000 0.00 0.107 20.00 0.106 9.67
5 2006 0.555 59.745 0.081 5.93 0.820 45.90 0.000 0.00 0.107 20.16 0.107 9.78
5 2007 0.570 61.399 0.065 4.77 0.895 50.08 0.000 0.00 0.114 21.34 0.109 9.98
5 2008 0.481 51.835 0.076 5.58 0.929 51.99 0.000 0.00 0.113 21.22 0.108 9.86
4 1999 0.606 65.292 0.151 11.02 0.802 44.92 0.000 0.00 0.175 32.80 0.032 2.89
4 2000 0.558 60.087 0.171 12.48 0.707 39.60 0.000 0.00 0.180 33.74 0.028 2.57
4 2001 0.583 62.862 0.166 12.15 0.738 41.32 0.000 0.00 0.177 33.16 0.031 2.84
4 2002 0.558 60.150 0.168 12.29 0.755 42.28 0.000 0.00 0.186 35.01 0.024 2.21
4 2003 0.524 56.473 0.173 12.63 0.661 36.98 0.000 0.00 0.177 33.24 0.028 2.61
4 2004 0.541 58.265 0.103 7.57 0.648 36.27 0.000 0.00 0.176 33.11 0.034 3.12
4 2005 0.551 59.384 0.095 6.93 0.717 40.15 0.000 0.00 0.177 33.19 0.029 2.64
4 2006 0.554 59.705 0.027 1.98 0.832 46.60 0.000 0.00 0.190 35.64 0.023 2.12
4 2007 0.616 66.398 0.012 0.88 0.770 43.10 0.000 0.00 0.198 37.21 0.037 3.41
4 2008 0.583 62.831 0.013 0.98 0.787 44.07 0.000 0.00 0.217 40.69 0.032 2.92

US 1999 0.649 69.932 0.043 3.17 0.990 55.43 0.001 0.08 0.135 25.27 0.052 4.73
US 2000 0.641 69.064 0.043 3.15 1.008 56.44 0.001 0.08 0.133 25.00 0.056 5.15
US 2001 0.631 67.966 0.040 2.92 0.925 51.78 0.001 0.10 0.138 25.94 0.062 5.67
US 2002 0.637 68.598 0.036 2.66 0.925 51.79 0.001 0.08 0.142 26.65 0.066 6.08
US 2003 0.635 68.369 0.040 2.92 0.847 47.44 0.001 0.11 0.136 25.55 0.067 6.15
US 2004 0.629 67.782 0.039 2.86 0.799 44.71 0.001 0.09 0.143 26.86 0.070 6.39
US 2005 0.630 67.916 0.036 2.65 0.819 45.83 0.001 0.11 0.146 27.36 0.070 6.37
US 2006 0.635 68.447 0.043 3.14 0.835 46.74 0.001 0.09 0.156 29.38 0.077 7.08
US 2007 0.624 67.229 0.025 1.86 0.807 45.20 0.001 0.10 0.168 31.54 0.109 10.01
US 2008 0.596 64.249 0.027 1.98 0.883 49.43 0.001 0.11 0.176 33.09 0.112 10.26

Energy factorc 39.98 GJ/m3 38.66 GJ/m3 38.27 MJ/m3 25.80 MJ/kg 3.60 MJ/kWh 2.18 MJ/kg
CO2 emission –– 107.74 –– 73.20 –– 55.98 –– 99.58 –– 187.78 –– 91.63
factor (kg/GJ)c

Page S9



Supporting Information

Table S1 continued
US Refinery energy Fuel mix emission Refinery carbon
District Year consumed (EI)d intensity (CO2)

d dioxide emissionsd

PADD (GJ/m3) (kg/GJ) (kg/m3)
1 1999 3.451 81.53 281.3
1 2000 3.430 80.34 275.6
1 2001 3.518 81.85 288.0
1 2002 3.426 81.08 277.8
1 2003 3.364 81.51 274.2
1 2004 3.416 81.46 278.3
1 2005 3.404 81.23 276.5
1 2006 3.440 80.40 276.5
1 2007 3.499 82.28 287.9
1 2008 3.551 83.26 295.7
2 1999 3.368 78.10 263.1
2 2000 3.361 77.56 260.6
2 2001 3.396 77.46 263.1
2 2002 3.393 77.90 264.3
2 2003 3.298 78.00 257.3
2 2004 3.376 77.25 260.8
2 2005 3.496 77.27 270.2
2 2006 3.738 75.84 283.5
2 2007 3.800 75.55 287.1
2 2008 3.858 74.97 289.3
3 1999 4.546 71.61 325.5
3 2000 4.563 71.87 327.9
3 2001 4.348 72.43 315.0
3 2002 4.434 72.71 322.4
3 2003 4.381 72.81 319.0
3 2004 4.204 73.43 308.7
3 2005 4.205 73.24 308.0
3 2006 4.367 74.15 323.8
3 2007 4.226 74.93 316.7
3 2008 4.361 74.48 324.8
5 1999 4.908 70.27 344.9
5 2000 5.189 69.09 358.5
5 2001 5.039 69.38 349.6
5 2002 4.881 69.15 337.5
5 2003 4.885 69.40 339.0
5 2004 4.861 69.89 339.7
5 2005 4.774 69.88 333.6
5 2006 4.862 69.32 337.1
5 2007 5.091 69.12 351.9
5 2008 4.939 68.39 337.8
4 1999 3.843 75.90 291.7
4 2000 3.698 76.25 282.0
4 2001 3.846 75.80 291.6
4 2002 3.726 76.06 283.4
4 2003 3.833 75.56 289.6
4 2004 3.644 76.10 277.3
4 2005 3.830 74.80 286.5
4 2006 3.955 74.48 294.5
4 2007 4.159 74.43 309.6
4 2008 4.475 73.61 329.4

US 1999 4.211 73.46 309.3
US 2000 4.261 73.09 311.5
US 2001 4.172 73.51 306.7
US 2002 4.170 73.62 307.0
US 2003 4.126 73.74 304.3
US 2004 4.052 74.08 300.2
US 2005 4.065 73.98 300.7
US 2006 4.222 73.94 312.1
US 2007 4.221 74.34 313.8
US 2008 4.289 73.90 317.0

Energy factorc –– –– ––
CO2 emission –– –– ––
factor (kg/GJ)c
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Legend and notes for Table S1.   

Observations of operating refineries that support the central analysis reported in the main text are 

based on the data given in Table S1.   

a. Refinery crude inputs, fuels consumed, products yield, and capacity utilization are from the 

U.S. Energy Information Administration (USEIA) (S1-6).  Fuel energy consumption for 

hydrogen production is discussed below.  Blank entries for yield of some minor products in 

some districts and years were blank in the original data reported (S5) and were assigned a 

value of zero in the analysis.   

b. Process capacities are volumes that can be processed during 24 hours after making 

allowances for types and grades of inputs and products, environmental constraints and 

scheduled downtime, from Oil & Gas Journal (S7).  The prefix “cs” or “ps” denotes 

processing of crude streams (including gas oil and residua) or of product streams, 

respectively (csHydrotreating thus includes hydrotreating of gas oil, residua and catalytic 

cracking feeds).  Atmospheric and vacuum distillation capacities reported for the BP 

Ferndale, WA, and Carson, CA, refineries in 2007 are higher than those in 2006 or 2008 

although no distillation upgrades are reported at those plants in 2006 or 2007, and reported 

vacuum distillation capacity exceeded total crude capacity reported at the Ferndale plant 

(S7).  The reported data for those four entries are replaced by the average of 2006 and 2008 

atmospheric, and vacuum distillation, capacities for each of those two plants.  This results in 

49.609•104 instead of 50.047•104 m3/day for atmospheric distillation, and 24.031•104 instead 

of 26.709•104 m3/day for vacuum distillation, in those District 5 entries shown for 2007.  

Analyses including the reported data, including the corrected data, and excluding the 

observation (for District 5 in 2007), showed that this correction did not affect the results  
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 significantly.   

c. Contributions of refinery fuels to refinery energy consumption/m3 crude feed (GJ/m3) and 

refinery mass emissions of CO2 (kg/m3 crude feed) are shown.  These contributions are 

calculated using the fuel consumption reported and the energy and emission factors shown 

below each fuel in the table.  The energy factor for hydrogen is for an efficient natural gas-

fueled steam methane reforming unit as discussed below.  Steam energy is based on latent 

heat of evaporation at 153 kPa/126 ºC.  All other factors for conversions to common energy 

units (HHV) are from the California Air Resources Board (S8).  Emission factors (except for 

H2 production) are the fuel emission factors for CO2 emission from stationary combustion 

established by USEIA for its voluntary reporting of greenhouse gases program (S9).  These 

emission factors are based on carbon content and oxidation estimates for U.S. fuels quality 

that the agency derived and documented for its estimates of greenhouse gas emissions in the 

U.S. (S10).  The U.S. grid average factor is applied to purchased electricity.  The average of 

distillate, LPG, and waste oil blended with distillate fuel factors is applied to the “other 

products” category.   

Energy consumed by hydrogen production cannot be calculated from the USEIA fuels 

data (S11, S12).  However, the strong trend of hydroprocessing and hydrogen plant capacity 

addition shown in Table S1 suggests that U.S. refineries were generally hydrogen-limited, 

and used most of their available H2 capacity, during 1999-2008.  Energy requirements are 

assigned to 90% of the hydrogen production capacity reported (S7) for these reasons.  Energy 

use for steam reforming of natural gas ranges by approximately 15-18 MJ/m3 H2 produced 

(S12-15), and is greater for less efficient designs and for plants using heavier feeds such as  
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naphtha.  The energy factor used here (16.4 MJ/m3) is for a modern steam methane reformer 

using pressure swing absorption and natural gas feed (S13).  The CO2 emissions factor (52.7 

kg/GJ) is derived from the same source (S13) and is virtually identical to USEPA’s estimate 

of 0.053 t/MM Btu (S15).  Steam reformer CO2 emissions are primarily from the shift 

reaction rather than direct combustion, and increase with the use of heavier feeds and less 

efficient hydrogen production methods (S12, S15).  Because many refinery hydrogen plants 

use less efficient technology, naphtha feed or both, the factors used are conservative. 

d. Refinery energy intensity (EI) (GJ/m3 crude feed), fuel mix emission intensity (kg/GJ), and 

emissions (kg/m3) are shown in the last three columns of the table.  EI ranges by 57%, from 

3.30 to 5.19 GJ/m3 crude feed, while fuel mix emission intensity ranges from 68.4 to 83.3 

kg/GJ (22%) among districts and years.  The much larger percentage range for EI indicates 

that differences in total amounts of fuel energy used per volume crude processed have a 

greater impact on total emissions than differences in the emission intensity of the fuel mix, 

for these districts and years. 

Fuel gas, natural gas, petroleum coke and hydrogen (assumed to be natural gas-fueled 

herein) account for the vast majority of energy and emissions in all cases but the fuel mix 

varies between districts and years.  Fuel gas accounts for 34% of total energy and emissions 

in District 5 during 2008, but it accounts for 49% of total energy and 43% of total emissions 

in District 2 during 2004.  Natural gas excluding H2 production accounts for 10% of energy 

and 7% of emissions in District 1 during 2003 but 30% of energy and 24% of emissions in 

District 3 during 1999.  Hydrogen accounts for 5% of energy and 3% of emissions in District 

1 during 2002, but 30% of energy and 23% of emissions in District 5 during 2008.   
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Petroleum coke accounts for 10% of energy and 15% of emissions in District 5 during 2008, 

but it accounts for 27% of energy and 35% of emissions in District 1 during both 1999 and 

2008. 

Fuel mix emission intensity generally increases with the portion of fuel mix emissions 

accounted for by coke, which increases with the catalytic cracking/ atmospheric distillation 

ratio, among districts and years.  Petroleum coke is a byproduct of cracking reactions that is 

burned in cracking catalyst regeneration.  Catalytic cracking generally decreases with 

increasing hydrocracking (capacities/atm. capacity).  At the same time, hydrogen production 

capacity increases with hydrocracking capacity, and with crude feed density.  (Other 

variables also relate to crude density and sulfur content as described in the main text.)  

Although it varies much less than EI, fuel mix emission intensity decreases as EI, crude feed 

density, and crude feed sulfur content increase, among these districts and years. 
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Table S2. Simplified mixing analysis for potential effects of anomalous oils on crude feeds.

Refinery crude feed volume data reporteda Anomalous oil assumptionc Potential crude feed effectd

Potentially anomalous streamsb Other Predicted by Excess in Crude feed Crude feed
Stream 1 Stream 2 Stream 3 streams density, sulfur anomalous oil predicted with anomaly

PADD Year (% vol.) (% vol.) (% vol.) (% vol.) (factor) (factor) (factor) (factor)
1 1999 16.59 14.62 10.82 57.97 1 2 1.00 1.27
1 2000 19.73 11.91 11.51 56.85 1 2 1.00 1.29
1 2001 20.49 12.87 11.51 55.13 1 2 1.00 1.30
1 2002 17.28 12.96 12.32 57.44 1 2 1.00 1.27
1 2003 21.93 14.15 13.46 50.46 1 2 1.00 1.32
1 2004 27.74 12.61 11.06 48.59 1 2 1.00 1.37
1 2005 29.46 13.42 11.68 45.44 1 2 1.00 1.39
1 2006 29.89 14.12 12.27 43.72 1 2 1.00 1.40
1 2007 26.88 17.86 11.21 44.05 1 2 1.00 1.39
1 2008 23.23 18.71 10.97 47.09 1 2 1.00 1.35
2 1999 24.01 5.50 4.49 66.00 1 2 1.00 1.28
2 2000 26.90 5.78 4.00 63.32 1 2 1.00 1.31
2 2001 29.08 5.84 3.33 61.75 1 2 1.00 1.33
2 2002 29.40 5.50 1.93 63.17 1 2 1.00 1.33
2 2003 30.82 5.57 2.52 61.09 1 2 1.00 1.34
2 2004 32.02 4.66 2.26 61.06 1 2 1.00 1.35
2 2005 31.35 3.99 2.46 62.20 1 2 1.00 1.34
2 2006 34.76 4.83 1.63 58.78 1 2 1.00 1.38
2 2007 34.73 4.97 2.17 58.13 1 2 1.00 1.38
2 2008 36.35 4.52 1.94 57.19 1 2 1.00 1.39
3 1999 16.50 14.22 11.78 57.50 1 2 1.00 1.27
3 2000 16.77 14.99 13.60 54.64 1 2 1.00 1.28
3 2001 17.72 15.26 14.84 52.18 1 2 1.00 1.29
3 2002 19.61 14.82 14.71 50.86 1 2 1.00 1.31
3 2003 20.18 14.82 14.64 50.36 1 2 1.00 1.31
3 2004 20.21 15.55 12.22 52.02 1 2 1.00 1.31
3 2005 20.52 14.40 11.24 53.84 1 2 1.00 1.31
3 2006 20.53 13.07 10.73 55.67 1 2 1.00 1.30
3 2007 18.39 13.28 11.69 56.64 1 2 1.00 1.28
3 2008 16.61 13.08 12.52 57.79 1 2 1.00 1.26
4 1999 29.57 70.13 0.30 0.00 1 2 1.00 1.65
4 2000 33.07 66.93 0.00 0.00 1 2 1.00 1.67
4 2001 38.31 61.69 0.00 0.00 1 2 1.00 1.69
4 2002 43.61 56.39 0.00 0.00 1 2 1.00 1.72
4 2003 47.16 52.84 0.00 0.00 1 2 1.00 1.74
4 2004 46.77 53.23 0.00 0.00 1 2 1.00 1.73
4 2005 48.29 51.71 0.00 0.00 1 2 1.00 1.74
4 2006 49.87 50.13 0.00 0.00 1 2 1.00 1.75
4 2007 50.99 49.01 0.00 0.00 1 2 1.00 1.75
4 2008 49.10 50.90 0.00 0.00 1 2 1.00 1.75
5 1999 31.84 5.02 3.25 59.89 1 2 1.00 1.35
5 2000 33.00 5.21 3.80 57.99 1 2 1.00 1.37
5 2001 31.84 5.44 4.25 58.47 1 2 1.00 1.36
5 2002 30.86 3.89 3.59 61.66 1 2 1.00 1.34
5 2003 27.61 8.74 3.75 59.90 1 2 1.00 1.33
5 2004 26.28 8.95 5.50 59.27 1 2 1.00 1.32
5 2005 25.14 10.90 6.48 57.48 1 2 1.00 1.32
5 2006 24.26 10.05 6.88 58.81 1 2 1.00 1.31
5 2007 24.68 9.16 5.92 60.24 1 2 1.00 1.31
5 2008 24.34 10.23 7.58 57.85 1 2 1.00 1.31
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Legend and notes for Table S2. 

Density and sulfur content can predict unreported characteristics of crude oils more reliably in 

well-mixed crude feeds than in poorly mixed crude feeds.  When multiple streams each comprise 

a small portion of the feed, if an oil stream of divergent quality is present, it will have less 

potential to change the quality of the total crude feed.  Table S2 presents results from a 

simplified four-component mixing analysis for potential effects of anomalous oils on the crude 

feeds processed in each district and year.  These results indicate that the District 4 crude feed is 

less well mixed than those of other districts. 

a.  Refinery crude feed component streams, shown in percent of total crude feed volume for 

simplicity of presentation, are from USEIA data on gross crude oil inputs to atmospheric 

distillation and refinery crude oil imports (S1, S3), and California Energy Commission data 

on refinery inputs of crude produced in California (S16).   

b.  Potentially anomalous streams might be dominated by oils in which unreported 

characteristics that affect processing occur in anomalously high amounts.  The three streams 

with highest potential to effect the crude feed in this way are shown for each district and 

year.  Component streams of crude feeds are ranked based on their potential for anomalous 

oil and their volume.  Oils from the Western Canadian Sedimentary Basin (WCSB) dominate 

the highest-ranked stream (stream 1) for districts 2 and 4.  The WCSB oil stream includes 

substantial heavy oil and bitumen sources, which tend to be high in nitrogen and vanadium 

(S17-19), and some of this stream is partially pre-processed (Table S3).  The other streams 

are ranked based on their volume and the assumption that oils from a single country of origin 

or U.S. region may originate from similar geology and have similar anomalies.  This 
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assumption is made to assess the reliability of predictions based on density and sulfur for 

these crude feeds where more complete data for specific crude feeds are not available, and 

may overstate the potential for anomalies in the crude feeds processed by districts 1, 2, 3 and 

5.  The origins (S3, S16) and ranks of streams are as follows.  

District 1 streams are ranked by volume for country of origin, with Nigeria supplying the 

largest volume (stream 1) in all years.  Stream 2 was from Canada, Angola or Saudi Arabia, 

stream 3 was from Saudi Arabia, Venezuela, Angola or Norway, and 17-21 countries 

supplied other streams processed in District 1 annually.  District 2 processed Canadian crude 

as its largest import (stream 1) each year, and its other streams are ranked by volume for 

foreign country of origin.  Stream 2 was from Saudi Arabia in all years, stream 3 was from 

Nigeria, Venezuela or Algeria, and 12-20 countries supplied other streams refined in District 

2 annually.  District 3 streams are ranked by volume for foreign country of origin, and 

Mexico supplied the largest of these inputs (stream 1) in all years.  Streams 2 and 3 were 

from Saudi Arabia or Venezuela, and 25-38 countries supplied other streams refined in 

District 3 annually. 

District 4 processed Canadian crude as its largest import stream in all years, with 

virtually all of the balance from the U.S., and little or none of its crude feed came from any 

other country.  The Canadian stream (stream 1) is dominated by oils from the WCSB, which 

have known potential for anomalies.  Specific origins of the equal or larger U.S. stream are 

not reported, however, parts of the WCSB and other oil deposits with similar geology are 

located in District 4 (S17).  Limiting crude transport logistics in the landlocked Rocky 

Mountain states, which are unique to District 4 and help to explain the limited scope of its  
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imports relative to those of other districts, might also result in reliance on locally produced 

U.S. feeds.  This circumstantial evidence suggests, but does not confirm, the possibility that 

both the imported and domestic oils refined here might have similar anomalies.  Because of 

this possibility the U.S. stream refined in District 4 is ranked second (stream 2).   

District 5 processes substantial amounts of crude from California and Alaska.  The 

California stream (stream 1) is larger than that from any single foreign country, and includes 

oils from the San Joaquin Valley, which tend to have high density relative to their sulfur 

content (Table S9).  The other streams are ranked by volume for foreign country of origin.  

Stream 2 was from Iraq or Saudi Arabia, stream 3 was from Ecuador, Iraq or Saudi Arabia, 

and 20-27 countries supplied other crude oil streams refined in District 5 annually.  

c.  An unreported characteristic that affects processing is assumed twice as abundant in the 

anomalous oil as predicted by the density and sulfur content of that oil.  The assumed factor 

of two appears plausible based on the variability observed for nitrogen, vanadium and nickel 

in whole crude oils.  For example, among all assays of crude oils by NETL after 1969 where 

density, sulfur, nitrogen and residua yield are reported (N = 728) (S20), the highest-divergent 

1% of oils had 1.85 times as much nitrogen by weight as predicted by density and sulfur 

(nonparametric regression by LOWESS, R2 = 0.71).  Real anomalies could vary from this 

factor, but since it is applied to all districts and years, results will scale in proportion to the 

factor chosen.  A lower or higher factor would thus decrease or increase values for all results, 

but would not change the results for any differences between districts and years.  The 

predicted and (assumed) excess abundance of the unreported characteristic are shown, for the 

anomalous oil, in the columns under note (c). 
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d. These results estimate, for each district and year, the potential for crude feeds to have 

anomalous high content for unreported characteristics that are not predicted by crude feed 

density and sulfur.  They do not show that any such anomaly actually occurred.  Potential 

effects in the total refinery crude feed assume that the anomalous oil is 100% of stream 1, 

50% of stream 2, and 25% of stream 3 for each district and year.  The percentages are 

discounted sequentially because of the decreasing likelihood of the same anomaly in multiple 

separate streams.  The predicted factor is assigned to the balance of the streams for each 

district and year.  Results are shown as increases from the predicted crude feed factor of 1.00 

on the right of the table.  

Relatively well-mixed crude feeds limit the effect of the anomaly in districts 1, 2, 3 and 5 

to less than half of its assumed magnitude in the anomalous oil stream.  This compares with 

crude sulfur concentrations four to eight times those of nitrogen and 160 to 500 times those 

of nickel and vanadium (S17).  The ranges of annual estimates for these districts overlap, or 

adjoin for districts 3 and 5.  However, the estimates for District 4 are significantly larger 

(range: 1.65-1.75) than those for the other districts (combined range: 1.26-1.40).  Further, 

although estimates for the other districts represent an extreme case, the assumption that 

anomalous oil is 50% of stream 2 might understate the potential effects on the District 4 

crude feed, in the event that its Canadian and U.S. inputs both have the same anomaly.    

This estimate is limited by the simplified four-component blending analysis and 

anomalous oil stream assumptions described above, and although it shows that unpredicted 

anomalies are possible in the District 4 crude feed, it represents an extreme and unlikely 

scenario for districts 1, 2, 3 and 5.  
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Table S3. Estimate calculation for Canadian synthetic crude oil (SCO) exports to districts and years.

NR = Not reported
units 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

SCO yield from
bitumen upgraders

NEB Canada estimatea (m3•106) 18.8 18.3 20.0 25.2 29.0 34.3 31.0 37.7 39.5 37.9
ERCB Alberta estimateb (m3•106) 18.8 18.6 20.3 25.6 29.5 34.7 31.7 38.2 39.9 37.9

Upgrading methoda,b

Hydrocracking-based (m3•106) 3.2 3.0 3.3 3.4 9.3 11.4 12.7 11.9 12.7 11.7
Coking-based (m3•106) 15.6 15.6 16.9 22.1 21.9 23.3 19.0 26.3 27.1 26.2

SCO to Canadian refineriesc

All Canadian refining (m3•106) 13.3 12.5 12.9 12.7 12.1 16.0 14.8 15.6 17.2 17.0
Alberta refineries (m3•106) 10.1 9.9 10.4 9.6 8.6 11.8 11.8 12.3 13.8 13.0
Other refineries (m3•106) 3.2 2.6 2.5 3.1 3.4 4.2 3.1 3.3 3.4 3.9

SCO removals from Albertab (m3•106) 8.8 7.4 8.9 14.2 17.4 21.1 18.9 24.1 25.0 25.0

Supply-demand balance
Yield (NEB)-all refining (m3•106) 5.5 5.8 7.1 12.5 16.9 18.3 16.2 22.0 22.3 20.9
Removals-other ref. (m3•106) 5.6 4.8 6.4 11.1 14.0 16.9 15.8 20.8 21.6 21.1
Excess supply estimate (m3•106) 5.6 5.8 7.1 12.5 16.9 18.3 16.2 22.0 22.3 21.1

Total SCO exports
Estimated by NEBd (m3•106) 6.5 NR NR 9.4 NR NR 17.5 NR NR 19.5

SCO exports to U.S.
Estimated by NEBd (m3•106) 6.5 NR NR 9.4 NR NR 17.4 NR NR 19.3
  % of total exports (%) 100.0 100.0 99.3 99.2

Estimated by inter-
polation with recent
supply/export ratioe (m3•106) –– 5.9 6.3 –– 14.5 17.7 –– 22.5 21.7 ––

  Consolidated estimate (m3•106) 6.5 5.9 6.3 9.4 14.5 17.7 17.4 22.5 21.7 19.3
  Supply-export balance (m3•106) -0.9 -0.1 0.8 3.2 2.4 0.6 -1.3 -0.5 0.7 1.8

SCO exports to U.S.
refining districts
estimated by NEBd

PADD 1 (m3•106) 0.37 NR NR 0.26 NR NR 0.77 NR NR 0.46
PADD 2 (m3•106) 5.36 NR NR 6.02 NR NR 11.89 NR NR 13.68
PADD 3 (m3•106) 0.00 NR NR 0.27 NR NR 0.07 NR NR 0.09
PADD 4 (m3•106) 0.77 NR NR 2.36 NR NR 3.25 NR NR 2.49
PADD 5 (m3•106) 0.00 NR NR 0.45 NR NR 1.44 NR NR 2.62

SCO exports to districts es-
timated by interpolation with
to recent U.S. SCO portionse

PADD 1 (m3•106) –– 0.28 0.24 –– 0.49 0.69 –– 0.84 0.66 ––
PADD 2 (m3•106) –– 4.52 4.41 –– 9.53 11.86 –– 15.56 15.15 ––
PADD 3 (m3•106) –– 0.06 0.12 –– 0.30 0.22 –– 0.10 0.10 ––
PADD 4 (m3•106) –– 0.97 1.30 –– 3.35 3.70 –– 3.77 3.21 ––
PADD 5 (m3•106) –– 0.10 0.20 –– 0.87 1.26 –– 2.26 2.55 ––
  U.S. exports–
  PADDs balance (m3•106) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Legend and notes for Table S3. 

Table S3 shows data, reported exports, and calculated estimates for synthetic crude oil (SCO) 

volume exported from Canada and processed in each district and year.  Reported SCO exports 

are estimates, and these are reported as annual volumes at three-year intervals.  Values for the 

years 2000, 2001, 2003, 2004, 2006 and 2007 are estimated by interpolation based on reported 

data for the two proximate years.  For example, reported data for 1999 and 2002 are used to 

estimate exported SCO processed in 2000.  These estimates thus assume there was no unknown 

factor that changed the relationship of exports to supply or refinery capacity greatly between the 

estimated year and the years immediately before and after that year.  Results indicate differences 

between districts in SCO inputs, increasing SCO inputs with time for districts 2 and 4, and that, 

especially in the earlier years, the SCO came mainly from coking-based upgraders.  However, 

the exact volume and refining characteristics of SCO processed in specific districts and years is 

uncertain.  Notes cited in the table further discuss the sources, data quality, and methods for 

estimates below. 

a. The first estimate of annual SCO yield for 1999-2008 is from the National Energy Board of 

Canada (NEB) (S21).   

b.  The second estimate of SCO yield for 1999-2008, and yield by upgrading method for 2000-

2008, are from the Energy Resources Conservation Board of Alberta (ERCB) (S22).  Yield 

by upgrader in 1999 is from the NEB (S21).  The exact volumes from coking- and 

hydrocracking-based upgrading are uncertain.  One major upgrader that primarily uses the 

coking method also uses hydrocracking (S22).   Most (75%) of the SCO yield from this 

upgrader is assigned to coking and 25% is assigned to hydrocracking in the table.   
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c. SCO inputs to Canadian refineries are from Statistics Canada (S23).  The agency reports 

these inputs for light SCO, however, some intermediate and heavy crude streams from the 

Western Canadian Sedimentary Basin (WCSB) are delivered as blends that may contain 

SCO.  The SCO in such blends may not be reported, for some exports or refinery inputs. 

d. SCO exports, including exports the U.S. and to each U.S. district, are estimated by the NEB 

for 1999 (S24), 2002 (S25), 2005 (S26), and 2008 (S27).  The U.S. receives nearly all these 

exports, however, estimated exports do not balance exactly with the excess supply of SCO 

estimated to be available after Canadian usage of these oils.  NEB export estimates appear to 

exceed available supply by 0.9 and 1.3 million m3 in 1999 and 2005, while supply appears to 

exceed NEB export estimates by 3.2 and 1.8 million m3 in 2002 and 2008, respectively.  This 

is shown in the “supply-export balance” line of the table.  These differences are small for 

some estimation purposes, but they approach or exceed the total exports estimated for some 

districts and years.  Refining characteristics of the SCO exports are not reported. 

e. Although reported only at three-year intervals, exports increase steadily with supply, and 

their apportionment among the districts changes little over these intervals.  This is explained 

by the need for disposition of the SCO created, and the unique logistical constraints posed by 

transport and refining of SCO from the WCSB in each district.  These constraints allow a 

rough estimate of the relative SCO volumes exported and refined in the intervening years.   

First, total U.S. exports are estimated for years when they are not reported.  The excess 

supply estimate for each such year is multiplied by the weighted average fraction of supply 

exported in the two nearest reported years.  This weighted average is calculated using a 2:1 

ratio to give twice as much weight to the proximate year (e.g., 1999 for the 2000 estimate)  
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and half as much weight to the year more distant in time (2002 in this example).  The supply-

export balance line of the table shows that these interpolated estimates generally compare 

more closely with excess supply than do the reported estimates. 

SCO exports to districts are then estimated by apportioning the estimated total U.S. 

exports for the year to be estimated based on the weighted average of each district’s share of 

total SCO exports in the two nearest reported years.  This weighted average is calculated 

using a 2:1 ratio to give twice as much weight to the proximate year (e.g., 1999 for the 2000 

estimate) and half as much weight to the year more distant in time (2002 in this example).  

The bottom line of the table shows that these SCO estimates for districts balance with total 

estimated SCO exports to the U.S. for each year.   

These estimates should be interpreted with caution as discussed above.  Nevertheless, 

they provide evidence that SCO comprised an appreciable portion of crude refined during 

some years in District 2, and especially District 4, which refines much less oil in total than 

other districts (Table S1).  The estimates suggest that SCO accounts for more than 10% of 

District 4 crude feeds and up to 8% of District 2 feeds, in some years.  Reported and 

estimated Canadian SCO accounted for less than 2% of the crude feeds processed in districts 

1, 3 and 5 during 1999-2008.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page S23 



Supporting Information

Table S 4. Evidence for effects of synthetic oil (SCO) on refinery processing during 1999-2008 in District 4.

Refinery observations for selected parametersa SCO % Predictions based on non-SCO feedsc

Crude st- Refinery vol. of Energy for
Crude H2 prod- Conver- ream hyd- energy refinery H2 predicted by csHydrotreating excess H2

feed uction sion rotreating intensity crude crude fd. density pred. by conv. cap. production/m3 

PADD density capacity capacity capacity (EI) feedb Predicted Excess Predicted Excess crude feedd

Year (kg/m3) (m3/m3) (m3/m3) (m3/m3) (GJ/m3)   (%) (m3/m3) (m3/m3) (m3/m3) (m3/m3) (GJ/m3) (% EI)
1 1999 858.20 13.25 0.516 0.054 3.451 0.41 19.60 –– 0.122 –– –– ––
1 2000 860.18 15.66 0.525 0.054 3.430 0.31 24.22 –– 0.130 –– –– ––
1 2001 866.34 12.71 0.481 0.029 3.518 0.28 38.66 –– 0.094 –– –– ––
1 2002 865.71 11.11 0.474 0.084 3.426 0.30 37.16 –– 0.087 –– –– ––
1 2003 863.44 16.49 0.474 0.059 3.364 0.53 31.83 –– 0.087 –– –– ––
1 2004 865.44 16.52 0.475 0.059 3.416 0.76 36.54 –– 0.088 –– –– ––
1 2005 863.38 16.59 0.476 0.058 3.404 0.83 31.70 –– 0.089 –– –– ––
1 2006 864.12 18.83 0.476 0.028 3.440 0.98 33.44 –– 0.090 –– –– ––
1 2007 864.33 14.46 0.476 0.028 3.499 0.77 33.93 –– 0.090 –– –– ––
1 2008 863.65 14.46 0.476 0.028 3.551 0.57 32.32 –– 0.090 –– –– ––
2 1999 858.25 21.23 0.486 0.125 3.368 2.74 19.73 1.50 0.097 0.028 0.022 0.66
2 2000 860.03 21.17 0.488 0.107 3.361 2.28 23.85 –– 0.099 0.008 –– ––
2 2001 861.33 23.18 0.485 0.096 3.396 2.30 26.91 –– 0.096 –– –– ––
2 2002 861.02 21.58 0.481 0.129 3.393 3.22 26.17 –– 0.093 0.035 –– ––
2 2003 862.80 20.02 0.477 0.132 3.298 5.09 30.35 –– 0.090 0.043 –– ––
2 2004 865.65 20.25 0.473 0.148 3.376 6.19 37.04 –– 0.087 0.061 –– ––
2 2005 865.65 24.07 0.484 0.148 3.496 6.18 37.04 –– 0.096 0.052 –– ––
2 2006 865.44 37.33 0.488 0.140 3.738 8.10 36.54 0.79 0.099 0.042 0.012 0.31
2 2007 864.07 36.89 0.479 0.137 3.800 8.06 33.31 3.58 0.092 0.045 0.053 1.39
2 2008 862.59 37.12 0.487 0.146 3.858 7.27 29.85 7.26 0.098 0.047 0.107 2.78
3 1999 869.00 32.51 0.566 0.151 4.546 0.00 44.95 –– 0.165 –– –– ––
3 2000 870.29 33.03 0.579 0.155 4.563 0.01 47.99 –– 0.175 –– –– ––
3 2001 874.43 34.50 0.600 0.129 4.348 0.03 57.86 –– 0.193 –– –– ––
3 2002 876.70 34.95 0.611 0.148 4.434 0.07 63.32 –– 0.203 –– –– ––
3 2003 874.48 34.66 0.604 0.168 4.381 0.07 57.99 –– 0.196 –– –– ––
3 2004 877.79 37.31 0.610 0.174 4.204 0.05 65.94 –– 0.201 –– –– ––
3 2005 878.01 35.69 0.588 0.168 4.205 0.02 66.46 –– 0.183 –– –– ––
3 2006 875.67 33.33 0.587 0.167 4.367 0.02 60.85 –– 0.182 –– –– ––
3 2007 876.98 32.83 0.594 0.184 4.226 0.02 63.97 –– 0.188 –– –– ––
3 2008 878.66 33.64 0.600 0.171 4.361 0.02 68.04 –– 0.193 –– –– ––
4 1999 854.47 28.31 0.415 0.112 3.843 2.64 10.96 17.34 0.040 0.073 0.256 6.66
4 2000 859.35 30.44 0.426 0.092 3.698 3.25 22.27 8.17 0.049 0.043 0.121 3.26
4 2001 859.19 29.92 0.421 0.050 3.846 4.43 21.91 8.01 0.045 0.005 0.118 3.07
4 2002 860.23 29.09 0.404 0.087 3.726 7.73 24.34 4.75 0.031 0.056 0.070 1.88
4 2003 861.23 27.94 0.408 0.087 3.833 10.86 26.66 1.28 0.034 0.053 0.019 0.49
4 2004 862.59 28.02 0.419 0.090 3.644 11.44 29.85 –– 0.043 0.047 –– ––
4 2005 862.91 41.87 0.407 0.093 3.830 9.98 30.59 11.28 0.034 0.060 0.167 4.35
4 2006 860.50 38.16 0.408 0.109 3.955 11.67 24.95 13.21 0.034 0.075 0.195 4.93
4 2007 862.38 49.76 0.415 0.109 4.159 10.13 29.36 20.39 0.040 0.069 0.301 7.24
4 2008 863.12 59.86 0.409 0.136 4.475 7.94 31.09 28.78 0.035 0.101 0.425 9.49
5 1999 894.61 69.93 0.613 0.195 4.908 0.00 107.06 –– 0.204 –– –– ––
5 2000 895.85 83.53 0.613 0.167 5.189 0.06 110.15 –– 0.204 –– –– ––
5 2001 893.76 82.53 0.619 0.174 5.039 0.13 104.95 –– 0.209 –– –– ––
5 2002 889.99 85.44 0.636 0.196 4.881 0.28 95.65 –– 0.224 –– –– ––
5 2003 889.10 83.17 0.620 0.165 4.885 0.52 93.45 –– 0.210 –– –– ––
5 2004 888.87 83.17 0.627 0.167 4.861 0.76 92.90 –– 0.216 –– –– ––
5 2005 888.99 83.44 0.626 0.166 4.774 0.86 93.18 –– 0.216 –– –– ––
5 2006 887.65 88.20 0.641 0.160 4.862 1.35 89.89 –– 0.228 –– –– ––
5 2007 885.54 89.90 0.656 0.167 5.091 1.58 84.73 5.17 0.242 –– 0.076 1.50
5 2008 890.16 89.68 0.645 0.163 4.939 1.60 96.07 –– 0.232 –– –– ––

Page S24



Supporting Information 

Legend and notes for Table S4. 

Table S4 presents results from analysis of synthetic crude oil (SCO) effects on refining.    

Canadian export estimates (Table S3) suggest that during 1999-2008 SCO from Western Canada 

was 2-8% and 2-12% of crude feeds in districts 2 and 4, respectively.  This SCO stream yields 

more and lower quality gas oil as compared with typical whole crude oils, and can require more 

hydroprocessing in refineries (S24, S25).  Crude density correlates with hydrogen demand for 

crude oils generally but does not correlate well for some SCO (S14).  Reported hydrogen 

capacity is compared with that predicted by crude feed density, and reported crude stream 

hydrotreating capacity is compared with that predicted by conversion capacity, among districts 

and years.  Crude stream hydrotreating processes gas oil, residua and catalytic cracking feeds 

(Table S1).  These comparisons provide information about the relationship of hydrogen 

production to hydrogen use in processing gas oil, including gas oil from refinery SCO inputs.  

Hydrogen production in excess of that predicted by crude feed density is then compared with 

total refinery processing requirements on an energy basis. 

Results suggest that SCO affects hydroprocessing and hydrogen production in refineries and 

may have increased refinery energy intensity significantly during some years in District 4.  

Hydrogen excesses are found only when SCO was present in crude feeds, and are found during 

four years in District 2 and nine years in District 4.  Hydrotreating excesses are found only when 

estimated SCO inputs exceeded 2% of crude feeds and occurred during nine years in District 2 

and ten years in District 4.  The magnitude of hydrogen excesses generally increased with that of 

hydrotreating excesses and both were larger in District 4 than in District 2.  Energy use for 

excess hydrogen production was minimal in District 2, but in District 4 it exceeded 5% of total  

 

 
 

Page S25 



Supporting Information 

refinery energy consumed during three years, and exceeded 9% of total refinery energy in 2008.  

The magnitude of hydrogen excesses is not well correlated with the estimated percentage of SCO 

in crude feeds, especially in District 4.  The extent to which this poor correlation reflects 

unreported changes in the quality of SCO inputs, unreported changes in the quality of the balance 

of the poorly-mixed District 4 crude feed (Table S2), or errors in SCO volume estimates (Table 

S3), could not be determined with available data.   

a. Refinery observations shown on the left of the table are based on the data given in Table S1.  

Capacities/m3 atmospheric distillation capacity are shown. 

b. The percentage of total refinery crude feed volume comprised of SCO is estimated based on 

estimated SCO exports from Table S3 and reported total crude inputs from Table S1.  The 

SCO export estimates are uncertain, as detailed in Table S3. 

c. Predictions shown are from PLS regression on all data for districts where estimated SCO 

inputs never exceeded 2% of total crude feeds during 1999-2008 (districts 1, 3 and 5).  R-

squared values are 0.88 for hydrogen production capacity predicted by crude feed density, 

and 0.85 for crude stream hydrotreating capacity predicted by conversion capacity.  These 

predictions are “blind” to the presence of SCO in that it was not included as a variable in 

either of these two PLS models.  Predictions and excesses shown are based on the upper 95% 

confidence for observations.  Observed values exceed the lower 95% confidence (not shown) 

for all comparisons. 

d. Energy consumed for the excess in hydrogen production capacity, which is shown as cubic 

meters H2/m3 atmospheric distillation capacity in this table, is calculated using the energy 

(16.4 MJ/m3 H2) and capacity utilization (90%) factors from Table S1. 
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Table S5. Efficiency factors for processing refinery products. 
     
Product  Efficiency  Average 
  factor (%)  specific gravity 
 Light liquids    
 Gasoline 86.4  0.737 
 Diesel 91.0  0.845 
 Kerosine 92.2  0.814 
 Naphtha 92.7  0.756 
      Other products    
 Lube stocks 80.5  0.889 
 Waxes 80.5  0.799 
 Asphalt 84.9  1.038 
 Coke 86.3  0.967 
 Fuel gas 90.0  0.844 
 Heavy fuel oil 91.0  0.946 
 LPG 92.7  0.539 
 Residual oil 94.1  0.946 

 
 
Legend and notes for Table S5.  

Product-specific processing energy efficiency factors for a current typical U.S. refinery (mass-

based) from reference S11, and average specific gravities of North American products from 

reference S28.  These values were used with yield data from Table S1 to estimate energy use for 

products processing (“Eproducts”).  The Eproducts estimates for refining districts and years are 

used, with S, d, capacity utilized, and products ratio observations from data in Table S1, in the 

Eproducts v. OQ comparison reported in Table 1 of the main text. 
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Table S6. Estimate calculation, oil quality and processing EI including bitumen upgrading.

Cap. Prod. Coking : hy-
Crude input Density S EI utilized ratio drocrackingb

PADD Year (m3/d•104) (kg/m3) (kg/m3) (GJ/m3) (%) (ratio) (m3/d•104) (%) (ratio)
1 1999 24.436 858.20 8.24 3.451 90.9 3.668 0.101 0.41 4.8
1 2000 24.754 860.18 8.00 3.430 91.7 3.489 0.077 0.31 5.2
1 2001 23.546 866.34 7.71 3.518 87.2 3.479 0.065 0.28 5.2
1 2002 24.246 865.71 7.45 3.426 88.9 3.605 0.073 0.30 6.5
1 2003 25.184 863.44 7.43 3.364 92.7 3.321 0.134 0.53 2.4
1 2004 24.961 865.44 7.79 3.416 90.4 3.398 0.190 0.76 2.0
1 2005 25.422 863.38 7.17 3.404 93.1 3.756 0.212 0.83 1.5
1 2006 23.626 864.12 7.17 3.440 86.7 3.522 0.231 0.98 2.2
1 2007 23.419 864.33 7.26 3.499 85.6 3.443 0.181 0.77 2.1
1 2008 22.115 863.65 7.08 3.551 80.8 3.400 0.125 0.57 2.2
2 1999 53.626 858.25 10.64 3.368 93.3 4.077 1.469 2.74 4.8
2 2000 54.215 860.03 11.35 3.361 94.2 4.132 1.238 2.28 5.2
2 2001 52.609 861.33 11.37 3.396 93.9 4.313 1.210 2.30 5.2
2 2002 51.162 861.02 11.28 3.393 90.0 4.345 1.648 3.22 6.5
2 2003 51.258 862.80 11.65 3.298 91.6 4.281 2.611 5.09 2.4
2 2004 52.482 865.65 11.86 3.376 93.6 4.167 3.250 6.19 2.0
2 2005 52.688 865.65 11.95 3.496 92.9 4.207 3.258 6.18 1.5
2 2006 52.609 865.44 11.60 3.738 92.4 3.907 4.264 8.10 2.2
2 2007 51.480 864.07 11.84 3.800 90.1 4.161 4.152 8.06 2.1
2 2008 51.575 862.59 11.73 3.858 88.4 4.333 3.747 7.27 2.2
3 1999 111.689 869.00 12.86 4.546 94.7 3.120 0.000 0.00 4.8
3 2000 113.024 870.29 12.97 4.563 93.9 3.120 0.015 0.01 5.2
3 2001 115.600 874.43 14.34 4.348 94.8 3.128 0.033 0.03 5.2
3 2002 112.786 876.70 14.47 4.434 91.5 3.251 0.073 0.07 6.5
3 2003 116.013 874.48 14.43 4.381 93.6 3.160 0.081 0.07 2.4
3 2004 119.145 877.79 14.40 4.204 94.1 3.228 0.060 0.05 2.0
3 2005 114.534 878.01 14.40 4.205 88.3 3.316 0.020 0.02 1.5
3 2006 117.253 875.67 14.36 4.367 88.7 3.176 0.027 0.02 2.2
3 2007 117.682 876.98 14.47 4.226 88.7 3.205 0.027 0.02 2.1
3 2008 111.879 878.66 14.94 4.361 83.6 3.229 0.026 0.02 2.2
5 1999 41.973 894.61 11.09 4.908 87.1 2.952 0.001 0.00 4.8
5 2000 43.086 895.85 10.84 5.189 87.5 3.160 0.027 0.06 5.2
5 2001 44.262 893.76 10.99 5.039 89.1 3.231 0.056 0.13 5.2
5 2002 44.787 889.99 10.86 4.881 90.0 3.460 0.124 0.28 6.5
5 2003 45.661 889.10 10.94 4.885 91.3 3.487 0.238 0.52 2.4
5 2004 45.486 888.87 11.20 4.861 90.4 3.551 0.345 0.76 2.0
5 2005 46.090 888.99 11.38 4.774 91.7 3.700 0.394 0.86 1.5
5 2006 45.693 887.65 10.92 4.862 90.5 3.615 0.618 1.35 2.2
5 2007 44.373 885.54 11.07 5.091 87.6 3.551 0.700 1.58 2.1
5 2008 44.739 890.16 12.11 4.939 88.1 3.803 0.717 1.60 2.2
4 1999 8.029 854.47 11.71 3.843 95.1 3.910 0.212 2.64 4.8
4 2000 8.156 859.35 12.03 3.698 94.7 3.943 0.265 3.25 5.2
4 2001 8.077 859.19 11.08 3.846 90.7 3.986 0.357 4.43 5.2
4 2002 8.363 860.23 12.04 3.726 91.6 4.078 0.647 7.73 6.5
4 2003 8.442 861.23 12.49 3.833 91.9 3.962 0.917 10.86 2.4
4 2004 8.856 862.59 11.65 3.644 95.7 3.981 1.013 11.44 2.0
4 2005 8.935 862.91 11.22 3.830 95.5 3.887 0.892 9.98 1.5
4 2006 8.856 860.50 11.36 3.955 93.5 3.962 1.033 11.67 2.2
4 2007 8.681 862.38 11.73 4.159 91.3 3.900 0.879 10.13 2.1
4 2008 8.585 863.12 12.17 4.475 89.4 4.291 0.682 7.94 2.2

 Synthetic crude oil 
 input estimateb

Refinery observationsa
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Table S6. Estimate calculation, oil quality and processing EI including bitumen upgrading.
Continued

Estimate compared
Densityadd

d Sadd
e EIadd

f Densityadj
g Sadj

h EIadj
i EItp

j to OQ predictionk

PADD Year (kg/m3) (kg/m3) (GJ/m3) (kg/m3) (kg/m3) (GJ/m3) (GJ/m3) (±% 95% Conf.)
1 1999 0.45 0.17 0.022 858.65 8.41 3.473 3.271 ––
1 2000 0.34 0.13 0.017 860.52 8.13 3.447 3.372 ––
1 2001 0.30 0.11 0.015 866.65 7.82 3.533 3.579 ––
1 2002 0.33 0.12 0.016 866.04 7.57 3.442 3.533 ––
1 2003 0.57 0.22 0.030 864.01 7.65 3.394 3.531 ––
1 2004 0.81 0.32 0.043 866.25 8.11 3.459 3.623 ––
1 2005 0.87 0.35 0.048 864.26 7.52 3.452 3.470 ––
1 2006 1.04 0.41 0.055 865.17 7.58 3.495 3.488 ––
1 2007 0.82 0.32 0.044 865.16 7.58 3.543 3.489 ––
1 2008 0.60 0.24 0.032 864.25 7.32 3.583 3.393 ––
2 1999 3.00 1.12 0.148 861.26 11.76 3.516 3.546 ––
2 2000 2.51 0.93 0.123 862.53 12.28 3.484 3.634 ––
2 2001 2.52 0.94 0.124 863.86 12.31 3.520 3.662 ––
2 2002 3.56 1.30 0.172 864.58 12.58 3.565 3.667 ––
2 2003 5.45 2.12 0.285 868.25 13.77 3.583 3.925 ––
2 2004 6.58 2.59 0.349 872.24 14.45 3.725 4.179 -2%
2 2005 6.48 2.62 0.355 872.14 14.57 3.852 4.168 ––
2 2006 8.65 3.39 0.455 874.09 14.98 4.193 4.321 ––
2 2007 8.59 3.37 0.454 872.66 15.21 4.254 4.210 ––
2 2008 7.75 3.03 0.408 870.35 14.76 4.266 4.038 ––
3 1999 0.00 0.00 0.000 869.00 12.86 4.546 4.117 2%
3 2000 0.02 0.01 0.001 870.30 12.97 4.563 4.173 1%
3 2001 0.03 0.01 0.002 874.46 14.35 4.350 4.446 ––
3 2002 0.07 0.03 0.004 876.78 14.49 4.437 4.504 ––
3 2003 0.07 0.03 0.004 874.56 14.46 4.385 4.440 ––
3 2004 0.05 0.02 0.003 877.84 14.42 4.207 4.575 ––
3 2005 0.02 0.01 0.001 878.03 14.41 4.206 4.512 ––
3 2006 0.02 0.01 0.001 875.70 14.37 4.369 4.434 ––
3 2007 0.02 0.01 0.001 877.00 14.48 4.227 4.493 ––
3 2008 0.02 0.01 0.001 878.69 14.95 4.362 4.541 ––
5 1999 0.00 0.00 0.000 894.61 11.09 4.909 5.082 ––
5 2000 0.07 0.03 0.003 895.92 10.87 5.192 5.097 ––
5 2001 0.14 0.05 0.007 893.90 11.04 5.046 5.023 ––
5 2002 0.31 0.11 0.015 890.30 10.97 4.896 4.834 ––
5 2003 0.56 0.22 0.029 889.65 11.15 4.914 4.825 ––
5 2004 0.81 0.32 0.043 889.68 11.52 4.903 4.830 ––
5 2005 0.90 0.36 0.049 889.88 11.74 4.824 4.841 ––
5 2006 1.44 0.57 0.076 889.09 11.48 4.938 4.793 ––
5 2007 1.68 0.66 0.089 887.22 11.73 5.180 4.707 2%
5 2008 1.71 0.67 0.090 891.87 12.78 5.029 4.939 ––
4 1999 2.89 1.08 0.143 857.36 12.78 3.986 3.482 4%
4 2000 3.57 1.32 0.175 862.91 13.35 3.873 3.750 ––
4 2001 4.86 1.80 0.239 864.05 12.88 4.085 3.726 ––
4 2002 8.54 3.13 0.414 868.78 15.17 4.139 4.065 ––
4 2003 11.62 4.53 0.608 872.85 17.01 4.441 4.377 ––
4 2004 12.16 4.79 0.645 874.76 16.44 4.289 4.459 ––
4 2005 10.46 4.23 0.574 873.37 15.45 4.404 4.352 ––
4 2006 12.45 4.87 0.655 872.94 16.23 4.610 4.349 ––
4 2007 10.79 4.24 0.570 873.17 15.96 4.729 4.331 1%
4 2008 8.47 3.31 0.446 871.59 15.48 4.921 4.152 9%

Bitumen upgrading estimatec Upgrading and refining estimate
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Legend and notes for Table S6. 

Table S6 presents an estimate of oil quality and processing energy for total oil processing, 

including refining and pre-processing for that portion of refinery crude feeds comprised of 

synthetic crude oil (SCO), for each district and year.  Coking- and hydrocracking-based bitumen 

upgrading uses energy to yield SCO of lower density and sulfur content than the bitumen.  SCO 

imported from Western Canada accounts for an estimated 2-8% of total District 2 crude feeds 

and 2-12% of total District 4 feeds during 1999-2008.   Refinery crude feeds and energy 

consumption do not reflect the original bitumen quality for this SCO or the energy consumed in 

its upgrading.  The estimate shown in this table relates initial oil quality to process energy for 

total processing.  The energy consumed and density and sulfur lost in upgrading is estimated 

based on process modeling data and added “back” to the refinery crude feed and energy 

consumption observed.  The estimated total process energy is then compared to that predicted by 

the initial oil quality.  Results suggest that in general, total process energy increases with 

worsening initial oil quality consistent with the prediction based on observed refinery data.  The 

exception involves two results for District 4.  This is discussed in note (k). 

a. Refinery feed volume, density, sulfur content (S), capacity utilization, and products ratio 

(calculated as described in the main paper) are from data in Table S1.  

b. Synthetic crude oil (SCO) inputs and sources by upgrader type are from the estimates 

detailed in Table S3.  The volume, percentage of total refinery crude feed volume, and ratio 

of coking- to hydrocracking-based upgrading for the SCO are shown. 

c. SCO was produced from bitumen in Western Canada by coking-based and hydrocracking-

based upgrading (S22).  Both upgrading schemes typically also use atmospheric and vacuum  
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distillation and significant hydrotreating, sulfur recovery and hydrogen production.  Material 

and energy inputs and outputs were estimated using process modeling of typical coking-

based and hydrocracking-based upgraders yielding SCO from Athabasca bitumen by Keesom 

et al. (S14).  Modeled parameters included, among others, bitumen feed density (1.011 t/m3) 

and sulfur content (48.64 kg/m3), SCO yield (22,259 m3/d), and SCO density and sulfur 

content for the coking-based (881.07 kg/m3 d, 3.23 kg/m3 S) and hydrocracking-based 

(921.82 kg/m3 d, 3.23 kg/m3 S) schemes.  Carbon rejection, hydrogen addition and utility 

energy inputs estimated by process modeling on these parameters were 4,773 GJ/h for the 

coking-based scheme and 6,155 GJ/h for the hydrocracking-based scheme (S14).  This 

indicates energy inputs of approximately 0.04 GJ per kg density (including sulfur) lost from 

the feed in the SCO from the coking-based scheme, and 0.07 GJ/kg for that from the 

hydrocracking scheme.  Energy inputs were not allocated to sulfur removal separately from 

density reduction in the reported results. 

Bitumen feed to the coking- and hydrocracking-based schemes was modeled at 1.15 

times and 0.97 times the SCO volume yield, respectively (S14).  Thus, on a product volume 

basis, estimated energy use was approximately 5.15 and 6.64 GJ per m3 SCO produced for 

the coking- and hydrocracking-based upgraders, respectively.  SCO from the coking- and 

hydrocracking-based schemes was 130.22 and 89.47 kg/m3 lighter than the bitumen feed, 

respectively, and both schemes produced SCO with 45.41 kg/m3 less sulfur than the bitumen 

feed.  These estimates are applied to the shares of SCO from coking- and hydrocracking-

based upgrading each year to estimate initial oil quality and total process energy.  Notes d 

through f detail the calculations. 
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d. Density lost in upgrading the bitumen (Densityadd) is added to the total refinery crude feed 

density to account for the bitumen input processed upstream to produce the SCO.  Densityadd 

is calculated as: 

Densityadd = SCOvol • (DR ÷ VC) 

Where 

SCOvol is the percentage of SCO in the total refinery crude feed; DR is the density reduction 

from bitumen from note (c) in kg/m3; VC is the volume change from bitumen to SCO from 

note (c); and the result is in kg/m3 refinery crude feed. 

e. Sulfur lost in upgrading the bitumen (Sadd) is added to the total refinery crude feed sulfur to 

account for the bitumen input processed upstream to produce the SCO.  Sadd is calculated as: 

Sadd = SCOvol • (45.41 ÷ VC) 

Where 

SCOvol is the percentage of SCO in the total refinery crude feed; 45.41 is the sulfur content 

reduction from bitumen from note (c) in kg/m3; VC is the volume change from bitumen to 

SCO from note (c); and the result is in kg/m3 refinery crude feed. 

f. Energy lost in upgrading the bitumen (EIadd) is added to the refinery energy intensity 

calculated from the data in Table S1 (EI) to estimate the total energy intensity of processing 

the oil feed.  EIadd is calculated as:  

EIadd = SCOvol • EC 

Where  

SCOvol is the percentage of SCO in the total refinery crude feed; EC is the energy consumed 

by upgrading in GJ/m3 SCO from note (c); and the result is expressed as GJ/m3 refinery 

crude feed. 
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g. Densityadj is the sum of crude feed density and Densityadd and is an estimate of initial crude 

feed quality accounting for the bitumen feed upgraded to produce SCO refined. 

h. Sadj is the sum of S and Sadd and is an estimate of initial crude feed quality accounting for the 

quality of the bitumen feed upgraded to produce SCO processed in a refinery. 

i. EIadj is the sum of EI and EIadd and is an estimate of the total energy intensity of processing 

including upgrading and refining.  

j. EItp is the total predicted energy intensity of upgrading and processing and is an estimate of 

the total energy intensity predicted by the relationship of EI to crude feed density and sulfur 

based on the refinery observations.  EItp is the result from inputting Sadj, Densityadj, product 

ratio and capacity utilized to the prediction mode of the PLS model, which is run on the 

observations from districts 1, 2, 3 and 5.  EItp is compared with EIadj in the final column of 

the table (note k) and in Figure 2. 

k. The final column of the table compares estimated total processing energy (EIadj) with total 

processing energy predicted by initial oil quality (EItp).  Dashed lines (--) show that the result 

for estimated energy falls within the 95% confidence of prediction for observations.  

Negative values (e.g., -1%) show the percentage by which any result falls below the 95% 

confidence of prediction.  Positive values (e.g., 1%) show the percentage by which any result 

exceeds the 95% confidence of prediction.   

Estimated EIadj is within the prediction based on oil quality or within 3% of its 

confidence interval in 48 of 50 cases.  The exceptions are excesses for the years 1999 and 

2008 in District 4.  These excesses can be attributed to high excess hydrogen production in 

District 4 during those years (Table S4).  It is possible that those high hydrogen values were  
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related to increased hydroprocessing needs for SCO, or for some other anomaly, in the 

District 4 crude feed during those years.  The need for hydrogen addition to address the poor 

gas oil and distillate product qualities of SCO (S24, S25) and its variable quality (S14, S24) 

support this possibility.  This possibility cannot be confirmed or excluded, because the SCO 

input volume is uncertain (Table S3), its quality is unknown, and there is a potential for other 

sources of variability in the poorly-mixed District 4 crude feed (Table S2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Page S34 



Supporting Information 

Page S35 

Table S7. Contribution of CO2 to CO2e emitted by oil refineries. 
 
 Units CO2 CH4 N2O 
Refinery emissions mass     
Scope     
U.S. (NETL) Mt/y 257.90 0.1656 0.0040 
U.S. (EPA) Mt/y 228.53 0.0873 0.0007 
California Mt/y 35.54 0.0015 0.0001 
     
Global warming potential     
20-yr. horizon Factor 1 62 275 
100-yr. horizon Factor 1 23 296 
500-yr. horizon Factor 1 7 156 
     
20-yr. horizon CO2e     
U.S. (NETL) Mt/y 257.90 10.27 1.11 
U.S. (EPA) Mt/y 228.53 5.41 0.19 
California Mt/y 35.54 0.09 0.03 
     
100-yr. horizon CO2e     
U.S. (NETL) Mt/y 257.90 3.81 1.19 
U.S. (EPA) Mt/y 228.53 2.01 0.21 
California Mt/y 35.54 0.03 0.03 
     
500-yr. horizon CO2e     
U.S. (NETL) Mt/y 257.90 1.16 0.63 
U.S. (EPA) Mt/y 228.53 0.61 0.11 
California Mt/y 35.54 0.01 0.02 
     
Range of percent total CO2e     
20-yr. horizon Percent 95.78-99.66 0.26-3.81 0.08-0.41 
100-yr. horizon Percent 98.10-99.82 0.10-1.45 0.08-0.45 
500-yr. horizon Percent 99.31-99.93 0.03-0.45 0.04-0.24 
 

Legend and notes for Table S7.  (Mt/y, megatons per year.) U.S. refinery emission estimates 

are reported as mass emitted (NETL) (S25) and as CO2e emitted (EPA) (S29).  California 

refinery emissions are reported as mass emitted (S30).  Global warming potential is from the 

Intergovernmental Panel on Climate Change (S31).  The U.S. (EPA) emissions mass estimate is 

calculated from reported CO2e (S29) and 100-year global warming potential (S31).  The percent 

of total CO2e from CO2 and the small differences between estimates shown in Table S7 support 

the finding that CO2 dominates refinery greenhouse gas emissions. 
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Table S8. PLS inputs for CO2 emissions predicted by OQ, and comparison emission estimates.
(NA, not applicable; value predicted by OQ)

Cap. Prod. Observed Predicted EI (95% conf.) Fuel mix
Density Sulfur utlzd. ratio EI Lower Central Upper em. intensity

PADD Year (kg/m3) (kg/m3) (%) (ratio) (GJ/m3) (GJ/m3) (GJ/m3) (GJ/m3) (kg/GJ)
1 1999 858.20 8.24 90.9 3.668 3.451 2.877 3.241 3.604 81.53
1 2000 860.18 8.00 91.7 3.489 3.430 2.987 3.349 3.711 80.34
1 2001 866.34 7.71 87.2 3.479 3.518 3.198 3.559 3.919 81.85
1 2002 865.71 7.45 88.9 3.605 3.426 3.152 3.511 3.870 81.08
1 2003 863.44 7.43 92.7 3.321 3.364 3.133 3.493 3.853 81.51
1 2004 865.44 7.79 90.4 3.398 3.416 3.209 3.568 3.927 81.46
1 2005 863.38 7.17 93.1 3.756 3.404 3.048 3.410 3.772 81.23
1 2006 864.12 7.17 86.7 3.522 3.440 3.054 3.417 3.780 80.40
1 2007 864.33 7.26 85.6 3.443 3.499 3.067 3.433 3.800 82.28
1 2008 863.65 7.08 80.8 3.400 3.551 2.972 3.352 3.733 83.26
2 1999 858.25 10.64 93.3 4.077 3.368 2.984 3.347 3.711 78.11
2 2000 860.03 11.35 94.2 4.132 3.361 3.104 3.468 3.832 77.56
2 2001 861.33 11.37 93.9 4.313 3.396 3.126 3.495 3.863 77.46
2 2002 861.02 11.28 90.0 4.345 3.393 3.068 3.432 3.796 77.90
2 2003 862.80 11.65 91.6 4.281 3.298 3.195 3.558 3.922 78.00
2 2004 865.65 11.86 93.6 4.167 3.376 3.369 3.733 4.098 77.25
2 2005 865.65 11.95 92.9 4.207 3.496 3.362 3.725 4.089 77.27
2 2006 865.44 11.60 92.4 3.907 3.738 3.380 3.738 4.095 75.84
2 2007 864.07 11.84 90.1 4.161 3.800 3.270 3.629 3.989 75.55
2 2008 862.59 11.73 88.4 4.333 3.858 3.154 3.515 3.875 74.97
3 1999 869.00 12.86 94.7 3.120 4.546 3.759 4.117 4.476 71.61
3 2000 870.29 12.97 93.9 3.120 4.563 3.813 4.172 4.531 71.87
3 2001 874.43 14.34 94.8 3.128 4.348 4.085 4.444 4.803 72.43
3 2002 876.70 14.47 91.5 3.251 4.434 4.140 4.499 4.859 72.71
3 2003 874.48 14.43 93.6 3.160 4.381 4.076 4.435 4.794 72.81
3 2004 877.79 14.40 94.1 3.228 4.204 4.213 4.572 4.930 73.43
3 2005 878.01 14.40 88.3 3.316 4.205 4.149 4.511 4.873 73.24
3 2006 875.67 14.36 88.7 3.176 4.367 4.067 4.432 4.798 74.15
3 2007 876.98 14.47 88.7 3.205 4.226 4.127 4.491 4.856 74.93
3 2008 878.66 14.94 83.6 3.229 4.361 4.165 4.540 4.915 74.48
5 1999 894.61 11.09 87.1 2.952 4.908 4.713 5.082 5.451 70.27
5 2000 895.85 10.84 87.5 3.160 5.189 4.725 5.092 5.460 69.09
5 2001 893.76 10.99 89.1 3.231 5.039 4.648 5.014 5.380 69.38
5 2002 889.99 10.86 90.0 3.460 4.881 4.450 4.814 5.178 69.15
5 2003 889.10 10.94 91.3 3.487 4.885 4.422 4.788 5.153 69.40
5 2004 888.87 11.20 90.4 3.551 4.861 4.410 4.775 5.140 69.89
5 2005 888.99 11.38 91.7 3.700 4.774 4.409 4.780 5.151 69.88
5 2006 887.65 10.92 90.5 3.615 4.862 4.331 4.695 5.060 69.32
5 2007 885.54 11.07 87.6 3.551 5.091 4.235 4.594 4.953 69.12
5 2008 890.16 12.11 88.1 3.803 4.939 4.456 4.824 5.191 68.39
Other inputs
US 2002 873.89 12.32 90.7 3.534 NA 3.838 4.194 4.549 73.62
US 2005 875.08 12.43 90.6 3.597 NA 3.885 4.241 4.597 73.98
US 2006 873.78 12.32 89.7 3.458 NA 3.835 4.191 4.547 73.94
US 2007 873.89 12.50 88.5 3.485 NA 3.833 4.190 4.547 74.34
SFBA 2008 899.66 11.91 90.8 3.469 NA 4.938 5.307 5.676 68.39
Heavy oil 957.40 27.80 90.8 3.469 NA 8.228 8.795 9.363 73.77
Nat. bitumen 1 033.60 45.50 90.8 3.469 NA 12.266 13.200 14.135 73.77
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Table S8. PLS inputs for CO2 emissions predicted by OQ, and comparison emission 
estimates, continued.

Central EI Fuel mix Observed Predicted emissions (95% conf.) Comp-
prediction em. intensity emissions Lower Central Upper arison

PADD Year (GJ/m3) (kg/GJ) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (± % CI)
1 1999 3.241 81.53 281 243 265 287 ––
1 2000 3.349 80.34 276 249 270 292 ––
1 2001 3.559 81.85 288 257 279 301 ––
1 2002 3.511 81.08 278 255 277 299 ––
1 2003 3.493 81.51 274 254 276 298 ––
1 2004 3.568 81.46 278 258 279 301 ––
1 2005 3.410 81.23 277 251 272 294

––
––

1 2006 3.417 80.40 277 252 273 294
––
––

1 2007 3.433 82.28 288 251 273 295
––
––

1 2008 3.352 83.26 296 247 269 292 +1.4%
2 1999 3.347 78.11 263 249 271 292

––
––

2 2000 3.468 77.56 261 254 276 298
––
––

2 2001 3.495 77.46 263 256 277 299
––
––

2 2002 3.432 77.90 264 253 274 296
––
––

2 2003 3.558 78.00 257 259 280 301 -0.5%
2 2004 3.733 77.25 261 267 288 309 -2.2%
2 2005 3.725 77.27 270 266 288 309

––
––

2 2006 3.738 75.84 284 267 289 310
––
––

2 2007 3.629 75.55 287 262 284 306
––
––

2 2008 3.515 74.97 289 256 279 301
––
––

3 1999 4.117 71.61 326 285 307 328
––
––

3 2000 4.172 71.87 328 287 309 331
––
––

3 2001 4.444 72.43 315 300 321 342
––
––

3 2002 4.499 72.71 322 302 323 345
––
––

3 2003 4.435 72.81 319 299 320 342
––
––

3 2004 4.572 73.43 309 305 326 348
––
––

3 2005 4.511 73.24 308 302 324 345
––
––

3 2006 4.432 74.15 324 299 320 341
––
––

3 2007 4.491 74.93 317 301 322 344
––
––

3 2008 4.540 74.48 325 303 325 346
––
––

5 1999 5.082 70.27 345 328 350 372
––
––

5 2000 5.092 69.09 358 329 351 373
––
––

5 2001 5.014 69.38 350 325 347 369
––
––

5 2002 4.814 69.15 338 317 338 360
––
––

5 2003 4.788 69.40 339 315 337 359
––
––

5 2004 4.775 69.89 340 315 336 358
––
––

5 2005 4.780 69.88 334 315 337 358
––
––

5 2006 4.695 69.32 337 311 333 354
––
––

5 2007 4.594 69.12 352 307 328 350 +0.5%
5 2008 4.824 68.39 338 317 339 361

––
––

Other inputs
US 2002 4.194 73.62 315 288 309 331

––
––

US 2005 4.241 73.98 285 290 311 333 -1.7%
US 2006 4.191 73.94 277 288 309 330 -3.9%
US 2007 4.190 74.34 280 288 309 330 -2.6%
SFBA 2008 5.307 68.39 360 338 360 383

––
––
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Legend and notes for Table S8. 

Table S8 shows inputs for emissions predicted by crude feed quality and compares the 

predictions with observed or estimated emissions.  Observed crude feed density and sulfur, 

capacity utilized and products ratio were compared with observed EI among districts and years.  

Predicted EI values are the results from this PLS analysis, and are shown for the central 

prediction and the 95% confidence of prediction for observations.  The central EI prediction and 

the observed fuel mix emission intensity were then compared with observed emissions among 

districts and years.  Predicted emissions are the results from this PLS analysis, and are shown for 

the central prediction and the 95% confidence of prediction for observations.  The observations 

compared among districts and years are from the data in Table S1.  Other inputs shown at the 

bottom of the table were used in the prediction mode of these PLS models. 

For U.S. refineries in 2002, 2005, 2006 and 2007, all data except estimated annual emissions 

are from Table S1.  USEIA estimated that U.S. refineries emitted 277.6 megatons (Mt) of CO2 in 

2002 (S32).  The National Energy Technology Laboratory estimated that U.S. refineries emitted 

257.9 Mt in 2005 (S12).  USEIA estimated that U.S. refineries emitted 250.7 Mt in 2006 and 

251.3 Mt in 2007 (S33).  U.S. refinery crude feed volumes in 2002, 2005, 2006 and 2007 totaled 

241.3•104, 247.7•104, 248.0•104 and 245.6•104 m3/day respectively (Table S1). 

OQ inputs for San Francisco Bay Area (SFBA) refineries in 2008 were estimated as detailed 

in Table S9.  The domestic component of SFBA crude feeds was more limited and better 

characterized than that of refinery crude feeds statewide, and this allowed a more reliable OQ 

estimate for SFBA refining than that which could be derived from publicly reported data for 

California refineries statewide.  Although it has less capacity than Southern California, the SFBA 

has greater total crude capacity than other refining centers in District 5 (S7).  The District 5 fuel  
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mix during 2008 is used for the SFBA prediction to account for fuel mix differences observed 

among districts (Table S1).  SFBA inputs for capacity utilized and products ratio were the US 

averages for 1999-2008 from Table S1.  Third party-certified estimates of emissions from SFBA 

refineries and adjacent plants supplying them hydrogen, as reported by the California Air 

Resources Board (S34), total 17.18 Mt in 2008.  Crude feed volume was estimated as the total 

crude capacity of SFBA refineries in 2008 (13.07•104 m3/day) reported by Oil & Gas Journal 

(S7).  This SFBA emissions estimate (360 kg/m3) compares with estimated California emissions 

of 354 kg/m3 based on estimated emissions (36.88 Mt) and crude feed volume (28.5 •104 m3/day) 

for refineries statewide in 2008 (S34, S35).   

The California Air Resources Board (S36, S37) reported estimated CO2 emissions from 

refining the average crude feed in California, including those from bulk vents and refinery fuels 

acquisition, of 13.34 g/MJ gasoline (CARBOB) and 11.19 g/MJ diesel (ULSD) for 30.10 GJ/m3 

gasoline and 33.86 GJ/m3 diesel.  The California Energy Commission (S35) reported 2008 

California refinery crude inputs, gasoline (RBOB, CBOB) yield, and diesel (≤ 15 ppm sulfur) 

yield of 104.04, 51.11 and 21.61 m3•106 respectively (total gasoline and diesel yield was 61.05 

and 23.06 m3•106 respectively).  These reports suggest refinery emissions of 197.2 and 78.7 

kg/m3 crude refined for California-grade gasoline and diesel production, respectively.    

OQ inputs for heavy oil and natural bitumen are the average densities and sulfur contents of 

heavy oil and natural bitumen reported by the U.S. Geologic Survey (S17).  Other inputs for 

heavy oil and natural bitumen assume the 1999-2008 U.S. averages based on the data from Table 

S1.  The 1999-2008 fuel mix assumption may be conservative for future emissions from refining 

lower quality oil, which tends to create more byproduct gases and petroleum coke that could  
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replace some of the natural gas now burned as fuel.  Refinery emissions observations were not 

available for these oils.  

The columns on the right of the table compare predicted and observed emissions.  Horizontal 

lines (––) indicate that the result is within the 95% confidence of prediction.  Emissions observed 

among districts and years vary consistently with those predicted by OQ, fall within the 95% 

confidence of prediction in 36 of 40 cases, and fall within 3% of the confidence of prediction in 

all cases.  Emissions estimated by government agencies fall within the prediction in 2 of 5 cases 

and fall within 4% of its confidence interval in all cases.  The agency estimates differ from each 

other by 12% to 30% while they differ from the central prediction based on OQ by 0.1% to 10%. 
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Table S9. Estimate calculation, San Francisco Bay Area crude feed OQ in 2008. 
        
Crude feed vol. (m3/d) Foreigna  SJVb  ANSc  Subtotald 

Benicia Plant 8.870•103  5.323•103  7.987•103  2.218•104 
Golden Eagle Plt. 9.683•103  7.987•103  7.930•103  2.560•104 
Martinez Plt. 4.837•103  1.992•104  4.592•102  2.522•104 
Richmond Plt. 2.992•104  0  8.710•103  3.863•104 
Rodeo/S. Maria Plt. 1.611•103  1.450•104  2.968•103  1.908•104 

        Crude feed mass (kg/d) Foreigna  SJVe  ANSf  Total 
Whole crude 4.827•107  4.540•107  2.392•107  1.176•108 
Sulfur in crude 7.592•105  5.901•105  2.076•105  1.557•106 

           OQ  S (kg/m3)  11.91 
     d (kg/m3)  899.66 
 
 
Legend and notes for Table S9.  

The OQ input for the San Francisco Bay Area refineries prediction (S and d, Table S8) is an 

estimate based on crude feed from foreign, Alaskan North Slope (ANS) and California oils that 

assumes transport logistics result in California supply from San Joaquin Valley crude delivered 

by pipeline (SJV) (S16, S38).  SJV portions of refinery feeds (S39) are used with refinery 

capacities (S7) and foreign crude feed volumes (S40) to estimate SJV volume processed.  ANS 

volume is then estimated by difference.  Weighted average crude feed OQ is estimated using 

these feed volumes and foreign (S40), SJV (S38, S41) and ANS (S42) crude quality data.  

Superscript notes in Table S9 identify the usage of these data in the estimate calculation 

specifically: 

(a)  Foreign crude feed volume, density and sulfur content reported for each plant (S40).   
(b)  San Joaquin Valley pipeline crude volume based on SJV percentage of refinery feed reported 

(S39) and crude charge capacities (S1).   
(c)  Alaskan North Slope (ANS) volume estimated by difference.   
(d)  Refinery crude charge capacities from Oil & Gas Journal (S7).   
(e)  Based on SJV volume processed by Bay Area refineries, weighted average density (951.0 

kg/m3) from available data (S38), and sulfur content (12.36 kg/m3) (S41).   
(f)  From ANS volume calculated, and density (860.18 kg/m3) and sulfur content (7.40 kg/m3) of 

ANS crude at the Richmond Plant (S42).  
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Figure S1. Some shifts among hydrogen addition and carbon rejection technologies 

affecting relationships between (A) hydrotreating and hydrogen production, and  (B) fuel 

mix emission intensity and crude feed density, across refining districts 1, 2, 3 and 5, 1999-

2008.  All observations shown are from the data in Table S1. 

A. Decreasing hydrotreating/hydrocracking ratio with increasing hydrogen production.  

Capacities are shown per volume atmospheric crude distillation capacity.  Hydrocracking 

capacities are much smaller than total hydrotreating capacities and are shown at ten-times scale 

to reveal trends for both types of hydroprocessing.  Hydrocracking uses much more hydrogen per 

volume oil feed than hydrotreating (S43), though actual unit H2 requirements vary by type and 

quality of feed, unit design, catalyst type and condition, firing rate and quench rate of process 

units.  Hydrocracking increases steadily with hydrogen production while product hydrotreating 

does not.  Hydrotreating increases with H2 production at lower H2 production but is lowest at 

highest H2 production.  Relative to hydrocracking capacity, hydrotreating capacity decreases 

steadily with increasing H2 production, from the largest capacity relative to hydrocracking in  
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District 1 (H2 capacity 13-19 m3/m3 crude capacity) to the smallest relative to hydrocracking in 

District 5 (H2 capacity 69-90 m3/m3).   

B. Decreasing petroleum coke contribution to total fuel mix emissions with increasing crude 

feed density.  The portion of total fuel mix emissions accounted for by petroleum coke and the 

process capacities/volume crude capacity are shown as percentages of the maximum (100%) for 

each value.  The observed increase in hydrocracking with density is consistent with the strong 

positive associations of hydrogen production with both hydrocracking and density (Table 1, main 

text).  Coke accounts for a decreasing portion of fuel mix emissions as crude feed density and 

hydrocracking increase.  This change for coke, which has higher emission intensity than other 

major refinery fuels, can explain why the fuel mix emission intensity decreases slightly with 

worsening oil quality (Table S1).  Despite increasing total conversion capacity (hydrocracking, 

catalytic cracking, and thermal coking), catalytic cracking capacity per vol. crude capacity 

decreases as crude feed density and hydrocracking increase.  The ratio of catalytic cracking to 

hydrocracking decreases across districts, following the hydrotreating pattern noted above.  

Decreasing catalytic cracking explains decreasing coke emissions because cracking catalyst 

regeneration is a major cause of coke combustion in refineries.   

The shifts from hydrotreating and catalytic cracking to hydrocracking observed can explain 

the coincidence of slightly lower hydrotreating at high hydrogen production, and of slightly 

decreasing fuel mix emission intensity as crude feed density increases, for these districts and 

years.  Refiners can choose to substitute hydrocracking for hydrotreating and catalytic cracking 

to some extent, but the relative importance of crude feed quality among the factors that 

influenced such business decisions is beyond the scope of this study.   

 
 
 
 

Page S43 



Supporting Information 

 

References 

S1. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

refinery utilization and capacity; gross input to atmospheric crude oil distillation units, EIA Web 

site. http://tonto.eia.doe.gov/ dnav/pet/pet_sum_top.asp (accessed Sept 23, 2009). 

S2. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

crude oil input qualities, EIA Web site. http://tonto.eia.doe.gov/dnav/pet/pet_sum_top.asp 

(accessed Sept 23, 2009 and August 25, 2009). 

S3. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

crude oil imports by country of origin, EIA Web site. http://tonto.eia.doe.gov/dnav/ 

pet/pet_sum_top.asp (accessed Sept 23, 2009). 

S4. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

refinery capacity; fuel consumed at refineries, EIA Web site. http://tonto.eia.doe.gov/ 

dnav/pet/pet_sum_top.asp (accessed Sept 23, 2009). 

S5. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

refinery yield, EIA Web site. http://tonto.eia.doe.gov/dnav/pet/pet_sum_top.asp (accessed Sept 

23, 2009). 

S6. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

refinery utilization and capacity; operable utilization rate from 1999 through 2008, EIA Web 

site. http://tonto.eia.doe.gov/dnav/pet/pet_sum_top.asp (accessed Sept 23, 2009). 

S7. OGJ surveys downloads; PennWell: Tulsa, OK, 2009, 1999-2008 worldwide refining, Oil & 

Gas Journal Web site;  http://www.ogj.com/index/ogj-survey-downloads.html (accessed Sept 25, 

2009). 

 
 
 

Page S44 



Supporting Information 

 

S8. Regulation for the mandatory reporting of greenhouse gases; California Air Resources 

Board: Sacramento, CA, 2007; requirements for verification of greenhouse gas emissions data 

reports and requirements applicable to emissions data verifiers in Attachment A, Subarticle 4. 

S9. Voluntary reporting of greenhouse gases program, emission factors and global warming 

potentials; U.S. Energy Information Administration Web site. www.eia.doe.gov/oiaf/1605/ 

emission_factors. html#emission (accessed May 27, 2010). 

S10. Conti, J.; Sweetnam, G.; Lindstrom, P. Documentation for emissions of greenhouse gases in 

the United States; DOE/EIA-0638 (2005); U.S. Energy Information Administration: 

Washington, D.C.; 2007; www.eia.doe.gov/oiaf/1605/ggrpt/index.html. 

S11. Wang, M.; Lee, H.; Molburg, J. Allocation of energy use in petroleum refineries to 

petroleum products, implications for life-cycle energy use and emission inventory of petroleum 

transportation fuels. Int. J. Life Cycle Assess. 2004 9 (1), 34-44. 

S12. Skone, T. J.; Gerdes, K. Development of baseline data and analysis of life cycle greenhouse 

gas emissions of petroleum-based fuels; DOE/NETL-2009/1346; U.S. Department of Energy, 

National Energy Technology Laboratory: Washington, DC, 2008; www.netl.doe.gov/  

energy-analyses/refshelf/PubDetails.aspx?Action=View&PubId=204. 

S13. Rutkowski, M. D.; Klett, M. G.; White, J. S.; Schoff, R. L.; Buchanan, T. L. Hydrogen 

production facilities plant performance and cost comparisons, final report; DOE Report 40465-

FNL; U.S. Department of Energy, National Energy Technology Laboratory: Washington, D.C.; 

2002; www.fischer-tropsch.org/DOE/DOE_reports/40465/40465_toc.htm. 

S14. Keesom, W.; Unnasch, S.; Moretta, J. Life cycle assessment comparison of North American 

and imported crudes; File No. AERI 1747; Alberta Energy Research Institute: Calgary, Alberta, 

2009; www.albertainnovates.ca/energy/major-initiatives/lca. 

 
Page S45 



Supporting Information 

 

S15. U.S. Environmental Protection Agency. Technical support document for hydrogen 

production: proposed rule for mandatory reporting of greenhouse gases; Office of Air and 

Radiation, EPA: Washington, D.C., 2008. 

S16. Oil supply sources to California refineries; California Energy Commission: Sacramento, 

CA: 2010. CEC Energy Almanac Web site. http://energyalmanac.ca.gov/petroleum/statistics 

/crude_oil_receipts.html (accessed August 25, 2010). 

S17. Meyer, R. F.; Attanasi, E. D.; Freeman, P. A. Heavy oil and natural bitumen resources in 

geological basins of the world; Open File-Report 2007-1084; U.S. Geological Survey: Reston, 

VA, 2007; http://pubs.usgs.gov/of/2007/1084. 

S18. Speight, J. G. The chemistry and technology of petroleum; 2nd ed.; Heinemann, H. Ed.; 

Chemical industries, Vol. 44; Marcel Dekker: New York, 1991. 

S19. Oil properties database; Environment Canada Web site. http://www.etc-cte.ec.gc.ca/ 

databases/OilProperties/Default.aspx (accessed Oct 18, 2010). 

S20. Crude oil analysis database; National Energy Technology Laboratory, U.S. Department of 

Energy: Washington, D.C, 2010. NETL Web site. http://www.netl.doe.gov/technologies/  

oil-gas/Software/database.html (accessed Sept 23, 2010). 

S21. National Energy Board Canada. Estimated production of Canadian crude oil and equivalent; 

National Energy Board: Calgary, Alberta CA, 2010. NEB Web site. http://www.neb.gc.ca/clf-si/ 

rnrgynfmtn/sttstc/crdlndptrlmprdct/stmtdprdctn-eng.html (accessed Sept 6, 2010). 

S22. Energy Resources Conservation Board Alberta. Alberta’s energy reserves and supply/ 

demand outlook, ST98 series; ERCB: Calgary, Alberta CA, 2001-2009. http://www.ercb.ca/ 

portal/server.pt/gateway/PTARGS_0_0_303_263_0_43/http%3B/ercbContent/publishedcontent/

publish/ercb_home/news/publication_notices/pubntce_st98_2010.aspx (accessed Sept 19, 2010). 

 
Page S46 



Supporting Information 

 

S23. Statistics Canada. The supply and disposition of refined petroleum products in Canada; 

Catalogue no. 42-004-X series; Statistics Canada: Ottowa, CA, 1999-2008. Statistics Canada 

Web site. http://www.statcan.gc.ca/bsolc/olc-cel/olc-cel?catno=45-004-XWE&lang=eng 

(accessed Sept 7, 2010). 

S24. National Energy Board Canada. Canada’s oil sands: a supply and market outlook to 2015, 

an energy market assessment. Cat. No. NE23-89/2000E. National Energy Board: Calgary, 

Alberta, 2000; www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/lsnd/lsnd-eng.html. 

S25. National Energy Board Canada. Canada’s oil sands: opportunities and challenges to 2015, 

an energy market assessment. Cat. No. NE23-116/2004E. National Energy Board: Calgary, 

Alberta, 2004; www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/lsnd/lsnd-eng.html. 

S26. National Energy Board Canada. Canada’s oil sands opportunities and challenges to 2015: 

an update, an energy market assessment. Cat. No. NE23-116/2006E. National Energy Board: 

Calgary, Alberta, CA, 2006; www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/lsnd/lsnd-eng.html. 

S27. National Energy Board Canada. Canadian energy overview, an energy market assessment 

May 2009. Cat. No. NE2-4/2008E. National Energy Board: Calgary, Alberta, CA, 2009; 

www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/lsnd/lsnd-eng.html. 

S28. Reece, M. Special issue paper 9, densities of oil products. Energy Statistics Working Group 

Meeting, International Energy Agency, Paris, France November 16–17, 2004.  

S29. Environmental Protection Agency. Technical support document for the petroleum refining 

sector: proposed rule for mandatory reporting of greenhouse gases; Office of Air and Radiation, 

EPA: Washington, D.C., 2008. 

S30. Documentation of California’s greenhouse gas inventory, 3rd edition; California Air 

Resources Board: Sacramento, CA, 2009; www.arb.ca.gov/cc/inventory/doc/doc_index.php. 

 
Page S47 



Supporting Information 

 

S31. Ramaswamy, V.; Boucher, O.; Haigh, J.; Hauglustaine, D.; Haywood, J.; Myhre, G.; 

Nakajima, T.; Shi, G. Y.; Solomon, S.; Betts, R.; et al. Radiative forcing of climate change 6; 

Intergovernmental Panel on Climate Change: Geneva, Switzerland, 2001. 

www.ipcc.ch/ipccreports/tar/wg1/pdf/TAR-06.pdf. 

S32. Schipper, M. Energy-related carbon dioxide emissions in U.S. manufacturing; DOE/EIA-

0573(2005); U.S. Energy Information Administration: Washington, DC, 2006; 

www.eia.doe.gov/oiaf/1605/ggrpt/pdf/industry_mecs.pdf. 

S33. Annual Energy Outlook 2009; U.S. Energy Information Administration: Washington, DC, 

2009; Appendix A, Table A19; www.eia.doe.gov/oiaf/archive/aeo09/index.html. 

S34. Mandatory GHG reporting data, emissions reported for calendar year 2008; California Air 

Resources Board: Sacramento, CA, 2009. Mandatory greenhouse gas reporting Web site. 

www.arb.ca.gov/cc/reporting/ghg-rep/ghg-reports.htm (accessed Aug 6, 2010). 

S35. Input & output at California refineries; California Energy Commission: Sacramento, CA, 

2008; http://energyalmanac.ca.gov/petroleum/refinery_output. 

S36. Detailed CA-GREET pathway for California reformulated gasoline blendstock for 

oxygenate blending (CARBOB) from average crude refined in California, Version: 2.1; 

California Air Resources Board: Sacramento, CA, 2009; www.arb.ca.gov/fuels/lcfs/ 

workgroups/workgroups.htm#pathways. 

S37. Detailed CA-GREET pathway for ultra low sulfur diesel (ULSD) from average crude 

refined in California, Version: 2.1; California Air Resources Board: Sacramento, CA, 2009; 

www.arb.ca.gov/fuels/lcfs/workgroups/workgroups.htm#pathways. 

 
 
 
 
 

Page S48 



Supporting Information 

 

S38. Sheridan, M. California crude oil production and imports, staff paper; CEC-600-2006-006; 

California Energy Commission: Sacramento, CA, 2006; www.energy.ca.gov/publications/ 

displayOneReport.php?pubNum=CEC-600-2006-006 . 

S39. McGuire, M. Preliminary results of sampling for mercury in crude processed at Bay Area 

refineries; San Francisco Bay Regional Water Quality Control Board: Oakland, CA; technical 

memorandum submitted by Environmental Resources Management on behalf of the Western 

States Petroleum Association.  

S40. Petroleum Navigator; U.S. Energy Information Administration: Washington, D.C.,  2009, 

company level imports, EIA Web site. http://tonto.eia.doe.gov/dnav/ pet/pet_sum_top.asp 

(accessed Sept 23, 2009). 

S41. Crude type and representative sulfur and selenium levels, response to comment 3.9-2, 

environmental impact report SCH# 2005072117; City of Richmond: Richmond, CA, 2008. 

S42. Chevron Richmond refinery average crude sulfur content April through December 2007; 

Planning Commission, City of Richmond: Richmond, CA, 2008; Attachment 6, Planning Comm. 

April 10, 2008 Agenda Report, EIR SCH# 2005072117. 

S43. Robinson, P. R.; Dolbear, G. E. Commercial hydrotreating and hydrocracking. In 

Hydroprocessing of heavy oils and residua; Ancheyta, J., Speight, J. G., Eds; Chemical 

industries; CRC Press, Taylor & Francis Group: Boca Raton, FL 2007, Vol. 117, pp 281-311. 

 

 
 
 
 
 
 
 
 
 

Page S49 



1748 dx.doi.org/10.1021/es2000547 | Environ. Sci. Technol. 2011, 45, 1748–1748

ADDITION/CORRECTION
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Combustion Emissions from Refining Lower Quality Oil:
What Is the Global Warming Potential? [Environmental Science
& Technology 2010, 44, 9584–9589]. Greg Karras

A typographic error has been corrected in Figure 1. The axis
labels of the chart comparing observed and predicted PI (crude
processing intensity) stated the wrong units. PI was defined,
measured, analyzed, and reported as the ratio of specified “crude
stream” process capacities to atmospheric crude distillation capacity.
See the Experimental Section, paragraph 4; the Results section,
paragraph 1; and the values shown graphically for observed and
predicted PI in Figure 1. The error has been corrected by
replacing “(GJ/m3)” with “(ratio)” in the axis labels of this
chart. The corrected Figure 1 is provided below. The correction
clarifies the results reported but does not change the results, anal-
ysis, or findings of this work.

DOI: 10.1021/es2000547
Published on Web 01/20/2011

Figure 1. Increasing crude processing intensity and energy intensity with worsening oil quality. OQ: Crude feed oil quality. PI: Crude processing
intensity. EI: Refinery energy intensity. Observations are annual weighted averages for districts 1 (yellow), 2 (blue), 3 (orange), and 5 (black) in
1999-2008. Diagonal lines bound the 95% confidence of prediction for observations.
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Executive Summary

Statewide, oil refineries in California emit 
19–33% more greenhouse gases (GHG) 
per barrel crude refined than those in any 
other major U.S. refining region.  

For this report we gathered nationwide 
refinery data and new California-specific 
data to analyze refinery emission intensity 
in California.  The goal of the analysis is 
to compare and evaluate the factors driv-
ing the relatively high emission intensity 
of California refineries.

Petroleum process engineering knowl-
edge was applied to identify factors that 
affect refinery emission intensity.  Data 
on these causal factors from observations 
of real-world refinery operating condi-
tions across the four largest U.S. refining 
regions and California was gathered for 
multiple years.  Those data were analyzed 
for the ability of the factors and combi-
nations of factors to explain and predict 
observed refinery emission intensities.  

This report summarizes our findings.   

Crude feed quality drives refinery     
energy and emission intensities.
Making gasoline, diesel and jet fuel from 
denser, higher sulfur crude requires put-
ting more of the crude barrel through 
aggressive carbon rejection and hydrogen 
addition processing.  That takes more 
energy.  Burning more fuel for this energy 
increases refinery emissions.

Differences in refinery crude feed density 
and sulfur content explain 90–96% of 
differences in emissions across U.S. and 
California refineries and predict average 
California refinery emissions within 1%, 
in analyses that account for differences in 
refinery product slates.

Analysis of other factors confirms that 
crude quality drives refinery emissions.
Total fuel energy burned to refine each 
barrel—energy intensity—correlates with 
crude quality and emissions, confirming 
that the extra energy to process lower 
quality crude boosts refinery emissions.   
Dirtier-burning fuels cannot explain ob-
served differences in refinery emissions; 
the same refining by-products dominate 
fuels burned by refineries across regions.

Increasing capacity to process denser and 
dirtier oils enables the refining of lower 
quality crude and correlates with refinery 
energy and emission intensities when all 
data are compared, confirming the link 
between crude quality and energy inten-
sity.  But some of this “crude stream” pro-
cessing capacity can be used to improve 
the efficiency of other refinery processes, 
which causes processes to emit at differ-
ent rates, and process capacity does not 
predict refinery emissions reliably.

As refinery crude feed quality and emis-
sions increase, gasoline, distillate and 
jet fuel production rates change little, 
and in some cases gasoline and distillate 
yield declines slightly.  Product slates do 
not explain or predict refinery emissions 
when crude quality is not considered.

An ongoing crude supply switch could 
increase or decrease California refinery 
emissions depending on what we do now. 
Ongoing rapid declines of California re-
fineries’ current crude supplies present the 
opportunity to reduce their emissions by 
about 20% via switching to better quality 
crude—and the threat that refining even 
denser, dirtier crude could increase their 
emissions by another 40% or more.
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Purpose, scope, and approach 
We set out to identify the main fac-
tors driving the high carbon intensity of 
California’s refining sector.  This proj-
ect evaluates factors that drive refinery 
emissions, so that one can identify oppor-
tunities for preventing, controlling, and 
reducing those emissions.

Analysis focuses on carbon dioxide (CO2) 
emissions from fuels refineries in Cali-
fornia.  This reflects known differences 
between fuels refining and asphalt blow-
ing, and the recognition that CO2 domi-
nates the total global warming potential 
of GHG (CO2e) emitted by oil refining 
(1–3).  CO2 emissions from fuels refining 
account for 98–99% of 100-year horizon 
CO2e mass emitted by oil refining in Cali-
fornia (2, 3).

The scope includes emissions at refineries 
and from purchased fuels consumed by 
refineries.  (Many refiners rely on hy-
drogen or steam from nearby third-party 
plants and electricity from the public grid; 
ignoring that purchased refinery energy 
would result in errors.)  This focus ex-
cludes emissions from the production and 
transport of the crude oil refined and from 
the transport and use of refinery products.  
That allows us to isolate, investigate, and 
measure refinery performance.  

At the same time, oil refining is a key 
link in a bigger fuel cycle.  Petroleum is 
the largest GHG emitter among primary 
energy sources in the U.S., the largest oil 
refining country, and in California, the 
refining center of the U.S. West (3–5).  
So the “boundary conditions” used here, 
while appropriate for the scope of this 
report, are too narrow to fully address the 
role of oil refining in climate change.  

Analysis of key factors driving emissions 
is based on data from observations of 
refineries in actual operation.  This ap-
proach differs from those that use process 
design parameters to generate data inputs, 
which are then analyzed in computer 
models constructed to represent refinery 
operations.  This “data-oriented” ap-
proach avoids making assumptions about 
processing parameters that vary in real-
world refinery operation.  It also more 
transparently separates expected causal 
relationships from observations.  

However, this approach is limited to 
available publicly reported data.  We use 
a ten-year data set encompassing 97% of 
the U.S. refining industry that was gath-
ered and validated for recently published 
work (2) as our comparison data.  We 
had to gather and validate the California 
refinery data ourselves (4, 6–30).  The 
comprehensive six-year statewide data 
for California refining and facility-level 
2008–2009 data we analyze are presented 
in one place for the first time here (31).

A recently published study used national 
data to develop a refinery emission inten-
sity model based on crude feed density, 
crude feed sulfur content, the ratio of 
light liquids to other refinery products, 
and refinery capacity utilization (2).  This 
report builds on that published analysis 
using California data.  

For a more formal presentation of the 
analysis, the raw data, and data documen-
tation and verification details, please see 
the technical appendix to this report. 
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Emissions intensity—higher in 
California
California refineries emit more CO2 per 
barrel oil refined than refineries in any 
other major U.S. refining region.  

Figure 1 compares California with other 
major U.S. refining regions based on 
emissions intensity—mass emitted per 
volume crude oil refined.  Crude input 
volume is the most common basis for 
comparing refineries of different sizes 
generally (4), and it is a good way to 
compare CO2 emissions performance 
among refineries as well (2). 

Consider the emissions part of emissions-
per-barrel for a moment.  This measure-
ment is fundamental to refinery emissions 
performance evaluation.  We need to 
know where it comes from and if we can 
trust it.  

The bad news: many refinery emission 
points are not measured.  Instead, mea-
surements of some sources are applied 
to other similar sources burning known 
amounts of the same fuels to estimate 
their emissions.  This “emission factor” 
approach makes many assumptions and 
has been shown to be inaccurate and un-
reliable for pollutants that comprise small 
and highly variable portions of industrial 
exhaust flows.  The best practice would 
directly measure emissions, and apply 
emissions factors only until direct mea-
surements are done.  

The good news, for our purpose here, 
is that the emissions factor approach 
is prone to much smaller errors when 
applied to major combustion products 
that vary less with typical changes in 
combustion conditions, like CO2.  This 
means that in addition to being the best 
information we have now, the emission 

factor-based “measurements” we use here 
for CO2 (2, 8, 30, 31) are relatively accurate 
as compared with some other refinery 
emissions “measurements” you might see 
reported. 

Thus, the substantial differences in refin-
ery emissions intensity shown in Figure 
1 indicate real differences in refinery 
performance.  They demonstrate extreme-
high average emissions intensity in Cali-
fornia.  They suggest that other refineries 
are doing something California refineries 
could do to reduce emissions.  The big 
question is what causes such big differ-
ences in refinery emissions.  

3

       Refinery CO
2
 Performance Measurement   CBE–UCS Final Report

Figure 1. Average refinery emissions       
intensity 2004–2008, California vs other 
major U.S. refining regions.  Emissions 
from fuels consumed in refineries including 
third-party hydrogen production.  PADD: Pe-
troleum Administration Defense District.
Data from Tech. App. Table 2-1 (31).



Energy intensity—the proximate 
cause of high emissions intensity
California refineries are not burning a 
dirtier mix of fuels than refineries in other 
U.S. regions on average.  Their high 
emissions intensity comes from burning 
more fuel to process each barrel of crude.  
During 2004–2008 refineries in California 
consumed 790–890 megajoule of fuel per 
barrel crude refined, as compared with 
540–690 MJ/b in other major U.S. refin-
ing regions (PADDs 1–3) (31).    

This is consistent with recent work show-
ing that increasing energy intensity that 
causes refineries to consume more fuel, 
and not dirtier fuels, increases emissions 
intensity across U.S. refining regions 
(2).  Increasing fuel energy use per barrel 
crude refined—increasing energy intensi-
ty—is the proximate cause of increasing 
average refinery emissions intensity.

Looking at where refineries get the fuels 
they burn for energy helps to explain 
why energy intensity, and not dirtier fuel, 
drives the differences in refinery emis-
sions intensity we observe.

The fuel mix shown for California refin-
eries in Figure 2 is dominated by refinery 
fuel gas, natural gas, and petroleum coke 
just like in other U.S. refining regions.  
Coke and fuel gas burn dirtier than natu-
ral gas but are self-produced, unavoid-
able by-products of crude oil conversion 
processing that are disposed or exported 
(32) to be burned elsewhere if refineries 
don’t burn them.  Natural gas is brought 
in when refinery energy demand increases 
faster than coke and fuel gas by-produc-
tion.  The net effect is that emission per 
MJ fuel consumed does not change much 
as refinery energy intensity increases and 
demands more fuel per barrel processed.
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Data from Tech. App. (31).



The root cause—making motor 
fuels from low quality crude
Making motor fuels from denser, more 
contaminated crude oil increases refinery 
energy intensity.

A hundred years ago the typical U.S. 
refinery simply boiled crude oil to sepa-
rate out its naturally occurring gasoline 
(or kerosene) and discarded the leftovers.  
Not any more.  Now after this “distilla-
tion” at atmospheric pressure, refiner-
ies use many other processes to further 
separate crude into component streams, 
convert the denser streams into light liq-
uid fuels, remove contaminants, and make 
many different products and by-products 
from crude of varying quality (1, 2)  But 
even complex refineries still make crude 
into motor fuels by the same steps: sepa-
ration; conversion; contaminant removal, 
product finishing and blending.  

The middle steps—conversion, and        
removal of contaminants that poison pro-
cess catalysts—are the key to the puzzle.

Making light, hydrogen-rich motor fuels 
from the carbon-dense, hydrogen-poor 
components of crude requires rejecting 
carbon and adding hydrogen (1, 2, 16, 25).  
This requires aggressive processing that 
uses lots of energy.  Refiners don’t have 
to make gasoline, diesel and jet fuel from 
low quality crude, but when they decide 
to do so, they have to put a larger share of 
the denser, dirtier crude barrel through en-
ergy-intensive carbon rejection, hydrogen 
addition, and supporting processes.  That 
aggressive processing expands to handle 
a larger share of the barrel even when the 
rest of the refinery does not.

Figure 3 illustrates this concept: Refiner-
ies A and B make fuels from the same 
amounts of crude but Refinery B runs low

quality crude.  Their atmospheric distil-
lation capacities are the same, but more 
of the low quality crude goes through 
expanded carbon rejection and aggressive 
hydrogen addition processing at Refinery 
B.  The extra energy for that additional 
processing makes Refinery B consume 
more energy per barrel refined.
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Figure 3. Simple refinery block diagram. 
Aggressive processing (vacuum distillation, 
cracking, and aggressive hydroprocessing) 
acts on a larger portion of the total crude 
refined to make fuels from low quality crude.  
Figure reprinted with permission from Com-
munities for a Better Environment.

In fact, as crude feed quality worsens 
across U.S. refining regions, the average 
portion of crude feeds that can be handled 
by refiners’ vacuum distillation, conver-
sion and aggressive hydrogen addition 
processes combined increases by more 
than 70%, from 93–167% of refiners’ at-
mospheric crude distillation capacity (31).



California refineries have more of this 
aggressive processing capacity on av-
erage than refineries in any other U.S. 
region.  Of the five major “crude stream” 
processes that act on the denser, more 
contaminated streams from atmospheric 
distillation (vacuum distillation, coking, 
catalytic cracking, hydrocracking, and 
hydrotreating of gas oil and residua), 
California refineries stand out for four.  
(Figure 4.)  Meanwhile, consistent with 
the example described above, average 
California product hydrotreating and re-
forming capacities are similar to those of 
other U.S. refining regions.

Vacuum distillation boils the denser 
components of crude in a vacuum to feed 
more gas oil into carbon rejection and 
hydrogen addition processing.  Conver-
sion capacity (thermal, catalytic and hy-
drocracking capacity) breaks denser gas 
oil down to lighter motor fuel-type oils.  
Hydrocracking and hydrotreating of gas 
oil and residua are aggressive hydrogen 
addition processes.  They add hydrogen to 
make fuels and remove sulfur and other 
refinery process catalyst poisons. 

This aggressive hydroprocessing uses 
much more hydrogen per barrel oil pro-
cessed than product hydrotreating (25), 
especially in California refineries (Fig. 5).   
That is important because refiners get 
the extra hydrogen from steam reform-
ing of natural gas and other fossil fuels at 
temperatures reaching 1500 ºF, making 
hydrogen plants major energy consumers 
and CO2 emitters (2, 26, 28, 29, 33, 37).

Hydrogen production increases with 
crude feed density and hydrocracking 
rather than product hydrotreating across 
U.S. refineries (2), and is higher on 
average in California than in other U.S. 
regions (31).

Figure 5. Hydrogen use for hydroproces-
sing various feeds, California refineries, 
1995 and 2007.  Figure from CBE (33). 
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Figure 4. Refinery process capacities at 
equivalent atmospheric crude capacity, 
PADDs 1–3 and California (5-yr. avg.) (31).



Observations of operating refineries 
across the U.S. and California reveal the 
impact of crude quality on refinery energy 
and emission intensities.  Crude feed den-
sity increases from Midwest Petroleum 
Administration Defense District (PADD) 
2 on the left of Figure 6 to California 
on the right.  Refinery energy intensity 
increases steadily with crude feed density.  
Crude stream processing capacity also in-
creases with crude density, reflecting the 
mechanism by which refineries burn more 
fuel for process energy to maintain gaso-
line, diesel and jet fuel yield from lower 
quality oil.  As a result, refinery output of 
these light liquid products stays relatively 
flat as crude density increases.

Figure 7 shows comparisons of the same 
nationwide data using nonparametric 
analysis to account for potential nonlin-
ear relationships among causal factors.  
Crude feed density (shown) and sulfur 
content (not shown) can explain 92% of 
observed differences in refinery emissions 
(Chart A).  Together with the light liquids/
other products ratio, crude feed density 
and sulfur content can explain 96% of 
observed differences in emissions (Chart 
B).  Increasing crude stream processing 
capacity (Chart C) confirms the mecha-
nism for burning more fuel energy to 
process denser, higher sulfur crude.  

The ratio of light liquids to other prod-
ucts does not explain refinery emission 
intensity (Chart D).  This is consistent 
with recently published work showing 
that the products ratio was not significant 
in the strong relationships among refinery 
energy intensity, processing intensity, and 
crude quality (2).  Differences in refinery 
products alone cannot provide an alterna-
tive explanation for the large differences 
in refinery emissions that are observed.

But the same differences in product slates 
that affect emissions only marginally 
(compare charts A and B) may be more 
strongly related to processing capac-
ity.  PADDs 1 and 5 produce less light 
liquids than other regions that refine 
similar or denser crude (compare charts 
B and D), which should require margin-
ally less crude stream processing capacity 
in PADDs 1 and 5.  Consistent with this 
expectation, PADD 1 and PADD 5 data 
are shifted to the left in Chart C relative 
to their positions in Chart A.  Conversely, 
California maintains light liquids produc-
tion despite refining denser crude than 
that refined elsewhere, and the California 
data are shifted to the right in Chart C.  
These shifts are independent from any 
similarly large difference in observed 
emissions—the data shift horizontally 
while emission intensity changes verti-
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Figure 6. Average energy intensity (MJ/b), 
crude stream processing capacity (% atm. 
distillation capacity), and light liquids 
yield (% crude) by refining region.  East 
Coast PADD 1, 1999–2008 (yellow).  Mid-
west PADD 2, 1999–2008 (blue).  Gulf Coast 
PADD 3, 1999–08 (red).  West Coast PADD 
5, 1999-2003 (black). California, 2004–2009 
(orange).  Data from Tech. App. Table 2-1.



cally in Chart C—so that at least some of 
the differences in process capacity do not 
reflect real differences in emissions.

Thus, observations of operating refineries 
across U.S. regions and California dem-
onstrate the impact of crude quality on re-
finery CO2 emission intensity.  However, 

while it can enable the refining of lower 
quality crude, processing capacity does 
not equate to emissions intensity, because 
it can be used in different ways to target 
different product slates, which could re-
quire different process energy inputs, and 
thus emit at different rates.
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Figure 7. Comparison of refinery emission intensity drivers.  Results from nonparametric 
regression analyses comparing emission intensity with crude feed quality (density, shown; and 
sulfur, not shown; see Chart A); crude quality and light liquids/other products ratio (B); crude 
stream processing capacity (C); and products ratio (D).  All comparisons account for refinery 
capacity utilization.  Circle [diamond]: annual average observation [prediction] for PADD 1 1999-
2008 (yellow), PADD 2 1999–2008 (blue), PADD 3 1999–2008 (red), PADD 5 1999–2003 (black), 
and California 2004–2009 (orange). Data from Technical Appendix tables 2-1, 2-10.
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Drivers of refinery CO
2
 intensity:  assessing correlations

The petroleum process engineering logic 
and comparisons of refineries in real-
world operation documented above sug-
gest the following model for interactions 
of the major factors affecting refinery 
CO2 emission intensity:

• Making lower quality crude into light 
liquid fuels consumes more energy and 
this increases refinery emissions.

• Differences in fuels product slates alone 
cannot explain differences in emissions 
when crude quality is not considered.  
However, light liquids yield that is high 
or low relative to crude feed quality 
may reflect differences in crude stream 
processing capacity and its relationship 
to energy and emission intensities.

• Crude stream processing capacity can 
be used to refine lower quality crude, 
make more light liquid fuels from crude 
of a given quality, and/or treat other pro-
cess feeds.  Different uses of this pro-
cessing capacity may consume energy 
and emit CO2 at different rates.

If this model is correct, crude quality and 
fuels products should be able to predict 
refinery emission intensity.  Further, 
crude quality and products should predict 
emission intensity better than either refin-
ery products or processing capacity alone.  
The following analyses test this hypoth-
esis by predicting California refinery 
emissions based on U.S. refinery data.

Unlike the comparison analyses shown 
in Figure 7, these predictive analyses use 
all of the U.S. data and only some of the 
California data: the California refinery 
energy and emission intensity observa-
tions are withheld.  Because the resultant 
analyses do not “know” the California 
emissions that are actually observed, 

their results represent true predictions 
of California refinery emissions.  Those 
predictions can then be compared with 
the emissions actually observed to test the 
ability of products output, process capac-
ity, and crude quality along with products, 
to predict California refinery emissions.

This model is taken from previously 
published work that showed crude quality 
and fuels produced resulted in reasonably 
accurate predictions (2).  However, the 
new California data analyzed for the first 
time here reveal new extremes of high 
crude feed density, crude stream process-
ing capacity, and refinery energy and 
emission intensities (31).  At the same 
time, while light liquids yields and crude 
stream processing capacities are slightly 
lower relative to crude feed density 
among some of the previously analyzed 
U.S. data, those yields and capacities are 
slightly higher in California.  (Discussion 
of Fig. 7 above.)  For all of these reasons 
its ability to predict California refinery 
emissions based on the nationwide data 
represents a good test of this model.

Refinery products alone
Total light liquids yield varies little (Fig-
ure 6) and the light liquids/other products 
ratio cannot explain differences in refin-
ery emissions (Figure 7).  However, gaso-
line, distillate diesel, and kerosene jet fuel 
are made in different ways that may con-
sume energy and emit at different rates 
(16, 28, 33–38).  Analyzing differences in 
the relative amounts of individual fuels 
produced instead of only their lump-sum 
could provide more information about 
the relationship of refinery products and 
emissions.  Therefore we test whether the 
mix of gasoline, distillate, and kerosene 



jet fuel produced—the “fuels products 
mix”—can predict refinery emissions.

U.S. refinery emissions line up with the 
mix of fuels produced but decrease as the 
portion of refinery emissions caused by 
differences in fuels produced increases 
(compare charts A and B in Figure 8).  
This counter intuitive result is caused by 
decreasing gasoline and distillate yields 
as crude feed density increases (2) that 
are reflected in lower light liquid yields 
as emissions increase among U.S. PADDs 
(Figure 7).  In addition, consistent with 
the small differences in yields shown in 
Figure 6, the range of emissions from dif-
ferences fuels products yields (~10 lb/b) 
is small compared with that of observed 
refinery emissions (~50 lb/b; Chart 8-B). 

Observed California refinery emissions 
exceed those predicted based on the fuels 
products mix by 15–31% annually and by 
a six-year average of 22%.  This predic-
tion error results from equating California 
to other regions that have a similar mix of 
fuels yields but lower refinery emissions.  
These results show that fuels product 
slates cannot explain or predict refin-
ery emissions when crude quality is not 
considered, further supporting effects of 
crude quality on refinery emissions. 

Processing capacity alone
This analysis tests the ability of crude 
stream processing capacity—equivalent 
capacities for vacuum distillation, conver-
sion (thermal, catalytic and hydrocrack-
ing), and gas oil/residua hydrotreating 
relative to atmospheric crude distillation 
capacity—to predict refinery emissions.  
Although products processing or refinery 
wide processing equivalent capacities 
provide alternative measurements of re-
finery “complexity” (Figure 4), crude

10

       Refinery CO
2
 Performance Measurement   CBE–UCS Final Report

Figure 8. Refinery emission intensity vs 
gasoline, distillate, and kerosene jet fuel 
yields.  Prediction for California (2004–2009) 
by partial least squares regression on U.S. 
data (1999–2008; R2 0.94).  Circle [diamond]: 
annual average observation [prediction] for 
PADD 1 (yellow), 2 (blue), 3 (red), 5 (black), 
or California (orange).  Differences in the 
mix of these products among U.S. PADDs 
correlate with refinery emissions (Chart A) 
that cannot be explained by emissions from 
producing the products alone (Chart B) and 
do not predict California refinery emissions.  
Gasoline, distillate, and kerosene production 
CO2 estimates (46.0, 50.8, 30.5 kg/b respec-
tively) from NETL (28).  All other data from 
Technical Appendix tables 1-5, 2-1.
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Figure 9. Emission intensity vs vacuum 
distillation, conversion, and gas oil/residua 
hydrotreating equivalent capacities.  Predic-
tion for California (2004–2009) by partial least 
squares regression on U.S. data (1999–2008; 
R2 0.92).  Black circle [orange diamond]: an-
nual avg. for PADD 1, 2, 3 or 5 [California]. 
Chart A: Prediction based on observed data.  
Chart B: Identical to Chart A analysis except 
that California gas oil hydrotreating data are 
replaced by the lowest equivalent capacity 
observed among all these regions and years.  
Hydrotreating gas oil can improve other pro-
cess efficiencies, so Chart B shows a plau-
sible hypothetical example of why process 
capacity does not predict California emis-
sions. Data from Tech. App. tables 1-3, 2-1.  

stream processing capacity enables refin-
ing of lower quality crude and explains 
refinery energy and emission intensities 
when all data are compared while prod-
ucts processing and refinery wide capaci-
ties do not (2, Figure 7, Tech. Appendix).

Chart A in Figure 9 shows results for the 
prediction of California refinery emission 
intensity based on crude stream process-
ing capacity.  Although it can explain dif-
ferences in emissions (observed PADDs 
emissions included in analysis), the 
prediction based on crude stream process-
ing alone (observed California emissions 
excluded from analysis) exceeds observed 
emissions by 13–22% and by a six-year 
average of 17%.

This prediction error can be explained 
by refiners using processing capacity in 
different ways.  In California, equivalent 
capacities for coking, hydrocracking and 
gas oil/residua hydrotreating exceed those 
of other U.S. regions (Figure 4), and total 
crude stream processing capacity exceeds 
atmospheric distillation capacity by an 
average of 67% (Figure 6), indicating 
uniquely greater capacity for serial pro-
cessing of the same oil in multiple crude 
stream processes.  That serial process-
ing can alter the composition of feeds to 
various processing units, which can alter 
process reaction conditions, firing rates, 
and resultant fuel consumption and emis-
sion rates. 

For example, gas oil hydrotreating capac-
ity adds hydrogen to the H2-deficient gas 
oil from vacuum distillation and removes 
contaminants from the oil that otherwise 
interfere with processing by poisoning 
catalytic cracking and reforming catalysts, 
thereby also removing those contaminants 
from unfinished products (2, 16, 25).  In 
these ways, inserting more gas oil hydro-
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treating in the middle of their crude 
stream processing trains helps refiners 
make more fuels product from denser and 
dirtier crude while improving downstream 
processing efficiency and reducing the 
need to treat product streams in order to 
meet “clean fuels” standards.  

Thus, California refiners’ very high gas 
oil hydrotreating capacity (Figure 4) is 
consistent with their abilities to maintain 
fuels yield despite denser crude and meet 
California fuel standards despite product 
hydrotreating and reforming capacities 
similar to those elsewhere (figures 4, 7). 

And because improved efficiencies from 
better cracking and reforming feed pre-
treatment may offset emissions from this 
additional gas oil hydrotreating, that may 
help explain why, relative to other refin-
ing regions, average refinery emission in-
tensity does not increase as much as crude 
stream processing capacity in California.

Chart 9-B explores this plausible ex-
planation.  It shows results from the 
same analysis as Chart 9-A except that 
observed California gas oil hydrotreat-
ing capacity is replaced by the lowest 
U.S. crude stream hydrotreating capacity 
observed.  Those adjusted California data 
thereby predict California emissions for 
the assumed scenario described above, 
where California gas oil hydrotreating ca-
pacity would not increase refinery emis-
sions because its emissions are offset by 
efficiency improvements in downstream 
cracking and reforming processes.  

In this hypothetical scenario, the predic-
tion based on “adjusted” crude stream 
process capacity exceeds observed Cali-
fornia refinery emissions by a six-year 
average of 5%, as compared with the 17% 
average error shown in Chart 9-A.  

This hydrotreating example cannot ex-
clude other differences in crude stream 
processing configuration or usage as 
causes of the prediction error shown in 
Chart 9-A.  Indeed, the lack of publicly 
reported data for specific process units 
that makes it difficult or impossible to 
verify exactly how much each specific 
difference in processing changes emis-
sions (12, 28, 34) is another reason why 
processing capacity alone is not a reliable 
predictor of refinery emission intensity.

These results support our hypothesis 
by showing that the ability to use crude 
stream processing in different ways, 
which can consume energy and emit at 
different rates, can explain the poor pre-
diction of California emissions based on 
observed processing capacity alone.   

Crude quality and fuels produced
Recently published work found that crude 
feed density, crude feed sulfur content, 
the ratio of light liquids to other products, 
and refinery capacity utilization1 explain 
observed differences in energy and emis-
sions intensities among U.S. refining re-
gions and predict most of the differences 
among various government estimates of 
refinery emissions (2).  To test our hy-
pothesis, we predict California refinery 
emissions based on this crude quality 
and products model (2) using all the U.S. 
data but only the California crude quality, 
products, and capacity utilization data.  

In addition to the statewide data included 
in all our analyses, available data allow 
analysis of individual San Francisco Bay 
Area refineries.  Reported crude feed 
data are too limited for such facility-level 
analysis of other California refineries.  

1 Capacity utilization is included as an explanatory 
factor in all the predictive analyses (figures 8–10).
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Figure 10. Refinery emission intensity vs crude feed density, sulfur content and light liq-
uids/other products ratio.  Predictions for California by partial least squares regression on U.S. 
data (R2 0.90). Chart legend identifies annual average data. Data from Tech. App. tables 1-1, 2-1.

The diagonal line in Figure 10 shows the 
prediction defined by applying this model 
to the nationwide refinery data.  Consis-
tent with our hypothesis, the model tells 
us to expect increasing emissions inten-
sity as crude feed density, sulfur content, 
or both increase.  Observed emissions fall 
on or near the line in almost every case.  
California statewide refinery emissions 
range from 6% below to 8% above those 
predicted and are within 1% of predic-
tions as a six-year average.  San Francisco 
Bay Area refinery emissions exceed the 
prediction by 6%.  Emissions reported by 
four of the five individual Bay Area refin-
eries fall within the confidence of predic-
tion when uncertainties caused by lack of 

facility products reporting are considered, 
and range from 13% below to 8% above 
the central predictions for these facilities.  

The only data point that is clearly dif-
ferent from the emissions predicted by 
this model is for the Chevron Richmond 
refinery, and that result was anticipated as 
Chevron has reported inefficiency at this 
refinery.  A 2005 Air Quality Management 
District permit filing by the company (39) 
cited relatively antiquated and inefficient 
boilers, reformers, and hydrogen produc-
tion facilities at Richmond.  

These results show that the crude quality 
and products model is relatively accurate 
and reliable for California refineries.  
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Crude supply is changing now
California refineries can and do import 
crude from all over the world (24), but 
their historically stable crude supply 
sources in California and Alaska are in 
terminal decline (40–42).  This is driving 
a refinery crude switch: foreign crude im-
ports were only 6% of the total California 
refinery crude feed in 1990; in 2009 they 
were 45% of total California crude feed 
(21).  By 2020 roughly three-quarters of 
the crude oil refined in California will not 
be from currently existing sources of pro-
duction in California or Alaska (41, 42).

An urgent question is whether, by 2020, 
California will switch to alternative 
transportation energy, or switch to the bet-
ter quality crude now refined elsewhere, 
or allow its refiners to retool for a new 
generation of lower quality crude.

The model developed from analysis of na-
tionwide refinery data that is validated for 
California refineries in this report predicts 
that a switch to heavy oil/natural bitumen 
blends could double or triple U.S. refinery 
emissions (2).  Based on this prediction, 
replacing 70% of current statewide refin-
ery crude input with the average heavy oil 
(19) could boost average California refin-
ery emissions to about 200 pounds/barrel 
crude refined.2  This would represent an 
increase above observed 2009 statewide 
refinery emissions of approximately 44% 
or 17 million tonnes/year.

Based on the same prediction model (2), 
and the average California refinery yield, 
fuels, and capacity utilization observed 
2004–2009 (2, 31), replacing 70% of cur-
rent statewide refinery crude input with 
crude of the same quality as that refined 
in East Coast PADD 1 (2005–2008) could 
cut statewide refinery emissions to about 
112 pounds/barrel—a reduction of about 
20%, or ~8 million tonnes/year below 
observed 2009 emissions.

Comparison with the 10% cut in refinery 
emissions envisioned by 2020 via prod-
uct fuels switching under California’s 
Low Carbon Fuel Standard suggests that 
this possible range of emissions changes 
(+44% or –20%) could overwhelm other 
emissions control efforts.  

In light of the findings reported here, the 
California refinery crude supply switch 
that is happening now presents a crucial 
challenge—and opportunity—for climate 
protection and environmental health.

2 This prediction for heavy oil as defined by USGS 
does not represent worst-case refinery emissions; 
it is near the low end of the heavy oil/natural bitu-
men range predicted (ref. 2; SI; Table S8; central 
prediction for heavy oil).  Nor does it include 
emissions from crude production: work by others 
(12, 16, 38) has estimated an additional emission 
increment from extraction of heavy and tar sands 
oils versus conventional crude that is roughly as 
great as this emissions increase from refining.



Recommendations

To ensure environmental health and 
climate stability it will be necessary 
to develop and enforce policies that 
prevent or limit emissions from refining 
lower quality grades of crude oil.
Existing state and federal policies have 
not identified crude quality-driven in-
creases in refinery emissions.  As a result 
they have not limited or otherwise pre-
vented very large increases in the emis-
sion intensity of refining that exceed the 
emission targets of these current policies.  
Continuation of these policies without 
change will likely fail to achieve environ-
mental health and climate goals.

Expand refinery crude feed quality 
reporting to include crude oil from U.S. 
sources.
Currently, every refinery in the U.S. 
reports the volume, density, and sulfur 
content of every crude oil shipment it 
processes, and that is public—but only 
for foreign crude.  (www.eia.gov/oil_gas/
petroleum/data_publications/company_
level_imports/cli.html)  The quality of 
crude refined from wells on U.S. soil is 
exempted.  Since California’s major fuels 
refineries use U.S. crude too, this hides 
facility crude quality from the public and 
from publicly verifiable environmental 
science.  That limits this report’s analy-
sis of individual refineries, but very high 
crude quality-driven emissions found at 
two of the five facilities analyzed suggest 
that GHG copollutants disparately impact 
communities near refineries processing 
dirtier oil.  The public has a right to know 
about how U.S. oil creates pollution of 
our communities and threatens our cli-
mate.  State and federal officials should 
ensure that the U.S. crude refined is re-
ported just like the foreign crude refined.  

Compare refinery carbon emission 
performance against national or world-
wide refinery performance.
The extreme-high average CO2 emission 
intensity of California refineries revealed 
in this report was discovered only by 
comparing them with refineries in other 
parts of the U.S.  This alone makes the 
case for rejecting the alternative of com-
paring refinery performance only within 
California.  Doing that would compare 
“the worst with the worst,” and thus risk 
erroneously establishing a statewide 
refinery emissions rate that is 33% dirtier 
than the average emissions rate achieved 
across a whole U.S. refining region as en-
vironmentally “acceptable” performance.

Moreover, this report demonstrates that 
comparing refinery performance across 
U.S. regions allows one to verify and 
know which causal factors do and do not 
drive changes in refinery emissions.  That 
knowledge enables actions to prevent and 
reduce emissions.  This is the reason one 
tracks emission performance.

The crude feed quality and products 
model evaluated here measures and pre-
dicts emissions per barrel crude refined 
based on the density and sulfur content of 
crude feeds, refinery capacity utilization, 
and the ratio of light liquids (gasoline, 
distillate, kerosene and naphtha) to other 
refinery products.  It is based on data for 
U.S. Petroleum Administration Defense 
districts 1, 2, 3 and 5 over ten recent 
years.  Energy intensity predicted by these 
parameters is compared with fuels data 
using CO2 emission factors developed for 
international reporting of greenhouse gas 
emissions in the U.S.  Data and methods 
are freely available at http://pubs.acs.org/
doi/abs/10.1021/es1019965.  
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Purpose and scope 
 
The purpose of this project is to develop and recommend a metric that can be used to 
measure petroleum refinery greenhouse gas (GHG) emissions intensity accurately and 
identify potential changes in emissions for controlling them reliably (a “benchmark”). 
Closely tied to this purpose, the project seeks to document the ability of alternative 
benchmark options to measure factors that drive refinery emissions, and thus be used to 
help identify opportunities for preventing, controlling, and reducing those emissions.     
 
Four assumptions that were introduced at project conception served to focus, limit, and 
define its scope.  First, the project was limited to technical assessment.  Second, at least 
three types of refinery emission performance metrics would be assessed:  

• A metric that would attempt to benchmark refinery emissions against refinery 
complexity—a term that refers to measurements based on the types and capacities of 
processes used by a refinery following initial atmospheric crude distillation.   

• A metric that would attempt to benchmark refinery emissions against refinery 
products output, meaning the production or yield of some or all refined products. 

• A metric that would benchmark refinery emissions against crude feed quality; 
specifically, the density and sulfur content of crude oil feedstock processed by 
refineries.  These metrics are described in detail below. 

 
The third initial assumption was that the applicability of the benchmark to refineries in 
California and other regions would be assessed.  Fourth, available California-specific 
refinery data would be assessed.   
 
Analysis focused on carbon dioxide (CO2) emissions from fuels refineries.  This reflected 
known differences between fuels refining and asphalt blowing, and the recognition that 
CO2 predominates the total global warming potential of greenhouse gases emitted by oil 
refining.  Taken together these two limitations in project focus exclude only 1–2% of 
100-year horizon CO2e mass emitted by oil refining in California (1, 2).   
 
Boundary conditions were set to include emissions at refineries and from purchased fuels 
consumed by refineries.  The alternative of excluding purchased fuels consumed by 
refineries was rejected because ignoring relationships of refinery processing and feeds to 
those energy and emissions commitments—especially with respect to captive and third 
party hydrogen plants often co-located with refineries—would introduce potentially large 
and unnecessary errors.  This boundary excludes emissions from the production and 
transport of refinery feedstock and from the transport and use of refinery products. 
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Approach 
 
Assessment was based on data from observations of refineries in actual operation.  This 
approach differs from those which use process design parameters to generate data inputs 
that are then analyzed in linear programming (LP) or analogous models constructed to 
represent refinery operations.  See, for example Keesom et al. (3); Brederson et al. (4).  
Strengths of the “data-oriented” approach used here include avoidance of error associated 
with the need to make assumptions about processing parameters that vary within and 
sometimes beyond design parameters in actual refinery operation, and transparent 
separation of observations from expected causal relationships.  Observed data and 
expected causal relationships may be intertwined by the assumptions embedded in inputs 
generated from process design data and embedded in algorithms of LP models.  A 
weakness is its limitation to observed and recorded data, which limits its use in cases of 
not-yet-built breakthrough technology that do not apply here, and limited its use, for this 
project, to analysis of available publicly reported data. 
 
A ten-year data set encompassing 97% of the U.S. refining industry that was gathered and 
validated for recently published work (1) was selected as the comparison data for this 
assessment (the “U.S. data”).  Data from California refineries were gathered and assessed 
for their quality.  The data were assessed based on petroleum refinery engineering and 
physical chemistry knowledge to identify causal bases for interactions of variables to be 
analyzed, and were compared with the U.S. data to check for consistency of response 
strength among variables, before quantitative analysis.   
 
Quantitative analysis was designed first to assess the power of a metric option to predict 
refinery emissions intensity, based on independently observed emissions, and second; its 
reliability of prediction related to factors explaining emissions intensity based on 
comparison observations.  These criteria flowed from the measurement accuracy, and 
identification of potential emission intensity change, purposes described above.   
 
Partial least squares regression (PLS, XLSTAT 2009) was used where supported by 
available data.  This analysis model was described previously (1).  PLS allowed for the 
intended focus on the primary interest in prediction of y (e.g., emission intensity) and 
secondary interest in weights of x variables (e.g., factors driving emissions) while 
addressing the expectation that these factors may be correlated.  Analysis by PLS also 
afforded comparability with recently published analysis of the U.S. data (1).  Support for 
PLS by available data was defined for each analysis run as results suggesting that PLS 
residuals were distributed normally for each of four descriptive tests (Shapiro-Wilk; 
Anderson-Darling; Lilliefors; Jarque-Bera tests, α 0.05).  If this requirement was not met 
for PLS, analysis was by nonparametric regression (LOWESS, XLSTAT 2009) with the 
same criterion for acceptable distribution of residual error by all of those four tests.   
 
California refinery data were analyzed in the prediction mode of the PLS or LOWESS 
models on the U.S. data.  Data inputs were reported with results for each analysis. 
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Narrative description of the data 
Annual average data for refinery groups.  Weighted annual average refinery crude feed 
volume, density and sulfur content, process capacity, fuels, yield, capacity utilization, 
energy, and emissions data for California (2004–2009) and U.S. Petroleum 
Administration districts (PADDs) 1, 2, 3 and 5 are shown in Table 2-1.  PADD 4 data 
were excluded based on observed anomalies that could not be resolved due in part to 
incomplete crude feed data reporting.  These U.S. data were taken from recently 
published work that describes the U.S. data and PADD 4 anomaly in detail (1).   

The California Energy Commission (CEC) (5) reported annual average California crude 
feed volume data.  California refinery crude feed quality data are discussed below.  
Refinery process capacities shown were volumes that could be processed during 24 hours 
after making allowances for types and grades of inputs and products, environmental 
constraints and scheduled downtime, from Oil & Gas Journal (6).   

Fuels consumed by California refineries shown in Table 2-1 for 2006–2009 were 
provided by the CEC (7), and those shown for 2004–2005 were provided by Air 
Resources Board (ARB) staff (8).  Errors in the 2006–2007 fuels data were discovered, 
investigated, and corrected by CEC staff during the data gathering effort for this project 
(7).  Table 2-1 includes the fuels data corrected and revised by CEC staff with one 
exception: For the “other products” fuel category, which accounts generally for only ~1% 
of refinery energy and emissions, CEC staff suspected an as-yet unresolved error in the 
2006–2009 data reported (7).  Those suspect data were replaced for these years (2006–
2009) in Table 2-1 with the 1999–2005 average of “other” fuels reported for California. 

Although impacts of all U.S. refinery hydrogen demand required estimation (1), for 
California refineries the CEC data included energy consumed by refinery-owned 
hydrogen production (7).  The method used for U.S. refinery hydrogen was applied only 
to California refinery hydrogen purchased from third-party plants, and broken out as 
hydrogen purchased by California refineries (“H2 purch.”) or “third-party H2 prod.” in 
Table 2-1.  This application of 90% capacity utilization, energy and emission factors for 
modern-design natural gas fed steam reforming (1) was conservative for California 
refineries given the evidence that they are generally hydrogen-limited (9) and the known 
use of naphtha steam reforming by some of them (6).  Independent emissions reports by 
third-party plants (2) supplying hydrogen to California refineries showed good agreement 
within 2–3%.  Calculations for this third-party refinery hydrogen supply data check are 
shown in Table 2-2.  Note that although these emissions are clearly related to steam 
reforming’s great hydrocarbon fuel and feedstock consumption and high operating 
temperatures (~1500 ºF) (9), most of the CO2 emitted by this process forms in its shift 
reaction rather than as a direct product of combustion. 

Products yield was calculated as defined by the U.S. Energy Information Administration 
(EIA) from California refinery input and output data reported by the CEC (10, 11).  
Reporting inconsistencies for kerosene subcategories in 2009 that were identified during 
project data gathering were confirmed and corrected by CEC staff (11).  The kerosene 
and kerosene jet fuel yields for 2009 in Table 2-1 reflect those corrections.  Utilization of 
operable refinery capacity for California was calculated as defined by EIA from the feed 
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volume (5) and atmospheric distillation capacity (6) data in Table 2-1.  Annual average 
refinery capacity utilization 2004–2009 ranged 83–95%.   Process-level capacity 
utilization was not otherwise reported, indicating a processing data limitation. 

California refinery energy consumption and CO2 emissions were calculated from fuels 
consumed and the same fuel-specific energy and emission factors used for the U.S. (1) 
except for the emission factor for electricity purchased from the grid.  The U.S grid factor 
(187.78 kg/GJ) was replaced by the California factor (97.22 kg/GJ) to reflect the greater 
share of hydropower in the California grid purchases by these refiners.  Emission factors 
applied to combustion of fuels, including both of these grid factors, were developed, 
documented and used by EIA for international reporting of U.S. emissions (1, 12, 13).   

Table 2-1 shows emissions by fuel energy (kg/GJ) and crude volume processed (kg/m3).  
These emissions for California refineries (354–401 kg/m3, 2004–2009), span previously 
reported S.F. Bay Area emissions (360 kg/m3, 2008), which exceed reported average U.S. 
refinery emissions (277–315 kg/m3, various years) for reasons that could be explained 
primarily by differences in crude feed quality (1).  These fuels-based emissions, however, 
may also exceed the average from California refineries’ total from Mandatory GHG 
Reporting Rule (MRR) reports (351–354 kg/m3 with purchased H2, 2008–2009) (2).  It 
was not possible to account for that apparent discrepancy because data and calculation 
details for the MRR-reported emissions are kept secret from the public by ARB policy.  
The more transparently supported fuels consumption-based emissions estimates were 
used in quantitative analysis of average California refinery emissions for these reasons. 

Average California refinery crude feed density and sulfur content was not previously 
reported (1).  EIA reported these data for U.S. PADDs and some other states but not for 
California (14).  California Petroleum Industry Information Act forms M13, M18 and 
A04 do not require these data to be reported.  The ARB responded to a formal request by 
confirming that its staff could find no records related to these data (15).  These data were 
reported for the foreign crude streams processed at each facility monthly (14).  They were 
also reported for the Trans-Alaska pipeline stream from the Alaskan North Slope (16), 
but not for the average California-produced crude stream refined.   

Because California-produced crude was not refined in appreciable amounts outside 
California (17–20), the quality of the California-produced stream refined statewide could 
be estimated based on that of total California production.  The density and sulfur content 
of California crude feeds shown in Table 2-1 was calculated from these annual estimates 
for California-produced crude and the other crude streams refined in California by the 
standard weighted averaging method that is summarized in Table 2-3.  

Public databases reported density and sulfur content data for most of the oil streams 
produced in California (16, 21–24).  Annual production volumes (25) were matched to 
the average of these reported density and sulfur data by field, and where data were 
reported, by area, formation, pool or zone.  The matched data are shown in Table 2-4.  
Some 480–550 areas, pools, formations or zones produced crude among California oil 
fields annually 2004–2009; more than 99% of that total volume was matched to density 
measurements and 94–96% was matched to sulfur, 2004–2009.  In light of the knowledge 
that the specific geologic conditions containing an oil deposit constrain its quality, this 
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measured coverage and large number of component streams (Table 2-4) provide support 
for the California-produced crude quality estimates shown in Table 2-3.  However, the 
quality of crude produced from the same formation, zone and even well can vary to some 
extent over time, and individual refineries run crude of non-average quality.  Reporting 
domestic refinery inputs in the way foreign inputs are reported would provide 
substantially better quality data for future analysis, especially facility-level analysis.   

California facility-level data.  Process capacities were reported in barrels per calendar day 
for each major fuels refinery and some of the smaller plants targeting other products in 
California, by Oil & Gas Journal (6).  These data are presented in Table 2-5.  Capacity 
data were found to be aggregated among facilities in three cases.  Two of these paired 
facilities were located near each other in Wilmington and Carson.  In those cases the 
aggregated data are reported in Table 2-5.   

In the third case, facilities reporting aggregated capacities were too distant (~250 miles) 
for integration of process energy flows, such as shared hydrogen and steam.  In addition, 
these facilities had reported capacities separately to EIA (14) and had reported emissions 
separately to ARB (2).  Capacities of these two facilities, the ConocoPhillips Rodeo and 
Santa Maria refineries, were disaggregated by process-level comparisons between the Oil 
& Gas Journal (6) and EIA-reported data (14) to obtain capacities for each refinery in 
barrels/calendar day.  The EIA data were not substituted directly because EIA reported 
capacities for most processes in barrels per stream day, which in general would provide 
less accurate indications of actual operation.  Historic effluent discharge permits files for 
the Rodeo refinery provided a check on, and compared to, the disaggregated results. 

Facilities were ranked by crude capacity (atmospheric crude distillation capacity) in 
Table 2-5 to facilitate visual inspection of the data.  The larger facilities from the top 
through most of the vertical span of the table are California’s fuel refiners: smaller 
facilities at the bottom of the table largely target different products or intermediates.  
Hydrotreating of gas oil, residua and oils to be fed into catalytic cracking units is 
tabulated separately from product hydrotreating to reflect a distinction among refinery 
processes perhaps first articulated by Speight (29). The first six processes shown in the 
table1 are the primary processes acting on crude and its denser gas oil and residual oil 
components; product hydrotreating and the following half-dozen processes act on the 
unfinished products from those primary or “crude stream” processes (29, 1).  Primary 
processing capacity was concentrated among the large fuels refineries in California. 

Emission intensities of individual California fuels refineries were estimated by adding 
excluded emissions associated with hydrogen to refinery emissions reported under 
California’s Mandatory GHG Emissions Reporting Rule (MRR), and comparing mass 
emitted against the facility’s atmospheric distillation capacity (Table 2-5).  This was 
necessary because facility-level fuel consumption, crude feed volume, and products yield 
data were not reported, and MRR reporting excluded much of the emissions from making 
hydrogen used by refineries from refinery emission reports.  

                                                
1 Atmospheric distillation, vacuum distillation, coking and thermal cracking, catalytic cracking, 
hydrocracking, and hydrotreating of gas oil, residua and catalytic cracking unit feeds. 
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Refiners did not report emissions from hydrogen production they relied upon through 
purchase agreements with nearby third-party producers under MRR; those emissions 
were reported separately by the third-party hydrogen plants (2).  Refiners did, however, 
report the third party hydrogen capacity asset they had secured to Oil & Gas Journal (6).  
Those reported capacities compare reasonably well to emissions from the third-party 
plants reported in 2008 and 2009 under the MRR (Table 2-2).  During this period the 
facilities reporting third-party hydrogen supply and their third-party suppliers were co-
located: in the northeastern S.F. Bay Area; and in a stretch of the Los Angeles Area from 
El Segundo to Wilmington in (2, 6).  Third-party hydrogen emissions were assigned to 
refiners in proportion to their reported reliance on that hydrogen in each region.  The 
calculation is shown with estimated facility emission intensity results in Table 2-6. 

Average California refinery capacity utilization rates and MRR-reported emissions 
approaching but less than 100% of reported capacity and fuels emissions implied both the 
potential for underestimation of facility-level emissions intensities for some refineries, 
and constraints on the magnitude of that error for the facility data set as a whole.  Table 
2-6 results were accepted, conditioned on this uncertainty, to account for facility-level 
variability that could otherwise be obscured by focus on statewide averages alone, and 
because better facility estimates were unavailable due to limitations in reported data. 

Crude feed quality data reported at the facility level were sparse at best.  Although EIA 
reported the density and sulfur content of all foreign-sourced crude refined by each 
facility (14), these data were not reported for domestically produced crude inputs to 
facilities.  Foreign crude volumes refined (14) remained significantly smaller than 
atmospheric distillation capacities (Table 2-5) for the major California fuels refineries 
2004–2009, indicating that these facilities processed Californian and/or Alaskan crude as 
a significant or substantial portion of their feeds.  Nonreporting of crude feed quality was 
thus a major limitation in the data.  This lack of domestic crude feed quality reporting at 
refineries contrasted with the public reporting of density and sulfur measurements for 
nearly all of the crude streams refined in California (tables 2-3, 2-4) before the oil passed 
through the refinery gate.   

Site-specific supply logistics allowed crude streams of known quality to be traced to S.F. 
Bay Area refineries by volume.  Bay Area refineries received crude from well reported 
foreign sources (14), adequately documented Alaska North Slope (ANS) crude blends 
(16) delivered by ship from the TAPs pipeline terminus, and via a pipeline carrying a 
blend of the crude oils produced in California’s San Joaquin Valley (1, 5, 19, 20, 26).  
Recently published work apportioned those crude supply streams among facilities to 
derive crude feed density and sulfur estimates that supported an emission prediction 
which compared well to that independently reported for 2008 by Bay Area refineries (1).  
This project built on that previous work. 

San Joaquin Valley (SJV) crude supply data gathered for 2008 (Table 2-4) matched 
density and sulfur content measurements to 99.9% and 98.8%, respectively, of the total 
crude volume produced by 489 production streams in the SJV.  These data were used to 
update the weighted average density and sulfur content of the SJV pipeline stream.  The 
same ANS data used for the California average, which was from in the TAPs pipeline 
terminus at Valdez (16), was applied to the Bay Area ANS stream as well. Weighted 



Technical Appendix, Oil Refinery CO2 Performance Measurement  

1-9 

averages of the SJV, ANS and foreign streams were taken to estimate Bay Area 
refineries’ crude feed quality.  The calculations are shown in Table 2-7. 

A crude feed mixing analysis was performed by the same method used to assess the 
adequacy of crude feed quality data in recently published work (1).  Gravity (density) and 
sulfur content are among the most widely used indicators for crude value, and are used to 
price crudes, largely because they are general predictors for other characteristics of oil 
that affect its processing for fuels production.  Density and sulfur correlate roughly with 
distillation yield and with asphaltic, nitrogen, nickel and vanadium among well-mixed 
blends of crude oils from various locations and geologies (1, 28, 29).  California crude 
feeds 2004–2009 were found to be roughly as well mixed as those shown to be 
adequately mixed to support predictions of processing, energy, and emission effects 
among U.S. PADDs 1, 2, 3 and 5 (1) (Table 2-8).  This supported the adequacy of the 
California crude feed density and sulfur data for purposes of the analysis targeted here. 

Refinery capacity utilization, light liquids/other products ratios and fuel mix emission 
intensities were not available at the regional and facility levels because crude volume 
processed, products yield, and fuels consumption by refineries were not reported at the 
regional and facility levels, for California refineries.  Previous work addressed this data 
limitation, as it applies to predictions based on available data, by assigning the most 
representative available average reported among U.S. PADDs, as in the Bay Area 
emissions prediction referenced above (1).  The California average data gathered by the 
project allowed this proxy to be refined to some extent by applying the 2008 California 
average data to the S.F. Bay Area region.  Facility-level analysis for Bay Area refineries 
conservatively assumed the full variability observed among all regions and years. 

Data adequacy overview.  For California refineries as a group, the quality of data that 
could be found from verifiable public reports was adequate but poorly accessible.  The 
errors found and addressed as disclosed above were judged to reflect the intensity of data 
validation effort rather than a departure from the typical—and perhaps inevitable—error 
rate for data sets of this kind.  At the facility level, however, data quality was poor: Feed 
volume, fuels usage, products yield and emissions verification data as well as crude feed 
density and sulfur content for most refineries were not reported.  The need for attention to 
refinery crude feed quality reporting and documentation beyond this project, perhaps 
obvious from the foregoing, appears urgent.  This assessment applies to publicly reported 
data for the parameters identified above: confidential, proprietary, or otherwise secret 
data are not publicly verifiable and were not used. 

Validation that the data adequately describe refinery emissions performance across 
regions accounted for the limited quantity of California data that could be gathered and 
the potential for nonlinear relationships among causal drivers of emissions.  PADD 5 data 
were excluded for years when California data were included in the comparison mode of 
regression analyses because California is part of PADD 5.  An attempt to balance 
observation counts among regions by subsampling the data led to a relatively small 
analysis sample (N = 24).  Results from that too-small sample, reported for transparency 
only (Table 2-9), were discarded and were not used in the analysis.  Instead, California 
(2004–2009) and PADD 5 (1999–2003) data were resampled to balance data counts 
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among regions without excluding any PADDs 1–3 data (1999–2008) from the sample 
analyzed (N = 52).  Analysis was by nonparametric regression to account for nonlinear 
relationships among causal factors.  Refinery emission intensity, energy intensity, crude 
feed density and sulfur, fuel mix emission intensity, light liquids/other products ratio, 
primary processing capacity, and capacity utilization were analyzed in the comparison 
mode of the model.  Residuals from these analyses appeared normal  (Shapiro-Wilk; 
Anderson-Darling; Lilliefors; Jarque-Bera tests, α 0.05).  Results supported consistent 
relationships among causal factors across regions.  Crude quality and products could 
explain 97% of variability in energy intensity and 96% of variability in emissions, and 
observed and predicted values differed by ≤ 4% for California refineries and ≤ 9% for all 
refining regions in all cases.  Crude quality alone could explain 92% of variability in 
emissions, and observed and predicted values differed by ≤ 6% for California and ≤ 11% 
for all regions in all cases.  Data inputs and results are shown in Table 2-10. 

Emission measurement is central to every emissions performance benchmark assessed 
herein and therefore warrants explicit attention.  Briefly: Applying emission factors 
developed from measurements taken elsewhere to a new, unmeasured source requires 
many assumptions.  Direct sampling and analysis of samples taken at the points of 
emission—in cases where it was done well—has demonstrated that errors related to those 
assumptions render the “emission factor” approach inaccurate or unreliable for pollutants 
that vary dramatically with combustion conditions.  Best practices for assessing such 
emissions apply emission factors to known activity rates, such as the types and amounts 
of fuels burned, only where direct sampling measurements are not available or suspect.  
Direct measurement of emissions is the best practice and should be required and reported. 

The assumption of constant combustion conditions is prone to relatively smaller errors, 
however, when applied to combustion products that dominate the emission stream and 
vary proportionately little with typical combustion variability, such as CO2.  Importantly, 
CO2 predominates among greenhouse gases in refinery emissions, accounting for more 
than 98% of emitted CO2e in 100-year horizon assessments (1, 2).  Thus, the application 
of appropriate emission factors to accurate fuels data is relatively, and perhaps uniquely, 
accurate and reliable for the pollutant of main interest in the present analysis.  This is 
fortunate, since comprehensive direct measurements of refinery emissions have not yet 
been required or reported.  

Documentation of analysis methods  
Support for causal relationships of variables analyzed. The physical chemistry of 
petroleum fuels refining presents an inescapable equation: Making light, hydrogen-rich 
fuels from crude that is more carbon-dense and hydrogen-poor requires more energy (3, 
4, 9, 28, 30–35).  Carbon must be rejected, hydrogen must be added, or both, and burning 
fuel for that energy emits more CO2 and other combustion products.  Carbon rejection 
and aggressive hydrogen addition—thermal cracking, coking, catalytic cracking, 
hydrocracking, and hydrotreating of gas oil and residua—are the core of oil refining in 
the U.S. and California (tables 2-1, 2-5).  As these processes, the vacuum distillation 
capacity that helps to feed gas oil to them, and the fossil energy-fed production of 
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hydrogen feeding them, expand to a larger share of the lower-quality crude barrel, energy 
and emission intensities grow.  Effects of these causal relationships have been observed 
and measured across the U.S. refining industry (1). 

Annual average statewide California refinery performance followed and extended the 
continuum of U.S. regional performance and showed consistent responses with the U.S. 
data for causally related factors, but represented the extreme of high emission intensity 
(Figure 1-1).  California emissions and energy intensities were high while fuel mix 
emissions intensity was not, indicating that burning more fuel, rather than burning dirtier 
fuel, caused the high California emissions.   

California refineries’ capacity for “primary” processing acting on the crude stream and its 
denser components (29), and their by-production of coke and fuel gas created by that 
processing, were also high, while their light liquids (gasoline, distillate and jet fuel) yield 
and “secondary” products finishing capacity were within or near the national range.   

These relationships among performance factors are consistent with those observed among 
U.S. refining regions, where lower quality crude feeds boosted emissions by increasing 
refinery energy intensity (1). 
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The extreme-high average refinery 
emissions intensity cannot be explained 
by treating product streams harder to 
make California-compliant gasoline and 
distillate diesel alone.  California 
product hydrotreating and reforming 
capacities are similar to those elsewhere  
(Figure 1-2).  Instead, greater crude 
stream processing capacity—driven by 
greater vacuum distillation, thermal 
coking hydrocracking, and hydro-
treating of gas oil—distinguishes 
California from other U.S. refining 
regions, in terms process capacity.   
 
Hydrocracking and hydrotreating of gas 
oil and residua uses much more H2 per 
barrel processed than does product 
hydrotreating (38). Combined capacity 
for hydrocracking and hydrotreating gas 
oil that is almost as large as product 
hydrotreating capacity (Figure 1-2) 
would thus use much more hydrogen 
than product hydrotreating in California 
(Fig. 1-3).  Across U.S. PADDs refiners’ 
hydrogen use increases with crude 
density (1, 3), and with hydrocracking 
rather than product hydrotreating (1).  
This is important because hydrogen is 
among the major sources of CO2 
emissions from oil refining (36, 37, 4).   

Figure 1-3. Hydrogen use for 
hydroprocessing various feeds, 
California refineries, 1995 and 2007 
 
MMscf/day 
Based on 100% capacity 
 
 
 
Figure adapted from CBE (2008) 
analysis citing references 6 and 38 
herein. 
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Total liquids production stays relatively flat across U.S. regions and California while 
refinery energy intensity rises steadily with crude feed density, and conversion capacity 
(thermal, catalytic and hydrocracking)—rising more steeply—becomes decoupled from 
energy intensity in California.  (Figure 1-4).  California conversion capacity exceeds 
California’s total light liquid fuels production, implying more intensive serial processing 
or reprocessing of feeds in California conversion units.  The pattern suggests California 
refineries may be squeezing out more gasoline, distillate, and jet fuel from lower quality 
crude in ways that may alter firing rates and emissions per unit processing capacity. 
 
Poor refinery emissions performance on average in California 2004–2009, and the 
additional observation that this extreme-high refinery emissions intensity apparently went 
unnoticed until performance was compared with other U.S. regions, support 
benchmarking against national refinery performance.   
 
Primary processing capacity and conversion capacity, which are types of refinery 
“complexity” metrics, are related to refinery crude feed variability, and expanded 
conversion capacity is probably helping to maintain California fuels yield despite 
declining crude feed quality.  However, the decoupling of conversion capacity from 
energy intensity observed in California 2004–2008 indicates that refinery complexity did 
not measure emissions performance or that another factor confounded its measurement. 
 
The types and amounts of products manufactured can be expected to affect emissions, but 
the variability observed among products was divergent: light liquids yield appeared to be 
maintained while byproducts yield increased with declining crude feed quality.  This 
indicates that a products metric excluding some products could be unreliable, and further 
suggests the need to address crude quality as part of this metric.   
 
Supporting discussion of causal relationships of crude quality is continued directly below. 
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Crude feed quality metric. Physical chemistry, petroleum engineering, and observational 
evidence consistently supports an energy intensity-crude feed quality causal pathway for 
observed differences in refinery emission intensity.  This evidence supports the need for 
the emissions benchmark to address feedstock quality. 

Recently published work (1) shows that crude feed density and sulfur predict energy and 
CO2 emission intensities for U.S. and Bay Area refinery groups with diverse feeds, and 
provides a specific measurement and prediction model and robust data set spanning 97% 
of the U.S. refining industry and ten years.  Assessment of the crude feed quality metric 
for California refineries adopted that metric and data set whole and without change and 
used them together with the newly-gathered California refinery data detailed and 
presented in this report.   

U.S. data from PADDs 1, 2, 3 and 5, 1999–2008 (1) were used as the basis for prediction.  
California statewide average and Bay Area refineries data were analyzed in the prediction 
mode of PLS on the U.S. data. In the prediction mode of the model, emission intensity is 
predicted in two steps.  First, refinery energy intensity (GJ/m3 crude) is predicted by four 
explanatory variables: 
• The density (d) of the crude feed in mass/volume crude; 

• The sulfur content (S) of the crude feed in mass/volume crude; 
• The refinery capacity utilization rate, as defined by U.S. EIA, in percent; and 

• The light liquids/other products ratio, which is defined as the volume of gasoline, 
kerosene, distillate, and naphtha divided by that of other refinery products. 

This gives the predicted refinery energy intensity in GJ/m3. Second the prediction is 
multiplied with the measured fuel mix emission intensity (see Table 2-1 and/or reference 
1 for fuel measurement detail), as CO2 mass emitted/fuel energy (kg/GJ).  Thus; 

GJ/m3 • kg/GJ = kg/m3 

predicts refinery CO2 emissions intensity in kg/m3 crude refined. Refinery CO2 emissions 
are essentially the same as refinery CO2e emissions (1, 2) as discussed in the data section.   

In practical terms, the energy and emissions intensity results make this an emissions 
performance and energy efficiency metric.  That is important given that energy intensity 
is the dominant proximate cause of refinery emission intensity differences among U.S. 
(1) and California refineries on average.  Finally, product slate effects on the 
relationships among crude feed quality and energy intensity are estimated directly 
through the inclusion of the products ratio as an explanatory variable. Thus, the metric 
also addresses products “output” yield. 

Method development and validation is detailed in the original work (1).  All data used in 
this analysis of the metric are given in Table 2-1.  Analysis input data are tabulated with 
the presentation of results below as well. 
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Equipment complexity metric. This option would attempt to use the size and variety of 
refinery process equipment capacities as a measurement or predictor for refinery 
emissions intensity.  The concept for complexity most widely used by refiners is 
equivalent capacity (EQC): the ratio by volume of other process capacities to the capacity 
for atmospheric crude distillation.  EQC is applied in different ways for different 
purposes.  It is applied to the primary processing of crude, gas oil and residua as a way to 
measure a refinery’s capacity for lower quality crude feeds (1).  In contrast, the Solomon 
indices are intended to be used, at least in part, for evaluating potential projects for their 
effects on margins and competitive position, according to Solomon Associates (42).  

Similarly, the Nelson Complexity Index applies weighting factors to the EQC of each 
process in a refinery as a way to calculate the value of a refinery or refinery capacity 
addition (43). The Nelson Index predates the Solomon indices and remains in use as an 
industry standard for refinery complexity benchmarking by Oil & Gas Journal (43).  
 
An oil industry lobby group proposed a benchmark that would use an adjusted version of 
the Solomon Energy Intensity Index (EII) (39). Air Resources Board (ARB) staff 
proposed that some type complexity metric should be considered, and stated that this 
metric might be based on the Solomon EII, although ARB acknowledged that Solomon 
EII data and methods are claimed proprietary and kept secret (40, 41).   
 
Because its data and methods are secret, the Solomon EII could not be assessed 
quantitatively.  However, significant refinery capacity data are available for publicly 
verifiable analysis now (tables 2-1, 2-5).  Initial assessment of these data, for example, 
identified the decoupling of conversion capacity from energy intensity observed in 
California (Figure 1-4), and raised questions about whether refinery complexity can 
measure emissions performance reliably.  A range of publicly available complexity 
metrics was analyzed for this assessment. 
 
Complexity was calculated for California and U.S. refineries as equivalent capacity 
applied to all refinery processing (refinery EQC), EQC applied to primary processing 
(primary processing EQC), and Nelson Complexity Index EQC (Nelson Index), using the 
California refinery capacity data in tables 2-1 and 2-5.   
 
California refinery data were analyzed in the prediction mode of PLS or nonparametric 
models on U.S. data.  Analysis was by nonparametric regression (LOWESS) for the 
Nelson Index and by PLS for the refinery EQC and primary processing EQC complexity 
metrics.  Annual average California refinery data were analyzed for all three metrics.  In 
addition, major refineries in the Los Angeles and Bay Area regions that collectively 
represent California fuels refining capacity were analyzed in the prediction mode of PLS 
on the U.S. data for the primary processing EQC.  Finally, as an example of the potential 
for using process capacity in different ways to result in different capacity/energy intensity 
relationships, “adjusted” primary processing equivalent capacity, calculated by replacing 
observed gas oil/residua hydrotreating data for California with the lowest value observed 
(PADD 1, 2006–2008), was analyzed. 
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Product yield output metric: This option measures emissions against products yield 
(refinery products output).  Air Resources Board (ARB) staff proposed emission-per-
volume products as a benchmark option for consideration.  This proposal would measure 
refinery emissions against the sum of “primary products” produced by California 
refineries: aviation gasoline, motor gasoline, distillate, kerosene jet fuel, renewable liquid 
fuels, and asphalt (40, 41).  Note that although this proposal includes “renewable liquid 
fuels,” refineries report no production these fuels at this time (Table 2-1).  ARB’s 
proposal measures the sum of these products against emissions directly, without 
necessarily targeting energy efficiency, as is attempted by at least some of the concepts 
for complexity metrics.   

The foregoing analysis (see discussion of figures 1-1, 1-4; crude feed quality metric) 
suggest that a products-based metric may be sensitive to the choice of which products to 
include or exclude, and that products and crude feed quality can be integrated into the 
refinery performance metric.  Additionally, this metric may differ from the others 
assessed here and may warrant additional assessment discussed below.  
 
Observed emissions were analyzed with the ARB primary products sum by 
nonparametric regression (LOWESS) and with the primary products “mix” by PLS.  The 
“mix” analysis entered data for each fuel as PLS inputs instead of summing them to one 
input, which may provide additional information—and it excluded asphalt based on its 
difference from the light liquid fuels.  Average California refinery data were analyzed in 
the prediction mode of the models run on the U.S. data.   Facility-level analysis of this 
metric was not possible because facility-level yield data were not reported publicly.  
Estimated CO2 emissions to produce gasoline, diesel, and kerosene (46.0, 50.8, and 30.5 
kg/b respectively) from NETL (32) were applied to observed gasoline, distillate, and 
kerosene yields (Table 2-1) to derive “fuels emit” estimates for comparison with results. 

Major plant capacity addition and thus refinery complexity is largely constrained by 
capital and permit requirements; and crude feed quality is constrained within fairly 
narrow limits by refinery configuration; the constraints supported focus on confirmed 
pathways of causality to support the variables analyzed.  Relatively less “hard” evidence 
for causality was found for the variability, or stability, of product slates.  This suggests 
products may change.  That implies the need to assess the stability of this metric as a 
measurement that can be predicted by or related to other factors. 

In part because of this consideration, and also because products were already integrated 
with crude quality as an explanatory (x) variable in the crude feed quality metric, this 
products metric was analyzed with crude quality as the dependent (y) variable in two 
forms.  Emissions/volume total products, and emissions/volume light liquids (aviation 
gasoline, motor gasoline, jet kerosene, distillate, naphtha) were calculated for the 
California and PADDs averages each year.  Each emission/volume product measurement 
was analyzed against the crude feed metric explanatory variables and California x data 
were analyzed in the prediction mode of the model on the U.S. data.  Nonparametric 
regression was used for the emission/total products analysis; PLS was used for the 
emission/light liquids analysis.
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Results 
 
Crude feed quality metric results.  Figure 1-5 shows results for energy intensity predicted 
by oil quality from this analysis.  The R-squared value (0.90) and diagonal lines bounding 
the 95% confidence of prediction for observations indicate the power of prediction by 
this metric.  Those results are derived from the U.S. refinery data, and were reported 
previously (1).  

Orange diamonds showing observations and predictions for California refineries annually 
2004–2009 provide new information about the reliability of prediction by this metric.  
The energy intensity (EI) of California refineries falls within the prediction based on oil 
quality in 4 of 6 cases and falls within 2% of the confidence of prediction in all cases.   

Table 1-1 shows data inputs, calculations, and results for CO2 emissions as well as EI 
predicted by this metric.  Predicted emissions are the product of EI predicted by crude 
feed quality in GJ/m3 crude refined, and the emission intensity of the refinery fuel mix in 
kilograms CO2 emitted per Gigajoule fuel energy (GJ/m3

 • kg/GJ = kg/m3 crude refined).  
Results for emissions are similar to those for EI because the fuel mix did not change 
much in these years.  Predictions for multi-plant emissions include the six statewide 
observations from 2004–2009 and S.F. Bay Area refinery emissions in 2008. The 
statewide/regional emissions fall within the confidence of prediction in 5 of 7 cases and 
fall within 2% of its confidence interval in all cases. 
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Individual refinery predictions in Table 1-1 compare to emissions reported for 2008 
under California’s Mandatory Greenhouse Gases Reporting Rule (see Table 2-6).  
Refinery-level capacity utilization, products ratio, and fuel mix data were not reported.  
Average 2008 California values as well as the lowest and highest values observed for 
California or any PADD were used for these inputs to create low, average, and high 
predictions.  The low–high range of these predictions shown in Table 1-1 thus represents 
uncertainty in prediction caused solely by the unreported data.  Accounting for that 
uncertainty, emissions reported by individual Bay Area refiners fall within the prediction 
in 4 of 5 cases.  Emissions reported by the Chevron Richmond refinery in 2008 exceeded 
the upper bound of the high prediction by about 1% and exceeded the average prediction 
by 24%.  This was expected, because inefficiency was reported by this refinery.2 

Together with the results from previous analysis of the U.S. refinery data (1), and the 
causal relationships analysis above, these results provide evidence that crude quality is a 
relatively accurate and reliable predictor of California refinery emissions. 

For the statewide refinery comparisons over the six annual observations, the central 
prediction for average California refinery emissions by this crude quality metric is within 
1% of observed emissions.     
 
 
 

 

 

 

 

 

 

 

 

 

 

                                                
2 Its hydrogen plant, reformers and steam boilers were reported to be outdated and inefficient.  Chevron 
Renewal Project Application; ChevronTexaco 17 June 2005 submission to Air Quality Mgmt. District. 
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Equipment complexity metric results.  Figure 1-6 shows results for refinery emissions 
predicted by Nelson Complexity.  The relatively low R-squared value (0.66) indicates 
relatively poor power of prediction for emissions.  The undulating prediction curve (red 
and yellow circles in the chart), which trends downward at high complexity and predicts 
average emissions lower than those from most other refineries in California, indicates 
prediction error.  Observed average California refinery emissions exceed those predicted 
by Nelson complexity substantially in all years (2004–2009), exceeding the complexity 
predictions by 26–46%. 

In this analysis (Figure 1-6), complexity includes secondary processing that acts on 
product streams along with primary processing that acts on crude, gas oil and residua, 
because the Nelson Index values both classes of processing.  However, the increasing 
energy intensity that drives refinery emissions is not significantly related to increasing 
capacity for major products processes and has mixed relationships to other products 
processes (1), and the conversion capacity excess observed (Figure 1-4) did not reflect 
observed California energy intensity.  The poor power and reliability of Nelson 
Complexity for predicting emissions shown in Figure 1-6 is thus consistent with the 
decoupling of conversion capacity and energy intensity observed in the California data.  
However, it may also reflect a bias due to the Nelson’s weighting factors being developed 
to measure the value of process capacity instead of measuring refinery emissions. 

Energy intensities predicted by refinery equivalent capacity, and by primary processing 
equivalent capacity, are shown in figures 1-7 and 1-8, respectively.  For complexity as 
refinery EQC, the very low R-squared value (0.35) and very wide confidence interval 
indicates very poor power of prediction.  Observed average California refinery EI is 
consistently lower than predicted by refinery EQC.  These emissions fall within the wide 
confidence of prediction by refinery EQC, but that only reflects its poor power.  Average 
California refinery emissions intensity could increase by 21–30% and still be within the 
confidence of prediction by this metric (see Table 1-2). 

For complexity as primary processing EQC, the relatively good power of EI prediction 
(R-squared 0.92; Figure 1-8) was expected, because increasing primary processing is 
strongly associated with worsening crude feed quality—the major driver of EI. 
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However, Figure 1-8 reveals a large shift to the right in the EI predicted for California 
observations.  Average observed California emissions are exceeded by the lower bound 
of prediction by 9–15% in 6 of 6 years, and are 14% below the central prediction as a six-
year average (Table 1-3).  This demonstrates the reliability problem with complexity 
metrics that was suggested by the decoupling of conversion capacity from energy 
intensity observed in California.  Complexity is not measuring energy intensity or 
emissions.  It is erroneously equating capacity to energy intensity.  In California, where 
conversion, hydrocracking, and gas oil hydrotreating capacities are high, predictions of 
energy and emission intensities based on complexity are biased high.  
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In the context of emissions oversight and control, a metric that is biased-high can be 
considered a special case.  It could cause serious problems if it is used as a benchmark to 
define “acceptable” emissions performance.  Such a benchmark could erroneously define 
emissions that are greater than actual current emissions as acceptable, resulting in the 
allowance of excessive and potentially increasing emissions.  If excess pollution caused 
by this “baseline inflation” problem were to occur, it would likely manifest as emissions 
oversight and control failure at the facility level. 

Major refineries in the Los Angeles and Bay Area regions that collectively represent 
California fuels refining capacity were analyzed to assess the potential breadth and 
magnitude of this problem.  Analysis was based on each facility’s reported emissions and 
primary processing EQC based on reported process capacities for 2008 and 2009 (tables 
2-5, 2-6).  Reported emissions were compared with the 95% confidence of prediction 
lower bound for observations to assess the frequency of emissions baseline inflation that 
could remain undetected by the primary processing complexity metric.  This lower bound 
of prediction exceeded reported annual refinery emissions in 18 of 22 cases, indicating 
the potential for widespread failure of emissions oversight and control. 

To assess the magnitude of potential emissions that could be undetected by this 
complexity metric, reported emissions were compared with the its 95% confidence of 
prediction upper bound for observations.  Individual facility annual emissions could 
increase above emissions reported for a refinery and year by more than 10% in 19 of 22 
cases, and by more than 50% in ten of these cases, without exceeding the 95% confidence 
of prediction by this complexity metric. 
 
Finally, the “adjusted” primary processing equivalent capacity prediction in Table 1-3 
shows an example of how the decoupling of capacity from EI and emissions observed 
could explain this prediction error.  This adjustment replaces observed California gas oil 
hydrotreating data with lowest value observed (PADD 1, 2006–2008).  California’s high 
gas oil hydrotreating capacity is consistent with maintaining light liquids yield from 
denser crude while meeting California’s “clean fuels” standards.  It also is likely to 
improve efficiencies of downstream processes via better pretreatment of their feeds: Gas 
oil hydrotreating removes sulfur and metals that poison catalysts in catalytic cracking and 
reforming processes (1, 29, 38), and is used for such pretreatment in California (6).  
Downstream process efficiency improvements may thereby offset emissions from 
California’s extra gas oil hydrotreating.  This adjustment thus represents a plausible, yet 
hypothetical,3 scenario.  Observed statewide emissions are exceeded by the lower bound 
of prediction in this hypothetical scenario by 3% in 1 of 6 years, and emissions are 5% 
below the central prediction as a six-year average (as compared with the 9–15% in 6 of 6 
years and 14% six-year average without this adjustment; Table 1-3). 

                                                
3 Exact capacity/energy relationships cannot be verified because process-level material and energy 
inputs/outputs are not reported: therefore, this example may be one of multiple possible examples. 
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Product yield output metric results.   
Figure 1-9 shows results for emissions intensity predicted by the primary products sum.  
The results show poor power of prediction (R2 0.40) and poor reliability as well.  Average 
observed California emissions exceed emissions predicted by this metric in 6 of 6 years 
and by 26–48% (Table 1–4). 

 

 
 

Figure 1-10 shows emissions intensity predicted by the primary liquids mix.  Including 
fuel-specific yield instead of a lump sum, and excluding asphalt, improved the power of 
prediction substantially over the summing method (R2 0.94), but California emissions 
exceeded the upper bound of prediction by 9–25% each year (Table 1-5).   
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The prior analyses tested the metric’s ability to predict energy or emissions intensities as 
an explanatory or x variable.  The next two analyses test the products-based metric’s 
stability as a measurement that is predictable in relation to other factors (as a y variable). 

Figure 1-11 presents results for the case where the products metric includes all products 
and is predicted by crude feed quality.  Results suggest good power of prediction (R2 
0.90), and much less error of California predictions than observed in the product metrics 
that exclude crude feed quality, but observed California emissions still exceed the 
prediction in all cases by 6–17%. 
 

 
 

Figure 1-12 presents results where the products metric includes light liquids (aviation and 
motor gasoline, jet kerosene, distillate and naphtha) and is predicted by crude feed 
quality.  Power of prediction is good (R2 0.91), and California observations fall within the 
prediction in 2 years but exceed the prediction by 4–7% during four years. 
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Estimates of emissions explained directly by fuels production (“fuels emit” in Table 1-5) 
are smaller (219–249 vs 257–401 kg/m3) and range much less (30 vs 144 kg/m3) than 
observed emissions.  Further, among PADDs, emissions explained by fuels production 
trend downward as those predicted based on product fuels output, and those observed, 
trend upward (Table 1-5).  Thus, the relative amounts of motor fuel products outputs 
cannot explain observed emissions, trends in observed emissions, or trends in the 
predictions based on the mix of primary liquid fuels.  Therefore, the prediction error 
shown in Figure 1-10 must be explained by this prediction (erroneously) equating 
California refineries to those in other regions that have a similar mix of fuel product 
yields but very different (in this case lower) refinery emission intensities. 
 
Accounting for crude feed quality in the emissions/volume products metric clearly 
reduces the errors of its predictions for California observations by substantial amounts 
(compare figures 1-11, 1-12 with 1-9, 1-10).  This was already known from the crude 
feed quality metric results, because that metric includes products data alongside density, 
sulfur, and capacity utilization.  What is new is that the results for the two methods 
including fuels product output and crude feed quality are not the same. 
 
Comparison of the results in tables 1-6 and 1-7 with those for the crude feed quality 
metric results (Table 1-1) provides information about the emissions/volume products 
metric because it is the only variable that differs from the crude feed quality metric.  It 
replaces emission/volume crude as the y variable.  Different product slates can be made 
from the same crude feed.  Also, depending upon the crude feed, product, and processing 
intensity, volume expansion of products over crude (yield “gain” on crude) can result in 
some variance in products volumes as compared with crude feeds.  Thus, the 
emission/vol. products value can change with changes in fuel products volume that may 
not change the emission/vol. crude value as much or may not be associated with a change 
in crude feed volume.  Evidence for this is observed in the data set analyzed here. 
 
Low products ratio values for PADD 3 in 2008 and PADD 5 1999–2001 (Table 1-7) 
drove emissions/vol. product assigned to those regions and years higher than California 
values.  This changed the distribution of observed emission values, which affected the 
prediction, and pushed the California predictions in Figure 1-12 to the left (compare with 
Figure 1-5).  Had that not happened, the predictions for California refineries shown in 
Figure 1-12 might appear very good instead of fairly poor.   
 
These results suggest instability of the emissions/vol. product metric as an emission 
performance benchmark: it reports emission intensity values that may be overly sensitive 
to changes in product volume.  Facility-level variability is significantly greater than 
variability between refining regions in general, suggesting that errors for individual 
facilities are likely to be larger than those found here from statewide and U.S. regional 
averages.  These considerations further highlight the need to resolve unanswered 
questions about facility-level reporting of products data. 
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Discussion 

Data gathered from California refineries, though limited by poor facility-level reporting 
and poor accessibility that limited the California data gathered to six years, add 
information to the nationwide refining performance picture.  Comparison with the U.S. 
data (Table 2-1) shows that average California refinery CO2 emission intensity is at the 
high extreme among regions, exceeding that of PADD 3 by 20% and that of PADD 2 by 
38%, based on the six most recent years for each region.  The decoupling of conversion 
capacity from energy intensity is also more extreme in California, where product fuels 
yield stays relatively flat as crude feed density and energy intensity increments remain 
coupled (Figure 1-4), adding regional detail to the relationship of feedstock and products 
with refinery fuel combustion rates.  The California data, presented in one place for the 
first time, can support additional analysis beyond the scope of the present assessment.  
Here the California data together with the U.S. data support observations for analysis of 
emissions performance metrics. 

This assessment treats each refinery emissions performance metric option as an 
hypothesis—refinery emission intensity can be measured and predicted accurately and 
reliably by this metric—and tests the hypothesis against real world observations from 
refineries in actual operation.  Table 1-8 summarizes the results from analysis of 
alternative metric options for their ability to measure and predict refinery CO2 emissions 
intensity accurately and reliably.   

The very poor R-squared value for refinery equivalent capacity (0.35) indicates that this 
complexity metric is not related to observed emission intensity.  Among the remaining 
metrics, large differences between observed California emissions and those predicted by 
the metric on average over the six years of record (six-yr %∆) show that metrics which 
exclude crude feed quality do not measure and predict California refinery emissions 
accurately or reliably. 

Primary processing capacity is consistently (100% outlier rate) and substantially (six-yr 
%∆ –14%) biased high.  This reflects the more extreme decoupling of conversion 
capacity from energy intensity in California, and is exacerbated by the correlation of this 
complexity metric with emissions (R2 0.92).  That correlation is expected because 
primary processing capacity enables lower quality crude feeds, but capacity can be used 
in different ways with different energy and emission effects, as shown by the California 
observations (Figure 1-4).  As an emissions benchmark, this complexity metric assumes 
process capacity equates to emissions when it does not.  Benchmarking emissions by this 
metric could artificially assign “good” performance to California refineries that, in the 
real world, are at the high extreme of emissions intensity. 

Excluding crude feed quality from the products-based approach, the CO2/vol. product 
fuels metric has the highest prediction error among these metrics (six-yr %∆ +22%) and a 
100% outlier rate.  Production of the fuels targeted by this metric is causally linked to 
refinery energy and emission commitments (3, 4, 31–35).  However, crude quality effects 
on processing vary more than those of products (1), and the association of hydrogen  
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production emissions with crude feed quality and hydrocracking rather than product 
hydrotreating found nationally (1) is observed in California as well (figures 1-2, 1-3).  
Much better results for the remaining metrics, which include crude feed quality and 
products, confirm that excluding crude feed quality causes most of the problem with the 
products-only metric. 

The CO2/vol. fuels & crude quality metric (outlier rate 66%; six-yr %∆ 8%) is less 
reliable than the crude quality & product ratio metric (outlier rate 33%; six-yr %∆ < 1%) 
because it includes products volume in its emissions term.  This makes the stability of its 
emission performance value vulnerable to product slate variability that is unrelated to 
actual emissions.  Unfortunately, that problem will likely be worse at the facility level 
than it appears in the multi-facility averages shown in Table 1-8, and will likely be 
exacerbated by unresolved questions of transparency and reporting of products data.   

Including crude feed quality with light liquid fuels product output, and assigning neither 
causal component to the emissions intensity term—as is done in the crude quality & 
products ratio metric—is the more accurate and reliable approach among the metrics 
assessed.  This feedstock-and-products approach also has the strongest causal support. 

Making light liquid fuels from the denser, more contaminated components of crude 
requires aggressive processing to reject carbon and inject hydrogen, and supporting 
processes that also consume energy.  More of the lower quality crude barrel is comprised 
of these denser, more contaminated components; putting more of the barrel through 
carbon rejection and aggressive hydrogen addition processing requires more energy to 
refine each barrel.  This extra energy requires burning more fuel.  That emits more 
combustion products at refineries.  Thus, observed relationships among crude feed 
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quality, the ratio of light liquids to other refinery products, and refinery capacity 
utilization can measure and predict impacts of those causal factors on emissions.   

Crude feed quality explains 90% of energy intensity and 85% of CO2 emission intensity 
differences observed among the four largest U.S. refining regions over ten years.  
Emissions predicted by crude density, crude sulfur content, products ratio, and capacity 
utilization explain most of the regional differences among government estimates of 
refinery emissions.  CO2 emissions can be measured and predicted for groups of 
refineries with diverse feeds by these four parameters (1). 

A larger, and crucial, reason for benchmarking refinery emissions performance against 
crude feed quality along with fuels product output is that California refineries are 
switching crude supplies.  Government projections (18), industry projections (19), and 
the long, continuing decline in California crude production observed since the mid-1980s 
(5, 44) all indicate that 70–76% of the California refinery crude feed will not be from 
current in-state sources by 2020.  Declining production from Alaska’s currently-tapped 
fields (18, 19) and the ease of switching among foreign supplies mean that, in practical 
terms, up to three-quarters of the 2020 crude feed will be “new.”  Therefore, despite the 
large planning and capital equipment costs typically incurred to re-tune refineries for 
crude feed of different quality, an acceleration of the currently observed refinery 
retooling trend is foreseeable in California because of the need to switch crude supplies.  
The choice among supplies that could plausibly range from current PADD 1 crude feed 
quality (863.9 kg/m3 density, 7.17 kg/m3 sulfur, 2005–2008 data from Table 2-1) to that 
of the average heavy oil (957.4 kg/m3 density, 27.8 kg/m3 sulfur) (28) is being made now. 

Whether business or policy choices lead California refineries to compete on the global 
crude market for lower or higher quality crude for this new supply could affect emissions 
dramatically.  Recently published work predicts that a switch from conventional crude to 
heavy oil/natural bitumen blends could double or triple U.S. refinery emissions (1).  
Replacing 70% of current (2009) statewide refinery crude input with heavy oil (central 
prediction, Table S8 in ref. 1) could boost average California refinery emissions to about 
573 kg/m3, an increase of approximately 44% or 17 million tonnes/year.  Based on the 
same prediction model (1) and the average California refinery products, capacity usage 
and fuels data from Table 2-1, replacing that 70% with current PADD 1 average crude 
could cut average California refinery emissions to about 318 kg/m3, a reduction of 20% 
or ~8 million tonnes/year (2005–2008 data, Table 2-1).  Intermediate scenarios are 
certainly possible, but it should be noted that these examples exclude the worst-case 
emissions increase that might occur if the industry switches to tar sands bitumen. 

Comparison of these potential emissions changes to the 10% cut in refinery emissions 
envisioned by 2020 via product fuels switching under California’s Low Carbon Fuel 
Standard shows that the crude switch happening now could overwhelm other emissions 
control efforts for much better, or much worse.  Further, the new crude slate will likely be 
locked in over the next, decades-long, refinery capital equipment cycle by the sunk costs 
in equipment retooled for the feed quality chosen.  Again, this choice is being made now.  
California’s refinery emissions performance benchmark could succeed if it addresses 
crude quality effects on emissions and will likely fail if it does not.  
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Recommendations 
 
1. Expand refinery crude feed quality reporting to include crude oil from U.S. sources. 

Currently, every refinery in the U.S. reports the volume, density, and sulfur content of 
every crude oil shipment it processes, and that is public—but only for foreign crude. 
(www.eia.gov/oil_gas/petroleum/data_publications/company_level_imports/cli.html) 
The quality of crude refined from wells on U.S. soil is exempted.  Since California’s 
major fuels refineries use U.S. crude too, this hides facility feedstock quality from the 
public and from publicly verifiable environmental science.  The public has a right to 
know about how U.S. oil creates pollution of our communities and threatens our 
climate.  State and federal officials should ensure that the U.S. crude refined is 
reported just like the foreign crude refined.  This is critical for California now.        

 
2. Benchmark refinery performance against nationwide performance. 

Average California refinery emissions intensity exceeds that of any U.S. refining 
region.  It is at the high-emission extreme of performance, not any acceptable norm.  
It need not remain so, because the main cause of its high emission intensity, refining 
lower quality crude, can change.  California refining has begun a switch to new 
sources of crude that will play out in the form of new commitments to lower-carbon, 
similar, or higher-carbon intensity crude feeds before 2020.  Thus, “grandfathering” 
its high emission intensity is unnecessary and risks excess or increased emissions.    

 
3. The benchmark emission component should be a direct emission measurement. 

Emission estimates based on measurements elsewhere that are applied to unmonitored 
emission sources are prone to error.  Comprehensive direct sampling of emission 
streams provides more accurate and reliable measurements.  It should be used.  Until 
then, emission estimates should be based on publicly verifiable data for fuel types, 
amounts, and emission factors.  Importantly, CO2 predominates the global warming 
potential (CO2e) of refinery emissions, and emission factor-based estimates for CO2 
are prone to smaller errors than those for smaller and proportionately more variable 
portions of combustion product streams.  Those considerations and the need for 
action are balanced with the need for accuracy in this recommendation.  

 
4. The benchmark must measure the driving cause(s) of emission intensity change. 

Benchmarks that fail to measure a driving cause of emissions performance risk 
emission control failure and perverse results that worsen emissions.  Failing to 
measure the emission intensity driver may track performance inaccurately, miss 
problems caused by that unmeasured factor, or even mistakenly assign good 
performance to poor performance caused by that driving factor.  Measuring the causal 
factor(s) driving differences in refinery emission intensity tracks performance more 
accurately and identifies (predicts) actions needed to maintain and improve emission 
performance more reliably.  All of these benefits, or all of these problems, could be 
realized depending on which of the currently available benchmark options is chosen.  
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5. Benchmark refinery emissions intensity against crude feed quality and fuels product. 
Crude feed quality is the major driver of refinery emissions intensity in California and 
the U.S.  It explains 85% of emissions variability among U.S. refining regions, and 
predicts average California refinery emissions within 1% over six recent years.  This 
metric can be used to separate out the major impact of crude quality so that other 
factors affecting emissions are better identified and addressed, to reduce emissions 
via refinery feedstock measures analogous to those limiting electric power generation 
from coal in California, or both.  Crude feed quality and fuels produced is the most 
powerful and reliable of the metrics assessed for refinery emissions.     

 
6. An equipment capacity (complexity) benchmark should not be used in California. 

Metrics based on a refinery’s processing capacity or “complexity” greatly exaggerate 
California refineries’ already-high emission intensity.  A major reason is that these 
equipment capacity-based metrics, which were not designed to measure emission 
intensity, commit the error of attempting to account for California refineries’ extra 
conversion capacity as if it were the same as emission intensity.  As a benchmark, this 
metric would make California refineries’ extreme-high emission intensity appear to 
be good performance, and encourage refiners to install even more capacity for higher-
carbon crude, which could further increase emissions. 

 
7. Products-based benchmarks have reliability problems when crude quality is excluded.  

The most accurate and reliable benchmark option assessed includes fuels product 
output with crude feed quality and a stable emission intensity term.  Product-based 
metrics that exclude crude quality do not measure and predict emissions accurately or 
reliably.  Including product volume in the emission term makes the emission 
performance measurement unstable, but this problem is readily resolved by including 
the fuels product and crude quality drivers in the metric side-by-side (see recs. 5, 8).  
Asphalt should be separated out from light liquid fuels, as these are different classes 
of products.  Public reporting of each facility’s products should be addressed. 

 
8. Establish benchmarks and monitor performance using publicly reported data. 

Refinery performance can be measured and predicted based on publicly reported data.  
A benchmark that relies on secret data would violate basic scientific principles, be 
prone to the error secrecy breeds, and ultimately violate the environmental policy test 
that requirements imposed must have scientific support. 
The crude feed quality and fuels produced metric proposed herein measures and 
predicts emissions per barrel crude refined based on the density and sulfur content of 
crude feeds, refinery capacity utilization, and the ratio of light liquids (gasoline, 
distillate, kerosene and naphtha) to other refinery products.  It is based on data for 
U.S. refining districts 1, 2, 3 and 5 over ten recent years.  Energy intensity expected 
from these parameters is compared with fuels data using CO2 emission factors 
developed for international reporting of greenhouse gas emissions in the U.S.  Data 
and methods are freely available at http://pubs.acs.org/doi/abs/10.1021/es1019965.   
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Legend: Density and sulfur content predict unreported characteristics of crude oils more 
reliably in well-mixed crude feeds than in poorly mixed crude feeds.  Anomalies in one 
oil stream have less potential to affect total feed quality when that stream is mixed with 
many others of equal or greater volume.  This table presents results from a simplified 
four-component mixing analysis for potential effects of anomalous oils on the crude feeds 
processed in California each year.  It is adapted from recent published work using the 
same method to validate crude feed quality data among U.S PADDs (1). 

a.  Refinery crude feed component streams represent a foreign country from which 
California refiners import and process crude (14), the Alaska North Slope (ANS) 
stream, or California-produced crude from either the San Joaquin Valley (Calif. Div. 
of Oil & Gas districts 4 and 5), California’s coastal and offshore reserves (districts 1–
3) or northern California (District 6).  Stream values are shown as percentages of total 
crude feed volume (5). 

b.  Potentially anomalous streams might be dominated by oils in which unreported 
characteristics that affect processing occur in anomalously high amounts (1).  The 
streams are ranked based on their volume and the assumption that oils from a single 
country of origin, region in California, or the ANS, may originate from similar 
geology and have similar anomalies.  Note that this assumption may be overly 
conservative for purposes other than checking the reliability of predictions based on 
density and sulfur for these crude feeds.  

Stream 1 in the table represents the San Joaquin Valley, the largest of the streams (as 
designated above) refined by California refineries in all years.  Stream 2 was from the 
ANS in all years.  The third largest stream was from Saudi Arabia during 2004–2008 
and from California’s coastal region in 2009.  Other streams were from 20–26 other 
countries or regions in California and comprised 36–48% of the crude feed.  

c.  It was assumed that an unreported charactistic of crude which affects processing was 
twice as abundant in the anomalous oil as predicted by density and sulfur.  This 
assumption appears plausible as an extreme case (1).   
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Table 2-8 continued 
Table legend continued 
 

d. Results estimate the potential for crude feeds to have anomalous high content for 
unreported characteristics that are not predicted by crude feed density and sulfur.  
They do not show that any such anomaly actually occurred.  Potential effects in the 
total refinery crude feed assume that the anomalous oil is 100% of stream 1, 50% of 
stream 2, and 25% of stream 3 for each district and year.  This reflects the decreasing 
likelihood of the same anomaly in multiple separate streams.  The predicted factor is 
assigned to the balance of the streams for each year.  Results are show increases from 
the predicted crude feed factor of 1.00 on the right of Table 2-8.  

Relatively well-mixed crude feeds limit the effect of the anomaly to less than half of 
its assumed magnitude in the anomalous oil stream.  For context, crude sulfur content 
exceeds that of other process catalyst poisons by eight times in the case of nitrogen 
and by 160 to 500 times in the cases of nickel and vanadium (1, 28).  The range of 
annual estimates for California overlap with those from U.S. PADDs 1, 2, 3 and 5 
reported from the original use of this check on crude feed mixing.  Those U.S. regions 
were found to have reasonably well mixed crude feeds for purposes of predicting 
crude feed quality based on density and sulfur content (1).  The ranges for PADDs 1, 
2, 3 and 5 from that study (1) are shown at the bottom right of Table 2-8.   

This check is limited to a simple blending analysis, and the anomalous oil stream 
assumptions described above.  It represents an extreme and unlikely scenario for 
California given the number of its crude sources and the relatively well-understood 
refining characteristics of the San Joaquin Valley and ANS streams.  
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ABSTRACT: A petroleum refinery model, Petroleum Refinery Life-cycle
Inventory Model (PRELIM), which quantifies energy use and greenhouse
gas (GHG) emissions with the detail and transparency sufficient to inform
policy analysis is developed. PRELIM improves on prior models by
representing a more comprehensive range of crude oil quality and refinery
configuration, using publicly available information, and supported by
refinery operating data and experts’ input. The potential use of PRELIM is
demonstrated through a scenario analysis to explore the implications of
processing crudes of different qualities, with a focus on oil sands products,
in different refinery configurations. The variability in GHG emissions
estimates resulting from all cases considered in the model application shows
differences of up to 14 g CO2eq/MJ of crude, or up to 11 g CO2eq/MJ of
gasoline and 19 g CO2eq/MJ of diesel (the margin of deviation in the
emissions estimates is roughly 10%). This variability is comparable to the magnitude of upstream emissions and therefore has
implications for both policy and mitigation of GHG emissions.

■ INTRODUCTION
The petroleum refining industry is the second-largest stationary
emitter of greenhouse gases (GHG) in the U.S.1 (third-largest
in the world2). Annual GHG emissions from a large refinery are
comparable to the emissions of a typical (i.e., 500 MW) coal-
fired power plant.3,4 For U.S. refineries, where most of the
North American production of petroleum-derived fuels occurs,
annual emissions were reported to be close to 180 million
tonnes of CO2eq in 2010, representing nearly 12% of U.S.
industrial sector emissions or 3% of the total U.S. GHG
emissions.1,5−7

This industry faces difficult investment decisions due to the
shift toward “heavier” crude in the market, both domestic and
imported. For example, in 1990, the fraction of imported crude
into the U.S. classified as heavy (at or below API gravity, a
measure of density, of 20) was roughly 4%. By 2010 this
fraction had increased to 15%.8 Between 2008 and 2015, it is
estimated that more than $15 billion will be spent to add
processing capacity specifically for heavy crude blends in U.S.
refineries.9 Each refinery must decide whether and how much
they will process heavy crude while considering that processing
such crudes requires more energy and results in higher refinery
GHG emissions. These major capital investment decisions will
impact the carbon footprint of the refining industry for decades
to come.
Current and future environmental regulations will also affect

the decisions faced by this industry. Life cycle assessment
(LCA) has been expanded as a tool to enforce GHG emissions

policies. For example, California’s Low Carbon Fuel Standard10

(CA-LCFS) embeds life cycle assessment within the policy to
measure emissions intensity of various transportation fuel
pathways through their full life cycle (including extraction,
recovery, and transport). Using LCA in this way requires more
accurate assessments of the emissions intensity upstream of the
refinery for each crude. However, the varying quality of these
crudes will also have significant implications for refinery GHG
emissions. Therefore, in this paper we argue that more accurate
assessments of the impact of crude qualities on refinery
emissions are also required to appropriately account for the
variations in emissions and avoid potential unintended
consequences from such policies.
The implications for refinery GHG emissions of processing

oil sands (OS) products provide a good case study due to the
link between upstream processing decisions and refinery
emissions, as well as the wide variety of OS products. Canada
has the world’s third largest petroleum reserves and is the top
supplier of imported oil to the U.S.11 The OS resource
represents over 97% of Canada’s oil reserves.12 Current OS
operations produce bitumen (an ultraheavy petroleum product)
that undergoes either dilution (to produce diluted bitumen
referred to as dilbit, synbit, or syndilbit) or upgrading processes
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(to produce a high quality synthetic crude oil, SCO) prior to
sale to petroleum refineries. Therefore, a diversity of product
quality is possible from these operations. Table 1 lists and
describes the main characteristics of each category of OS
products. The impacts of different OS processing decisions on
refinery GHG emissions have the potential to be large and have
yet to be explored in depth.
A petroleum refinery is a set of interconnected but distinct

process units that convert relatively low value liquid hydro-
carbon material (resulting from blending multiple streams of
crude feedstock) into more valuable products by increasing its
hydrogen to carbon ratio. Different combinations of process

units (configurations) are possible leading to a wide variety of
potential refinery configurations. In a refinery, a distillation
process separates the “whole crude” into groups or “fractions”.
These fractions are made up of molecules with a particular
boiling point temperature range. These ranges are defined by
“cut temperatures”. Each fraction is then sent to different
process units where chemical and thermal processes fragment
and/or rearrange the carbon and hydrogen bonds of the
hydrocarbon while eliminating the undesired components such
as sulfur and nitrogen that are also present in each fraction.
Each refinery has a final product specification which dictates the
volume and quality of each desired end product (e.g., X barrels

Table 1. Canadian Crudes under Analysisa

aS: Sulfur content; API: gravity; H: hydrogen content; MCR: micro carbon residuum; ∼Kw: approximated Watson characterization factor using
Tb50 in wt.; Tb50: temperature at which 50% of the mass is recovered through distillation of the whole crude; wt: weight basis; So: sour; Sw: sweet;
H: heavy; L: light; kbpd: thousand barrels per day. bCalculation basis (2009): 1361 kbpd of oil sands products derived from 1269 kbd of raw
bitumen,57 and 75% of the SCO production ends in sweet light products. cCalculation basis (2009): 1269 kbpd U.S crude oil imports from Canada
(i.e., 21% of U.S. crude oil imports).8 898 kbpd oil sands products exported to U.S. (i.e., 67% of oil sands products57); thus, 371 kbpd conventional
crude oils exported to U.S. (i.e., 4% of U.S. crude oil imports).
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of gasoline with Y% sulfur). A combination of input crudes is
selected and process units are operated to satisfy such
specifications.
Crude quality and refinery configuration affect GHG

emissions related to processing a particular crude. Crude
quality is defined by physical and chemical properties (e.g., the
hydrogen content of the crude fractions) that determine the
amount and type of processing needed to transform the crude
into final products. The technologies employed, as well as how
they are combined in operation in a refinery, will require
different types and amounts of energy inputs and will produce
different types and amounts of energy byproducts (e.g., coke)
and final products (e.g., gasoline). For example, heavier crudes
generally require more energy to process into final products
than lighter crudes due to their need for additional conversion
processes and their low hydrogen content.
Two prominent North American life cycle (LC) tools are

now forming the basis of regulation as opposed to their original
objective of informing policy: Natural Resource Canada’s
GHGenius13 and Argonne National Laboratory’s Greenhouse
Gases, Regulated Emissions, and Energy Use in Transportation
(GREET).14 The GREET model and the CA-GREET version,
used as the basis of CA-LCFS, do not account for the effects of
crude quality at the refinery stage in their calculations (i.e., all
crudes will have the same energy requirements and GHG
emissions). GHGenius accounts for crude quality by modifying
a default energy intensity value using the average API gravity
and sulfur content of an entire refinery crude slate (i.e., a
combination of crudes blended as they enter the refinery) and a
regression model based on historic regional refinery perform-
ance data. 15 The LC models’ approaches do not decouple the
effects of changes in energy requirements due to changes in
crude quality and the changes in each refinery’s performance
(e.g., process unit efficiencies), nor do they develop a consensus
on the impact of allocation (how environmental impacts are
split across products in a multiproduct industry).16 It is possible
to combine the use of LC-based models and refinery simulators
to calculate LC energy use and GHG emissions for a particular
crude and refinery;17 however, this is not a straightforward
effort as will be demonstrated by this paper.
Peer-reviewed analysis that investigates energy and GHG

implications of shifting to heavier crudes in refineries has only
recently started to appear (since 2010).18,19 However, these
studies did not explore differences in emissions intensity of
selected technologies nor investigate the full range of different
qualities of crudes derived from the OS operations. Three
nonpeer reviewed studies, conducted using a LC framework,
have investigated OS crude quality effects on refinery GHG
emissions.17,20−22 However, these studies have used proprietary
refinery models limited in the transparency needed to
understand the boundaries, assumptions, and data used as
well as the ability to evaluate alternate scenarios or pathways.23

The literature does not present a transparent tool nor
recommend a method that predicts GHG emissions with the
ability to capture the impact of crude quality and refinery
configuration (see Supporting Information (SI) for detailed
review of the literature).
This paper (1) provides an overview of the development of

the Petroleum Refinery Life-cycle Inventory Model, PRELIM,
including model structure and crude assay inventory as well as
calculations and assumptions; (2) applies the model to assess
the impact of crude quality and refinery configuration on
energy use and GHG emissions including a comprehensive set

of OS products and conventional crudes; (3) explores the most
influential parameters in the model for determining energy use
and GHG emissions through scenario analysis; and (4)
compares results from previous studies with those from the
application of PRELIM.

■ METHOD
PRELIM is a stand-alone, spreadsheet-based model built using
a LC approach by employing refinery linear programming
modeling methods to represent a range of possible config-
urations reflecting currently operating refineries in North
America. The LC/systems-level approach provides the
structure to obtain a tool of wide applicability (i.e., not specific
to any one refinery but capable of representing a wide variety of
refinery configurations) in the assessment of refinery LC energy
use and GHG emissions for crudes of different quality, and
allows for the easy incorporation of model results into Well-To-
Wheel analyses (WTW). WTWs are a variant of LCAs focused
on transportation fuels. The refinery linear programming
modeling methods24 allow for process unit and overall refinery
mass balances. These methods overcome the lack of crude
specificity of previous LC models16,25,26 and facilitate
exploration of alternative LC inventory allocation methods at
the refinery subprocess (i.e., process unit) level. Because the
model structure allows for the investigation of two key LCA
concepts (i.e., functional unit and allocation27−29) as
recommended by the International Standard ISO 14041,30

the model has been called the Petroleum Refinery Life-cycle
Inventory Model.

Model Structure and Key Assumptions. Scheme S.1 in
the SI presents a basic flow diagram of the overall refinery
model structure and how the process units are connected.
PRELIM can simulate up to ten specific refinery process
configurations. All refinery configurations include crude
distillation, hydrotreating, and naphtha catalytic reforming
processes. The configurations are differentiated by whether or
not the following conversion technologies are present: gas oil
hydrocracking, fluid catalytic cracking (referred to hereafter as
FCC), delayed coking, and residual hydrocracking. Supporting
unit processes such as steam methane reforming (SMR) and
acid gas treatment are also included.
Each configuration requires a different amount of energy to

process a crude and produces a different slate (i.e., volume and
type) of refinery final products including transportation fuels
(i.e., gasoline, kerosene, and diesel) as well as heavy fuel oil,
hydrogen from the naphtha catalytic reforming process, refinery
fuel gas (i.e., gas produced as a byproduct in process units
within the refinery), and the possible production of coke or
hydrocracking residue. To run the model, a user must select the
crude, the configuration, and the allocation method desired
through the spreadsheet-based interface. Default values can be
used to represent the crude properties and energy requirements
of each process unit. Crude properties can be represented by
selecting a crude from the crude assay inventory in the model.
Alternatively, a user can input a new crude assay and/or can
modify any of the process unit model parameters either by
selecting a value from the range of parameter values available in
the model or by inputting their own parameter value(s). To
characterize the whole crude and its fractions, a total of 62
parameters are input to the model, accounting for five crude oil
properties: crude distillation curve (i.e., information about mass
and volume yields of each fraction, and individual fraction
characteristic boiling point), API gravity, sulfur content,
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hydrogen content, and carbon residue. Supporting information
describes how these crude properties affect the refinery energy
use and GHG emissions estimates. Two additional crude
properties, aromatic content and crude light ends content,
impact refinery GHG emissions estimates and are modeled
indirectly in PRELIM. PRELIM uses information about the
quantity and type of energy required by an individual refinery
process unit and assumes that the process energy requirements
(electricity, heat, and steam) are linearly related to the process
unit’s volumetric feed flow rate.31 This assumption is key to
differentiate the energy required to refine crudes with different
distillation curves (and therefore different volumes of each
fraction that will pass through each process unit). Justification is
provided in the SI.
PRELIM calculations include the upstream energy use and

GHG emissions associated with the energy sources (i.e.,
electricity and natural gas).32 Fugitive GHG emissions from a
refinery tend to be an order of magnitude lower than
combustion emissions33 and are not considered in the current
version of PRELIM.
The data available in the model for process unit energy

requirements are presented as a default as well as a range of
plausible values for each parameter derived from the
literature.24,34−37 The data were compared with confidential
information and evaluated in consultation with experts from
industry to verify that the values and their ranges are
appropriate. PRELIM default values for process unit energy
requirements are mostly from Gary et al.35,38

PRELIM can calculate overall refinery energy use and GHG
emissions on a per barrel of crude or per megajoule (MJ) of
crude basis, as well as energy use and GHG emissions
attributed to a particular final product on a per MJ of product
basis (e.g., per MJ of gasoline). For the latter type of functional
unit, refinery energy use is allocated to final products at the
refinery process unit level (SI details PRELIM allocation
procedures, available options in the model, and the implications
of different allocation methods). Summing the energy use
across all refinery final products on a mass flow rate basis, and
comparing to the total energy requirements summed across all
process units, verifies the energy balance in the system (all
results are reported on a lower heating value basis).
Differences in hydrogen content among crude feedstock and

refinery final products are important factors that drive refinery
CO2 emissions.19 In PRELIM, a global hydrogen mass balance
method39 is used to determine hydrogen requirements for each
hydroprocessing unit (hydrotreating and hydrocracking) as well
as byproduct hydrogen production from the naphtha catalytic
reforming process unit. The method accounts for differences in
the hydrogen content of different crudes and the assumption
that all crudes are to be processed to meet intermediate and
final product hydrogen specifications. Accurately estimating
hydrogen requirements is one of the most critical model
components (see SI for a more detailed discussion).
PRELIM uses correlations to determine yields of inter-

mediate and final refinery products for each process unit. All
correlations used in PRELIM are based on Gary et al.35 The SI
details assumptions about product yields for each process unit.
PRELIM Crude Assay Inventory. The PRELIM crude

assay inventory is developed to allow a user the option to select
from a predetermined list of crude assays. The current
inventory includes publicly available data representing 22
Western Canadian crudes tracked by the Canadian Crude
Quality Monitoring Program (CCQMP).40 Also, the inventory

includes seven additional assays from confidential sources to
characterize a comprehensive range of qualities for OS-derived
products (i.e., bitumen, diluted bitumen, SCO). Currently,
there are at least two crude assays representing each category of
crude (e.g., bitumen, diluted bitumen, and SCO are all
categories of crudes). Western Canadian Conventional crudes
are well-characterized using the data available in the public
realm. Due to data availability we do not include a full suite of
conventional crudes in our analysis. However, preliminary
analysis of international crudes shows that the range of
emissions presented for Canadian conventional crudes provides
a rough approximation of the range of refinery emissions for
light crudes globally. However, further analysis is required to
confirm this and provide a complete LC comparison.
PRELIM requires characterization of the properties for nine

crude fractions (see Scheme S.1). The method of separating the
crude into nine fractions is selected to allow the flexibility
needed to model different refinery configurations. CCQMP
assays must be transformed to obtain the complete set of
information needed. The SI details the transformation methods
and the results of an evaluation of the methods used. In
PRELIM, each particular crude assay is run individually, as
opposed to running a crude slate. A crude-by-crude analysis was
also suggested and tested in ref 22, and the impact of this
simplification on emissions estimates is expected to be small.

Model Evaluation. PRELIM reduces the level of complex-
ity in modeling refinery operations compared to the models
used by the industry to optimize their operations. Confidential
data (associated with crude assays, operating conditions, and
energy requirement estimates) and consultation with refining
experts were necessary to assess the validity of PRELIM input
data and assumptions. In addition, sensitivity analyses and/or
alternative logic calculations to estimate particular parameters
were conducted. Finally, a covalidation exercise was conducted
by comparing PRELIM’s outputs with those of a more detailed
refinery model to assess PRELIM’s performance, identify any
improvements required, and specify the level of accuracy that
can be expected when using the model to inform policy.
The covalidation shows that the PRELIM model is capable of

replicating the estimates of CO2 emissions from a more
complex model with a reasonable range of error/variability.
Overall, the margin of deviation in the emissions estimates due
to both assay data quality and the modeling approach is below
10% in almost all cases, which is within the error bounds of
typical LC inventories.41−43 Deviations in energy requirements,
which lead to emissions deviations, are mainly associated with
estimates for the hydrogen required which is also an uncertain
variable in actual refinery operations.39,44 The deviations are
also explained in part by flexibility exhibited by real refinery
operating conditions as well as assumptions in modeling. The
SI details methods and results of this exercise.

Model Application. A scenario analysis45 is used to explore
the effects that crude quality and refinery configuration have on
refinery energy use and GHG emissions estimates.
The starting point for the analysis is a “Base Case Scenario”

(referred to hereafter as base case): a set of conditions (e.g.,
different crudes, emission factors, process unit energy
intensities, allocation assumptions) to determine the refinery
energy use and GHG emissions of a crude in a “default”
refinery configuration. The purpose of the base case is to
explore plausible scenarios in which only energy use and GHG
emissions associated with the minimum processing capacity
needed to transform each crude into transportation fuels or
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other final products is taken into account. In PRELIM, the
default refinery configuration is set based on a set of three
broad refinery categories: hydroskimming refinery, medium
conversion refinery, and deep conversion refinery46 as
suggested by Marano.47 All 10 refinery configurations in
PRELIM fit into one of these three categories. The base case
assigns each crude (OS and conventional) to the appropriate
default refinery category, using API gravity and sulfur content
of the whole crude as the criteria. Default process energy
requirements are represented by literature values. A float case is
assumed where crude properties and the refinery configuration
determine the final product slate. When the alternative
functional units are explored, refinery emissions are allocated
to transportation fuels (i.e., gasoline, diesel, and jet fuel) on a
hydrogen content basis (based on discussion in 19) across the
scenarios. The SI details additional assumptions.

Four possible alternative refinery operating scenarios are
created from a screening of parameters through sensitivity
analysis and a collection of a range of plausible values for each
parameter. These scenarios explore the impact of different
refinery configurations available in PRELIM (crudes will not
always end up in the default refinery configuration); variations
in process energy requirements (greater efficiencies are possible
than currently represented by the default values used); and,
variations in fuel gas production calculations (a parameter that
greatly varies throughout the industry).
Results are presented for a total of 12 assays out of the 29

present in PRELIM’s assay inventory, selected to represent a
range of qualities of crude for each category of crude (Table 1).
For example, diluted bitumen is represented by “dilbit 2” and
“syndilbit 1”. These two assays are selected as they represent
the highest and lowest overall refinery GHG emissions
estimates respectively from the eight assays of diluted bitumen

Figure 1. Base case greenhouse gas (GHG) emissions estimates and gasoline and diesel production from refining 100 000 bbl of different crudes.
Major assumptions about base case: (1) Refining configuration is based on API and sulfur properties of the whole crude for both crude categories
Conventional and OS-derived crudes: API (light API > 32, medium 32 > API > 22, heavy API <22) and sulfur content (S) (sweet S < 0.5 wt %, sour
S > 0.5 wt %). Sweet light crudes (Sw, L) are run in a hydroskimming refinery; sour light (So, L), sweet medium (Sw, M), and sour medium (So, M)
crudes are run in a medium conversion refinery; and heavy crudes (H: conventional, bitumen, dilbits) are run in a full conversion refinery. (2)
Upgrading process units for the medium conversion refinery include a fluid catalytic cracking (FCC) process unit, and upgrading process units for
full/deep conversion refinery include FCC and delayed coking process units. (3) A float case is assumed where crude properties and the refinery
configuration (i.e., level of refining) determine the amount of gasoline and diesel produced. (4) Energy sources: hydrogen (H) via steam methane
reforming (SMR) of natural gas (NG); refinery fuel gas (FG) from the crude and refining process units (RP) offsets NG consumption. FG is
allocated through prioritizing the different NG requirements in the refinery (i.e., heat for processing, heat for steam, heat for SMR, and SMR
feedstock) based on its heating value until it is exhausted. Heating values: 46.50 MJ/kg RFG low heating value (LHV) on mass basis and 47.14 MJ/
kg NG LHV on mass basis.58 Byproducts such as H via naphtha catalytic reforming (NCR) and coke deposited on FCC catalyst offset energy
requirements as well. FCC regeneration must burn off the coke deposited on FCC catalyst to restore catalyst activity, which releases heat that
satisfies most of the heat requirements of the FCC. FCC regeneration coke burned to complete combustion (coke yield 5.5 wt % FCC feed35 and
coke carbon content 85 wt %).59 (5) Combustion GHG emissions factor is assumed the same for NG and FG combustion (56.6 g CO2eq/MJ). H
via NCR does not have any share of emissions due to allocation method employed. Electricity 100% coal-fired power (329 g CO2 eq/MJ).58 SI
shows GHG emissions attributed to gasoline and diesel on a per MJ of product basis (Figure S5).
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in the assay inventory. Publicly available assay data are used for
all OS assays with the exception of raw bitumen which is
currently not processed directly in a refinery so data are not
publicly available. The publicly available assays are streams or
blends of crudes of different qualities flowing through pipelines
in Canada. These streams were used to represent specific crude
categories (e.g., diluted bitumen, SCO) through consultation
with industry and academic experts to ensure that they
represent an accurate range of characteristics for each category
of OS-derived crudes. Conventional crudes are presented for
the purposes of comparison. Table 1 provides a summary of all
12 assays, current production volumes of each crude category,
source of data, and properties of the whole crude.

■ RESULTS

Base Case Results. Under the base case assumptions, total
refinery energy use ranges from 0.06 to 0.24 MJ/MJ of crude
(340−1400 MJ/bbl of crude). A detailed discussion of energy
use is presented in SI. As expected, energy use has a positive
linear relationship with the GHG emissions. The resulting
GHG emissions of processing crudes of different qualities can
vary widely, mainly due to differences in hydrogen require-
ments. Total refinery GHG emissions range from 4 to 18 g
CO2eq/MJ of crude being processed (23−110 kg CO2eq/bbl
of crude). For the 12 crudes considered in the base case, the
supply of hydrogen contributes from 0 to 44% of refinery

emissions, process heating contributes 26−71%, FCC catalyst
regeneration contributes 0−17%, steam contributes 2−7%, and
electricity contributes 10−21%. Up to 48% of the emissions
associated with hydrogen requirements result from the
chemical transformation of natural gas into hydrogen in the
SMR process unit. Zero emissions from hydrogen supply are
possible where hydrogen requirements are low enough to be
met by coproduction of hydrogen via naphtha catalytic
reforming. This form of hydrogen is considered to be a
byproduct and therefore a CO2eq emissions-free stream as the
base case assumes that emissions are allocated only to final
refinery products. Generally, the GHG emissions estimates
from each energy type are proportional to their contribution to
overall energy use with the exception of electricity, for which
emissions are determined by the emissions intensity of
electricity production (further discussion in SI).
Figure 1 shows that the amount of gasoline and diesel

produced from the same amount of input (i.e., 100 000 barrels
of crude) also varies with crude quality, but to different extents
(further details in SI).

Alternative Scenario Results. Figure 2 presents the base
case GHG emissions (also presented in Figure 1) for each
crude as well as variation from the base case due to changes in
assumptions regarding refinery configuration, process energy
requirements, energy use for production of hydrogen via SMR,
and refinery fuel gas production.

Figure 2. Scenario analysis overall refinery greenhouse gas (GHG) emissions. Scenarios: The base case represents the assumptions presented in
Figure 1. Alternate process energy requirements (PER) data in steam methane reforming (SMR) uses a 91% energy efficiency as MJ hydrogen
produced/MJ net energy use; energy use accounts for steam production inside SMR that is exported to other process units.26 Alternate PER in SMR
and in other process units simulate additional improvements on energy requirements in other refinery process units based on process energy use
confidential data (overall efficiency improvement of approximately 30%). Alternate fuel gas production calculation assesses increasing refinery fuel
gas production using an alternative calculation method to determine fuel gas production in hydrotreating process units. PRELIM uses a simple
method to determine the amount of refinery fuel gas. The alternative calculation is based on hydrogen requirement specific to each crude while
holding other base case assumptions constant that ends in high estimates in the amount of refinery fuel gas (average increase of 2.5% across all
process units); variations in emissions are mainly associated with the hydrogen content of the total amount of refinery fuel gas. Variation from Base
Case due to configuration defines range of GHG estimates associated with use of different refinery configurations while holding other base case
assumptions constant. The SI shows scenario analysis estimates of GHG emissions attributed to gasoline and diesel on a per MJ of product basis
(Figure S5).
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The magnitude of the impact on results from varying the
refinery configuration is crude-specific but in general this factor
has a greater impact than any other individual factor
considered. When the full range of refinery configurations are
run for each crude, the emissions can change as much as 12 g
CO2eq/MJ of crude (71 kg/bbl of Bitumen1) or up to 190%
(Conv,Sw,L2: conventional sweet light crude 2 as indicated in
Figure 2). Lighter and sweeter (lower in sulfur) crudes have
increased GHG emissions above the base case since the base
case assumes a simple hydroskimming configuration, and for
heavier crudes (OS and conventional) there are deep
conversion configurations in which the GHG emissions are
higher or lower than those estimated in the base case.
Therefore, the method used in the base case for assigning
crudes to a default or “ideal” level of conversion is incomplete if
the goal is to predict the full range of potential GHG emissions
associated with refining a particular crude (as a crude could be
processed in a variety of refineries with different config-
urations). Therefore, the specific refinery configuration and the
associated process units play an important role.
Process unit energy requirements, as well as refinery fuel gas

production, can vary significantly and collectively; this variation
can result in a wide range of emissions estimates, implying that
attention has to be placed on these assumptions and their
implications for policy. Improving energy use in hydrotreating,
FCC, naphtha catalytic reforming, delayed coking, and SMR
process units (represented by real refinery operating data with
higher levels of efficiency than the literature data used in the

base caseoverall efficiency improvement of approximately
30%) decrease GHG emissions by 34% (5 g CO2eq/MJ of
Bitumen1) to 43% (2 g CO2eq/MJ of SCO,Sw,L2). Increasing
the estimated production of refinery fuel gas (average increase
of 2.5% across all process units) can increase GHG emissions
by as little as 1% (0.02 g CO2eq/MJ of SCO,Sw,L1) or as much
as 10% (0.8 g CO2eq/MJ of Conv,So,M1; up to 1 g CO2eq/MJ
of Bitumen 1). The SI details results of other scenarios.
As a whole, Figure 2 illustrates that a wider range of GHG

emissions estimates is seen for OS products (2.5−26 g CO2eq/
MJ of crude) compared to conventional crudes (2.4−17 kg
CO2eq/MJ of crude). Generally, the highest estimates are for
bitumen (9.3−26 kg CO2eq/MJ of crude). This represents
potential cases such as dilbit being sent to a refinery and the
diluent being separated and returned to the OS operation.
GHG emissions from refining diluted bitumen range between
7.6 and 20 g CO2eq/MJ of crude. The SCOs represent one of
the highest and the lowest GHG emissions of all crudes
considered. The heavy SCO crude category can have GHG
emissions as high as 20 g CO2eq/MJ of crude. Light sweet SCO
can have GHG emissions as low as 2.5 g CO2eq/MJ of crude.
Light/heavy crude differentials may provide an incentive for the
production of light SCO; however, this differential can decrease
in a market with increasing supply of heavy oil and refineries
increasing their capabilities to manage that feedstock. The SI
discusses PRELIM’s SCO refinery GHG emissions estimates in
detail. It is important to note that the high and low ends of the
GHG emissions for OS crudes represent the cases of recycling

Figure 3. Comparison of GHGenius, JACOBS, TIAX, and PRELIM gasoline greenhouse gas (GHG) estimates. Base case estimates and variation
from the scenario analysis presented in Figure 1. Variation from base case can be compared with variation in TIAX estimates;17 TIAX study
accounted for alternative configurations and/or energy efficiencies (i.e., different U.S. production regions). If PRELIM uses the same configuration as
JACOBS22 while holding other assumptions to base case constants, PRELIM replicates similar linear regression as JACOBS results suggest.
GHGenius60 estimates are from default GHGenius v.3.19 assumptions while varying API gravity and sulfur of crude using PRELIM assay inventory
(polynomial regression built in GHGenius from crude slates of API > 25.4 and using Canadian industry forecast data). The GREET model emissions
estimates are not included in the figure as there is no variation presented due to crude quality (the default gasoline carbon intensity is estimated at
10.5 g CO2eq/MJ of gasoline). Gerdes model estimates25 and recent GHGenius estimates61 using a linear relationship approach (which are not
included in the figure) are also in the range of gasoline GHG emissions estimates resulting from the low end of the scenario analysis and TIAX as
illustrated by Brandt.49 These estimates are not included in the figure as they are either duplications of the same data or present very similar trends
and ranges.
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of diluent (bitumen as a feedstock) and upgrading the bitumen
prior to entering the refinery (high quality SCO) which have
upstream processing requirements quite different from conven-
tional crudes and will have different implications on a full LC
basis.48

Alternative Functional Units. Given recent regulations
such as the CA-LCFS, there has been increased interest in
representing LC emissions on a per product basis. This requires
allocation of total refinery emissions to each product. Assuming
GHG emissions are allocated only to transportation fuels (i.e.,
gasoline, diesel, and jet fuel) on a hydrogen content basis
(based on discussion in 19) across the scenarios, conventional
crudes’ gasoline GHG emissions estimates range from 6.2 to 22
g CO2eq/MJ of gasoline, and OS products’ GHG emissions
estimates range from 9.0 to 36 g CO2eq/MJ of gasoline. Diesel
GHG emissions estimates for conventional crudes and OS
products range from 2.3 to 26 g CO2eq/of MJ of diesel and 3.3
to 36 g CO2eq/MJ of diesel, respectively. Figure S5 illustrates
gasoline and diesel GHG emissions estimates for the scenario
analysis. The implications of different allocation methods are
explored in the SI.
Overall refinery GHG emissions (i.e., per bbl or MJ of crude)

will be greatly influenced by the refinery configuration
employed. However, for some crudes, when the emissions are
calculated on a per product basis (e.g., per MJ gasoline) the
impact of the configuration can play a lesser role as the
significant differences in emissions between configurations are
tempered by the differences in the amount of product produced
(Figure S5). For example, if light sweet SCO is processed in a
deep conversion refinery instead of a hydroskimming refinery, it
will undergo more intense processing and therefore result in
both higher overall emissions as well as a higher volume of
gasoline produced. This difference has implications in terms of
potentially providing an incentive for one action (e.g., sell SCO
to hydroskimming refinery) if the crude is being evaluated on
an overall crude basis (i.e., all products) and a second action if
it is evaluated on an individual product basis (e.g., sell SCO to
deep conversion refinery).
Comparison with Other Studies. In the absence of a

public-domain refinery modeling tool, the use of regression
models based on sulfur content and API gravity of the whole
crude is being generalized for the purposes of modeling crude
quality effects on refinery GHG emissions.49 Some studies
assume a linear relationship18,22,25 while others assume a
quadratic relationship15 for the regression model, and
consensus has not yet been reached. The results reported by
previous refinery models/studies are within the ranges
calculated by the PRELIM model (Figures S6−S7). Figure 3
demonstrates that the degree of correlation between the
gasoline GHG emissions estimates from refining and the whole
crude API gravity is affected by assumptions about config-
uration and process energy requirements. This is also true for
diesel (Figure S8). In addition, sulfur does not make a large
contribution to predicting GHG emissions. PRELIM can
replicate the results of previous studies when similar
assumptions are made. However, the figure shows that previous
studies do not provide the full range of emissions possible.

■ DISCUSSION
PRELIM goes beyond public LC-based modeling approaches
by adding the detail required to evaluate the impact of crude
quality and refinery configuration on energy use and GHG
emissions of refining while remaining a transparent spread-

sheet-based tool. The model is based on public data but is
validated by confidential operating data and expert review. This
approach allows for improved confidence in the model results
while providing the detail required for users to replicate the
results and make use of the framework. It provides more
detailed calculations (e.g., includes a hydrogen balance at a
process unit level) than current LC models but with less detail
(thereby increasing manageability/transparency) than propri-
etary refinery energy optimization models. PRELIM is capable
of replicating the findings from more complex models with an
overall margin deviation below 10% in almost all cases, which is
within the bounds of typical LC inventories.41−43 PRELIM
provides a data framework that can be integrated as a module in
Well-To-Wheel models and used by academia, industry, and
government to develop a consistent reporting structure for data
in support of GHG emissions modeling for policy purposes.
Further model development should include the establish-

ment of a statistical relationship between hydrogen content,
aromatic hydrocarbon content, and the emissions intensity of
processing a specific crude. The current assumption of
processing all crudes to the same intermediate product
specification may overestimate energy requirements for high
quality crudes in medium and deep conversion refineries. Also,
it is recommended that opportunities to improve the accuracy
of hydrogen requirement estimates be explored. The inclusion
of modeling crude input slates instead of individual crudes,
economic data, and other environmental impacts, as well as
tools for decision-making analysis such as Monte Carlo
simulation, will enhance model capabilities.
The PRELIM application presented in this paper demon-

strates that crude quality and the selected process units
employed (i.e., the refinery configuration), as well as the energy
efficiency of the process units, all play important roles in
determining the energy requirements and emissions of
processing a crude. The unique amount of hydrogen required
to process each crude is dictated by the quality of the crude
entering the refinery. It can be the major contributor to refinery
energy use and GHG emissions for every crude. Therefore, this
should be a key parameter used in estimating emissions.
Emissions associated with providing the hydrogen required
should also be the focus of emissions reductions at refineries.
This analysis provides insights that can help to inform

emissions reductions decisions at refineries. Based on this
analysis, the top three ways to reduce GHG emissions at
refineries processing heavier crude will be to (1) reduce the
amount of hydrogen consumed, (2) increase hydrogen
production efficiency (and/or lower GHG emissions intensity
of hydrogen production), and (3) capture CO2 from the most
concentrated, highest volume sources (i.e., FCC and SMR). All
of these alternatives involve several technologies that require
further study and can be included as new modules in future
versions of PRELIM. Moreover, the results suggest that there
may be a “preferred” configuration to process a specific crude.
Opportunities for reductions in GHG emissions such as
processing high quality crudes in low complexity refineries
(hydroskimming and medium conversion) instead of deep
conversion refineries could be investigated. However, these
opportunities will be limited by the decreasing number of low
complexity refineries in North America available to process
these types of crude feedstocks. This serves as a reminder that
the range of refinery emissions for OS products, as for other
crudes, is linked to refining industry investments made over the
next decade.
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This analysis substantiates the claim that more accurate
assessments of refinery emissions are required to better inform
LC-based policies and avoid potential unintended consequen-
ces. Putting the refinery emissions variations into context, the
variability in GHG emissions in the refining stage that results
from processing crudes of different qualities is as significant as
the magnitude expected in upstream operations (e.g., in this
paper, the variability is up to 14 g CO2eq/MJ of crude, or up to
11 g CO2eq/MJ of gasoline and 19 CO2eq/MJ of diesel
based on the full range of base case crudes). If crudes are run
through the same configuration, refinery performance (defined
by efficiency of energy use) introduces important variation. The
PRELIM application demonstrated up to 43% deviation in the
GHG emissions burden attributed to a crude solely by varying
the efficiency of the process units in one configuration. This
implies that impacts of crude quality and refinery configuration
should be modeled in the refining stage of LC analyses of
petroleum-based fuels. Also, climate policies based on LCA
should equally engage both parts of the supply chain (i.e., crude
production/processing/transport and refining stages) to
encourage the most cost-effective GHG emissions mitigation
pathways. Directives such as the current High Carbon Intensity
Crude Oil (HCICO) provision in the CA-LCFS that do not
explicitly include these differences in the definition and
principles/goals could lead to unintended consequences.50,51

The results also show that API gravity and sulfur content of
the whole crude are not sufficient to characterize the refinery
energy use and GHG emissions specific to a crude. The use of
these simple metrics within policies that are intended to
differentiate the LC emissions of different crudes can also lead
to unintended consequences. Energy efficiency of the process
units and refinery configuration play a large role in explaining
the variation in possible estimates. Ideally, the assay data like
those presented in PRELIM should be collected and used as it
improves accuracy beyond whole crude properties. However,
since these data tend to be highly proprietary, we recommend
that at minimum the crude distillation curve and the hydrogen
content of the crude fractions be accounted for. Future efforts
should focus on striking the balance between reporting the best
data in a transparent way and protecting sensitive information.
A starting point could be exploring the use of refining industry
data and methods such as the Nelson index and/or Solomon
energy efficiency index to simplify the characterization of
refinery configurations;52−55 however, an innovative approach
will also be needed to represent crude quality parameters.
The PRELIM application shown in this paper demonstrates

the strengths of detailed process modeling for understanding
and assessing petroleum refinery GHG emissions sources with
the ultimate goal of more informed decisions regarding the
increased use of heavy oil in North America.
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ABSTRACT: Because of interest in greenhouse gas (GHG) emissions from
transportation fuels production, a number of recent life cycle assessment (LCA)
studies have calculated GHG emissions from oil sands extraction, upgrading, and
refining pathways. The results from these studies vary considerably. This paper
reviews factors affecting energy consumption and GHG emissions from oil sands
extraction. It then uses publicly available data to analyze the assumptions made in
the LCA models to better understand the causes of variability in emissions
estimates. It is found that the variation in oil sands GHG estimates is due to a
variety of causes. In approximate order of importance, these are scope of modeling
and choice of projects analyzed (e.g., specific projects vs industry averages);
differences in assumed energy intensities of extraction and upgrading; differences
in the fuel mix assumptions; treatment of secondary noncombustion emissions
sources, such as venting, flaring, and fugitive emissions; and treatment of
ecological emissions sources, such as land-use change-associated emissions. The GHGenius model is recommended as the LCA
model that is most congruent with reported industry average data. GHGenius also has the most comprehensive system
boundaries. Last, remaining uncertainties and future research needs are discussed.

■ INTRODUCTION
As conventional oil production becomes constrained, trans-
portation fuels are being produced from low-quality hydro-
carbon resources, such as bitumen deposits and other
unconventional fossil resources. These include oil sands,
enhanced oil recovery, coal-to-liquids and gas-to-liquids
synthetic fuels, and oil shale.
Production of crude bitumen from the oil sands was almost

1.5 M bbl/d in 2009.1,2 Production of liquid products from oil
sands, including raw bitumen and synthetic crude oil (SCO),
reached 1.35 M bbl/d in 2009. This represents an increase from
≈600 k bbl/d in 2000.3 Current plans for expansion of
production suggest over 7000 k bbl/d of capacity in all stages of
operation, construction, and planning.2

In general, liquid fuels produced from unconventional
resources have higher energy consumption per unit of fuel
produced than those produced from conventional petroleum
deposits. This is due to the higher energy intensity of primary
resource extraction and the energy requirements of hydro-
carbon processing and upgrading. Greenhouse gas (GHG)
regulations such as the California Low Carbon Fuel Standard
(LCFS) and European Union Fuel Quality Directive seek to
properly account for the GHG intensities of these new fuel
sources.
This paper examines models of upstream GHG emissions

from Alberta oil sands production. The goal of this work is to
understand the validity and comparability of previously
published life cycle assessment models of GHGs from oil-
sands-derived fuels, and to compile a range of emissions factors

for oil-sands-derived fuel streams. Assumptions and data inputs
to models are compared with observed data. Recommendations
are then made for the use of these LCA results and for future
research needs.

■ OVERVIEW OF OIL SANDS PRODUCTION
METHODS

Oil sands are a mixture of sand and other mineral matter (80−
85%), water (5−10%), and bitumen (10−18%).4 Bitumen is a
dense, viscous mixture of high-molecular-weight hydrocarbons.
Bitumen is either diluted or upgraded to SCO before shipment
to refineries for processing into liquid fuels.

Oil sands extraction. Bitumen is produced through surface
mining or in situ production processes. Surface mining requires
removal of overburden and mining of the bitumen/sand
mixture (ore). The ore is transported to processing facilities
where it is mixed with hot water, screened, and separated into
bitumen and tailings.4 A variety of in situ techniques exist, the
most commonly applied being steam-assisted gravity drainage
(SAGD) and cyclic steam stimulation (CSS).

Mining-Based Bitumen Production. Overburden remov-
al is typically performed with a truck-and-shovel operation.5

Bitumen ore is mined with diesel or electric hydraulic shovels.
Large haul trucks move the ore to crushing and slurrying
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centers for hydrotransport to extraction centers (diesel-
powered using fuel generated on site as SCO). Some
processing equipment is powered with electricity coproduced
on site from natural gas, upgrading process gas, or coke.6

Published estimates of mining energy consumption vary by an
order of magnitude (0.3−3.6 GJ/m3 of SCO).6−8 Given that
the high end of this range (3.6 GJ/m3 SCO) represents some
10% of the energy content of the SCO, this is most likely an
overestimate of mining energy inputs.
At the extraction facilities, bitumen froth (60%+ bitumen,

remainder water) is separated from sand, requiring warm water
and consuming ≈40% of the energy used to produce a barrel of
SCO.5 Within integrated mining operations, upgrader by-
products such as process gas and coke provide heat and power
for the separation process.6 After primary separation, bitumen
froth is treated to remove water and solids, using naphtha or
parrafinic solvents. This produces clean bitumen ready for
upgrading to synthetic crude oil. Energy costs for separation of
the bitumen are estimated at 0.9 GJ/m3.8,9

In Situ Bitumen Production. Bitumen and heavy oil in the
oil sands region are generally produced in situ using thermal
methods such as CSS and SAGD, although smaller amounts of
cold (primary) production of extra-heavy oil does occur in the
oil sands region.5,10 A significant reduction in hydrocarbon
viscosity with modest increases in temperature allows bitumen
to flow to the well for production. Thermal in situ production is
generally more energy-intensive than mining-based production.
GHG emissions from in situ production result primarily from

fuels combusted for steam generation. A key indicator is the
steam oil ratio (SOR), often measured as cubic meters of cold-
water equivalent (CWE) steam injected per cubic meter of oil
produced. SORs for commercial thermal in situ recovery
projects generally range from 2 to 5, with the production-
weighted industry average being 3.6 in 2009.10 This represents
the volume-weighted average of projects listed in Energy
Resources Conservation Board data sets as “commercial-CSS”
and “commercial-SAGD”. Primary production of bitumen is not
included because steam is not injected. SORs above 10 have
been reported, but these represent transient effects at the outset
of SAGD operations.10 SORs have tended to improve over time
with the maturation of SAGD technology.
The SOR is not the sole driver of in situ extraction

emissions.11 The amount of energy required to convert water to
steam for injection depends on steam quality and pressure, the
efficiency of steam generation, and heat recovery from
produced fluids. Because of the requirement for 100% quality
steam, the energy content of steam for SAGD projects is higher
than that in heavy oil TEOR projects,12 at ≈2.8 GJ/m3.11,13

Steam enthalpy varies little at relevant SAGD pressures, but the
partitioning between sensible and latent heat changes across
low- and high-pressure SAGD operating pressures.11 To
produce 100% quality steam, 80% quality steam is first
produced in once-through steam generators (OTSGs), and
condensate is returned to the boiler using vapor−liquid
separators. This requires rejection of solute-laden water
(“blowdown” water). Energy can be lost as a result of warm
blowdown water. This energy requirement can be offset by the
fact that produced fluids in a mature SAGD operation are hot,
allowing heat recovery from the produced fluids stream. This
produced fluid heat recovery has been suggested to equal some
10−30% of the heat content of the steam.11 Literature
estimates for steam energy requirements vary: Charpentier
cites up to 2.8 GJ/m3 of steam, whereas Butler cites ≈3.4 GJ/

m3 for 100% quality steam generation with heat recovery.14,15

Electricity consumption for in situ production has been
estimated as 190 MJ/m3 bitumen (8.25 kWh/bbl bitumen)
but will vary with SOR due to dependence on pumping and
separation loads.5

Steam generation for in situ production is generally fueled
with natural gas. An exception is the OPTI-Nexen Long Lake
project, which consumes gasified bitumen residues,16,17

increasing GHG emissions compared with natural-gas-fueled
SAGD.17,18

Bitumen Upgrading. Because contaminants are concen-
trated in heavy hydrocarbon fractions, bitumen has a high sulfur
and metals content. In addition, bitumen is carbon-rich,
hydrogen-deficient, and contains a larger fraction of asphaltenes
than conventional crude oil. Thus, bitumen requires more
intensive upgrading and refining than conventional crude oil.
Raw bitumen will not flow through a pipeline at ambient

temperatures so it is upgraded to SCO or diluted with a light
hydrocarbon diluent (creating “dilbit”, or “synbit” if synthetic
crude oil is used as the diluent) before transport. Diluent can be
either returned to the processing site or included with bitumen
to the refinery stream.
Greenhouse gas emissions from upgrading have three causes:

1 Combustion of fuels for process heat, including process
gas, natural gas, and petroleum coke.

2 Hydrogen production using steam reformation of natural
gas or, less commonly, from gasification of coke or
bitumen residues.

3 Combustion for electricity generation (whether in
cogeneration or off-site for from purchased electricity).

Upgrading bitumen to SCO is performed in two stages.
Primary upgrading separates the bitumen into fractions and
reduces the density of the resulting SCO. Secondary upgrading
treats resulting SCO fractions to remove impurities such as
sulfur, nitrogen, and metals.
Primary upgrading adjusts the H/C ratio by adding hydrogen

or rejecting carbon from bitumen feedstock. The most
common upgrading processes rely on fluid or delayed coking
to reject carbon.4,19,20 Coking generates upgraded oils as well as
coke and process gas;5 for example, Suncor’s delayed coking
upgrading resulted in 85% SCO, 9% process gas, and 6% coke
by heating value.21 Natural gas or coproduced process gas is
often used to drive coking, but in a fluid coker, a portion of the
coke is combusted to fuel the coking process. In existing
operations, coke disposition varies: in 2009, Suncor combusted
26% of produced coke and exported another 7% for offsite use,
and the rest was stockpiled or landfilled. In contrast, the CNRL
Horizon project stockpiled all produced coke.21

A competing primary upgrading method uses hydrogen
addition for primary upgrading. The Shell Scotford upgrader22

uses an ebullating-bed catalytic hydrotreating process. Treating
bitumen with hydrogen addition results in larger volumes of
SCO produced from a given bitumen stream and a high-quality
product. It also requires larger volumes of H2, with associated
natural gas consumption and GHG emissions. The Scotford
upgrader produced 82% of process outputs as SCO, 18% as
process gas, and no coke (on an energy content basis).21

In secondary upgrading, the heavier fractions of primary
upgrading processes (which contain the majority of the
contaminants) are hydrotreated (i.e., treated through the
addition of H2 in the presence of heat, pressure, and a
catalyst). Light refinery-ready SCO of 30−34°API, 0.1 wt %
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sulfur, and 500 ppm nitrogen is a common product.23 Heavy
SCO products, such as Suncor Synthetic H, are also produced,
but in smaller quantities (≈20°API and sulfur content of ≈3 wt
%).24 In chemical composition, dilbit looks similar to heavy
synthetic blends.
Hydrogen consumption by hydrotreaters is often in excess of

3 times the stoichiometric requirement for heteroatom removal
because of simultaneous hydrogenation of unsaturated hydro-
carbons.23 Hydrogen consumed in secondary upgrading is
generally produced via steam methane reformation of natural
gas, regardless of primary upgrading process.6 Current
exceptions include the OPTI-Nexen integrated SAGD to
SCO project, which gasifies bitumen residues for H2
production. Consumption of H2 in upgrading processes ranges
from 1.2 to 3.1 GJ/m3 of bitumen upgraded.25

Nearly all of the bitumen produced from mining is upgraded,
while most of the in situ-based production is shipped as a
bitumen/diluent mixture to refineries.5 There is no fundamen-
tal physical or chemical reason that in situ-produced bitumen
cannot be upgraded.17

SCO and Bitumen Refining. Nonupgraded bitumen
supplied to refineries requires intensive refining because of
quality deficiencies. Refining of bitumen also produces a less
desirable slate of outputs without extensive processing as a
result of high asphaltenes content. Light SCO is a high-value
product with low sulfur content compared with conventional
oils of similar density, because light SCOs lack the typical
“bottoms” of a conventional crude oil (i.e., residual products
from distillation). This is because components that would form
the bottom of the distillation output profile are destroyed
during upgrading.
Refining energy consumption is well correlated with the

specific gravity and contaminant loading (e.g., sulfur) of input
crude oil.26,27 This is due to need for additional coking or
additional hydrogen consumption, both of which are energy-
intensive.
Noncombustion Process Emissions. Other process

emissions include emissions from venting, flaring, and fugitive
emissions (hereafter, VFF emissions). Environment Canada
reported emissions of ∼3 g CO2/MJ bitumen mined and in situ
emissions of less than 1 g CO2/MJ of bitumen produced.28 Yeh
et al.29 found for mining operations that tailings ponds fugitive
emissions had a wider range than fugitive emissions reported by
Environment Canada, with a range of 0−8.7 g CO2/MJ and a
representative value of 2.3 g CO2/MJ. It is not clear whether
Environment Canada incorporates tailings pond emissions in
these figures.
Land Use Change Associated Emissions. Land use

change emissions are associated with biomass disturbance and
oxidation due to land clearing, soil disturbance, and peat
disturbance. These emissions are likely smaller than venting
and fugitive emissions, with values ranging from 1.0 to 2.3 g
CO2/MJ of bitumen produced (representative value 1.4 g
CO2/MJ) for mining operations.29 In a case that development
is 100% on peatlands, land use emissions would increase by a
factor of 3, suggesting that peat disturbance is a key driver of oil
sands land use GHG emissions.29 In situ operations have
negligible land use emissions, ≈0.1 g CO2 equiv/MJ of crude
produced.

■ COMPARING PREVIOUS OIL SANDS LCA RESULTS
A number of LCAs of oil sands production have been
performed, although none are yet comprehensive with detailed

coverage of all oil sands production processes.25,30,31 Over time,
LCA studies have improved in quality and quantity of
documentation, although gaps remain in the realm of publicly
available models (see the Discussion and Recommendations
section, below).
This paper reviews recent studies to determine the

differences between study assumptions and to explore the
uncertainty in resulting GHG emissions. The studies reviewed
include

• GREET, the Greenhouse gases Regulated Emissions and
Energy in Transportation model by Wang et al., Argonne
National Laboratory;32,33

• GHGenius, the GHGenius model by O’Connor S&T2

Consultants;.34,35

• Jacobs, a study by Keesom et al., Jacobs Consultancy;25

• TIAX, a study by Rosenfeld et al., TIAX LLC, and
MathPro Inc.;18

• NETL, two studies by Gerdes and Skone, National
Energy Technology Laboratory.36,37

A previous comprehensive comparison of oil sands GHG
studies6,19,38−41 was produced by Charpentier et al.14 Other
useful reviews are provided by Mui et al.42,43 and by Hobbs et
al., IHS-CERA Inc.44 We will not attempt to recreate the
analysis of these studies but in some cases use their results. One
study reviewed but not included above is the Oil sands
technology roadmap,5 which is the source for GREET energy
inputs to oil sands production.45

■ DIFFERENCES IN MODEL TREATMENT OF OIL
SANDS PROCESSES

Determining the exact causes of differences between the results
of reviewed models is impossible without access to original
model calculations, but analysis of reported inputs and
assumptions can give insight into reasons for divergence
between estimates. These inputs can also suggest which model
produces the most accurate estimates of project-specific or
industry-wide emissions.
In all discussion below, energy content is reported on higher

heating value basis (MJ or GJ HHV), and volumes are
converted to cubic meters at standard conditions. Where
required, volume- and mass-to-energy content conversions are
made with fuel-specific compositions and relations between
hydrocarbon density and chemical composition and heating
values46 (see the Supporting Information for calculation
details).

System Boundaries and Study Scope. A main cause of
variability between observed study results is the differences in
broad methodological choices, such as study scope, system
boundaries, and processes modeled (see Table 1).
A key difference between models is that some models assess

emissions for an “average” oil-sands-derived fuel pathway, or
generate industry averages (GREET, GHGenius, NETL),
whereas others model emissions from specific oil sands projects
(TIAX and Jacobs). This methodological difference over-
shadows many other sources of between-model variability.
The use of differing data sources of differing qualities is

another major factor. As Charpentier et al. note, “the nature of
the data used for the analysis varies significantly from
theoretical literature values to project-specific material and
energy balances”.14

Another important difference is the study system boundary.
Studies differ in the their treatment of indirect emissions (e.g.,
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emissions associated with producing natural gas consumed in
upgrading operations), venting, flaring, and fugitive emissions
as well as emissions from land use changes associated with oil
sands mining. No study included emissions embodied in capital
equipment (e.g., steel or cement upstream emissions).
Surface Mining. Emissions from mining are driven by the

fuel consumed per unit of bitumen produced and the consumed
fuel mix. In integrated operations, it is difficult to separate
mining and upgrading inputs. Surface mining assumptions for
each model are described below. The assumed fuel mixes and
magnitudes of fuel consumption for mining and upgrading are
shown by model in Figure 1. For comparison, industry reported

fuel consumption (from regulatory data provided by the
Alberta Energy Resources Conservation Board, or ERCB) are
plotted in the right-most column.47

GREET. Estimates for diesel use are derived from Alberta
Chamber of Resources data, which includes 340 MJ of
electricity (94 kWh), 1573 MJ of natural gas, and 9 MJ diesel
used/m3 of bitumen mined.45 This low diesel use is a possible
difference between GREET results and those of other oil sands
LCAs.
GREET assumes no coke consumption, which is at odds with

empirical fuel mixes presented in Figure 1 and other reports.6,19

In addition, although GREET figures are based on ACR fuel
use data, GREET emissions are 15.9 g CO2/MJ refined fuel
delivered, whereas ACR emissions results are ≈19−22 g CO2/
MJ. (These figures are only approximate comparisons because
ACR data are measured in kg CO2/bbl of SCO produced, and
conversion factors to energetic units are not provided in ACR.5

SCO density and heating value were set to values for 31°API oil
to allow comparison.) This is likely due to the omission of coke
combustion in the GREET model. Charpentier previously
noted these discrepancies, stating that “the energy balance in
GREET appears to omit the diesel fuel used in mining and the
coke used in upgrading”.14

GHGenius. Data include emissions from off-site power and
hydrogen production35 as well as on-site cogeneration. Stand-
alone mining operations consume 1.35 GJ diesel/m3 of
bitumen produced, 2.78 GJ natural gas, and coproduce 250
MJ of electricity for export. The weighted fuel mix in
GHGenius for mining and upgrading to synthetic crude
assumes 15% of energy content from coke,34 closely in line
with observed industry average mining fuel mix (see Figure 1).
Jacobs. The surface mining process model is not described in

detail. It is stated that the energy for mining is “one-half of
energy needed for SAGD at an SOR of 3.” This represents an
energy cost of ≈3.7 GJ/m3 of bitumen of unknown fuel mix.
Process model represents an integrated operation fueled with
natural gas and using either ebullating-bed hydrogen-based
upgrading or coking (no coke combustion). It is therefore
similar to the CNRL Horizon oil sands project.
TIAX. The model represents the CNRL Horizon mining and

upgrading project, which consumes natural gas and stockpiles
coke generated during upgrading.18 Total consumption for
mining and upgrading is ≈8 GJ/m3 of SCO.
NETL. The model uses emissions reported by Syncrude for

integrated mining and upgrading operation,37 as reported in
Environment Canada facilities emission database.48

The TIAX and GREET models assume lower energy
consumption than the industry average, whereas the Jacobs
and GHGenius models are in line with observed consumption
values. The GHGenius model has the most accurate fuel mix
assumption for an industry average. Because Jacobs and TIAX
model a specific project (e.g., CNRL Horizon) that is natural-
gas-fueled, they do not replicate the industry average fuel mix.
This importance of fuel mix on emissions has implications

for future emissions. Some argue that future projects will rely
on coke as much as or more than current operations, because of
decreasing availability of low-cost natural gas,17,19 and others
believe that unconventional gas resources will allow low gas
prices in the long term.
One complication in comparing these studies is uneven

modeling of cogeneration of electric power. This shortcoming
is likely to be a secondary source of uncertainty. For example,
Suncor exported some 4.1 PJ of electric power in 2009,
compared with electricity consumption of 7.5 PJ and total
energy consumption of 137.1 PJ,21 suggesting that credits or
debits due to cogeneration will likely be a secondary source of
variation.

Upgrading Emissions. Upgrading emissions are driven by
the energy consumed per unit of SCO produced plus the fuel
mix used in upgrading. Study assumptions regarding upgrading
include
GREET. Consumption of natural gas is ≈3.3 GJ/m3 SCO

produced.45 No consumption of coke or process gas is
recorded, which differs from reported fuel mixes by operators.47

Table 1. Study Scope and System Boundaries by Reviewed
Study

scope of
coverage

indirect
emissions

embodied
energy

venting,
flaring,
fugitives

land
use

GREET ind.,
pathway
average

yes no yes no

GHGenius ind.,
pathway
average

yes no yes yes

Jacobs process NG +
elec

no no no

TIAX process yes no yes no
NETL ind. average yes no yes no

Figure 1. Fuel mix for mining and upgrading assumed by LCA models
and industry average fuel mix (right). Fuel mix assumptions calculated
from model inputs as described in text. Industry average fuel mix
calculated from fuel consumption rates reported by ERCB for 2010
mining and upgrading operations.47 See the Supporting Information
for more detail on figure construction.
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Upgrading consumption values are low compared with other
estimates (e.g., Jacobs).
GHGenius. Imputed upgrading consumption in integrated

mining and upgrading is 5.1 GJ/m3, whereas stand-alone
upgrading is much more energy-intensive at ≈9.8 GJ/m3

SCO.35 Fuel mix is included in Figure 1.
Jacobs. Consumption is ≈5.7 GJ/m3 SCO for coking, and

7.4 GJ/m3 SCO for Eb-bed. Fuel mix includes both natural gas
and process gas. The fuel mix is ≈50% each natural gas and
process gas for the coking unit, 60% natural gas and 40%
process gas in Eb-bed reactor,25 with no consumption of coke.
TIAX. The study does not report upgrading consumption

separately from mining or SAGD consumption. Integrated
operations are modeled, and process flows are not delineated
by mining and upgrading stages.18

NETL. A separate description of upgrading is not given in
NETL studies.36,37 Upgrading emissions are included in
emissions from Syncrude integrating mining and upgrading
operation, as described above.
Differences in emissions between Jacobs and GHGenius

estimates are likely due to fuel mix differences, due to the
similar energy consumption values. Given observed consump-
tion of coke (see ERCB data in Figure 1), GHGenius estimates
are more representative of industry-wide upgrading emissions.
GHG-intensive upgrading using bitumen residues at OPTI-
Nexen Long Lake project is neglected in all models except
TIAX, but this is a relatively small operation, and therefore, this
will not strongly affect model results in other models.
In Situ Production. Because of relatively homogeneous fuel

mix consumed for in situ production, the primary determinants
of emissions are the SOR and the energy consumed per unit of
steam produced. In some studies, the product of these two
termsthe energy consumed per volume of crude bitumen
producedis reported. Model assumptions include
GREET. Natural gas consumption is ∼6.8 GJ/m3 bitumen.45

Because no SOR is reported, the energy consumed per cubic
meter of steam cannot be calculated.
GHGenius. SORs of 3.2 and 3.4 assumed for SAGD and

CSS, respectively.14,49 Natural gas consumption is 9.6 and 10.2
GJ/m3 of bitumen produced for CSS and SAGD, respectively.
Jacobs. Jacobs assumes SORs of 3.25 Energy content of

steam is 2.06 GJ/m3 CWE steam, and efficiency is 85% (LHV
basis), for total consumption of ≈8.1 GJ LHV/m3 bitumen.
Cogeneration of electric power provides an emissions offset in
some cases.25 Because SAGD net cogeneration exports are not
reported in ERCB data sets, electricity exports cannot be
verified using reported industry data.22

TIAX. Natural gas consumption rates are at the low end of
the above cited range, 4.1 and 7.8 GJ/m3 bitumen for Christina
Lake (SAGD) and Cold Lake (CSS) respectively (without
cogeneration).18 The Christina Lake SAGD case has an SOR of
2.5 and a low implied energy consumption of 1.7 GJ/m3 CWE
of steam. These values are lower than the empirical values
shown below, driving the low emissions from the TIAX natural
gas case. Cases with cogeneration have somewhat higher
effective steam energy requirements (see the Supporting
Information). TIAX is the only report to consider integrated
in situ production with bitumen residue or coke fueling. The
TIAX case with asphaltenes residue gasification for steam
generation (analogous to OPTI-Nexen Long Lake project) has
a higher energy demand of 5.4 GJ/m3 of steam generated,
resulting in much higher emissions, as should be expected from
the carbon intensity of asphaltene residue gasification.18

NETL. Emissions calculated for Imperial Oil Cold Lake
project using CSS,37 as reported in the Environment Canada
facilities emission database.48 In 2009, Cold Lake had an SOR
of 3.5.21

The energy intensity of steam generation for the reviewed
studies can be compared with calculated values from engineer-
ing fundamentals and values reported in the literature. These
comparisons are shown in Figure 2. At top are fundamental

computations of energy requirements, including the steam
enthalpy at typical SAGD conditions (100% quality steam at
2000 kPa, or hg ≈ 2.8 GJ/m3)11 and the required energy
consumption for steam generation, assuming no heat recovery
from produced fluids. Also shown is a consumption band
assuming 10−30% heat recovery from produced fluids. Next,
estimates from the literature are presented, which are generally
in line with fundamental values. Next, monthly energy
intensities for 8 in situ projects are calculated from the
reported literature. Last, assumptions for energy consumption
in steam generation are shown for reviewed LCA models. A key
result is that TIAX values are significantly lower than values
from the literature. See the Supporting Information for figure
construction details.
In addition, the SORs assumed can be compared with SORs

observed in practice, as in Figure 3. The SOR histogram shows
SORs by fraction of industry output from reported data, as well
as averages by process type (top axis). GHGenius and NETL
report SORs in line with observed SORs, whereas the TIAX
SAGD case is toward the low end of observed SORs.

Refining Emissions. Many LCA studies to date treat the
refining of crude inputs (SCO and bitumen) in a simple
fashion.32,51 This is partly due to the absence of publicly
available models of refinery operations and due to the fact that
some models (such as GREET) have sought to produce a
national average result, without modeling refining differences
between individual crude oils.

Figure 2. Assumed energy intensity of steam generation for studies
and values from literature. Lines and shaded areas represent the energy
content of the steam at typical SAGD conditions11 (solid), the energy
cost of obtaining this steam with an 80% efficient OTSG and complete
heat recovery from blowdown water (dashed), and the energy cost
with 80% efficient OTSG and heat recovery of 10−30% of the
enthalpy of steam from warm produced fluids (shaded). Values are
from the literature from various sources.11,15,50.

Environmental Science & Technology Article

dx.doi.org/10.1021/es202312p | Environ. Sci. Technol. 2012, 46, 1253−12611257



Refinery feedstock qualities differ by study, as shown in the
Supporting Information. Some studies do not state explicitly
the quality of refinery feedstock. SCO characteristics from
studies align well with the reported characteristics of
commercial SCO products. The resulting estimates of refining
emissions as a function of crude specific gravity are plotted in
Figure 4.

GREET. The model calculates refinery emissions from
processing oil-sands-derived streams as equivalent to processing
conventional crude oil streams.45,40 This assumption will not
result in significant errors because GREET assumes bitumen is
upgraded to SCO.40

GHGenius. The model relies (as of version 3.20) on a linear
model of refinery emissions as a function of API gravity and
sulfur, derived from Karras.26 The relationship between sulfur
and emissions is from Karras, and the slope of energy
consumed as a function of density is set to one-half the Karras
value.34

Jacobs. Detailed calculation of refinery inputs and outputs
with refining simulation software. Results from the commercial
refinery process model are presented in detail, with process

throughputs and products breakdown provided for SCO,
bitumen, and dilbit.25 Detailed refining utilities consumption
by subprocess is presented for Arab Medium crude, but not for
oil sands pathways.25

TIAX. The model performs a detailed calculation of refinery
inputs and outputs, using industry refinery modeling expertise,
with extensive documentation. Model results include differ-
ential refining emissions based on the quality of the feedstock.18

NETL. The approach used by Gerdes et al.36 is outlined in
detail in Skone et al.37 A novel approach is developed using US
nationwide statistical data on refinery configurations, crude
throughputs, crude qualities, and utilization factors for different
crude processing stages (e.g., distillation utilized capacity vs
fluid catalytic cracking utilized capacity). This approach is
similar to that taken by Karras.26 Heuristic models for the effect
of crude density and sulfur content on refining intensity are
developed.36

The Jacobs and TIAX models represent the most thorough
efforts to date to model refinery emissions for refining oil-
sands-derived fuels. The NETL model represents the most
thorough treatment of the problem using public data. Given the
relative similarity of refinery emissions model results, it is not
clear that enough empirical data exists about refinery emissions
to assess the relative merits of the different models. One
concern in refinery modeling is that the different quality of
SCO as compared with conventional oil will change refinery
output slates, possibly indirectly affecting emissions in other
sectors (see Discussion and Recommendations, below). In
addition, a number of parameters not included in current
simple refining models could be causing discrepancies between
different model results (for example, Jacobs notes sensitivity to
refinery configuration, which is not included in simpler
models).

Other Process Emissions. Emissions from venting, fugitive
emissions, and flaring (VFF) are unevenly addressed in the
above studies. GREET does not include VFF emissions from
bitumen extraction or upgrading.40 GHGenius does include
venting and flaring emissions.34 Jacobs does not explicitly
include VFF emissions from oil sands production.25 TIAX does
include VFF emissions, of 0.5 to 3.3 g CO2 equiv/MJ18 from
regulatory documents related to the Horizon oil sands mine.
NETL does include venting and flaring,36 but does not describe
method for estimating bitumen VFF emissions.
Land use emissions are considered only in the GHGenius

model, which calculates soil and biomass disturbance per
hectare and apportions this according to the type of operation
(e.g., 100% disturbance on mined lands, no disturbance for
SAGD).35

Resulting GHG Emissions Estimates. The resulting
upstream GHG emissions estimates by study are shown in
Figure 5. For simplicity, vehicular emissions (tank-to-wheel)
emissions are given a nominal value of 70 g CO2/MJ in all cases
(TTW results are largely consistent across models and are not a
focus of this study). A detailed breakdown of emissions for each
data point is given in the Supporting Information.
General trends emerge among pathways as a result of the

underlying fundamentals of process operation. In situ and
upgrading projects have higher emissions, as should be
expected from projects that combine energy-intensive extrac-
tion methods with energy-intensive upgrading.
Variability between estimates from a given study arise from

varying process assumptions. For example, the four TIAX
results for in situ-to-bitumen pathways differ in their

Figure 3. Assumed SORs for each model compared with observed
SORs from ERCB data. Top marks represent production-weighted
average for CSS and SAGD operations and 2009 full-year production
volumes.

Figure 4. Refining emissions as a function of crude specific gravity for
oil sands GHG emissions study. For TIAX, Jacobs, and NETL, the
sulfur content varies with crude type. For GHGenius results, model
version 3.20 was used with 2 wt % sulfur content for all crude oils.
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assumptions about the method of extraction used (i.e., SAGD
vs CSS) and in whether they export cogenerated electric power.
Clearly, emissions will vary between among implementations of
similar pathways.
In general, GREET and TIAX model results are at the lower

end of the emissions range. This should be expected from their
assumptions about the energy intensity of extraction, as shown
above for mining and in situ production.
In addition, in general, the GHGenius model tends to have

somewhat higher emissions than other studies. A driver of these
higher emissions is due to more careful accounting of energy
consumption in GHGenius and due to industry-average fuel
mixes that contain coke combustion. Some additional research
is needed with respect to GHGenius stand-alone upgrading
emissions, which are assigned a high emissions intensity. This
does not strongly affect the overall results from GHGenius (as
plotted in Figure 5 in the “mixture” column as default SCO and
default bitumen pathways) because stand-alone upgrading is
not a major pathway in current operations. In general, given the
fidelity of GHGenius in replicating energy inputs to mining and
in situ processes, GHGenius emissions estimates should not be
considered overly pessimistic.

■ DISCUSSION AND RECOMMENDATIONS

Recommended Use of Model Results. The GHGenius
model is recommended for use in generating industry-average
GHG emissions values, such as those that might be required to
assign default values in regulation. GHGenius contains the
most accurate representation of observed energy consumption
values for the industry as a whole, as seen in Figure 1 for surface
mining and upgrading operations, in Figure 2 for steam energy
content, and in Figure 3 for steam/oil ratios. It also includes
emissions sources such as VFF and land use emissions that are
not covered consistently by other models. In addition, its
transparent and extensive documentation is a useful contribu-
tion to the literature and allows for fact checking of inputs.
Although the GREET model is publicly available and treats

industry average pathways, its use for constructing industry-
average emissions is not recommended because of less accurate
energy intensity and fuel mix assumptions compared with
GHGenius.
The Jacobs and TIAX models represent more detailed LCA

studies of project-specific emissions. They provided important

advances in refinery models compared with earlier studies.
These estimates are useful for understanding specific pathways,
but should not be considered representative of industry-wide
emissions averages because of their focus on specific projects
that may not be representative of general industry conditions.

Comparability of Studies. Figure 5 shows the consid-
erable variation among model results for different processes and
even significant variation within similar pathways. The key
factor affecting the comparability of studies is whether study
results are process-specific or pathway or industry-average
emissions estimates. Process-specific emissions estimates and
industry-average emissions estimates are useful in different
contexts.
For regulatory purposes for determining the potential overall

scale of differences in emissions among broad fuel types (e.g.,
conventional oil and oil sands), industry-wide production-
weighted average emissions are more useful than process-
specific assessments. For evaluating the GHG intensity of a
given process or a given import stream, process-specific
emissions estimates are required.
Other factors affecting the comparability of models include

the study system boundaries. In the studied LCA models, study
system boundaries are broadly commensurate (e.g., all are well-
to-wheel LCA analyses), although smaller system boundary
considerations were noted above, such as the inclusion or
exclusion of land use emissions.

Uncertainties and Need for Future Work. A number of
uncertainties remain in the area of oil sands GHG emissions.
Treatment of cogenerated electric power varies among models.
Given the CO2 intensity of the Alberta grid, coproduction
credits from cogenerated power could be provide emissions
offsets. Important future research needs for electricity credits
include variation with time, place, and characteristics of Alberta
grid in relation to interconnected grids.
Treatment of refining is a difficulty in public-domain studies

such as GREET and GHGenius because of a lack of access to
industry-vetted refinery models. The Jacobs and TIAX refining
models represent the most detailed work to date on refining
emissions (although their models are not publicly available).
The previous lack of data on refining emissions has been
remedied somewhat recently, with increasing public access to
correlations between emissions and crude density and sulfur
content,26 but additional work is needed. Importantly, refinery
emissions vary with refinery configuration, the type of oil sands
product refined (i.e., SCO, dilbit or synbit), and the refinery
output slate.
Numerous coproduction issues arise that are not incorpo-

rated consistently in current studies. For example, the
treatment of coproduced coke is a complex issue. This is
noted in the Jacobs study but not treated elsewhere. At remote
Alberta upgrading facilities, coproduced coke is generally
stockpiled or burned on site to fuel operations. If bitumen is
shipped to refineries as dilbit, this will result in coke generation
near existing fuels markets, which could result in more coke
being consumed, offsetting some coal consumption. Calculating
the magnitude of credit or debit associated with such
coproduction and displacement is nontrivial and requires
understanding of the markets for solid fuels. Similar concerns
arise with the treatment of diluent in dilbit pathways.
The interaction of oil sands products with existing fuel

production systems and fuel demands is still poorly understood.
For example, refinery outputs from refining a light SCO
product will differ from outputs from a crude oil input of

Figure 5. Full-fuel-cycle GHG emissions estimates for reformulated
gasoline pathways by study. Nominal value of 70 g CO2/MJ for
combustion emissions is applied evenly across all studies. Details on
construction of th estimates are given in the Supporting Information.
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similar specific gravity and sulfur content (more middle
distillate and less residual fuel from SCO). This could have
ripple effects on other fuels markets and alter the energy
requirements of producing a given refinery mix (e.g., EU
refineries might not face as large an energy penalty associated
with producing diesel-heavy refinery product slate).
The interaction of markets in LCA (as addressed in

“consequential” LCA) is not studied in detail in any of the
above models. Given a regulation that reduced the demand for
oil sands products in North America (such as an expansion of
the California LCFS to the national scale), there could be shifts
in shipment of liquid fuels in the global fuels market (also
known as crude shuffling). This shift of fuels could offset some
of the desired reduction in emissions. The calculation of such
impacts would require a combination of fuel market models
with detailed LCA models. This is a difficult problem and likely
subject to significant uncertainty.
Future work in oil sands GHG emissions should move

toward modeling the emissions of specific process config-
urations. For example, models should be used to model
emissions by project and compare those modeled emissions to
reported emissions estimates. More vigorous calibration with
available data (such as ERCB reported data sets) will help verify
model accuracy. Much of the variability seen in the results
above is driven by fundamental differences between different
process operations (e.g., fuel mix or steam generation efficiency
variation between project). Without more transparency and
clarity about which processes are being modeled (and how
representative they are of industry-wide operations), additional
confusion will be introduced into assessing the environmental
impacts of oil sands production.
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Abstract
Background and scope Attempts to develop adequate
allocation methods for CO2 emissions from petroleum
products have been reported in the literature. The common
features in those studies are the use of energy, mass, and/or
market prices as parameters to allocate the emissions to
individual products. The crude barrel is changing, as are
refinery complexities and the severity of conversion to
gasoline or diesel leading to changes in the emissions
intensity of refining. This paper estimates the consequences
for CO2 emissions at refineries of allowing these parame-
ters to vary.
Materials and methods A detailed model of a typical
refinery was used to determine CO2 emissions as a function
of key operational parameters. Once that functionality was
determined, an allocation scheme was developed which
calculated CO2 intensity of the various products consistent
with the actual refinery CO2 functionality.
Results The results reveal that the most important factor
driving the refinery energy requirement is the H2 content of
the products in relation to the H2 content of the crude.
Refinery energy use is increased either by heavier crude or

by increasing the conversion of residual products into
transportation fuels. It was observed that the total refinery
emissions did not change as refinery shifted from gasoline
to diesel production.
Discussion The energy allocation method fails to properly
allocate the refinery emissions associated with H2 produc-
tion. It can be concluded that the reformer from a refinery
energy and CO2 emissions standpoint is an energy/CO2-
equalizing device, shifting energy/CO2 from gasoline into
distillates. A modified allocation method is proposed,
including a hydrogen transfer term, which would give
results consistent with the refinery behavior.
Conclusions The results indicate that the refinery CO2

emissions are not affected by the ratio of gasoline to
distillate production. The most important factors driving the
CO2 emissions are the refinery configuration (crude
heaviness and residual upgrading) which link to the refinery
H2 requirement. Using the H2-energy equivalent allocation
proposed in this study provides a more reliable method to
correctly allocate CO2 emissions to products in a refinery in
a transparent way, which follows the ISO recommendations
of cause-effect and physical relationship between emissions
and products.
Recommendations and perspectives Regulatory activity
should recognize that there is no functional relationship
between refinery CO2 emissions and the production ratio of
gasoline, jet, and diesel, and adopt a methodology which
more accurately mirrors actual refinery behavior.
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1 Background, aim, and scope

Policy makers and regulators are seeking to impose greenhouse
gases (GHG) performance standards on fuel lifecycles, e.g.,
California’s Low Carbon Fuel Standard (LCFS 2007) and the
European Union’s Fuels Quality and Renewables Directives
(COD 2008). The common feature of these regulations is that
fuel providers will be required to track the lifecycle (i.e., well
to wheels) GHG emissions intensity of their products,
measured per unit of fuel energy, and reduce this value over
time. Furthermore, the US Environmental Protection Agency
is assessing fuel lifecycle GHG emissions intensities for the
Energy Information and Security Act. Models describing
emissions in the fuel lifecycle, which were designed to meet
academic scenario forecasting needs, now have to be
redesigned to suit regulatory applications, with the associated
legal and commercial implications.

Crude oil based transport fuels are produced concurrent-
ly with other fuel and non-fuel products. Consequently,
overall CO2 emissions generated by the refining process
can be distributed between the individual products through
“allocation” rules. Historically, such rules have reflected the
scope and goals of the study, the modeler’s understanding
of the process, the available data and end-use options for
the products because there is no theoretical basis for
choosing one allocation scheme over another. When some
refining products are regulated on their carbon content but
not others, it is important to ensure that the allocation rules
reflect the actual climate impacts of the regulated products
as fairly as possible, whilst at the same time, minimizing
incentives to transfer responsibility for the impacts onto
unregulated products.

The International Standard Organization (ISO) guide-
lines for lifecycle assessment (LCA) recommend that
allocation should be avoided wherever possible, but where
this is not possible, the allocation should reflect quantita-
tively or qualitatively how environmental impact changes
with product yield. Some authors have suggested options to
refine the ISO methodology and the accuracy of the results
(Ekvall and Finnveden 2001). Ultimately, however, it is left
to the LCA practitioner to decide how to follow these
recommendations. As a result, the literature contains
several different estimates for the carbon intensity of
gasoline and diesel production even for similar systems
(Furuholt 1995).

The problems faced in solving the issue of allocation in
multi-product systems are fairly well known, and they have
been extensively discussed in the literature (Azapagic and
Clift 1999; Ekvall 1999; Babusiaux 2003; Ekvall and
Weidema 2004). Different accounting schemes have been
proposed to assign emissions to the plant products typically
based on mass, energy, or market value shares of products.
More recently, linear programming (LP) models, which have

a long tradition in the refining industry (Charnes et al. 1952;
Griffin 1972; Palmer et al. 1984), have been extended to
calculate CO2 emissions, and to assign individual product
contributions to the CO2 emissions in refineries through a
marginal approach (Azapagic and Clift 1999; Babusiaux
2003). These models follow a similar logic to that used in
assigning costs to refinery products: global CO2 emissions
are allocated to products based on the incremental CO2

emissions generated in manufacturing an additional volume
of the products. The resulting product CO2 intensities are
sometimes, but not always, different from those estimated
under traditional mass/energy allocation schemes. Neither
type of method is superior; but each has its domain of
validity and applicability.

Furuholt (1995) compared the energy consumption and
pollutant emissions in the production and end use of regular
gasoline, gasoline with MTBE, and diesel. Energy con-
sumption and emissions were tracked through the produc-
tion chain and emissions were allocated to products based
on their energy content. The results were highly sensitive to
the product specifications, and it was predicted that
emissions from diesel production were significantly lower
than those from production of gasoline as a consequence of
“diesel’s lower process energy requirement”.

Wang and coworkers (Wang et al. 2004) compared the
impact of different allocation rules applied at the process
unit level in a US refinery. They used as an archetype
refinery a detailed quantitative process-step model of
petroleum refining developed in the late 1970s at Drexel
University (Brown et al. 1996). The mass and energy
balances at each process step of this archetype constitute
the reference process-step model for petroleum refineries
(Ozalp and Hyman 2007). Wang et al. (2004) compared the
use of mass, energy content, and market value share of final
and intermediate petroleum products as allocation weight
factors at the process unit and the refinery levels. They
defined product energy intensities for major refinery
products (defined as the fraction of process energy invested
in producing a particular product relative to its weight
factor), and concluded that wherever possible, energy use
allocation should be made at the lowest sub-process level
(Wang et al. 2004). They found diesel production to be less
energy intensive than gasoline production in each of the
allocation weighting methods used (mass/energy/market
value; refinery/process unit level) as predicted by Furuholt
(Furuholt 1995).

Tehrani (Tehrani 2007) used an LP model to study the
CO2 emissions allocation problem for a European price-
taking refinery operating in a cost-minimizing environment.
It was assumed that the refiner's objective is to satisfy a
petroleum production target at the minimum cost and
subject to constraints of prevailing technology, commodity
prices, input availabilities, oil product demand, capacity
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constraints, material balance, and product quality. Tehrani
concluded that emissions could be allocated among
products using “average allocation” coefficients containing
two contributions, a direct one, which is its marginal CO2

intensity, and an indirect contribution, which depends upon
the production elasticity of unit processes and is calculated
at the LP optimal solution ex-post. This approach was later
used (Tehrani and Saint-Antonin 2007) to assess the impact
of reducing sulfur in European automotive fuels on the
refining emissions intensity of gasoline and diesel. It was
shown that, contrary to prior results (Furuholt 1995; Wang
et al. 2004), gasoline refining could be less emissions
intensive than diesel refining.

Pierru (2007) used an alternative LP optimization
function including operating costs and cost associated with
the refinery's CO2 emissions to calculate the marginal
emissions (in accordance with economic theory) from the
various refinery products. The study highlights the impact
of constraints such as demand, refinery capacity, and raw
material supply on the CO2 emissions originated at
refineries. It was concluded that contrary to traditional
LCA studies, diesel has a higher marginal contribution to
refinery emissions than gasoline.

The common features in the above studies, notwith-
standing the different approaches, constraints, and results
are: single-fixed refinery configuration, fixed unit through-
put capacities and fixed crude diet.

The crude barrel is changing, as are fuel specifications,
and these will lead to changes in refining emissions
intensities. In this paper, we therefore focus on the
consequences of varying the crude diet, the severity of
conversion to gasoline or diesel, and the complexity of the
refinery. The critical element is the hydrogen requirement,
since its production and consumption is highly carbon
intensive. A detailed analysis of the hydrogen flow through
the refinery is carried out at each refinery unit, in order to
establish the carbon footprint of products. Based on this
work, we propose a more realistic way to estimate the
energy and emissions intensities of refinery products.

2 Materials and methods

The refinery simulation model is a case study model used
by Shell to select crude type, determine refinery products,
and calculate refinery economics for major investment
decisions. Shell has high confidence in its accuracy.

Yield representations reflect crude boiling curve, hydro-
gen content, aromaticity, sulfur, nitrogen, and other relevant
parameters associated with the refinery crude diet. Several
of those terms (boiling curve, hydrogen content, and
aromaticity) are at least partially covariant with crude
density (API gravity), but it is more accurate to handle

them individually. Processing severity can be adjusted by
distributing feeds differently within the refinery flow
matrix, by changing reactor severity of individual process-
es, and by varying fractionator cut points. Energy con-
sumption was determined by summing feed-rate-based
consumption factors for each process unit (some of which
are functions of that unit’s severity). Feed gas and fuel gas
energy for H2 manufacture are included. Hydrogen balance
is maintained throughout the model, meaning the hydrogen
contained in all feeds equals the hydrogen contained in all
products from each unit. Relatively few refinery models
have that feature; meaning that their prediction of how
much hydrogen is required from the hydrogen plant is less
reliable. Since hydrogen plant size is critical to refinery
CO2 emissions, this is an important advantage for this
study.

Specific process units included were: crude distillation,
delayed coking, fluid catalytic cracking, hydrocracking,
naphtha reforming, alkylation, hydrotreating (naphtha,
distillates, fluid catalytic cracking (FCC) feed), hydrogen
manufacture, sulfur recovery, and various other enabling
process units typically included in a refinery (the refinery
flow chart is available as Online Resource 1).

Product specifications were gasoline was US reformu-
lated gasoline in a typical grade mix of regular to premium.
Diesel was US ultra low sulfur diesel. Jet was Jet-A, and in
cases where produced, residual was US Gulf Coast high
sulfur Fuel Oil #6. Naphtha from the catalytic cracker was
hydrotreated such that gasoline pool sulfur was 25 ppm. Jet
smoke and diesel cetane number using a normal severity
distillate hydrotreating unit were inside fuel specifications
for all except two of the crudes analyzed. This was ignored
because real refineries have some scope to blend streams to
meet specifications, and if not, the refinery would run a
blend of crude rather than neat crude. The three low value
residual streams (Cat slurry, Fuel Oil #6 and Coker Coke)
were summed into a single product class called residual/
coke. To summarize, the product streams considered were
liquefied petroleum gas (LPG), gasoline, distillate (includ-
ing gasoil and kerosene), and residual/coke.

It was considered critical that the results from the
allocation methods and the results from the model runs be
consistent. In other words, if the refinery runs showed no
difference in total refinery CO2 emissions as the gasoline to
diesel ratio was varied, then the CO2 intensity of those two
fuels should be the same.

3 Results

Three issues were studied explicitly: crude heaviness
(fraction boiling >1,000°F/540°C), production ratio of
gasoline to distillates, and whether the refinery processed
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its 1,000°F/540°C+vacuum resid in a delayed coker or
blended it to Fuel Oil no. 6. Issues such as ratio of FCC to
hydrocracking capacity, the type of benzene production
controls employed, whether C5/C6 isomerization is
employed, in cases with residue reduction, whether the
residue reduction unit was a delayed coker, other type of
coker, or other type of unit such as LC-Finer or resid
hydrotreater, and any number of similar configurational
issues could perturb the numerical results. Pair cases
simulations (base Vs base + δ), where δ refers to a
perturbation on the variable under analysis were run to
assess the robustness of the results and to ensure that they
did not have a material impact on the conclusion reached
through the study

3.1 Matrix of cases

Crude heaviness was studied by selecting six crudes with
quantity of vacuum bottoms (>550°C) ranging from 10% to
35% (lightest Brent, heaviest Maya). Production ratio of
gasoline to distillate was varied by shifting from gasoline to
distillate mode which means lowering FCC and HCU
reactor severities, and changing cut points at crude unit, cat
cracker, and hydrocracker. Cut points were shifted on both
ends, lowering naphtha/distillate cut point and raising
distillate to FCC feed cut point. Production of resid was
changed by shutting down the coker, and sending coker
feed to #6 oil blending instead. Case names of these
conditions were captured in a four character code. The first
character was either K or 6, representing a coker case or a
case that produced #6 residual fuel oil. The second and
third characters were C for crude, and a number, meaning
the crude heaviness choices from 1 to 6. The final case was
H or L meaning high or low severity to gasoline. So for
example, KC3L was a coker case on crude 3, with low
severity to gasoline. Or case 6C5H was a #6 fuel oil case on
crude 5 with high severity to gasoline. In all, the refinery
was run in four modes (high/low gasoline, with/without
coker) with six different crudes to produce a matrix of 24
data points. For each case, refinery yields and fuel/CO2 data
were generated. Refinery yields data are available as Online
Resource 2. The fuel/CO2 data were split by process needs
and H2 generation needs.

One aspect of these runs was different from typical
model running strategy. In most model studies, one must
stay within capacity constraints of the various process units.
But in this study, there are wide variations of crude
heaviness, which would far exceed the acceptable flow rate
variations for individual units in any given refinery. So
individual process unit throughputs were allowed to vary as
needed, such that each intermediate stream in the refinery
headed to its normal consuming unit. Had that not been
done, the results would have been strongly and inappropri-

ately biased by internal constraints. This way, it was as
though each case had a custom tailored refinery to allow
ideal flows for that case.

3.2 Numerical results

Consider the results as being four blocks of data, with six
cases in each block. The four blocks are with/without coker
(i.e., high/low resid production), high/low conversion to
gasoline, and within each of those four blocks, the six
crudes of varying heaviness. These four blocks are shown
in Fig. 1.

Comparing the left two with the right two blocks on
Fig. 1 shows that adding the coker to eliminate the no. 6
fuel oil production clearly increases CO2 emissions for all
case pairs involving that switch. Not only does the coker
consume energy in its own right, it upgrades a low
hydrogen content product stream (no. 6 fuel oil). This in
turn requires the refinery to run other cracking and
hydrogen consuming units harder to boost the hydrogen
content up from resid hydrogen levels (because resid is no
longer being produced) to mogas/jet/diesel hydrogen levels
(because those higher hydrogen content products are being
produced instead of resid).

Changing the severity and cut points to vary the ratio of
gasoline to distillate has very little effect in any of the cases
in any of the case pairs where that change was made (see
Fig. 1). At first, this might seem illogical because to go to
lower boiling point gasoline, the level of cracking needed is
harder, and that would seem to require more energy. The
counter-balancing point is H2 content. In gasoline produc-
tion, aromatics are favored due to higher octane ratings and
this is where the reformer’s H2 production comes into play.
To make more gasoline, reformer feed rate increases and as
reformers also produce H2, the amount of H2 that must be
made in the CO2 intensive H2 plant decreases, and on
balance, the overall CO2 emissions do not change very
much. In contrast, for jet and diesel production, paraffins
are favored. In fact, despite its lower boiling point, H2

content of gasoline is similar to jet and diesel.
What happens with crude heaviness depends on whether

there is a coker (or other residue reduction unit). The left
two blocks of Fig. 1 show that if there is a coker to
eliminate resid, heavier crude needs a bigger coker, which
consumes more energy, and demands more hydrogen
consumption in downstream units, thus increasing CO2

emissions (from running the hydrogen plant at a higher
rate). The right two blocks of Fig. 1 show that without a
coker, the refinery produces resid as a product, so CO2

emissions do not change very much with crude heaviness.
However, the heavier crude makes more resid in compar-
ison to transportation fuel, and that is an indirect CO2

penalty because more carbon intensive resid product fuels
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are being produced. Note that this issue of with/without
coker, or higher/lower residual fuel production is some-
times referred to as refinery complexity. The coker (or other
residue reduction unit) adds complexity not only because it
is an added large process unit, but also because products
from residue reduction units are low quality, which requires
other units within the refinery to be larger and higher
severity in order to upgrade them.

The fact that CO2 emissions are practically independent
of light product ratio shifts from gasoline to diesel shows
that the CO2 emissions at refinery level are not driven by
the differential energy demands of these products, but by
other factors: crude heaviness and whether the refinery has
a coker to eliminate production of residual fuel. A third
route to CO2 emissions reductions is energy conservation;
all routes can be influenced by external issues such as crude
availability, product demands, and prices.

4 Discussion

It was shown in Section 3 that two operational routes
significantly lowered total refinery CO2 emissions. The
production ratio of gasoline to diesel fuel was not one of
those factors, because interaction of some non-obvious
hydrogen issues equalizes the total refinery CO2 emissions
from production of gasoline and diesel fuel. The hydrogen
balance at the refinery, together with the results from
tracking products through process units in terms of the
energy consumed during their production and their associ-
ated CO2 emissions are described in the next sections. Both
results are used to develop an allocation strategy consistent
with refinery CO2 emissions behavior.

4.1 Hydrogen balance

One of the most critical factors in refining is hydrogen
balance. This is not just hydrogen balance in the sense of
flows of elemental hydrogen gas as a processing stream but
also the hydrogen content of feeds and products. Since
crude oil is generally low in hydrogen content, and refined
products (except for residual fuel and coke) are high in
hydrogen content, refineries are forced to produce the
additional H2 that satisfies their needs in a process that its
intrinsically highly CO2 emissions intensive.

Carrying this hydrogen issue a bit further, if the crude
has less hydrogen coming in (most common explanation
being that it is heavier), or the products have more
hydrogen going out (most common explanation being more
transportation fuel with correspondingly less residual fuel),
the refinery energy consumption will invariably be higher.
While it is true that there are many possible routes and
configurations of refineries (for example, cat cracking
versus hydrocracking), all refineries by all routes are bound
by this hydrogen balance issue. The exact configuration of
a refinery can cause minor variations in energy/CO2, but the
simple difference in hydrogen content between crude
coming in and products going out are by far, the controlling
factor.

In a typical refinery, roughly half of the H2 is produced
as a by-product from the catalytic reformer (and in the few
refineries that have them, from the olefins plant) (NETL
2008). Most allocation schemes allocate the energy and
CO2 from the “on purpose” H2 plant properly, but they
ignore the impact of the reformer H2, and if applicable,
from the H2 produced at the olefins plant. Ignoring the
reformer H2 production means that the H2 consuming units

Fig. 1 Overall refinery CO2

emissions
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get a substantial part of their H2 requirements as a CO2-free
stream, and also that the reformer is not credited for the
large CO2 avoidance associated with its H2 production and
the displaced H2 from the “on purpose” H2 plant.

Production of gaseous H2 in “on purpose” H2 plants can
be typically characterized by a well to tank footprint of
circa 108 gCO2e/MJ (GREET 2008). By comparison, the
gasoline footprint is around 90 gCO2e/MJ in GREET. This
highlights the importance of correctly accounting for CO2

emissions in processes involving hydrogen production.
If one looks at what drives hydrogen content of crude,

it is mostly the heaviness, i.e., how much boils above
1,000°F/540°C. There is a modest added effect for whether
the crude is of naphthenic or paraffinic character, but
heaviness is more important. One would expect that the
heavier the crude, and thus the less hydrogen that the crude
contains, the higher the energy requirement and CO2

intensity of the refinery.
On the product side, gasoline, jet, and diesel have

roughly equivalent hydrogen content: For the main trans-
port fuels1, the C/H ratio would range for gasoline (EN220)
∼1.7–1.9, for diesel (EN590) ∼1.7–1.9 and for jet A-1
(AFQRJOS2) ∼1.7–1.9. The mass ratio (carbon to hydro-
gen) estimated for these fuels range between 6.3 and
6.9 m/m for all of them (see footnote 1). It might seem
logical to think that gasoline should have more hydrogen
than jet or diesel because it has a lower boiling tem-
perature range, and hydrogen content is normally higher as
boiling point gets lower. But actually, because quality
issues force a bias toward aromatic species for gasoline to
maintain its octane rating, while at the same time there is
an opposite bias toward paraffinic content for jet and
diesel to maintain their smoke point and cetane ratings
things balance out in such a way that the main transpor-
tation fuels are similar in hydrogen content, and thus
should be similar in their CO2 emissions intensity.

LPG (generally C3 and C4 molecules) contains more
hydrogen than gasoline, jet, and diesel, so should have
higher CO2 intensity. Some might think LPG should be low
CO2 intensity since much of it comes from simple
fractionators. But LPG is not an “on-purpose” product, it
is a byproduct. If more LPG were made by choosing
catalysts that did more overcracking, the LPG would carry
away more hydrogen in the product, requiring more
refining and hydrogen manufacturing energy.

By contrast to high hydrogen LPG, residual fuel oil has
very low hydrogen content. Resid can either be produced
by the refinery as a product, or cracked in a resid cracking

unit such as a coker. Coking is energy intensive, not only
because of the coker itself, but also because the coker
makes hydrogen deficient products which need extra
hydrogen to be added in subsequent refining steps.
Allowing the resid to go out as residual product rather than
cracking it to lighter products saves large amounts of
energy, thus making resid a very low energy product.

While not explicitly studied in the model runs described
in this paper, other factors can influence refinery CO2

emissions. One example has already been mentioned,
namely, energy conservation which would lower CO2

emissions. Others would include product specification
changes such as lower sulfur or lower aromatics, which
would raise CO2 emissions. And finally, going to produc-
tion ratios of products outside “normal ranges” could
negate the conclusion that all of the light transportation
fuels have “roughly equal” CO2 emissions. If a refinery is
forced to make more of a particular fuel than can be
accommodated within “natural refinery flexibility” (such as
very high diesel production, with very low gasoline
production), CO2 emissions would clearly increase. Varia-
tions in production ratios modeled in this paper were all
within normal ranges of refinery flexibility, with an average
swing between gasoline and diesel for high to low gasoline
cases of around 4% on crude, and ranged between 2% and
6% depending on crude type and refinery configuration.

Subject to these caveats, we might expect that the
refinery production of CO2 (i.e., consumption of fuel,
including the fuel needed to manufacture hydrogen) to
produce gasoline, jet, and diesel should be roughly equal.
Because refinery energy is mostly proportional to product
versus feed hydrogen content, and the hydrogen content of
gasoline, jet, and diesel products are similar. Using this
same logic, LPG should be higher in CO2 intensity and
bunker-type residual fuel lower. CO2 emission and energy
consumption will be higher for heavier crudes than light,
and slightly higher for naphthenic than for paraffinic
crudes. Other factors should not influence refinery energy
consumption as shown by the refinery model runs de-
scribed in Section 3. Hydrogen content of the various feed
and product streams is the main driver of refinery CO2

intensity critically important in developing a proper
allocation scheme.

4.2 Allocation approaches

Many allocation methods have concluded that refining to
gasoline is much more energy intensive than distillate,
which is inconsistent with the findings in the previous
section, where varying gasoline/distillate ratio did not have
much effect on CO2 emissions. To understand why, a
typical allocation approach was applied to the data from
Section 3.

2 Join Inspection Group, Products Specifications. Aviation Fuel
Quality Requirements for Jointly Operated Systems (AFQRJOS).
Issue 22–28 June 2007

1 Shell Internal data
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The energy consumptions of the individual process units
from the 24 runs in Section 3 were distributed into products
according to process unit yields from those runs. For
example, if a given unit consumed 10 units of energy, and
its yields were 40% gasoline, 40% distillate 10% LPG, and
10% resid; its 10 units of energy would be allocated 4, 4, 1,
1 to those products. For the hydrogen plant, energy was
distributed to the individual units according to the relative
hydrogen consumption of that unit and from there by-
product, as with the normal fuel. Using this approach,
gasoline was approaching a factor of two times more
energy intense than distillate. But this handles hydrogen
incorrectly.

In the above scheme, the fuel and feed gas associated
with the hydrogen plant is allocated to the hydrogen-
consuming units on the basis of their relative hydrogen
consumptions, and from there to products. However, only
about half of the refinery’s hydrogen comes from the
hydrogen plant. The remaining half comes from the
catalytic reformer, which is totally associated with gasoline
production. Recall from Section 4.1 that gasoline is biased
toward aromatics for quality purposes (i.e., octane rating),
and the reformer is the process step that gives this bias. If
the refinery makes less gasoline, it would have a smaller
reformer, which would make less hydrogen, which would
then require a larger hydrogen plant, which would consume
more energy. So the reformer, from a refinery energy and
CO2 emissions standpoint, is an energy/CO2 equalizing
device, shifting energy/CO2 from gasoline into distillates.

If the allocation scheme does not recognize this hydrogen-
equalizing feature of catalytic reforming, it will conclude that
gasoline has greater CO2 and energy intensity than jet or
diesel. But once the hydrogen production of the reformer is
included in the allocation, the allocation will correctly show
essentially equivalent energy intensity for gasoline, jet, and
diesel. Note that this decision on how to allocate is not
arbitrary. Without the reformer hydrogen correction, the
allocation does not match actual refinery behavior, while
with it, it does. So refinery reality, not arbitrary shifting, is
being used to guide the allocation method.

There are various algebraic ways of including the
reformer hydrogen production in the allocation scheme.
The one chosen counts the energy equivalent of hydrogen
as a credit/debit to each unit (credit to H2 producing units,
debit to consuming units), and does not count the hydrogen
plant (because it is implicitly counted by debiting the
consuming units for the energy equivalent of their hydrogen
consumption). Using this technique, the consuming units
pay the CO2 penalty for all of their hydrogen, not just the
fraction of hydrogen coming from the hydrogen plant. With
this technique, the CO2 intensity of gasoline versus
distillate equals out, which agrees with the observed
refinery behavior, which is that refinery energy consump-

tion does not change as gasoline to distillate ratio changes.
If gasoline was more energy intensive than distillate, that
would not be true.

4.3 Allocation results

The behavior described in Section 4.2 is shown quantita-
tively in Figs. 2 and 3. Starting with Fig. 2, which has only
the coker cases, the right hand side has the results from the
simple allocation without hydrogen correction. It shows
much greater CO2 intensity for gasoline using that
approach. The left side of the figure includes the hydrogen
correction, and gasoline is similar to distillate in CO2

intensity. There is a slope in both blocks, with heavier
crudes showing more energy consumption. This is the same
slope as was seen in the left two blocks of Fig. 1 (discussed
in Section 3), and is caused by the fact that heavier crudes
require more coking. Fig. 3 is similar to Fig. 2, except that
it has the #6 oil cases rather than the coker cases. It shows
most of the same trends, for the same reasons, as Fig. 2.
The only differences are that there is essentially no bias for
crude heaviness, and the overall levels are lower than in
Fig. 2. These differences also link back to Fig. 1, where the
#6 oil cases had similar CO2 emissions regardless of crude
heaviness, and had lower CO2 emissions than the coker
cases. The slight slope with regard to crude heaviness in
Fig. 3 is caused by two things: (1) the highly paraffinic far
right crude is slightly low, while the highly naphthenic far
left crude is slightly high, and (2) there is an eye-catching
slope in Fig. 3 with regard to LPG, but LPG is a small flow,
explained by other factors (see next paragraph). So
concentrating on the gasoline and distillate, Fig. 3 is
essentially flat with regard to crude heaviness. But while
CO2 emissions are flat, there is an indirect, heavy crude
CO2 penalty in the Fig. 3 cases because with no coker,
more carbon-rich resid product leaves the refinery as the
crude gets heavier.

Looking at the corrected distributions, a few other
observations can be made. First, resid product has very
low CO2 intensity as no energy has been spent cracking it
or adding hydrogen to it. Second, LPG has very high CO2

intensity. While a very small amount of LPG is contained in
crude oil, and is thus produced with low CO2 intensity
through simple fractionation, most of it is produced by
cracking in the high CO2 intensity cracking units. Indeed,
the LPG CO2 intensity increases with heavier crude. As
crude gets heavier, the cracking units get larger, so a larger
proportion of LPG comes from cracking rather than simple
fractionation. And if a refinery were forced to make even
more LPG on purpose by over-cracking, the LPG energy
intensity would go up even further. So LPG over and above
the very small quantity contained in crude oil should not be
regarded as a low energy intensity product.
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Fig. 2 Comparison between
allocation methods for
coker cases

Fig. 3 Comparison between
allocation methods for six
oil cases
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5 Conclusions

Total refinery CO2 emissions are not strongly affected by
ratio of gasoline to distillate product.

To agree with the above conclusion, an allocation
scheme cannot conclude that gasoline is more CO2

emissions intensive than distillate. To avoid that result, the
allocation scheme must distribute energy into the various
refinery products in a way that takes reformer hydrogen
into account.

Refinery CO2 emissions increase as it produces more
transportation fuel and correspondingly less resid product.
Operationally, this means that the refinery has a coker or
other residue reduction unit, or said in another way, it is
more complex.

In a complex refinery with a coker (or other residue
reduction unit), making little or no residual fuel product,
refinery CO2 intensity is increased by running heavier
crude. In a refinery that does not have a coker, and thus
produces substantial quantities of residual fuel product,
crude heaviness has little impact on total CO2 emissions.

Refineries cannot vary LPG production by much, but if
forced to make more LPG, total CO2 emissions would
increase. There is no way to make less LPG, it is minimized
already.

While not studied explicitly in this paper, it should be
self-evident that total refinery CO2 emissions are also
affected by degree of energy conservation excellence (i.e.,
capital equipment for energy conservation purposes) and by
product specifications such as sulfur and aromatics.

6 Recommendations and perspectives

The conclusions on what impacts CO2 intensity would
seem to have obvious implications for regulatory meth-
odologies. But there are a few added considerations that
may not be immediately obvious from the conclusions
themselves.

Allocation of refinery CO2 emissions to individual
products which does not stick to the technical reality is,
by its very nature, rather arbitrary. This can be seen from
the fact that using or not using the hydrogen corrections
described in this paper has a dramatic impact on the
allocation results. That arbitrariness should caution one
against taking allocation results too literally. But if one
insists on doing an allocation, at least it should be
consistent with observed refinery behavior. The refinery
behavior is that CO2 emissions do not change very much
with production ratio of gasoline to distillate. Thus, any
allocation scheme which shows CO2 intensities of gasoline
and distillate are substantially different must be seen with
caution, and special care should be put into understanding

the handling of internal flows, the technical premises
assumed, and how they align with the scope and goals of
the LCA. Only with the understanding of the full context it is
possible to conclude about the results and their implications.

The conclusion that CO2 can be reduced by making
more residual product in less complex refineries without
cokers must be tempered with recognition that: (1) it would
also lead to a carbon-rich stream (the resid) leaving the
refinery; (2) refinery configurations and decision on make
yield are driven many other external factors, for example,
supply/demand balance of different products; and (3) well-
to-wheels or life cycle effect should be considered in
determining CO2 reduction.

Similarly, the conclusion that CO2 can be reduced by
running lighter crude must be tempered with the realization
that world crude demand is expected to continue to increase
while world supply of light crude is limited [LBST 2007;
EIA 2009]. Given that, it is likely that world demand for
heavier crudes will continue to increase in the near future to
meet consumer demand for transportation fuels.

Areas for further development This paper has not thor-
oughly handled jet versus diesel, grouping them instead as
combined “distillate” fuel. If done simplistically, jet would
show as being less energy intensive, because most jet
comes via the crude unit and a low severity hydrotreater.
But in similar fashion to LPG, if forced to make added jet, a
refinery would need to include hydrocracked jet, and that is
very energy intensive, often requiring a post-saturation step.
Allocation methods could be developed to handle that
complication, but that was thought to be beyond the scope
of this paper. Instead, the simplifying step of combining jet
and diesel into “distillate fuel” was adopted. However, this
simplification does not undermine the conclusion that
gasoline and diesel have similar overall refinery CO2

emissions intensity. Simplistically, if jet is viewed as low
CO2 intensity, the algebra of the situation would force the
intensity of diesel to be higher to balance. Thus, it does not
offer a path back to the conclusion that gasoline is worse
than diesel.

It is also acknowledged that precise refinery configura-
tion or exact fuels specifications have not been studied in
this study. Some runs were conducted to verify that those
issues are far less important than the factors described
herein, but it cannot be concluded that their effect is zero.
In fact, the next phase of our work will be to study those
issues more closely to determine which, if any, of such
effects are non-trivial.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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2012 Worldwide Refining Survey
Leena Koottungal
Survey Editor/News Writer
 All figures are
All figures in barrels per calendar day (b/cd) as of January 1, 2013
LEGEND
Numbers identify processes in table
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REFINERY REMOVALS
Name Location Country Crude b/cd Reason

Arpechim SA Pitesti Romania 70,288 Shut down
Tamoil Raffinazione SPA  Cremona Italy 94,000 Converted to a storage facility

Coking Catalytic reforming  Catalytic hydrotreating Alkylation Isomerization Hydrogen
1. Fluid coking 1. Semiregenerative  1. Pretreatment of cat reformer feeds 1. Sulfuric acid 1. C4 feed     Production:
2. Delayed coking 2. Cyclic  2. Other naphtha desulfurization 2. Hydrofluoric acid 2. C5 feed 1. Steam methane reforming
3. Other 3. Continuous regen.  3. Naphtha aromatics saturation  3. C5 and C6 feed 2. Steam naphtha reforming
 4. Other  4. Kerosine/jet desulfurization Polymerization/Dimerization  3. Partial oxidation
Thermal process   5. Diesel desulfurization 1. Polymerization Oxygenates     a. Third-party plant
1. Thermal cracking Catalytic hydrocracking  6. Distillate aromatics saturation 2. Dimerization 1. MTBE     Recovery:
2. Visbreaking 1. Distillate upgrading  7. Other distillates  2. ETBE 4. Pressure swing adsorption
 2. Residual upgrading  8. Pretreatment of cat cracker feeds Aromatics 3. TAME 5. Cryogenic 
Catalytic cracking 3. Lube oil manufacturing  9. Other heavy gas oil hydrotreating 1. BTX 4. Other  6. Membrane
1. Fluid 4. Other 10. Resid hydrotreating 2. Hydrodealkylation  7. Other
2. Other c. Conventional (high pressure) 11. Lube oil polishing 3. Cyclohexane
     hydrocracking: (>100 barg or 12. Post hydrotreating of FCC naphtha 4. Cumene
     1,450 psig) 13. Other 
 m.  Mild to moderate hydrocrack- 
     ing (<100 barg or 1,450 psig)  

A New 
B Previously listed as ConocoPhillips
C Previously listed as Hyundai Oil Refinery Co.
D To be converted into a biorefinery in 2013 
E To be acquired by Tesoro Corp. 
F To shut down by July 2013 

G Idled 
H Formed a joint venture with Carlyle Group 
I To be converted into a fuel import terminal 
J Previously listed as United Oil Group
K Previously listed as Somerset Refinery Inc.
L New to survey 

M Shut down 
N To be converted into an oil storage terminal 
O Previously listed as Alliance Refining Co. Ltd.
P Previously listed as Esso Malaysia Bhd.
Q Plans to sell

NOTES

Capacity definitions:
  Capacity expressed in barrels per calendar day (b/cd) is the maximum 
number of barrels of input that can be processed during a 24-hour period, 
after making allowances for the following: (a) Types and grades of inputs 
to be processed, (b) Types and grades of products to be manufactured, (c) 
Environmental constraints associated with refinery operations, (d) Scheduled 
downtime such as mechanical problems, repairs,  and slowdown.  Capacity 
expressed in barrels per stream day  (b/sd) is the amount a unit can process 
when running at full capacity under optimal feedstock and product slate 
conditions. An asterisk (*) beside a refinery location indicates that the number 
has been converted from b/sd to b/cd using the  conversion factor  0.95 for 
crude and vacuum distillation units and 0.9 for all downstream cracking and 
conversion units.

Hydrogen: 
 
Hydrogen volumes presented here represent either generation or 
upgrading to 90+% purity.
 

Catalytic reforming:
1.  Semiregenerative reforming is characterized by shutdown of the 

reforming unit at specified intervals, or at the operators’s convenience, 
for in situ catalyst regeneration.

2.  Cyclic regeneration reforming is characterized by continuous or con-
tinual regeneration of catalyst in situ  in any one of several reactors 
that can be isolated from and returned to the reforming operation. 
This is accomplished without changing feed rate or octane.

3.  Continuous regeneration reforming is characterized by the continuous 
addition of this regenerated catalyst to the reactor.

4.  “Other” includes nonregenerative reforming (catalyst is replaced by 
fresh catalyst) and moving-bed catalyst systems.
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ALBANIA
Albpetrol—Ballshi 17,800 4,500  212,000  — —  3,500  —  17,400 —  —  600  — 700 —  6.5 700 60 —

Albpetrol—Fieri 8,500 6,000  —  — —  —  —  — —  —  —  — — —  — — — —

Total 26,300 10,500  12,000  — —  3,500 —  17,400 — —  600 — 700 —  6.5 700 60 —

ALGERIA
Naftec SPA—Algiers 60,000 —  —  — —  115,000  —  114,400 —  —  —  — — —  — — — —

Naftec SPA—Arzew 60,000 5,447  —  — —  111,500  —  17,380 —  —  —  — — —  — — — —

     113,470     

Naftec SPA—Hassi-Messaoud 30,000 —  —  — —  12,400  —  12,700 —  —  —  — — —  — — — —

Naftec SPA—Skikda 300,000 5,447  —  — —  160,000  —  154,000 —  —  —  — — —  — — — —

Total 450,000 10,894 — — —  88,900 —  81,950 — — — — — — — — — —

ANGOLA
Fina Petroleos de Angola—
Luanda

39,000 2,500  —  — —  11,900  —  13,800 —  —  —  — — —  — — — 950

     2,800     

Total 39,000 2,500 — — —  1,900 —  6,600 — — — — — — — — — 950

ARGENTINA
Destileria Argentina de Petroleo 
SA—Dock Sud

4,000 1,000  —  — —  —  —  — —  —  —  — — —  — — — —

Destileria Argentina de Petroleo 
SA—Lomas de Zamora

8,000 1,300  —  — —  —  —  — —  —  —  — 900 —  — — — 600

ExxonMobil Refining & Supply—
Campana

87,000 49,000  224,000  — 126,500  111,000  —  110,000 —  —  —  — — —  — 1,000 — —

     37,500     

     714,000     

Petroleo Brasileiro SA—Bahia 
Blanca

28,975 11,875  —  23,420 17,110  15,400  —  27,920 —  —  —  32,700 — —  — — — —

Oil Combustibles SA—San 
Lorenzo

37,600 16,100  —  13,500 —  —  —  — —  —  —  — — —  — — — —

  212,500        

Refinor SA—Campo Duran 32,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Repsol YPF SA—La Plata 189,000 64,500  225,133  — 159,800  110,200  —  110,200 —  —  —  36,800 4,900 11,400  — 1,380 54 7,500

     226,500     

     514,900     

     114,900     

     128,600     

     131,200     



2 
O

il &
 G

as Journal / D
ec. 3, 2012

   ––––––––––––––––––––––––––––––––––––– Charge capacity, b/cd ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––– Production capacity, b/cd –––––––––––––––––––––––––––––––––––––––––––––––
WORLDWIDE REFINING   Vacuum  Thermal Catalytic Catalytic Catalytic Catalytic       Hydrogen Coke Sulfur
Company and refinery location  Crude distillation Coking operations cracking reforming hydrocracking hydrotreating Alkylation Pol./Dim. Aromatics Isomerization Lubes Oxygenates (MMcfd) (t/d) (t/d) Asphalt

Repsol YPF SA—Lujan de Cuyo 106,000 65,500  236,100  — 121,500  19,300 c 117,000  110,300 22,300  —  —  33,200 — 11,200  119.0 1,430 54 —

     23,200     

     517,700     

Repsol YPF SA—Plaza Huincul 25,000 —  —  — —  12,600  —  22,800 —  —  —  — — —  — — — —

Shell Cia. Argentina de Petroleo 
SA—Buenos Aires

113,000 39,090  36,000  219,000 126,270  118,130  —  118,880 22,000  1520  —  — 1,490 —  — — — 4,600

     517,000     

Total 630,575 248,365  91,233  38,420 141,180 56,630  17,000  175,600 4,300  520 —  12,700 7,290 2,600  19 3,810 108 12,700

ARUBA
Valero Aruba Refinery—San 
NicolasM

235,000 166,250  268,400  230,600 —  —  —  454,000 —  —  —  — — —  293.0 4,500 810 —

     543,200     

     8117,000     

Total 235,000 166,250  68,400  30,600 — — —  214,200 — — — — — —  93 4,500 810 —

AUSTRALIA
BP PLC*—Bulwer Island 96,850 37,065  —  — 120,672  114,159  118,407  114,160 22,265  —  —  — — —  335.0 — 90 —

     35,664     

     538,520     

BP PLC *—Kwinana 138,698 20,900  —  — 131,500  322,655  —  139,646 24,248  11,890  —  314,046 —  — — 70 2,000

     34,531     

     546,443     

Caltex Australia Ltd.—KurnellI 135,000 25,000  —  — 143,000  131,000  —  131,000 13,600  12,600  —  39,360 — —  — — 24 —

     39,800     

     530,200     

Caltex Australia Ltd.—Lytton 108,600 —  —  — 136,171  323,239  —  123,239 23,621  11,649  —  38,200 — —  537.3 — — —

     35,569     

     546,620     

ExxonMobil Refining & Supply 
Co.—Altona

78,500 79,000  —  — 127,500  129,000  —  133,500 13,000  —  —  — — —  — — 10 —

     410,000     

     527,500     

Shell Refining (Australia) Pty. 
Ltd.—ClydeF

85,000 21,000  —  — 135,200  320,000  —  140,000 23,000  12,100  —  — — —  — — — 2,500

     524,640     

Shell Refining (Australia) Pty. 
Ltd.—Geelong

118,000 9,900  —  — 240,000  111,000  —  149,500 25,000  12,370  11,000  38,000 — —  — — — 3,000

   320,000   49,000     
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     545,000     

     910,000     

Total 760,648 192,865 — — 234,043 171,053  18,407  544,531 24,734 10,609  1,000  39,606 — —  72.3 — 194 7,500

AUSTRIA
OMV AG—Schwechat 193,392 65,000  —  216,875 126,250  132,725  —  146,400 —  —  —  314,400 — 11,600  — — 180 1,470

     24,800     

     37,300     

     38,300     

     12,600     

Total 193,392 65,000 —  16,875 26,250 32,725 —  139,400 — — —  14,400 — 1,600 — — 180 1,470

AZERBAIJAN
SOCAR—Baku 238,978 66,157  —  — —  —  —  — —  —  —  — 16,200 —  — — — 5,000

SOCAR—New Baku 160,000 71,043  238,529  — 157,750  324,466  —  125,300 1930  —  —  — — —  — 1,400 — —

     842,192     

Total 398,978 137,200  38,529 — 57,750 24,466 —  67,492 930 — — — 16,200 — — 1,400 — 5,000

BAHRAIN
Bahrain Petroleum Co.*—Sitra 253,650 198,170  —  221,600 135,100  113,500 m 154,000  113,500 —  13,330  —  — — —  1134 — 340 8,730

     563,000     430.0

Total 253,650 198,170 —  21,600 35,100 13,500  54,000  76,500 —  3,330 — — — —  164 — 340 8,730

BANGLADESH
Eastern Refinery Ltd.—Chittagong 33,000 4,000  —  210,000 —  11,800 m 11,200  12,000 —  —  —  — — —  11.0 — — —

         41.0

Total 33,000 4,000 —  10,000 —  1,800  1,200  2,000 — — — — — —  2.0 — — —

BELARUS
P.O. Naftan Refinery—
Novopolotsk

170,000 50,000  —  236,000 —  144,000  —  134,500 —  —  12,785  34,500 3,760 —  17.6 — — —

     115,000     57.6

Slavneft—Mozyr 323,323 55,800  —  224,000 144,000  124,000  130,000  150,600 —  —   —  — — —  47.6 — 85 9,630

   324,000   62,000     

Total 493,323 105,800 —  60,000 44,000  92,000  30,000  262,100 — —  2,785  4,500 3,760 —  22.8 — 85 9,630

BELGIUM
AB Nynas Petroleum NV—
Antwerp

21,000 21,000  —  — —  —  —  — —  —  —  — — —  — — — 14,000

ExxonMobil Refining & Supply 
Co.—Antwerp

307,000 137,000  —  — 135,000  238,000  —  181,500 17,500  —  —  — — —  141.5 — 355 12,500
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     450,000     457.0

     594,000     

     893,500     

Vitol Group*—Antwerp 61,750 —  —  — —  110,350  —  120,250 —  —  —  — — —  — — — —

     511,250     

Total SA—Antwerp 337,934 82,502  —  226,448 195,025  355,968  —  1134,608 28,941  —  —  — — 24,183  — — 616 —

     444,042     

     576,580     

     1083,055     

Total 727,684 240,502 —  26,448 130,025 104,318 —  688,785 16,441 — — — — 4,183  99 — 971 26,500

BOLIVIA
Empresa Boliviana de 
Refinacion—Cochabamba

25,000 2,200  —  — —  45,700  —  — —  —  —  — — —  — — — —

     13499     

Empresa Boliviana de 
Refinacion—Santa Cruz de la 
Sierra

16,200 —  —  — —  46,400  —  16,400 —  —  —  — — —  14 — — —

Total 41,200 2,200 — — —  12,100 —  6,899 — — — — — —  14 — — —

BOSNIA
Rafinerija Nafte Brod —BrodL 240,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 240,000 — — — — — — — — — — — — — — — — —

BRAZIL
Petroleo Brasileiro SA—Araucaria, 
Parana

193,008 89,869  —  — 153,904  —  —  529,249 —  —  —  — — —  110 — 70 5,000

Petroleo Brasileiro SA—Betim, 
Minas Gerais

144,756 77,203  222,265  — 140,269  —  —  410,547 —  —  —  — — —  20 1,062 73 6,000

     535,679     

     1210,547     

Petroleo Brasileiro SA—Canoas, 
Rio Grande do Sul

190,000 33,173  —  — 118,163  —  —  — —  —  —  — — —  — — 22 2,600

Petroleo Brasileiro SA—Capuava, 
Maua, Sao Paulo

47,045 —  —  — 117,578  —  —  — —  —  —  — — —  — — 9 —

Petroleo Brasileiro SA—Cubatao, 
Sao Paulo

162,851 77,806  231,054  — 155,662  110,254  —  110,528 23,145  —  —  — — 11,580  30 1,481 70 —

         

Petroleo Brasileiro SA—Duque de 
Caxias, Rio de Janeiro

232,213 112,186  —  — 149,717  111,132  —  533,340 3,145  —  —  — 13,712 11,580  18 1,481 70 —

     811,698     
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Petroleo Brasileiro SA—Fortaleza, 
Ceara

6,032 6,032  —  — —  —  —  — —  —  —  — 1,076 —  1 — — 3,500

Petroleo Brasileiro SA—Manaus, 
Amazonas

44,030 6,635  —  — 12,930  —  —  — —  —  —  — — —  — — — 1,100

Petroleo Brasileiro SA—Mataripe, 
Bahia

269,003 126,058  —  — 187,888  —  —  — —  —  —  — 5,221 —  2 — 72 2,300

Petroleo Brasileiro SA—Paulinia, 
Sao Paulo

355,859 155,010  262,000  — 193,747  —  —  566,679 —  —  —  — — 11,900  35 2,950 212 4,000

Petroleo Brasileiro SA—Sao Jose 
dos Campos, Sao Paulo

241,536 120,768  —  — 182,029  —  —  417,578 —  —  —  — — 11,400  10 — 173 2,600

     535,094     

     1220,507     

Refinaria de Petroleo Ipiranga 
SA—Rio Grande do Sul

17,000 5,400  —  — 13,400  —  —  — —  —  —  — — —  — — — —

Refinaria de Petroleos de 
Manguinhos SA—Rio de Janeiro

14,000 —  —  13,800 —  13,000  —  13,000 —  —  —  — — —  — — — —

  26,000        

Total 1,917,333 810,140  115,319  9,800 505,287  24,386 —  284,446 6,290 — — — 20,009 6,460  126 6,974 771 27,100

BRUNEI
Brunei Shell Petroleum Co. Sdn. 
Bhd.—Seria

8,600 —  —  — —  15,700  —  — —  —  —  — — —  — — — —

Total 8,600 — — — —  5,700 — — — — — — — — — — — —

BULGARIA 

Neftochim—Bourgas 115,240 49,900  —  120,600 123,300  14,060  —  17,600 12,600  —  12,000  — — 1790  18.4 — 63 1,500

     32,600     51.9

     30,700     

     823,300     

Total 115,240 49,900 —  20,600 23,300  4,060 —  64,200 2,600 —  2,000 — — 790  10.3 — 63 1,500

CAMEROON
Societe Nationale de Raffinage—
Cape Limboh Limbe

37,000 —  —  — —  16,500  —  112,600 —  —  —  — — —  — — — —

     53,540     

Total 37,000 — — — —  6,500 —  16,140 — — — — — — — — — —

CANADA
Alberta          

Husky Oil Operations Ltd.—
Lloydminster

25,000 15,000  7,500  — —  —  —  — —  —  —  — — —  — 685 — 12,000

Imperial Oil—Edmonton 189,000 69,000  —  — 162,500  121,000  —  252,000 215,500  —  —  16,500 3,000 —  620.0 — 49 10,500

     546,000     
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     730,500     

     1230,000     

Shell Canada Ltd.—Scotford 100,000 —  —  — —  321,700  140,500  228,070 —  —  15,170  — — —  — — 11 —

     429,140   3270   

Suncor Energy—Edmonton 140,000 47,500  215,800  — 138,000  111,700 c 417,500  193,700 215,400  —  —  — — —  435.0 800 360 —

     838,000     

     1314,200     

Total 454,000 131,500  23,300 — 100,500  54,400  58,000  361,610 30,900 —  5,440  6,500 3,000 —  55.0 1,485 420 22,500

British Columbia          

Chevron Corp.—Burnaby 55,000 11,000  —  — 117,000  19,000  —  115,000 13,000  1850  —  310,000 — —  — — 21 2,000

     515,000       

     1214,000     

Husky Oil Operations Ltd.—Prince 
George

10,250 —  —  — 13,300  11,600  —  1214,000 —  —  —  3900 — —  — — 7 —

Total 65,250 11,000 — — 20,300  10,600 —  58,000 3,000  850 —  10,900 — — — — 28 2,000

New Brunswick          

Irving Oil Ltd.—St. John 250,000 100,000  —  220,000 195,000  135,000 c 134,000  148,000 116,000  —  —  110,000 — —  147.0 — 200 —

     314,000     

     430,000     

Total 250,000 100,000 —  20,000 95,000  35,000  34,000  92,000 16,000 — —  10,000 — —  47.0 — 200 —

         

North Atlantic Refining Ltd.—
Come By Chance

115,000 55,000  —  220,000 —  131,500 c 438,000  123,000 —  —  —  — — —  65 — 180 —

     525,000     

Newfoundland      137,500     

Total 115,000 55,000 —  20,000 —  31,500  38,000  55,500 — — — — — —  65.0 — 180 —

Nova Scotia          

Imperial Oil—Dartmouth 85,000 41,500  —  — 131,500  110,500  —  110,500 —  14,000  —  — — —   — — 57 1,500

     217,000     

     516,000     

     717,500     

Total 85,000 41,500 — — 31,500  10,500 —  61,000 —  4,000 — — — — — — 57 1,500

Ontario          

Imperial Oil—Nanticoke 113,500 48,000  —  — 148,500  333,500  —  125,500 112,000  —  —  — — —  — — 100 10,000

     529,500     
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     1244,000     

Imperial Oil—Sarnia 119,000 31,500  125,000  — 130,500  120,500  318,000  515,500 —  —  15,500  — — —  127.5 850 203 —

   217,000   721,500     527.5

     1353,000     625.0

Nova Chemicals (Canada) Ltd.—
Corunna

80,000 33,000  —  167,000 —  —  —  — —  —  110,200  — — —  — — — —

Shell Canada Ltd.—Sarnia 71,000 24,400  —  24,430 114,000  122,040  16,300  115,000 —  11,340  13,140  — — —  — — — —

     66,000     

Suncor Energy Products—Sarnia 85,000 26,730  —  — 216,668  122,957 c 132,078  125,785 25,503  —  113,209  — — — a 141.0 — 180 —

     45,975     

     543,588     

     126,783     

Total 468,500 163,630  25,000  71,430 109,668  115,997  56,378  292,131 17,503  1,340  32,049 — — —  121.0 850 483 10,000

Quebec          

Suncor Energy—Montreal 137,000 53,000  —  — 31,000  136,000 c 419,000  136,500 13,500  1900  121,000  — — —  148.0 — — 30,000

     419,000     24,200   

     533,000     

     1229,000     

Valero Energy Corp. (Ultramar 
Ltd.)—Levis

235,000 48,500  —  — 167,500  119,000  —  143,200 —  17,150  —  326,190 — —  — — 80 —

   329,450   227,000     

     440,000     

     570,800     

     1243,600     

Total 372,000 101,500 — — 98,500  84,450  19,000  342,100 3,500  8,050  25,200  26,190 — —  48.0 — 80 30,000

Saskatchewan          

Consumers’ Cooperative 
Refineries Ltd.—Regina

100,000 40,000  210,000  110,000 125,000  112,000  —  113,000 —  15,000  —  — — —  1100.0 300 430 —

     24,500     425.0

     58,000     

     622,000     

     715,000     

     810,000     

     1037,000     

     1217,000     

Total 100,000 40,000  10,000  10,000 25,000  12,000 —  126,500 —  5,000 — — — —  125.0 300 430 —
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CHILE
Empresa Nactional de Petroleo—
Aconcagua

97,650 37,800  —  17,560 128,490  113,860 m 126,460  — 1910  —  —  14,730 — 11,580  — — 45 —

Empresa Nactional de Petroleo—
Gregorio

15,750 —  —  — —  —  —  — —  —  —  — — —  — — — —

Empresa Nactional de Petroleo—
BioBio

113,400 47,250  113,860  16,300 122,050  112,600 c 123,940  — —  —  —  13,780 — —  — 656 45 —

Total 226,800 85,050  13,860  13,860 50,540  26,460  50,400 — 910 — —  8,510 — 1,580 — 656 90 —

CHINA
China National Petroleum 
Corp.—Dalian

410,000 —  —  — 70,000  3,000  —  6,000 22,000  —  —  — 6,000 —  — — — —

China National Petroleum Corp.—
Dushanzi

200,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Fushun

200,000 —  235,000  — 66,000  23,000  8,000  5,000 13,000  —  —  — 1,000 —  — 825 — —

China National Petroleum Corp.—
Harbin

100,000 —  31,000  — 6,000  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Heilongjiang

160,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Heilongjiang

120,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum 
Corp.—Jilin

200,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum 
Corp.—Jilin

26,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum 
Corp.—Jinxi

120,000 —  31,000  — 24,000  3,000  —  5,000 —  —  —  — 4,000 —  — — — —

China National Petroleum Corp.—
Jinzhou

100,000 —  220,000  — 16,000  6,000  —  8,000 —  —  —  — — —  — 500 — —

China National Petroleum Corp.—
Lanzhou

250,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Liaoning

50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Liaoyang

150,000 —  —  — —  3,000  —  1,000 —  —  —  — — —  — — — —

China National Petroleum 
Corp.—Panjin

90,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Qinghai

20,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Qingyang

24,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Renqui

60,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Tianjin

100,000 —  —  — —  —  —  — —  —  —  — — —  — — — —
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China National Petroleum Corp.—
Urumqi

100,000 —  28,000  — 16,000  3,000  —  — —  —  —  — — —  — 200 — —

China National Petroleum Corp.—
Xianyang

120,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Xianyang

60,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Xinjiang

70,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Xinjiang

50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Yinchuan

45,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

China National Petroleum Corp.—
Yumen

50,000 —  —  — —  6,000  —  3,000 —  —  —  — — —  — — — —

Sinopec—Anqing 110,000 —  28,000  — 24,000  —  —  4,000 21,000  —  —  — — —  — 225 — —

Sinopec—Beihai 12,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Beijing 170,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Canzhou 70,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Guangzhou 154,000 —  320,000  — 44,000  8,000  —  20,000 21,000  —  —  — — —  — — — —

Sinopec—Huaian 50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Jinan 100,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Jinmen 70,000 —  28,000  — 20,000  3,000  8,000  14,000 —  —  —  — 2,000 —  — 270 — —

Sinopec—Jiujiang 80,000 —  38,000  — 24,000  3,000  —  8,000 —  —  —  — — —  — — — —

Sinopec—Luoyang 100,000 —  —  — 40,000  14,000  —  16,000 22,000  —  —  — — —  — — — —

Sinopec—Maoming 270,000 —  212,000  — 32,000  3,000  16,000  216,000 21,000  —  —  — 5,000 —  — 400 — —

Sinopec—Nanjing 270,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Nanjing 160,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Ningbo 320,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Qingdao 50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Qingdao 200,000 —  —  — —  322,000  133,000  10100,000 —  —  —  — — —  — — 602 —

Sinopec—Quanzhou 240,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Shanghai 176,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Shanghai 226,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Shijiazhuang 100,000 —  —  — 24,000  —  —  — 21,000  —  —  — — —  — — — —

Sinopec—Tianjin 100,000 —  —  — 35,000  4,000  —  — 21,000  —  —  — — —  — — — —

Sinopec—Xian 50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Wuhan 80,000 —  38,000  — 20,000  —  —  — 21,000  —  —  — — —  — — — —

Sinopec—Yueyang 100,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Sinopec—Zhanjiang 100,000 —  —  — —  —  —  — —  —  —  — — —  — — — —



10 
O

il &
 G

as Journal / D
ec. 3, 2012

   ––––––––––––––––––––––––––––––––––––– Charge capacity, b/cd ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––– Production capacity, b/cd –––––––––––––––––––––––––––––––––––––––––––––––
WORLDWIDE REFINING   Vacuum  Thermal Catalytic Catalytic Catalytic Catalytic       Hydrogen Coke Sulfur
Company and refinery location  Crude distillation Coking operations cracking reforming hydrocracking hydrotreating Alkylation Pol./Dim. Aromatics Isomerization Lubes Oxygenates (MMcfd) (t/d) (t/d) Asphalt

Sinopec—Zhenhai 403,000 200,000  227,000  — 90,000  60,000  20,000  250,000 —  —  21,000  — — —  — 1,600 460 —

Sinopec—Zibo 210,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

West Pacific Petrochemical 
Corp.—Dalian

160,000 40,000  —  — 37,000  114,000  —  17,000 12,500  —  —  — — 1900  — — 300 —

     24,000     

     19,000     

     1035,000     

Yanan Refinery—Luochuan 60,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 7,066,000 240,000  156,000 — 588,000  178,000  185,000  541,000 15,500 —  21,000 — 18,000 900 — 4,020 1,362 —

CHINA, TAIWAN
Chinese Petroleum Corp.—
Kaohsiung

270,000 75,500  215,000  — 125,000  215,000  —  220,000  —  —  114,000  310,000 — 33,616  — 2,722 900 12,120

     825,000     

     1030,000     

Chinese Petroleum Corp.—Ta-Lin 300,000 —  —  — 125,000  355,000  —  1060,000 —  —  —  310,000 5,300 —  — — 250 —

Chinese Petroleum Corp.—Tao-
Yuan

200,000 36,000  —  — —  220,000  —  1045,000 —  —  —  36,000 — —  452.0 — 595 —

   325,000       

Formosa Petrochemical Co.—
Mailiao

540,000 137,000  236,000  — 1167,900  —  325,000  442,000 114,200  —  —  — 10,000 17,650  2270.0 1,800 2,000 3,150

     5126,000     419.0

     852,000     

     10161,000     

     1115,000     

     1296,500     

Total 1,310,000 248,500  51,000 — 217,900  115,000  25,000  672,500 14,200 —  14,000  26,000 15,300 11,266  341.0 4,522 3,745 15,270

COLOMBIA
Empresa Colombiana de 
Petroleos—Apiay

2,250 —  —  — —  —  —  — —  —  —  — — —  — — — —

Empresa Colombiana de 
Petroleos—Barrancabermeja-
Santander

205,000 101,000  —  233,000 164,000  —  —  819,800 12,100  —  11,600  — 1,400 —  118.0 — — —

       3600   

Empresa Colombiana de 
Petroleos—Cartagena, Bolivar

80,000 40,000  —  219,000 126,000  —  —  — —  12,100  —  — — —  — — — —

Empresa Colombiana de 
Petroleos—Orito, Putumayo

1,800 —  —  — —  —  —  — —  —  —  — — —  — — — —

Empresa Colombiana de 
Petroleos—Tibu, N. de Santander

1,800 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 290,850 141,000 —  52,000 90,000 — —  19,800 2,100  2,100  2,200 — 1,400 —  18.0 — — —
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CONGO, REPUBLIC OF
Coraf—Pointe-Noire 21,000 8,000  —  — —  12,000  12,000  3,500 —  —  —  — — —  — — — —

Total 21,000 8,000 — — —  2,000  2,000  3,500 — — — — — — — — — —

COSTA RICA 

Refinadora Costarricense de 
Petroleo SA—Limon

24,000 600  —  16,500 —  11,200  —  2,000 —  —  —  — — —  — — — —

Total 24,000 600 —  6,500 —  1,200 —  2,000 — — — — — — — — — —

CROATIA 

Ina-Industrija Nafte d.d. —Rijeka 89,980 33,996  —  212,001 120,002  114,454 m 212,264  522,776 —  —  —  35,431 — —  — — 60 —

Ina-Industrija Nafte d.d. —Sisak 80,000 16,000  25,000  — 110,000  115,000  —  115,000 —  —  —  — — —  — 200 — —

     55,700     

Ina-Industrija Nafte d.d. —Zagreb 80,337 37,044  —  211,525 121,000  119,914  —  524,780 —  —  19,438  — 470 —  — — 63 —

Total 250,317 87,040  5,000  23,526 51,002  49,368  12,264  68,256 — —  9,438  5,431 470 — — 200 123 —

CUBA
Cuba Petroleos—Cienfuegos 76,000 —  —  — —  17,500  —  17,700 —  —  —  — — —  — — — —

Cuba Petroleos—Ermonos Dias, 
Santiago

101,500 37,500  —  — —  17,500  —  17,700 —  —  —  — — —  5.0 — — 540

     22,000     

Cuba Petroleos—Niko Lopes, 
Habana

121,800 38,200  —  — 114,700  15,000  —  15,250 —  —  —  — — —  — — — 540

     13,200     

Cuba Petroleos—Serhio Soto, 
Cabaiguan

2,100 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 301,400 75,700 — — 14,700  20,000 —  55,850 — — — — — —  5.0 — — 1,080

CZECH REPUBLIC
Czech Refining Co.—Kralupy 62,000 13,000  —  —  17,480  —  117,120 —  —  —  24,510 — 12,160 a 28.0 — 24 —

     46,000     

     518,410     

     124,500     

Czech Refining Co.—Litvinov 101,000 58,870  —  217,000 —  19,370 c 128,430  120,750 —  —  660  32,700 1,880 — a 2104.0 — 120 7,880

   310,620 c 36,000  46,000     

     525,000     

Paramo AS—Pardubice 20,000 7,000  —  — —  —  —  6,000 —  —  —  — 300 —  — — — 3,000

Total 183,000 78,870 —  17,000 —  27,470  34,430  103,780 — —  660  7,210 2,180 2,160  112.0 — 144 10,880
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DENMARK
AS Dansk Shell—Fredericia 68,000 —  —  136,550 —  113,390  —  222,760 —  —  —  36,400 — —  — — — —

Dansk Statoil AS—Kalundborg 106,400 22,000  —  228,000 —  18,600  —  18,600 —  —  —  — — —  — — — 8,000

     711,400     

Total 174,400 22,000 —  64,550 —  21,990 —  42,760 — — —  6,400 — — — — — 8,000

DOMINICAN REPUBLIC
Falconbridge Dominicana C por 
A—Bonao

16,000 —  —  — —  —  —  26,213 —  —  —  — — —  20.6 — — —

Refineria Dominicana de Petroleo 
SA—Haina

34,000 —  —  — —  18,200  —  114,600 —  —  —  — — —  — — — —

Total 50,000 — — — —  8,200 —  20,813 — — — — — —  0.6 — — —

ECUADOR 

Petroecuador—Esmeraldas 110,000 45,300  —  231,500 118,000  12,800  —  924,500 —  —  —  — — —  — — — —

   310,000       

Petroecuador—La Libertad 46,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Petroecuador—Shushufindi 20,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 176,000 45,300 —  31,500 18,000  12,800 —  24,500 — — — — — — — — — —

EGYPT
Alexandria Petroleum Co.—
Alexandria (El-Mex)

100,000 22,500  —  — —  —  —  111,436 —  —  1603  — 1,436 —  11.0 1 — 2,010

     1321,000   2281   

Ameriya Petroleum Refining Co.—
Alexandria

78,000 15,000  —  — —  112,000  —  214,000 29,000  —  1700  — 2,000 —  24.0 — — —

     4,000     

     7,000     

     10,000     

     13700     

     111,800     

Assiut Petroleum Refining 
Co.—Assiut

47,000 —  —  — —  37,000  —  — —  —  —  — — —  — — — —

Cairo Petroleum Refining Co.—
Mostorod

145,000 —  —  — —  19,000  —  111,700 —  —  —  — — —  — — — —

     14,400     

Cairo Petroleum Refining 
Co.—Tanta

35,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

El-Nasr Petroleum Co.—El-Suez 146,300 —  —  — —  —  —  1332,000 —  —  —  — — —  — — — 2,613
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El-Nasr Petroleum Co.—Wadi-
Feran

8,550  —         

Middle East Oil Refinery—
Alexandria

100,000 48,200  222,800  — —  321,700  133,500  132,400 —  —  —  310,700 — —  154.0 1,060 290 —

     528,600     

Suez Petroleum Processing 
Co.—El-Suez

66,400 9,500  216,470  — —  112,540  —  116,660 —  —  —  — 1,005 —  73.5 540 — —

     10,800     

     111,306     

Total 726,250 95,200  39,270 — —  62,240  33,500  207,802 9,000 —  1,584  10,700 4,441 —  62.5 1,601 290 4,623

EL SALVADOR 

Esso Caribbean and Central 
America—Acajutla

22,000 4,000  —  — —  13,000  —  15,500 —  —  —  — — —  — — — —

     42,500     

     77,500     

Total 22,000 4,000 — — —  3,000 —  15,500 — — — — — — — — — —

ERITREA
Petroleum Corp. of Eritrea—Assab 14,564 2,219  —  — —  11,465  —  82,742 —  —  —  — — —  — — — —

Total 14,564 2,219 — — —  1,465 —  2,742 — — — — — — — — — —

FINLAND
Neste Oil*—Naantali 55,575 34,485  —  28,370 213,590  37,110  —  18,550 —  1600  —  — — —  — — 60 6,800

     45,795     

     517,100     

     65,890     

     86,840     

     126,270     

Neste Oil—Porvoo 205,000 111,600  —  226,050 143,100  342,950  156,110  167,100 27,750  —  —  — 5,280 22,850  1145.0 — 480 —

    234,000  211,800    42,880  615.0

     313,130     

     581,220     

     617,830     

     856,800     

Total 260,575 146,085 —  34,420 56,690  50,060  90,110  298,325 7,750  600 — — 5,280 5,730  160.0 — 540 6,800

FRANCE
ExxonMobil Refining & Supply 
Co.—Dunkirk

— 22,000  —  — —  —  —  115,000 —  —  —  — 6,400 —  — — — —
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ExxonMobil Refining & Supply 
Co.—Fos sur Mer

131,000 41,000  —  — 130,500  121,000  —  134,500 —  —  —  — — —  — — 110 —

     423,000     

     566,000     

     129,000     

ExxonMobil Refining & Supply 
Co.—Port Jerome/NDG

235,500 104,000  —  — 139,500  131,000  —  132,500 18,500  —  —  310,000 13,500 —  63.0 — 225 2,500

     227,500     

     434,500     

     583,500     

     863,500     

     118,000     

Ineos—Lavera 207,100 72,200  —  221,600 127,900  110,800  116,200  225,200 —  —  —  315,300 — —  130.0 — — 13,500

     48,600     

LyondellBasell Industries—Berre 
l’Etang

105,000 51,000  —  2530 119,000  118,000  —  137,000 —  —  —  — — —  — — — 6,000

     5670     

Petroplus Holdings AG—Petit 
CouronneM

154,000 76,000  —  212,520 121,630  128,000  —  148,000 —  —  —  — 6,800 —  110.0 — 21 11,000

         

         

Petroplus Holdings AG*—
Reichstett-Vendenheim

85,000 33,580  —  217,750 113,420  112,900  —  120,220 —  —  —  — — —  — — — 7,230

     521,590     

     919,000     

Total SA—Donges 219,209 97,008  —  226,005 150,536  323,099  —  151,536 26,736  —  —  — — —  — — 199 —

     574,108     

Total SA—Feyzin 109,348 38,366  —  214,720 129,024  111,023  —  111,703 14,613  —  —  — — 22,702  — — 102 —

     542,518     

     816,038     

Total SA—Gonfreville l’Orcher 246,869 78,528  —  221,870 —  155,892 c 160,540  1105,505 —  —  12,887  — 9,690 —  a99.0 — 393 3,272

     444,734     

     572,488     

     1113,998     

Total SA—Grandpuits 101,498 47,329  —  213,016 130,624  113,969  —  130,208 24,299  —  —  — — —  — — 137 —

     533,728     

     812,579     
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Total SA—La Mede 152,889 51,326  —  213,785 135,298  128,584  —  137,568 23,821  —  —  — — —  — — 194 —

     583,382     

Total 1,747,413 712,337 —  141,796 297,432  254,267  76,740  1,237,373 27,969 —  2,887  25,300 36,390 2,702  142.0 — 1,381 43,502

GABON
Ste. Gabonaise de Raffinage—
Port Gentil

24,000 —  —  19,220 —  11,400  —  14,870 —  —  —  — — —  — — — —

     54,560     

Total 24,000 — —  9,220 —  1,400 —  9,430 — — — — — — — — — —

GERMANY
Bayernoil Raffineriegesellschaft 
GMBH—Vohburg/Ingolstadt/
Neustadt

92,667 87,800  —  19,900 161,000  138,000  —  193,600 —  —  —  314,200 — 11,170  584.0 — 194 12,000

  238,900  317,800   48,600     

     575,000     

     720,500     

     1225,200     

BP PLC—Gelsenkirchen 263,500 158,500  233,000  219,870 129,200  331,200 c 157,500  138,600 —  —  15,200  — — —  127.1 1,213 696 16,500

     24,900   33,600   336.0

     37,700   410,600   4148.3

     412,100     

     556,900     

     931,600     

     1227,000     

Hestya Energy BV—
Wilhelmshaven

260,000 103,000  —  — —  144,000  —  190,000 —  —  —  39,000 — —  — — 100 —

     579,000     

     916,000     

     1322,000     

Deutsche BP AG Erdol Raffinerie 
GMBH—Lingen

90,155 42,915  220,339  — —  15,689  226,169  119,949 —  —  16,396  38,382 — —  141.7 670 140 —

   321,610   28,382   21,971   444.0

     47,231   35,737   542.1

     532,906     

Deutsche Shell AG—Rheinland 327,000 178,353  —  15,432 —  117,708  185,598  182,292 —  11,301  125,000  213,644 — 11,642  139.7 — 526 —

  249,154  348,309   26,717     377.3

     360,068     472.8

     474,653     
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     5101,872     

Deutsche Shell AG—Harburg 107,000 44,000  —  213,070 117,000  316,000  —  129,000 —  —  —  34,000 5,620 —  — — 80 5,250

     32,000     

     916,000     

H&R Chemisch-Pharmazeutische 
Spezialitaeten GMBH—Salzbergen

— 6,800  —  — —  —  —  113,700 —  —  —  — 3,800 —  — — — —

     131,100     

H&R Oelwerke Schindler 
GMBH—Hamburg

— 15,000  —  — —  — c 3800  111,620 —  —  —  — 4,800 —  — — — —

         

Holborn Europa Raffinerie 
GMBH—Harburg

78,000 15,000  —  — 118,750  114,700  —  131,700 —  —  —  — — —  — — — —

     33,500     

     38,400     

Klesch & Co.—Heide 90,000 37,000  —  215,000 —  218,000  116,000  125,000  7,000  16,000  36,000 1280  428.0 — 60 4,380

     91,000     

Mineraloelraffinerie Oberrhein 
GMBH*—Karlsruhe

310,000 130,680  24,970  224,000 186,000  130,060  —  152,000 213,000  —  —  316,000 — 15,140  — 1,240 90 10,500

   323,000   43,000     

     5130,000     

     976,660     

OMV AG—Burghausen 72,522 —  227,500  — —  —  —  865,000 —  —  22,300  — — —  790.0 690 34 —

PCK Raffinerie GMBH*—Schwedt 219,000 141,360  —  247,880 149,910  117,860 m 117,000  135,000 29,000  —  15,140  316,000 — 12,700  130.0 — 450 8,200

   317,000   422,000    22,240  

     583,940     

     961,000     

         

Gunvor Group Ltd.—Ingolstadt 110,000 39,000  —  — 128,000  119,000  —  135,000 —  —  —  37,000 — —  111.0 — 66 3,800

     418,000     

     542,000     

Total SA —Leuna, Spergau 227,410 98,000  —  224,508 159,117  324,886  —  145,775 18,849  —  —  — — —  — — 478 —

     426,568     

     595,222     

     868,386     

Total 2,247,254 1,097,408  105,809  247,714 348,977  404,822  203,067  2,015,340 30,849  8,301  71,944  94,226 14,220 13,172  772.0 3,813 2,914 60,630
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GHANA 

Tema Oil Refinery Co. Ltd.—Tema 45,000 —  —  — 14,000  165,000  —  — —  —  —  — — —  — — — —

Total 45,000 — — — 14,000  65,000 — — — — — — — — — — — —

GREECE 

Hellenic Petroleum SA—
Aspropyrgos

146,500 68,000  —  223,000 144,700  324,900  —  140,200 —  —  —  310,000 — 11,340  18.6 — 240 7,500

     227,150    31,500  

     320,385     

     415,000     

     535,000     

     843,800     

Hellenic Petroleum SA—Elefsis 100,000 —  —  — —  —  —  — —  —  —  — — — a 74.2 — 26 —

Hellenic Petroleum SA*—
Thessaloniki

66,500 12,000  —  — —  110,000  —  216,500 —  —  —  38,300 — — a 15.2 — 40 4,150

     410,000     

     520,000     

Motor Oil (Hellas) Corinth 
Refineries SA—Aghii Theodori

110,000 72,000  —  226,000 130,850  314,300  143,900  121,300 22,400  11,720  39,100  25,350 3,500 11,100  15.5 — 213 5,300

     570,600     

     114,500     

     1218,000     

     1319,200     

Total 423,000 152,000 —  49,000 75,550  49,200  43,900  361,635 2,400  1,720  9,100  23,650 3,500 3,940  23.5 — 519 16,950

HUNGARY 

MOL Hungarian Oil & Gas Co.—
Szazhalombatta

161,000 77,500  216,900  214,000 124,000  116,000  —  130,000 23,300  —  112,000  33,500 6,100 11,200  125.4 600 226 6,300

   313,600   2700     450.8

     49,000     

     541,000     

     835,000     

     113,800     

     131,200     

Total 161,000 77,500  16,900  14,000 24,000  29,600 —  120,700 3,300 —  12,000  3,500 6,100 1,200  76.2 600 226 6,300

INDIA 

Bharat Oman Refineries Ltd.—
Bina, Madhya Pradesh

120,000 —  —  — —  310,000  —  120,000 —  —  —  — — —  — — — —
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Bharat Petroleum Corp. Ltd—
Ambalamugal

205,617 80,000  —  219,000 127,000  14,599  —  25,913 —  —  12,300  — — —  121.0 — 120 —

     48,541     421.0

     541,391     

Bharat Petroleum Corp. Ltd.—
Mahul, Mumbai

259,727 39,000  —  — 128,755  15,503  —  — —  —  12,175  — — —  — — — 10,000

Chennai Petroleum Corp. Ltd.—
Madras

205,617 66,866  —  — 111,250  12,138  —  12,138 —  —  —  — 5,110 —  110.0 — 17 3,877

     422,612     

     75,110     

Chennai Petroleum Corp. Ltd.—
Cauvery Basin

21,644 —  —  — —  —  —  — —  —  —  — — —  — — — —

Essar Refinery—Vadinar 405,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Hindustan Petroleum Corp. Ltd.—
BathindaA

180,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Hindustan Petroleum Corp. Ltd.—
Mahul, Mumbai

132,000 63,420  —  — 148,000  —  —  537,000 —  —  —  — — —  217.0 — 65 —

Hindustan Petroleum Corp. 
Ltd.—Visakh

166,000          

Indian Oil Corp. Ltd.—Barauni, 
Bihar

129,863 23,700  220,000  — —  —  —  — —  —  —  — — —  — 540 — —

Indian Oil Corp. Ltd.—Bongaigaon 
Assam

50,863 —  29,675  — —  11,833  —  11,833 —  —  1694  — — —  — 203 — —

Indian Oil Corp. Ltd.—Digboi, 
Assam

14,069 —  2850  — —  —  —  — —  —  —  — 30 —  — 26 — 400

Indian Oil Corp. Ltd.—Guwahati, 
Assam

20,000 —  26,000  — —  —  —  — —  —  —  — — —  — 145 — —

Indian Oil Corp. Ltd.—Haldia, 
West Bengal

162,329 27,000  —  29,600 —  15,300  —  15,300 —  —  —  — 3,100 —  — — — 7,500

     13,400     

     113,100     

Indian Oil Corp. Ltd.—Koyali, 
Gujarat

296,521 98,000  —  219,500 120,000  18,300  —  18,300 —  —  11,450  — — —  242.7 — — 4,400

Indian Oil Corp. Ltd. —Mathura, 
Uttar Pradesh

173,151 47,000  —  218,000 120,000  —  —  — —  —  —  — — —  — — — 7,500

Indian Oil Corp. Ltd. —Panipat 300,000 62,000  —  26,500 113,400  312,000  32,600  — —  —  —  — — —  — — 84 —

Mangalore Refinery & 
Petrochemicals Ltd.—Mangalore

194,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Numaligarh Refinery Ltd.—
Numaligarh, Assam

64,932 —  8,400  — —  2,000  22,000  29,000 —  —  —  — — —  — 71 4 —

Oil & Natural Gas Corp. Ltd.—
Andhra Pradesh

1,428 —  —  — —  —  —  — —  —  —  — — —  — — — —

Reliance Industries Ltd.—
Jamnagar

580,000 305,000  —  — 1200,000  —  111,000  — 85,000  —  —  — — —  — — — —
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Reliance Petroleum Ltd.—
Jamnagar

660,000 —  124,700  — 1130,000  —  —  — —  —  —  — — —  — 5,495 — —

Total 4,342,761 811,986  169,625  72,600 498,405  51,673  165,600  203,638 85,000 —  6,619 — 8,240 —  111.7 6,480 290 33,677

INDONESIA 

Pertamina—Balikpapan, 
Kalimantan

260,000 89,110  —  — —  318,720  149,500  — —  —  —  — — —  — — — —

Pertamina—Balongan 125,000 —  —  — 183,000  —  —  — —  —  —  — — —  — — — —

Pertamina—Cepu 3,420 —  —  — —  —  —  — —  —  —  — — —  — — — —

Pertamina—Cilacap, Central Java 348,000 37,600  —  250,040 —  330,690  —  1112,000 —  —  —  — — —  — — — —

Pertamina—Dumai, Central 
Sumatra

114,000 87,970  232,580  — —  312,870  150,220  11,430 —  —  —  — — —  — — — —

Pertamina—Musi, South Sumatra 109,155 51,300  —  18,820 118,450  330,690  —  — 116,200  —  —  — — —  — — — —

Pertamina—Pangakalan Brandan, 
North Sumatra

4,750 —  —  — —  —  —  — —  —  —  — — —  — — — —

Pertamina—Sungai Pakning, 
Central Sumatra

47,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 1,011,825 265,980  32,580  58,860 101,450  92,970  99,720  23,430 16,200 — — — — — — — — —

IRAN 

National Iranian Oil Co.—Abadan 350,000 55,000  —  280,000 135,000  124,000  —  126,000 —  —  —  — 1,500 —   — — — 1,000

National Iranian Oil Co.—Arak 170,000 71,000  —  127,300  321,600 c 124,500  121,600 —  —  —  — — —  250.0 — 60 5,500

National Iranian Oil Co.—Bandar 
Abbas

232,000 126,000  —  231,000 —  336,000 c 128,000  136,000 —  —  —  — — —  150.0 — 130 5,000

     425,000     

National Iranian Oil Co.—IsfahanM 284,000 119,000  —  292,000 —  129,600 c 130,000  13,000 —  —  —  — 10,400 —  170.0 — 70 9,700

National Iranian Oil Co.—
Kermanshah

25,000 —  —  — —  12,600  —  13,000 —  —  —  — — —  — — — —

     43,100     

National Iranian Oil Co.—Lavan 
Island

30,000 —  —  — —  16,200  —  17,000 —  —  —  — — —  — — — —

National Iranian Oil Co.—Shiraz 40,000 18,400  —  29,000 —  16,200 c 19,000  13,100 —  —  —  — — —  117.0 — 30 1,500

     43,800     

National Iranian Oil Co.—Tabriz 100,000 50,000  —  116,500 —  111,200 c 115,000  111,100 —  —  —  — — —  134.0 — 80 5,000

     413,200     

National Iranian Oil Co.—Tehran 220,000 120,000  —  235,000 —  127,300 c 130,000  127,260 —  —  —  — 7,700 —  165.0 — 100 8,800

Total 1,451,000 559,400 —  290,800 35,000  164,700  136,500  183,160 — — — — 19,600 —  286.0 — 470 36,500

IRAQ 

Iraqi Co. for Oil Operations—
Kirkuk

2,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Kar Group—Erbil 40,000 —  —  — —  16,000  —  9,000 —  —  —  2,500 — —  — — — —
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Midland Refineries Co.—Daura, 
Bagdad

110,000 20,000  —  — —  115,000  118,000  31,000 —  —  —  — 2,420 —  — — — 838

   25,000  25,000      

    413,241      

Oil Refineries Administration—
Baiji

310,000 105,000  —  — —  46,000  38,000  182,000 —  —  —  — 5,000 —  64.0 — — 26,000

Oil Refineries Administration—
Basra

150,000 20,000  —  — —  16,000  —  70,000 —  —  —  — 2,000 —  — — — 7,000

Oil Refineries Administration—
K3-Haditha

7,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Oil Refineries Administration—
Khanaqin

12,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Oil Refineries Administration—
Mufthia

4,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Oil Refineries Administration—
Qaiyarah Mosul

2,000 —  —  — —  —  —  — —  —  —  — — —  — — — 4,900

Total 637,500 145,000 — — —  88,000  74,241  292,000 — — —  2,500 9,420 —  64.0 — — 38,738

IRELAND 

ConocoPhillips—Whitegate 71,000 —  —  — —  211,000  —  111,000 —  —  —  37,600 — —  610.3 — 4 —

     27,600     

     726,000     

Total 71,000 — — — —  11,000 —  44,600 — — —  7,600 — —  10.3 — 4 —

ISRAEL 

Oil Refineries Ltd.—Haifa 130,000 73,000  —  241,000 122,000  115,000  —  216,000 —  22,200  —  — — —  — — — 2,700

     30,000     

Paz Oil Co. Ltd.—Ashdod 90,000 45,000  —  225,000 127,500  111,500  —  220,000 —  —  —  — — 1750  — — — —

     30,000     

Total 220,000 118,000 —  66,000 49,500  26,500 —  96,000 —  2,200 — — — 750 — — — 2,700

ITALY 

Eni SPA—Gela, Ragusa 105,000 52,500  245,000  — 135,000  213,850  —  116,500 210,000  —  16,700  18,050 — 11,100  317.0 2,000 — —

     42,500   2700  31,200  58.0

     35,000     

Enii SPA—Livorno 84,000 36,000  —  — —  314,000  —  222,000 —  —  —  36,000 10,000 —  — — — 3,500

     31,700     

Enii SPA—Porto MargheraD 80,000 38,000  —  113,500 —  315,000  —  216,000 —  —  —  36,000 — —  — — — 3,500

  227,000    27,000     

Enii SPA—Sannazzaro, Pavia 200,000 84,500  —  232,000 134,000  212,000  130,000  112,000 23,200  —  —  212,000 — 1920  235.0 — — 2,500

   316,700   227,000     
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     41,000     

Eni SPA—Taranto 84,000 60,590  —  127,000 —  217,000  115,500  224,000 —  —  —  36,000 — —  239.5 — — 2,500

  237,250    43,000     

Api Raffineria di Ancona SPA*—
Falconara, Marittima

82,900 37,500  —  136,500 —  114,000  —  125,000 —  —  —  315,000 — —  17.2 — 120 —

  224,500    544,100     

Arcola Petrolifera SPA—La Spezia 33,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

ERG Reffinerie Medditerranee 
North—Priolo, Sicily

225,000 48,000  —  224,000 133,000  19,000   19,000 4,000  —  46,000  — — 11,000  — 46 — —

      521,000     

ERG Reffinerie Medditerranee 
South—Melilli, Sicily

238,000 106,000  —  132,000 —  236,000 m 162,000  163,000 —  —  —  39,000 — —  216.0 — 360 3,000

  243,000    434,000     

     570,000     

ExxonMobil Refining & Supply 
Co.—Augusta, Siracusa

198,000 93,000  —  — 150,500  123,000  —  124,000 29,000  —  —  15,000 14,000 —  — — 200 —

     422,000     

     534,000     

     821,500     

     1127,500     

     1213,500     

ExxonMobil Refining & Supply 
Co.—S. Martino Di Trecate

126,000 28,000  —  — 134,500  118,000  —  160,000 —  11,500  —  312,000 — —  413.0 — 40 —

   29,500   420,500     

     545,000     

Iplom SPA—Busalla 39,500 19,500  —  —  —  —  —  1210,500 —  —  —  — — — a 46.8 — 37 —

     99,500     

Italiana Energia E Servizi SPA—
Mantova

69,420 24,920  —  112,460 —  28,900 m 116,910  116,020 —  —  —  33,115 — —  — — 86 —

  230,260    531,150     

     78,000     

Raffineria di Milazzo SPA—
Milazzo, Messina

241,300 69,700  —  — 144,500  112,900 c 133,900  221,000 15,130  —  —  — — 11,500 a 133.7 — 412 —

    223,400  1228,000     249.0

Raffineria di Roma SPA—Rome 89,109 11,027  —  231,734 —  114,219  —  122,845 —  —  —  319,095 — —  — — 39 706

     528,438     

Saras SPA—Sarroch 300,000 105,000  —  241,000 190,000  329,000 m 1115,000  129,000 29,000  —  —  — — 36,000 a 349.0 — 440 —
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     428,000     426.0

     550,000     

     1224,000     

Total 2,195,229 814,237  45,000  412,204 321,500  263,069  296,710  1,178,253 40,330  1,500  13,400  101,260 24,000 11,720  300.2 2,046 1,734 15,706

IVORY COAST 

Societe Ivoirienne de Raffinage 
—Abidjan

63,990 23,990  —  — —  112,330 c 114,480  114,270 —  —  —  — — —  — — — 4,330

     513,040     

         

Total 63,990 23,990 — — —  12,330  14,480  27,310 — — — — — — — — — 4,330

JAMAICA 

Petrojam Ltd.—Kingston 36,000 1,800  —  — —  13,700  —  16,800 —  —  —  — — —  — — — 850

     47,500     

     59,500     

Total 36,000 1,800 — — —  3,700 —  23,800 — — — — — — — — — 850

JAPAN 

Cosmo Oil Co. Ltd.*—Chiba 228,000 57,000  —  — 133,300  132,850  —  134,200 —  —  —  — — — a 188.0 — 600 —

     456,700       

     563,900     

     931,500     

     1064,800     

Cosmo Oil Co. Ltd.*—Sakai 76,000 36,100  —  — 120,700  17,200  —  19,900 17,200  —  —  — — 11,278 a 111.0 — 140 —

     426,100     

     522,500     

     918,000     

Cosmo Oil Co. Ltd.*—SakaideF 140,000 39,425  —  — 117,100  112,600  —  112,600 —  —  —  — — — a 134.0 — 265 —

     421,600     

     536,000     

     915,480     

     1027,000     

Cosmo Oil Co. Ltd.*—Yokkaichi 147,250 70,300  —  — 122,500  15,400  —  117,550 —  —  —  — — — a 112.0 — 200 —

   312,150   431,500     

     527,000     

     937,350     

Fuji Oil Co. Ltd.—Sodegaura 192,000 55,000  324,000  — 118,000  328,000  —  143,000 12,400  —  121,000  — — —  — 1,223 360 —
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     443,500   22,100   

     535,000     

     947,000     

Idemitsu Kosan Co. Ltd.—Chita, 
Aichi

152,000 15,200  —  — 147,500  318,000  —  127,000 15,320  —  —  — — —  260.4 — 392 —

Idemitsu Kosan Co. Ltd.(b)—
Chita, Aichi

     444,100     

     530,600     

     1054,000     

     1214,220     

Idemitsu Kosan Co. Ltd.—
Ichihara, Chiba

209,000 62,700  —  — 142,750  115,300  310,440  123,400 —  —  —  — — — a 232.9 — 540 —

     439,600     

     554,000     

     835,100     

     1036,000     

     1212,240     

Idemitsu Kosan Co. Ltd.—
Shunan, Yamaguchi

114,000 52,250  —  — 124,700  319,800  —  119,800 —  —  —  — — —  — — 176 —

     431,500     

     518,000     

     840,500     

Idemitsu Kosan Co. Ltd. —
Tomakomai, Hokkaido

133,000 22,800  —  — 131,350  116,200 c 114,850  124,300 —  —  —  — — — a 260.2 — 356 —

     432,850     

     522,500     

     1037,800     

     129,720     

Japan Energy Corp.*—Mizushima, 
Okayama

194,940 103,550  223,400  — 146,800  118,000 c 227,900  137,800 14,590  —  111,700  — 5,513 —  127.0 — 640 9,000

   321,600   444,010   22,000   255.9

     555,800     540.2

     863,000     

     115,850     

     1231,500     

     133,150     

JX Nippon Oil & Energy Corp.—
Mizushima

380,200 186,000  30,000  — 198,000  140,755 c 113,000  187,200 19,880   127,000  — 9,000 —  128.5 — 1,210 16,250

   346,640   34,590   22,164   2111.3



24 
O

il &
 G

as Journal / D
ec. 3, 2012

   ––––––––––––––––––––––––––––––––––––– Charge capacity, b/cd ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––– Production capacity, b/cd –––––––––––––––––––––––––––––––––––––––––––––––
WORLDWIDE REFINING   Vacuum  Thermal Catalytic Catalytic Catalytic Catalytic       Hydrogen Coke Sulfur
Company and refinery location  Crude distillation Coking operations cracking reforming hydrocracking hydrotreating Alkylation Pol./Dim. Aromatics Isomerization Lubes Oxygenates (MMcfd) (t/d) (t/d) Asphalt

     496,070     646.4

     5106,000     

     8107,740     

     1045,000     

     1113,400     

     133,500     

JX Nippon Oil & Energy Corp. 
—Muroran

180,000 65,000  —  — 130,000  336,000 c 125,000  159,000 —  —  11,500  — — —  235.0 — 350 2,800

     440,000   43,700   

     523,500     

     845,000     

     1016,000     

JX Nippon Oil & Energy Corp. 
—Negishi

340,000 130,000  —  220,000 183,000  120,000  —  171,500 15,700  —  113,800  38,000 4,000 11,700  124.2 — 660 5,500

   330,000   477,500     229.8

     560,000     

     881,000     

     1035,000     

     114,900     

     1228,000     

JX Nippon Oil & Energy Corp. 
—Oita

136,000 66,000  —  — 126,000  329,000 c 110,000  129,000 —  —  —  — — —  214.9 — 180 —

     443,000     69.0

     523,000     

     940,000     

JX Nippon Oil & Energy Corp.—
Sendai

145,000 60,000  —  — 143,000  118,000  —  154,000 14,800  —  110,000  — — —  260.0 — 535 —

   336,000   434,000     

     540,000     

     840,000     

     1052,000     

     1220,000     

JX Nippon Oil & Energy Corp.—
Takaishi, Osaka

115,000 60,000  —  — 127,000  117,000  —  122,000 13,600  —  12,700  — — —  16.9 — — —

     425,000     

     521,000     

     823,000     

JX Nippon Oil & Energy Corp.—
Marifu, Yamguchi

127,000 75,000  222,000  — 128,000  324,000  —  134,000 —  —  16,670  — — —  29.5 640 220 1,000
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     425,000     

     523,000     

     852,000     

Kashima Oil Co. Ltd.*—Kashima, 
Ibaragi

180,500 39,900  —  — 131,050  319,800  —  120,700 —  —  15,123  — — — a 130.4 — 300 —

       441,400     

     539,600     

     822,500     

     1027,000     

     1223,400     

Kyokuto Petroleum Industries 
Ltd.—Ichihara, Chiba

171,500 81,500  —  — 133,500  126,500 m 139,000  127,500 —  —  16,500  — — — a 230.0 — 190 —

     433,000     425.0

     549,000     68.5

     1213,500     

Nansei Sekiyu KK—Okinawa 100,000 —  —  — —  112,000  —  121,500 —  —  —  — — —  64.5 — — —

     417,000     

Okinawa Sekiyu Seisei—
Yonashiro, Okinawa

100,000 —  —  — —  315,000  —  148,000 —  —  —  — — —  222.0 — 300 —

     23,000     

     20,000     

     1038,000     

Seibu Oil Co. Ltd.—Yamaguchi 111,000 44,040  —  — 127,230  119,040  —  131,770 —  1500  —  13,000 — —  242.4 — 300 30,820

     425,980  23,220   25,330  617.7

     529,340     

     1050,330     

Showa Yokkaichi Sekiyu Co. 
Ltd.—YokkaichiM

193,000 105,430  —  — 259,000  115,390  —  167,320 19,000  —  18,310  39,020 4,000 —  — — 250 2,000

   338,000   461,950     

     551,000     

     937,000     

     1039,000     

Taiyo Oil Co. Ltd.—Kikuma, Ehime 120,000 27,000  —  — —  333,000 c 119,000  137,000 —  —  124,300  — — —  218.0 — — —

     418,000   210,200   4108.0

     530,000     

Toa Oil Co. Ltd.—Mizue Factory, 
Kawasaki

65,000 57,000  124,000  — 133,000  18,000  —  5116,950 10,200  12,040  210,200  — — —  745.8 — 380 —

Toa Oil Co. Ltd. —Ohgimachi 
Factory, Kawasaki

110,000 30,000  —  — —  121,500  —  592,000 —  —  115,000  36,000 — —  — — 100 17,000
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Tonen/General Sekiyu Seisei 
KK—Kawasaki

296,000 82,500  —  — 187,500  118,500 c 222,500  149,000 19,000  —  —  — — —  243.0 — 420 —

   330,500   216,000     610.0

     476,500     

     574,500     

     879,000     

     1236,000     

Tonen/General Sekiyu Seisei 
KK—Sakai

139,500 53,000  —  — 139,500  128,500  —  143,500 —  —  123,500  — — —  120.5 — 340 —

     425,500     638.5

     538,500     

     840,000     

     1211,500     

Tonen/General Sekiyu Seisei KK 
—Wakayama

160,000 57,500  —  — 136,500  139,000  —  140,000 13,000  —  —  — 7,000 —  118.0 — 140 —

     441,500     511.0

     532,500     624.0

     831,500     

     1110,500     

     1213,000     

Wakayama Petroleum Refining 
Co. Ltd.—Kainan City, Wakayama

— 30,000  —  — —  —  —  20,000 —  —  —  — 8,500 —  2135.0 — — —

     119,000     

Total 4,755,890 1,764,195  123,400  20,000 986,980  829,225  181,690  5,016,160 74,690  5,760  207,467  31,350 38,013 2,978  1,459.4 1,863 9,544 84,370

JORDAN 

Jordan Petroleum Refinery—
Zarqa

90,400 21,500  —  — 14,000  110,900 c 15,220  117,300 —  —  —  — — —  28.0 — — 4,250

         48.0

Total 90,400 21,500 — — 4,000  10,900  5,220  17,300 — — — — — —  16.0 — — 4,250

KAZAKHSTAN 

Kazakoil—Atyrau 104,427 27,064  213,720  — —  18,808  —  19,200  —  —  —  — — —  — 500 — —

Kazakoil—Pavlodar 162,666 93,973  211,277  230,071 138,356  126,178  —  127,200 —  —  —  — — —  121.5 500 64 8,550

     49,863     

     846,027     

PetroKazakhstan—Shymkent 78,000 —  —  222,000 —  116,600  —  116,600 —  —  —  — — —  — — 60 —
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     49,100     

     519,900     

Total 345,093 121,037  24,997  52,071 38,356  51,586 —  177,890 — — — — — —  21.5 1,000 124 8,550

KENYA 

Kenya Petroleum Refineries 
Ltd.*—Mombasa

90,000 1,700  —  — —  18,260  —  136,000 —  —  —  — — —  — — — 1,000

         

Total 90,000 1,700 — — —  8,260 —  36,000 — — — — — — — — — 1,000

KUWAIT 

Kuwait National Petroleum Co.*—
Mina Abdulla

270,000 142,500  272,000  — —  — c 138,250  29,000 —  —  —  — — — a 1196.0 2,800 1,200 —

     436,000     436.6

     536,000     

     10107,100     

Kuwait National Petroleum Co.*—
Mina Al-Ahmadi

466,000 80,750  —  — 136,000  332,400 c 136,900  151,300 15,616  —  —  — — 16,561  1198.0 — 1,600 —

     418,720     489.0

     5118,440     

     10130,320     

Kuwait National Petroleum Co.*—
Shuaiba

200,000 104,500  —  — —  114,220  140,500  123,400 —  —  —  — — —  1222.0 — 1,400 —

     431,500     

     527,000     

Total 936,000 327,750  72,000 — 36,000  46,620  115,650  588,780 5,616 — — — — 6,561  741.6 2,800 4,200 —

KYRGYZSTAN 

Kyrgoil—Dzhalalabad 10,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 10,000 — — — — — — — — — — — — — — — — —

LIBERIA 

Liberia Petroleum Refining—
Monrovia

15,000 1,000  —  — —  12,000  —  12,300 —  —  —  — — —  — — — 200

     1,000     

Total 15,000 1,000 — — —  2,000 —  3,300 — — — — — — — — — 200

LIBYA 

Azzawiya Oil Refining Co.—
Azzawiya and Benghazi

120,000 3,775  —  — —  115,750  —  116,604 —  —  —  — 635 —  — — — 3,432

     619,926     
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Ras Lanuf Oil & Gas Processing 
Co.—Ras Lanuf

220,000 —  —  — —  13,300  —  25,600 —  —  —  — — —  — — — —

Sarir Refining—Sarir 10,000 —  —  — —  —  —  —    —  — — — —

Sirte Oil Co.—Marsah El Brega 8,000 —  —  — —  11,200  —  21,200 —  —  —  — — —  — — — —

Tobruk Refining—Tobruk 20,000 —  —  — —  —  —  —    —  — — — —

Total 378,000 3,775 — — —  20,250 —  43,330 — — — — 635 — — — — 3,432

LITHUANIA
AB Mazeikiu Nafta*—Mazeikiai 190,000 89,300  —  228,800 143,200  145,900  —  418,900 —  17,200  —  318,900 — 12,700  125.0 — 320 —

     581,000     

     854,000     

Total 190,000 89,300 —  28,800 43,200  45,900 —  153,900 —  7,200 —  18,900 — 2,700  25.0 — 320 —

MACEDONIA 

Hellenic Petroleum SA—Skopje 50,000 —  —  — —  110,860  —  115,930 —  —  —  34,390 — —  — — — —

     56,120     

Total 50,000 — — — —  10,860 —  22,050 — — —  4,390 — — — — — —

MALAYSIA 

Petron Corp.—Port DicksonP 86,000 —  —  — —  18,000  —  128,000 —  —  —  — — —  — — — —

     412,000     

Kemaman Bitumen Co.*—
Kemaman, Terengganu

23,750 18,335  —  — —  —  —  — —  —  —  — — —  — — — 2,655

Petronas—Kertih, Terengganu 40,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Petronas—Melaka I 92,832 —  —  — —  323,500  —  223,357 —  —  —  — — — a 112.0 975 200 —

     419,016     461.6

Petronas—Melaka II 126,000 68,000  224,000  — —  327,500  236,000  239,227 —  —  —  310,800 — —  112.0 1,270 260 4,000

     418,000     461.6

     540,500     

Sarawak Shell Bhd.—Lutong 45,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Shell Refining Co. Bhd.—Port 
Dickson

125,000 8,000  —  — 242,700  12,900  —  126,600 —  —  —  — — —  — — — 4,000

   313,170   410,100     

Total 538,582 94,335  24,000 — 42,700  75,070  36,000  216,800 — — —  10,800 — —  147.2 2,245 460 10,655

MARTINIQUE 

Societe Anonyme de la Raffinerie 
des Antilles—Fort-de-France

17,329 —  —  — —  42,862  —  15,134 —  —  —  — — —  — — — —

     43,875     



29 
O

il &
 G

as Journal / D
ec. 3, 2012

   ––––––––––––––––––––––––––––––––––––– Charge capacity, b/cd ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––– Production capacity, b/cd –––––––––––––––––––––––––––––––––––––––––––––––
WORLDWIDE REFINING   Vacuum  Thermal Catalytic Catalytic Catalytic Catalytic       Hydrogen Coke Sulfur
Company and refinery location  Crude distillation Coking operations cracking reforming hydrocracking hydrotreating Alkylation Pol./Dim. Aromatics Isomerization Lubes Oxygenates (MMcfd) (t/d) (t/d) Asphalt

     55,260     

Total 17,329 — — — —  2,862 —  14,269 — — — — — — — — — —

MEXICO 

Petroleos Mexicanos—Cadereyta 275,000 123,900  50,000  — 190,000  146,000  —  186,500 23,000  —  —  — — 2,740  48.0 — — 20,000

Petroleos Mexicanos—Cd. Madero 190,000 101,100  50,000  — 160,500  130,000  —  141,700 22,100  —  —  — — 4,800  34.0 — — 18,000

Petroleos Mexicanos—Minatitlan 185,000 77,000  —  — 130,000  149,000  —  97,000 15,000  —  117,000  — — —  — — — —

Petroleos Mexicanos—Salamanca 245,000 143,000  —   — 140,000  139,300  —  116,500 15,434  —  —  — 16,600 1,100  41.0 — — 15,000

Petroleos Mexicanos—Salina Cruz 330,000 165,000  50,000  — 180,000  350,000  —  165,000 27,745  —  —  — — 2,250  — — — —

Petroleos Mexicanos—Tula 
Hidalgo

315,000 144,000  141,000  — 180,000  165,000  —  219,350 25,177  —  —  — — 4,600  60.0 — — 5,000

Total 1,540,000 754,000  191,000 — 380,500  279,300 —  926,050 128,456 —  17,000 — 16,600 15,490  183.0 — — 58,000

MOROCCO
Societe Anonyme Marocaine 
de L’Industrie du Raffinage—
Mohammedia

125,230 17,465  —  — —  121,830  —  121,830 —  —  —  — 2,460 —  — — — 5,630

     78,670     

     112,510     

Societe Anonyme Marocaine de 
L’Industrie du Raffinage*—Sidi 
Kacem

29,671 7,456  —  — 25,040  12,529  —  12,529 —  —  —  — — —  — — — —

Total 154,901 24,921 — — 5,040  24,359 —  35,539 — — — — 2,460 — — — — 5,630

MYANMAR 

Myanma Petrochemical 
Enterprise—Chauk

6,000 2,000  —  — —  —  —  — —  —  —  — — —  — — — —

Myanma Petrochemical 
Enterprise—Thanlyin

26,000 2,000  25,200  — —  —  —  — —  —  —  — 500 —  — 120 — —

Myanma Petrochemical 
Enterprise—Thanbayakan

25,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 57,000 4,000  5,200 — — — — — — — — — 500 — — 120 — —

NETHERLANDS
BP PLC*—Rotterdam 358,492 77,435   230,564 152,983  128,530  —  3217,350 28,150   —  — — 12,715  420.3 — 231 —

     4151,335     

     591,700     

     1234,942     

     138,694     

ExxonMobil Refining & Supply 
Co.—Rotterdam

191,000 81,500  341,500  — —  232,500 c 152,500  133,000 —  —  132,500  — — —  125.0 — 475 —
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     224,500   36,000   456.0

     422,000     

     539,500     

     920,500     

Kuwait Petroleum Europoort BV—
Rotterdam

83,600 40,470  —  19,000 —  320,430  —  138,790 —  —  —  38,730 4,500 —  42.0 — 71.6 5,200

  26,840    410,620     

     522,050     

     115,900     

Shell Nederland Raffinaderij 
BV—Pernis

404,000 440,000  —  245,000 149,000  341,400 c 156,300  1106,000 27,300  —  —  — 7,100 —  152.3 — 700 5,500

   c 225,400  428,700     3108.3

     550,000     

     733,500     

     11220     

     129,250     

Smid & Hollander Raffinaderij 
BV—Amsterdam

10,000 8,000  —  — —  —  —  — —  —  —  — — —  — — — 5,800

Total SA—Vlissingen 147,581 63,699  —  — —  325,650 c 163,785  121,034 —  —  130,468  — — —  196.0 — 248 —

     543,929     

Total 1,194,673 711,104  41,500  91,404 101,983  148,510  197,985  1,013,514 15,450 —  68,968  8,730 11,600 2,715  359.9 — 1,726 16,500

NETHERLANDS ANTILLES
Refineria Isla Curazao SA—
Emmastad

320,000 195,000  —  180,000 150,000  120,000  —  153,000 29,000  12,000  —  — 12,000 —  220.8 — 300 26,000

     537,000     433.8

     826,000     

     113,500     

Total 320,000 195,000 —  80,000 50,000  20,000 —  119,500 9,000  2,000 — — 12,000 —  54.6 — 300 26,000

NEW ZEALAND
New Zealand Refining Co. Ltd.*—
Marsden Point, Northland

107,000 38,270  —  — —  125,840 c 130,000  148,980 —  —  —  — — —  160.0 — 111 5,490

     45,510     

     550,000     

Total 107,000 38,270 — — —  25,840  30,000  104,490 — — — — — —  60.0 — 111 5,490
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NICARAGUA
ExxonMobil Refining & Supply—
Managua

20,000 1,500  —  — —  13,000  —  15,500 —  —  —  — — —  — — — —

     44,000     

     75,000     

Total 20,000 1,500 — — —  3,000 —  14,500 — — — — — — — — — —

NIGERIA
Kaduna Refinery & Petrochemical 
Co. (NNPC)—Kaduna

110,000 36,290  —  — 118,000  115,300  —  121,600 —  —  2291  — 3,878 —  — — — 14,850

     15,750     

     13536     

Port Harcourt Refining Co. 
(NNPC)—Port Harcourt, Alesa 
Eleme

60,000 —  —  — —  16,000  —  — —  —  —  — — —  — — — —

Port Harcourt Refining Co. 
(NNPC)—Port Harcourt, Rivers 
State

150,000 54,000  —  — 140,000  433,000  —  133,000 27,020  22,274  —  13,610 — —  — — — —

     714,500     

Warri Refinery & Petrochemical 
Co. (NNPC)—Warri

125,000 34,200  —  — 124,700  115,770  —  215,770 22,850  —  —  — — —  — — — —

     68,075     

Total 445,000 124,490 — — 82,700  70,070 —  109,231 9,870  2,274  291  3,610 3,878 — — — — 14,850

NORTH KOREA
Government 29,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Government—Ungi 42,000 —  —  — —  17,300  —  17,400 —  —  11,000  — — 11,000  — — — —

Total 71,000 — — — —  7,300 —  7,400 — —  1,000 — — 1,000 — — — —

NORWAY
ExxonMobil Refining & Supply 
Co.—Slagen

116,000 —  —  232,000 —  110,500  —  124,000 —  —  —  — — —  — — 20 —

     536,000     

     712,000     

Mongstad Refining—Mongstad 203,000 —  224,780  — 249,000  19,400  —  126,000 —  111,000  —  33,840 — —  — 610 — —

   315,000   510,000     

     918,000     

Total 319,000 —  24,780  32,000 49,000  34,900 —  126,000 —  11,000 —  3,840 — — — 610 20 —
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OMAN
Oman Refinery Co.—Mina Al 
Fahal

85,000 —  —  — —  316,000  —  221,000 —  —  —  — — —  — — — —

Total 85,000 — — — —  16,000 —  21,000 — — — — — — — — — —

PAKISTAN 

Attock Refinery Ltd.—Rawalpindi 42,000 5,415  —  — —  14,500  —  15,850 —  —  —  — — —  — — — —

Bosicor Refinery Ltd.—Karachi 30,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Dhodak Refinery Ltd.—Dera 
Ghazi Khan

2,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Enar Petrotech Services Ltd.—
Karachi

2,646 —  —  — —  —  —  — —  —  —  — — —  — — — —

National Refinery Ltd.—Korangi, 
Karachi

62,050 14,400  —  — —  13,800  —  13,900 —  —  11,400  — 3,800 —  — — — 4,200

     410,000     

Pakistan Refinery Ltd.—Karachi 47,110 —  —  — —  13,350  —  118,160 —  —  —  — — —  — — — —

     46,960     

     510,000     

Total 186,306 19,815 — — —  11,650 —  54,870 — —  1,400 — 3,800 — — — — 4,200

PAPUA NEW GUINEA
Interoil—Port Moresby 32,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 32,500 — — — — — — — — — — — — — — — — —

PARAGUAY
Petroleos Paraguayos—Villa Elisa 7,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 7,500 — — — — — — — — — — — — — — — — —

PERU
Maple Gas Corp.—Pucallpa 3,250 —  —  — —  —  —  — —  —  —  — — —  — — — —

Petroperu SA—Conchan, Lima 13,500 9,500  —  — —  —  —  — —  —  —  — — —  — — — —

Petroperu SA—Iquitos, Loreto 10,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Petroperu SA—El Milagro, 
Amazonas

1,700 —  —  — —  —  —  — —  —  —  — — —  — — — —

Petroperu SA—Talara, Piura 62,000 24,500  —  — 118,000  —  —  — —  —  —  — — —  — — — —

Repsol YPF SA—La Pampilla 
Lima

108,000 60,000  —  225,700 115,500  12,100  —  12,800 —  —  —  — — —  — — — 3,800

Total 198,950 94,000 —  25,700 33,500  2,100 —  2,800 — — — — — — — — — 3,800

PHILIPPINES
Petron Corp.—Limay, Bataan 180,000 40,000  —  — 119,000  114,000  —  154,000 —  —  —  310,000 — —  37.0 — 70 —
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   317,000   540,000     

Philippine Petroleum Corp.—Pililla — 21,000  —  — —  —  —  — —  —  —  — 3,700 —  — — — 1,200

Pilipinas Shell Petroleum Corp.—
Tabango

93,000 —  —  122,000 —  120,000  —  134,000 —  —  —  — — —  — — — —

  211,000    556,990     

Total 273,000 61,000 —  33,000 19,000  51,000 —  184,990 — — —  10,000 3,700 —  37.0 — 70 1,200

POLAND
Grupa Lotos SA—Gdansk 120,000 60,000  —  — —  110,000 c 132,000  118,000 —  —  —  310,000 9,000 —  — — — 18,000

     210,000     

   315,000   520,000     

     117,000     

Nafta Polska SA—Gorlice — —  —  — —  —  —  — —  —  —  — — —  — — — —

Nafta Polska SA—Jaslo — —  —  — —  —  —  — —  —  —  — — —  — — — —

PKN Orlen SA—Plock/Trezebina 372,950 205,123  —  — 132,985  17,330  174,326  1101,740 23,372  —  110,262  213194 8,796 22,514  193.6 — 560 15,371

   335,184  239,582  5102,767     473.6

         

         

Total 492,950 265,123 — — 32,985  67,514  145,908  259,507 3,372 —  10,262  23,194 17,796 2,514  167 — 560 33,371

PORTUGAL
Galp Energia*—Leca da Palmeira, 
Porto

91,277 16,392  —  — —  114,831  —  142,221 —  —  117,276  — — —  430.5 — 45 —

   310,601   531,073     

     113,593     

         

Galp Energia*—Sines 212,895 71,393  —  236,540 140,500  324,750 m 49,180  124,750 25,400  —  —  — — —  230.0 — 207 —

     562,100     424.8

     813,500     

     1224,300     

Total 304,172 87,785 —  36,540 40,500  50,182  9,180  201,537 5,400 —  17,276 — — —  85.3 — 252 —

PUERTO RICO
Shell Chemical Yabucoa Inc.—
Yabucoa

73,000 34,000  —  — —  121,000 c 420,000  121,000 —  —  —  — — —  120.0 — 34 —

Total 73,000 34,000 — — —  21,000  20,000  21,000 — — — — — —  20.0 — 34 —

QATAR
Laffan Refinery Co. Ltd.*—
Ras Laffan

138,700 —  —  — —  —  —  — —  —  —  — — —  — — — —
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National Oil Distribution Co.—
Umm Said

200,000 —  —  — 160,000  120,000  20,000  219,500 —  —  —  325,000 — —  — — — —

   39,400   719,850     

Total 338,700 — — — 60,000  29,400  20,000  39,350 — — —  25,000 — — — — — —

ROMANIA
Astra SA—Ploiesti 56,000 9,400  28,600  — —  —  —  3,000 —  —  —  — 6,300 —  12.1 220 — 1,500

Petrobrazi SA—Ploiesti 90,653 39,240  212,660  — 121,400  113,440  —  113,920 —  —  11,510  3995 — —  — 400 — —

     75,540       

Petrolsub SA—Bacau 8,000 5,200  —  — —  —  —  — —  —  —  — 210 —  — — — 2,870

Petromidia SA—Midia 105,000 46,000  220,000  — 124,000  111,600  —  128,000 —  —  14,700  — — 1820  16.1 1,150 87 —

     7,500     

     815,000     

     1322,500     

Petrotel SA—Ploiesti 104,000 55,970  211,480  25,500 120,900  111,490  —  120,000 22,300  —  —  — 2,680 1510  24.3 270 — 3,670

     720,680     

     113,200     

Rafinaria Darmanesti SA—
Darmanesti

16,000 —  19,500  18,800 —  23,000  —  — —  —  —  — — —  — 300 — —

         

Rafo SA—Onesti, Bacau 70,000 70,000  16,000  212,000 124,000  310,000  —  116,000 —  —  —  32,851 — —  14.0 215 34 —

       46,800     

     514,000     

     76,800     

     824,000     

Rompetrol SA Vega Refinery—
Ploiesti

8,717 3,485  —  — —  —  —  — —  —  —  — — —  — — — 1,291

Steaua Romania SA—Cimpina 9,272 6,341  —  — —  —  —  — —  —  —  — 424 —  — — — 1,110

Total 467,642 235,636  68,240  26,300 90,300  49,530 —  206,940 2,300 —  6,210  3,846 9,614 1,330  16.5 2,555 121 10,441

RUSSIA
Alyans Group—Khabarovsk 94,000 10,149  —  14,284 —  19,786  —  110,556 —  —  —  — — —  — — — 5,811

Bashneftekhimzavody—Novo-Ufa 285,000 93,800  27,142  251,700 222,247  325,400  —  152,000 12,814  —  —  — 9,585 —  — 260 218 14,278

   122,300   65,205     

Bashneftekhimzavody—Ufa 234,962 98,671  —  130,900 238,356  114,679  —  115,000 —  1979  —  — — —  121.5 — 72 498

     33,300     

     842,192     

Bashneftekhimzavody—
Ufaneftekhim

184,200 62,000  —  123,700 217,260  18,900  119,178  131,600 —  —  18,700  — 7,330 —  121.5 — — 4,981
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   321,775   48,904     

Central Fuel Co.—Moscow 242,995 90,214  —  120,000 231,320  133,029  —  134,000 —  —  —  33,542 — 11,000  121.5 — — 22,600

     66,548     

     842,192     

Chernogorneft Refinery—
Chernogorneft

2,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Dagestan Oil—Makhachkala 4,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Gazprom—Salavat 168,300 73,299  —  29,397 210,225  130,160  —  230,400 11,174  —  11,591  — — 23,000  — — 290 —

     42,000     

         

GazpromNeft—Omsk 286,160 195,000  112,100  226,500 165,589  142,400  19,178  167,100 11,272  —  111,139  — 3,800 11,750  — 510 — 17,433

  30,071  324,710   43,000     

     842,192     

     116,904     

GazpromNeft/TNK-BP—Yaroslavl/
Mendeleyev

8,700 —  —  — —  —  —  — —  —  —  — 5,300 —  — — — —

Krasnodareconeft—Krasno 34,140 14,472  —  110,149 —  —  —  525,000 —  —  —  — — —  — — — 5,645

Lukoil—Kogalym 10,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Lukoil—Kstovo, Nizhny Novgorod 359,200 132,400  —  — —  147,100  —  146,800 —  —  11,790  — 7,020 —  — — — 15,607

     107,500   21,890   

     116,904     

Lukoil—Perm 279,142 126,000  217,600  29,115 115,726  136,900  65,200  136,000 11,003  —  12,200  25,000 8,833 —  — 490 — 5,645

     584,200     

Lukoil—Ukhta 126,518 18,100  —  17,518 —  19,297  418,700  19,500 —  —  —  — — —  — — — 4,981

Lukoil—Volgograd 225,200 79,501  18,230  29,115 —  118,839  —  119,100 —  —  11,830  — 13,065 —  710.8 1,020 — 3,985

 33,101     540,500     

     116,904     

Mari El Refinery—Mari Republic 2,000 —  —  — —  —  —  526,000 —  —  —  — — —  — — — —

NefteGazIndustria Group—
AfipskyJ

72,000 —  —  — —  116,147  —  112,658 —  —  13,680  — — —  — — — —

Rosneft—Achinsk 130,534 40,184  —  — —  125,519  —  125,519 —  —  —  — — —  — — 21 11,600

     59,679     

Rosneft—Angarsk 385,176 195,463  111,217  225,748 133,753  151,040  —  151,300 —  —  14,900  — 5,638 —  — 410 — 8,500

     30,685     

     116,900     

Rosneft—Komsomolsk 140,575 137,161  39,679  211,300 —  8,100  —  19,000 —  —  —  2,700 — —  — — — —

Rosneft—Novo-Kuibishev 191,986 73,000  125,300  — 117,266  133,518  —  134,300 —  —  12,188  — 3,705 —  — 1,030 — 12,286
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     64,000     

Rosneft—Samara-Kuibishev 140,575 40,700  —  115,787 213,788  143,794  —  144,400 1832  1750  —  — — —  — — — —

     57,120     

Rosneft—Strezhevoy 4,016 —  —  — —  —  —  — —  —  —  — — —  — — — —

Rosneft—Syzran 214,076 48,800  —  116,915 217,068  138,550  —  137,900 —  —  11,760  — — —  — — — 7,637

     78,822     

Rosneft—Tarasovskoye 2,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Rosneft—Tuapse 84,345 —  —  — —  17,829  —  18,100 —  —  —  — — —  — — — —

Sidanco—Cracking-Saratov 134,387 65,780  —  — —  223,487  —  133,562 —  —  —  — — —  — — 30 3,868

Slavneft—Yanos 290,000 270,305  —  212,404 130,000  125,689  —  126,100 11,786  —  11,551  33,542 5,460 1800  — — — 10,460

     56,959     

     1112,274     

Surgutneftegaz—Kirishi 335,900 85,327  —  — —  156,840  —  167,900 —  —  15,172  37,085 — —  — — 45 16,603

     104,800     

Tatneft—Kichuyi 8,000 3,600  —  — —  11,750  —  11,850 —  —  —  — — —  — — — 1,200

Tatneft—Nizhnekamsk, Tartarstan 120,493 —  —  236,000 —  —  —  546,000 —  —  —  — — 1625  118.0 — 50 18,000

TNK-BP—Krasnoleninsk 6,000 —  —  — —        

TNK-BP—Niszhnevartovsk 84,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

TNK-BP —Orsk, Orenburg 130,000 53,752  —  — —  117,860  —  118,400 11,125  —  —  — 7,706 —  — — — 10,128

     54,200     

TNK-BP—Ryazan 340,000 83,636  —  121,990 118,219  153,335  —  154,000 —  —  14,078  — 5,400 —  — — — 8,799

     76,137   22,228   

     116,900     

TNK-BP—Saratov 130,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Tomsk Refining—Tomsk 5,411 —  —  — —  —  —  — —  —  —  — — —  — — — —

Ulyanovskneft— 1,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Yakutsk Refinery—Yakutsk 2,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 5,499,993 2,091,314  94,369  382,593 330,817  748,733  122,256  2,170,966 10,006  1,729  54,697  21,869 82,842 7,175  93.3 3,720 726 210,545

SAUDI ARABIA
Saudi Arabian Oil Co. (Saudi 
Aramco)—Rabigh

400,000 —  —  — —  —  —  47,000 —  —  —  — — —  112.0 — — —

Saudi Arabian Oil Co. (Saudi 
Aramco)—Ras Tanura

550,000 135,000  —  260,000 —  154,000  44,000  154,000 —  —  —  — — —  — — — —

Saudi Arabian Oil Co. (Saudi 
Aramco)—Jeddah

85,000 34,000  —  — 113,000  13,000  310,000  13,000 —  —  —  — — —  — — — —

Saudi Arabian Oil Co. (Saudi 
Aramco)—Riyadh

122,000 52,350  —  — —  135,660  133,820  135,660 —  —  —  — — —  180.7 — — —
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     714,500     

Saudi Arabian Oil Co. (Saudi 
Aramco)—Yanbu

250,000 —  —  — —  135,000  —  135,000 —  —  —  — — —  — — — —

     715,000     

Saudi Aramco Shell Refinery Co. 
—Al-Jubail

305,000 82,200  —  232,100 —  318,800  146,000  120,000 8,000  —  16,500  — — 1,500  198.0 — — —

     454,000     

     948,400     

         

Saudi Aramco-Mobil—Yanbu 400,000 142,400  —  246,100 190,600  246,700  —  173,500 223,500  —  —  112,600 — 12,200  — — — —

     793,400    320,400  

Total 2,112,000 445,950 —  138,200 103,600  193,160  133,820  493,460 31,500 —  6,500  33,000 — 3,700  190.7 — — —

SENEGAL
Ste. Africaine de Raffinage—
M’Bao (Dakar)

25,030 7,160  —  — —  11,590  —  1,930 —  —  —  — — —  — — — —

Total 25,030 7,160 — — —  1,590 —  1,930 — — — — — — — — — —

SERBIA AND MONTENEGRO
NIS-Oil Refinery Novi Sad—Novi 
Sad

116,826 10,483  —  — —  110,902  —  114,300 —  —  —  — 300 —  10.5 — — 2,400

     55,200     

     114,900     

     114,600     

NIS-Rafinerija Nafte Pancevo—
Pancevo

98,000 40,100  —  220,340 118,950  17,920  —  18,070 13,070  —  1200  — — —  — — 59 —

     44,620     

     59,220     

Total 214,826 50,583 —  20,340 18,950  18,822 —  50,910 3,070 —  200 — 300 —  0.5 — 59 2,400

SIERRA LEONE
Sierra Leone Petroleum Refining 
Co. Ltd.—Freetown

10,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 10,000 — — — — — — — — — — — — — — — — —

SINGAPORE
ExxonMobil Refining & Supply 
Co.—Jurong/Pulau Ayer Chawan

592,500 165,500  —  2106,000 —  387,500 m 135,000  1169,500 —  —  148,000  — 37,500 —  125.5 — 545 16,000

    324,000  443,000     4151.0

     5115,000     

Shell Eastern Petroleum (Pte.) 
Ltd.—Pulau Bukom

462,000 85,000  —  133,000 234,000  16,970  134,860  1135,000 24,000  —  —  — 8,000 —  141.0 — — 15,000
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  232,710  333,000   262,000     

     978,000     

Singapore Refining Co. Private 
Ltd.*—Pulau Merlimau

290,000 92,000  —  232,000 246,000  315,000  133,500  115,000 15,000  —  —  — — 11,400  236.0 — 300 8,500

     581,000       49.0

         612.0

Total 1,344,500 342,500 —  203,710 80,000  142,470  127,360  698,500 9,000 —  48,000 — 45,500 1,400  274.5 — 845 39,500

SLOVAKIA
Slovnaft Joint Stock Co.—
Bratislava

115,000 55,000  —  — 118,000  321,000 c 119,000  116,000 14,500  —  18,000  36,000 2,000 11,500  157.1 — 270 2,600

   c 223,000  26,000   41,250   424.3

     33,400       58.2

     49,300     

     529,000     

     822,000     

     132,100     

Total 115,000 55,000 — — 18,000  21,000  42,000  87,800 4,500 —  9,250  6,000 2,000 1,500  89.6 — 270 2,600

SLOVENIA
Nafte Lendava—Lendava 13,500 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 13,500 — — — — — — — — — — — — — — — — —

SOUTH AFRICA
Caltex Oil SA—Cape Town 110,000 51,200  —  211,000 122,300  115,000  —  224,000 —  14,000  —  25,500 — —  — — 82 —

     520,380     

     76,000     

Engen Petroleum Ltd.—Durban 118,000 45,300  —  222,000 125,000  121,000  —  130,800 22,300  1940  16,900  13,100 — —  415.0 — 105 3,100

     415,700     

     530,500     

National Petroleum Refiners of 
South Africa Pty Ltd.—Sasolburg

87,547 34,475  —  — 125,660  114,642 c 111,774  212,830 23,295  —  —  13,623 — —  129.1 — 120 —

       711,562     66.1

Shell and BP PLC Petroleum 
Refineries Pty. Ltd.—Durban

169,000 70,400  226,800  227,000 135,680  126,500  —  146,000 24,000  —  —  — 8,000 —  — 240 300 4,000

     420,000     

     510,000     

         

Total 484,547 201,375  26,800  60,000 108,640  77,142  11,774  227,772 9,595  4,940  6,900  12,223 8,000 —  50.2 240 607 7,100
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SOUTH KOREA
GS Caltex Corp.—Yeosu 775,000 162,000  —  — 194,000  117,000  2121,000  1109,000 114,000  —  155,300  — 9,000 12,500  2220 — 1,110 20,000

   389,000  326,000  5262,000     

     1235,000     

Hyundai Lube Oil—Busan 9,500 6,650  —  — —  —  —  21,800 —  —  —  — 1,800 —  20.4 — — 3,600

     111,080     

Hyundai Oilbank Corp.—Daesan 390,000 41,000  219,000  — —  320,000  122,000  227,000 —  —  —  — 1,000 —  254.0 1,200 180 3,727

     12,000     

S-Oil Corp.—Onsan 669,000 170,000  —  — 173,000  395,000  276,500  195,000 9,200  —  147,000  — 33,000 12,000  2289.1 — 1,360 14,000

    339,500  216,000     1175.0

     466,000     

     555,000     

     850,000     

     10104,000     

     1219,000     

     1313,500     

SK Innovation—Inchon 275,000 20,000  —  — —  14,000  —  136,000 —  —  116,000  — — —  — — 200 —

   336,000   480,000     

SK Innovation—Ulsan 840,000 116,000  —  — 1147,000  115,000 c 245,000  4257,000 125,500  —  149,000  — 24,000 16,000  2258.0 — 1,880 40,000

   3118,000   8158,000     4476.0

     1040,000     

     1265,000     

Total 2,958,500 515,650  19,000 — 314,000  394,000  330,000  1,502,380 48,700 —  167,300 — 68,800 10,500  1,472.5 1,200 4,730 81,327

SPAIN
BP PLC*—Castellon de la Plana 104,500 44,745  218,000  — 127,000  114,850  —  141,220 23,116  —  —  317,100 — —  131.9 1,175 65 —

     419,800     412.6

     527,000     

     729,430     

     129,630     

Cia. Espanola de Petroles 
SA—Cadiz

240,000 40,000  —  238,000 140,000  136,000  —  135,000 25,600  —  111,500  25,500 2,300 21,300  44.8 — 246 —

     554,000     

     830,000     

Cia. Espanola de Petroles SA—
Huelva

100,000 38,000  —  29,000 119,000  117,000  17,000  530,000 —  —  16,100  — 2,600 2900  123.7 — 115 5,500
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Cia. Espanola de Petroles SA 
(b) —Huelva

     815,000   24,400   49.8

       33,800   

Cia. Espanola de Petroles SA—
Tenerife

87,000 8,000  —  235,000 —  116,000  —  116,000 —  —  —  — — —  — — 45 4,500

     415,000     

     514,000     

Petronor SA—Muskiz Vizcaya 220,000 89,500  —  239,600 143,100  128,900 m 433,100  140,500 24,800  —  —  22,600 — 21,300  138.7 — 346 4,500

     589,100     

     1219,700     

Repsol YPF SA—Cartagena 
Murcia

100,000 14,500  —  — —  126,000  —  126,000 —  —  —  1800 2,600 —  61.4 — 70 5,200

     531,800     

Repsol YPF SA—La Coruna 120,000 52,000  219,000  — 131,600  119,700  —  119,700 —  —  —  11,200 — 21,200 a 140.3 1,050 251 1,700

     543,400     

     826,800     

Repsol YPF SA—Puertollano, 
Ciudad Real

140,000 55,500  224,100  — 130,600  116,300 m 134,500  116,300 23,400  —  —  11,900 2,100 21,400 a 157.1 1,340 381 5,200

     23,000     

     583,100     

Repsol YPF SA—Tarragona 160,000 72,000  —  227,600 —  322,000 c 146,900  122,000 —  —  —  16,900 — 23,500 a 165.7 — 243 —

     567,900     514.1

Total 1,271,500 414,245  61,100  149,200 191,300  196,750  131,500  825,380 16,916 —  25,800  36,000 9,600 9,600  300.1 3,565 1,762 26,600

SRI LANKA
Ceylon Petroleum Corp.*—
Sapugaskanda

50,000 24,000  —  212,500 —  15,300  —  19,885 —  —  —  — — —  — — — 1,000

     59,410     

Total 50,000 24,000 —  12,500 —  5,300 —  19,295 — — — — — — — — — 1,000

SUDAN
China National Petroleum 
Corp.—El-Gily

50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Concorp—Khartoum 50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Port Sudan Refinery Ltd.—Port 
Sudan

21,700 —  —  — —  11,900  —  8,100 —  —  —  — — —  — — — —

Total 121,700 — — — —  1,900 —  8,100 — — — — — — — — — —
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SURINAME
Staatsolie Maatschappij Suriname 
n.v.—Wanica District

7,000 7,000  —  22,800 —  —  —  — —  —  —  — — —  — — — —

Total 7,000 7,000 —  2,800 — — — — — — — — — — — — — —

SWEDEN
AB Nynas Petroleum—
Gothenburg

13,000 13,000  —  — —  —  —  — —  —  —  — — —  — — — 8,700

AB Nynas Petroleum—
Nynashamn

28,000 28,000  —  — —  —  —  69,400 —  —  —  — — —  48.1 — 22 18,760

Preem Raffinaderi AB—
Brofjorden-Lysekil

210,000 64,600  —  237,800 129,700  332,400 m 448,600  248,600 —  13,420  —  314,400 — —  69.7 — 200 —

     345,900     

Preem Raffinaderi AB—
Gothenburg

106,000 —  —  — —  120,500  —  146,000 —  —  —  310,000 — —  536.0 — 112 —

     314,000     

     37,000     

     6,500     

Shell Raffinaderi AB—Gothenburg 80,000 30,000  —  129,000 —  117,760  —  128,140 —  —  —  34,130 — —   — — — —

     45,000     

     928,000     

Total 437,000 135,600 —  66,800 29,700  70,660  48,600  268,540 —  3,420 —  28,530 — —  53.8 — 334 27,460

SWITZERLAND
Tamoil SA—Collombey 72,000 —  —  — 20,400  112,000  —  118,900 —  13,800  —  36,400 — —  424.0 — — —

     97,600     64.0

     126,700     

Total 72,000 — — — 20,400  12,000 —  33,200 —  3,800 —  6,400 — —  28.0 — — —

SYRIA
Banias Refining Co.—Banias 132,725 50,935  —  222,689 —  321,430  426,410  121,480 —  —  —  38,583 — —  27.0 — 120 2,223

     516,070     

Homs Refinery Co.—Homs 107,140 12,200  218,200  — —  39,812  —  112,665 —  —  —  12,910 — —   — 500 30 —

     45,987     

       521,634     

     93,050     

Total 239,865 63,135  18,200  22,689 —  31,242  26,410  80,886 — — —  11,493 — —  27.0 500 150 2,223
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TANZANIA
Tanzanian & Italian Petroleum 
Refining Co. Ltd.—Kigamboni Dar 
es Salaam

14,900 —  —  12,500 —  22,500  —  24,400 —  —  —  — — —  — — — —

Total 14,900 — —  2,500 —  2,500 —  4,400 — — — — — — — — — —

THAILAND
Esso Standard Thailand Ltd.—
Sriracha

170,000 45,000  —  — 140,500  326,000  —  145,500 —  —  19,500  — — —  — — 160 2,500

     425,000     

     569,500     

     128,500     

PTT PLC—Bangchak Bangkok 61,750 —  —  — —  19,450  —  14,950 —  —  —  — — —  14.7 — — —

     25,850     

     1316,200     

Star Petroleum Refining Co. 
Ltd.—Map Ta Phut, RayongO

156,000 63,400  —  — 140,760  317,360  —  218,870 —  —  —  — — —  — — 260 —

     565,800     

     934,700     

Thai Oil Co. Ltd.—Sriracha 193,000 93,100  —  216,983 19,230  120,464 c 118,460  117,213 —   —  —  119,596 — —  128.8 — — —

   223,496 c 224,613  212,795     

     336,360     

     533,696     

     633,696     

Total 580,750 201,500 —  16,983 90,490  96,770  43,073  428,630 — —  9,500  19,596 — —  33.5 — 420 2,500

TRINIDAD AND TOBAGO
Petroleum Co. of Trinidad and 
Tobago Ltd.—Pointe-a-Pierre

168,000 119,200  —  224,000 124,000  118,000  145,000  121,000 11,200  11,580  —  — — 11,000  130.0 — 100 —

     4,520,000     

Total 168,000 119,200 —  24,000 24,000  18,000  45,000  41,000 1,200  1,580 — — — 1,000  30.0 — 100 —

TUNISIA
Ste. Tunisienne Industries des 
Raffinage—Bizerte

34,000 —  —  — —  3,300  —  — —  —  —  — — —  — — — —

Total 34,000 — — — —  3,300 — — — — — — — — — — — —

TURKEY
Anadolu Tasfiyehanesi AS*—
Mersin

95,000 —  —  — —  113,500  —  121,600 —  —  —  — — —  — — — —
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     10,800     

Ersan Petrol Sanayii AS—Narli, 
Kahramanmaras

6,000 4,000  —  — —  —  —  — —  —  —  — — —  — — — 3,000

Turkish Petroleum Refineries 
Corp.—Aliaga-Izmir

226,440 75,490  —  218,870 115,095  19,810 c 116,360  111,320 —  —  —  — 5,870 —  234.4 — 98 472

     211,320     488.5

     39,055     

     411,320     

     76,790     

     117,250     

Turkish Petroleum Refineries 
Corp.—Batman, Siirt

22,015 2,140  —  14,720 —  11,302  —  11,302 —  —  —  — — —  — — — 2,139

Turkish Petroleum Refineries 
Corp.—Izmit

251,600 89,947  —  — 113,840  16,920  122,960  120,760 —  —  —  35,030 — —  150.7 180 137 9,435

   314,000   210,065     

     33,150     

     427,050     

     76,290     

     839,000     

     1127,675     

     135,032     

Turkish Petroleum Refineries 
Corp.—Kirikkale

113,220 30,190  —  — —  120,130 c 114,500  120,130 —  —  —  39,025 — —  222.1 — 80 5,170

     515,096     421.8

Total 714,275 201,767 —  23,590 28,935  65,662  53,820  265,005 — — —  14,055 5,870 —  217.5 180 315 20,216

TURKMENISTAN 

Ministry of Oil & Gas—Chardzou 120,493 50,745  —  — —  124,466  —  124,900 —  —  —  — — —  — — — —

Turkmenneftgas—Turkmenbashi 116,477 40,900  228,568  — 115,151  18,074  —  138,600 11,028  11,223  —  — 2,000 —  — 1,040 — 415

   320,000       

Total 236,970 91,645  28,568 — 15,151  52,540 —  63,500 1,028  1,223 — — 2,000 — — 1,040 — 415

UKRAINE
Alliance Oil Co.—Kherson 137,630 43,000  212,000  — —  116,637  —  113,041 —  —  —  — — —  — 340 — 5,811

Lukoil—Odessa 78,321 25,500  —  — —  112,300  —  111,500 —  —  —  — — —  — — — 3,155

Lukoil (b)—Odessa      28,767     

TNK-Ukraina—Lisichansk 175,000 115,600  —  — 140,500  156,761  —  157,500 —  —  21,870  — — 1125  121.5 — 90 —

     79,014     

     842,192     



44 
O

il &
 G

as Journal / D
ec. 3, 2012

   ––––––––––––––––––––––––––––––––––––– Charge capacity, b/cd ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––– Production capacity, b/cd –––––––––––––––––––––––––––––––––––––––––––––––
WORLDWIDE REFINING   Vacuum  Thermal Catalytic Catalytic Catalytic Catalytic       Hydrogen Coke Sulfur
Company and refinery location  Crude distillation Coking operations cracking reforming hydrocracking hydrotreating Alkylation Pol./Dim. Aromatics Isomerization Lubes Oxygenates (MMcfd) (t/d) (t/d) Asphalt

Ukraine Oil Co.—Drogobich 78,321 25,185  33,195  17,330 —  18,074  —  18,200 —  —  —  — — —  — 115 — 3,819

Ukrtatnafta—Kremenchug 360,000 119,997  —  — 129,600  244,400  37,200  565,999 —  —  11,594  — 500 —  — — 86 —

Ukrtatnafta—Nadvornaja 50,487 13,720  26,954  19,961 —  18,563  —  18,800 —  —  —  — — —  — 250 — —

Total 879,759 343,002  22,149  17,291 70,100  146,735  7,200  315,013 — —  3,464 — 500 125  21.5 705 176 12,785

UNITED ARAB EMIRATES
Abu Dhabi          

Takreer—Ruwais 350,000 56,680  —  — 119,150  — c 131,050  21,889 —  —  —  — — —  153.0 — — —

     39,248     

     21,850     

Takreer—Umm Al-Nar 150,000 —  —  — —  314,000  —  223,500 —  —  —  — — —  — — 35 —

     22,500     

Total 500,000 56,680 — — 19,150  14,000  31,050  128,987 — — — — — —  53.0 — 35 —

Dubai          

Emirates National Oil Co.—
Jebel Ali

120,000 —  —  — —  —  —  — —  —  —  — — —  — — 6 —

Total 120,000 — — — — — — — — — — — — — — — 6 —

Fujairah          

Fujairah Refinery Co. Ltd.— 82,000 17,000  —  — —  —  —  — —  —  —  — — —  — — — —

Total 82,000 17,000 — — — — — — — — — — — — — — — —

Sharjah          

Sharjah Oil Refining Co. Ltd.—
Hamriyah

71,250 19,190  —  — 115,200  111,875  —  215,580 21,140  11,900  —  — — —  75.8 — 16 700

     42,470     

     611,590     

Total 71,250 19,190 — — 15,200  11,875 —  29,640 1,140  1,900 — — — —  5.8 — 16 700

UNITED KINGDOM
England          

AB Nynas Petroleum—Eastham 27,000 27,000  —  — —  —  —  — —  —  —  — — —  — — — 18,000

Phillips 66—South KillingholmeB 221,000 157,900  264,600  155,100 151,000  152,100  —  548,600 211,500  —  14,000  313,000 — —  — 2,400 140 —

     7128,800   21,890   

     921,900     

     1223,700     

     1325,600     
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Essar UK Ltd.—Stanlow 272,000 130,000  —  — 268,000  127,000  —  160,000 211,000  —  18,700  15,738 4,999 —  — — 3 —

   330,000   213,000     

     957,000     

         

     1327,298     

ExxonMobil Refining & Supply 
Co.—Fawley

258,000 111,500  —  — 188,500  140,000  —  1106,000 —  19,500  —  323,000 9,000 —  654.0 — 270 —

   226,000   455,500     

     590,000     

     1036,500     

     112,500     

     1217,500     

Petroplus Holdings AG*—Coryton 
EssexM

172,000 94,050  —  — 61,200  334,200  —  156,700 218,900  —  —  331,500 9,900 —  — — — 2,430

     49,500     

206,705 90,463  —  220,471 149,797  131,266  —  155,316 27,133  —  —  — — 11,737  21 — 178 —

     421,465    31,326  

     561,531     

Total 1,156,705 610,913  64,600  75,571 318,497  240,566 —  958,410 48,533  9,500  14,590  73,238 23,899 3,063  75.0 2,400 591 20,430

Scotland          

AB Nynas Petroleum—Dundee 12,000 12,000  —  — —  —  —  — —  —  —  — — —  — — — 8,000

Ineos*—Grangemouth 195,700 64,600  —  — —  139,600  136,000  256,700 24,500  —  —  — — —  149.0 — — —

         

Total 207,700 76,600 — — —  39,600  36,000  56,700 4,500 — — — — —  49.0 — — 8,000

Wales          

Murco Petroleum Ltd.—Milford 
Haven

105,682 52,740  —  — 136,226  118,455  —  129,189 25,955  11,994  —  315,285 — —  — — 25 —

     430,808     

     542,926     

Valero Energy Corp. —Pembroke, 
Dyfed

210,000 95,000  —  226,000 190,000  339,000  —  148,300 232,500  —  —  119,900 — —  48.0 — 160 —

     560,000    312,000  

     1249,500     

Total 315,682 147,740 —  26,000 126,226  57,455 —  260,723 38,455  1,994 —  47,185 — —  8.0 — 185 —
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UNITED STATES
ALABAMA 
Gulf Atlantic Operations—Mobile 
Bay 20,000 15,000   —  —  —  —  —  —  —  —  — — —  —  — — — —

Hunt Refining Co.—
Tuscaloosa 72,000 15,000 232,000  —  —  17,200  15,000  110,000  —  —  — — —  — a 18.0 500 120 14,000

     316,000   42,000      48.0
       520,000      

       810,000      

Shell Chemical Co.—
Saraland 85,000 28,000   —  —  —  122,500  430,000  125,000  —  —  — 37,500 —  —  66.0 — 20 —

       918,000      

Total 177,000 58,000   32,000 — —  45,700  45,000  85,000 — — — 7,500 — —  22.0 500 140 14,000

ALASKA
BP PLC—Prudhoe Bay 15,000 — 315,000  —  —  —  —  —  —  —  — — —  —  — — — —

ConocoPhillips—Kuparuk 14,500 — 314,500  —  —  —  —  —  —  —  — — —  —  — — — —

Flint Hills Resources*—North Pole 215,175 5,225   —  —  —  —  —  —  —  —  11,350 — —  —  — — — 1,800

Petro Star Inc.— 
North Pole 17,500 —   —  —  —  —  —  —  —  —  — — —  —  — — — —

Petro Star Inc.—Valdez 48,000 —   —  —  —  —  —  —  —  —  — — —  —  — — — —

Tesoro Corp.—Kenai 72,000 19,000   —  —  —  112,000 c 112,500  112,500  —  —  — 34,000 —  — a 113.0 — 19 1,000

Total 382,175 24,225   29,500 — —  12,000  12,500  12,500 — —  1,350 4,000 — —  13.0 — 19 2,800

ARKANSAS
Cross Oil & Refining Co. Inc.—
Smackover 7,000 3,000   —  —  —  —  —  114,500  —  —  — — 4,500  —  12.5 — — 1,500

Lion Oil Co.—El Dorado 140,000 64,000   19,000  —  142,000  331,000  —  125,000  213,500  —  2,200 314,000 —  —  139 — 285 —
       223,000      422.0
       410,000      

       554,000      

       850,000      

Total 147,000 67,000   19,000 —  42,000  31,000 —  166,500  13,500 —  2,200 14,000 4,500 —  63.5 — 285 1,500

CALIFORNIA
Alon USA—Paramount 88,000 59,800   —  —  —  111,600  —  114,500  —  —  — 33,750 —  —  — — 40 35,000

       47,250      

       513,500      

BP PLC*—Carson 252,700 133,000 260,390  —  191,800  147,700 c 145,000  140,500  215,300  —  — 17,493 —  —  1105.0 2,108 449 —
       218,000    320,700   428.0
       320,700      

       49,000      

       518,900      

       885,500      

       1215,300      

       139,000      
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Chevron Corp.—
El Segundo 269,000 161,000 267,500  —  165,000  344,000  146,000  141,000  130,000  —  — 17,000 —  — a 169.3 4,064 775 —

       213,000    320,000   

       433,000      

       536,000      

       613,000      

       865,000      

Chevron Corp.—Richmond 257,000 110,000   —  —  180,000  169,000 c 151,000  158,000  124,000  13,700  — 18,600 16,000  —  1150.0 — 600 —
     c 335,000  459,000    328,000   420.0
     c 465,000  530,000      

       1130,000      

       1220,340      

Phillips 66—Los Angeles (Carson 
and Wilmington)B 138,700 78,000 248,000  —  145,000  135,200 c 124,750  150,850  114,200  —  — 15,300 —  —  1100.8 2,000 340 —

       735,000    212,200   

       850,000      

Phillips 66—Rodeo and Santa 
MariaB 120,000 87,000 247,000  —  —  131,000 c 138,000  129,000  —  —  — 39,000 —  —  195.0 2,200 570 —

      420,000  529,000      43.0
       615,000      

ExxonMobil Refining & Supply 
Co.—Torrance 149,500 98,000 250,500  —  183,500  117,000 c 121,000  124,000  224,000  —  — — —  —  1142.0 3,050 380 —

       717,500      614.0
       8102,000      

Kern Oil & Refining Co.—
Bakersfield 25,000 —   —  —  —  13,000  —  14,500  —  —  — — —  —  — — 4.5 —

       32,000      

       56,500      

San Joaquin Refining Co. Inc.—
Bakersfield 24,300 14,000   — 210,000  —  —  —  63,000  —  —  — — 4,000  —  14.2 — 6 6,500

       91,800      

Shell Oil Products US—Martinez 145,000 91,100 225,000  —  168,870  229,400 c 137,900  127,000  111,000  22,470  — 315,000 —  —  1101.0 1,150 360.0 15,000
321,500      319,000      

       522,950      

       119,000      

       1340,000      

Tesoro Corp.—Wilmington 100,000 62,000 240,000  —  136,000  132,500 c 132,000  135,750  112,000  —  — 18,000 —  — a 155.0 1,615 265 —
       312,500      455.0
       415,000      

       838,000      

Tesoro Corp.—Golden Eagle 161,000 144,000 142,000  —  166,500  120,000 c 132,000  123,000  114,000  —  — — —  —  174.0 1,500 140 —
     322,000   39,000     a 131.0
       532,000      

       614,000      

       862,000      
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       1227,000      

       135,500      

Valero Energy Corp.—
Benicia 170,000 78,500 128,000  —  169,000  236,000 c 136,000  129,000  117,100  22,900  — — —  —  1131.5 1,080 275 5,000

       311,000      

       413,500      

       511,500      

       837,000      

       1244,000      

Valero Energy Corp.—Wilmington 135,000 46,000 128,000  —  154,000  317,500  —  132,000  214,500  —  — 110,200 —  — a 150.0 1,700 250 —
       530,000      

       862,500      

       1215,000      

Total 2,035,200 1,162,400   457,890  10,000  659,670  415,900  483,650  1,697,840  176,100  9,070 — 155,243 20,000 —  1,228.8 20,467 4,455 61,500

COLORADO
Suncor Energy —
Commerce City 98,000 34,200   —  —  130,225  121,900  —  121,900  —  13,540  — — —  —  26 — 94 10,500

       411,700      

       521,200      

       828,000      

Total 98,000 34,200 — —  30,225  21,900 —  82,800 —  3,540 — — — —  26.0 — 94 10,500

DELAWARE
PBF Energy Co. LLC—Delaware 
City 190,000 102,000   —  —  182,000  343,000 c 218,000  145,000  111,000  15,040  11,260 16,000 —  —  140.0 2,200 532 —

       415,000      422.0
       534,000        

       1236,000      

Total 190,000 102,000 — —  82,000  43,000  18,000  130,000  11,000  5,040  1,260 6,000 — —  62.0 2,200 532 —

HAWAII
Chevron Corp.—Kapolei 54,000 30,000   —  —  121,000  —  —  133,000  14,000  21,000  — 11,200 —  —  12.0 — — 1,300

Tesoro Hawaii Corp.—
KapoleiQ 93,700 39,500   — 211,500  —  112,800 c 117,600  112,800  —  —  — — —  — a 218.0 — 34 1,000

Total 147,700 69,500 —  11,500  21,000  12,800  17,600  15,800  4,000  1,000 — 1,200 — —  20.0 — 34 2,300

ILLINOIS 

Citgo Petroleum Corp.*—Lemont 158,650 71,250 236,000  —  160,300  128,080  —  144,100  218,900  —  16,030 — —  —  14.5 2,102 344 —
       33,960      

       531,950      

       713,500      

       129,900      

ExxonMobil Refining & Supply 
Co.—Joliet 238,000 121,500 256,500  —  194,500  350,000  —  188,500  228,000  —  — — —  —  — 3,350 580 14,500

       221,000      

       783,500      

       1256,000      
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Marathon Petroleum Co. LP—
Robinson 206,000 67,900 227,600  —  151,800  236,100  127,100  163,200  211,900  —  16,100 315,200 —  —  — 1,295 174 —

     339,900   575,100      

       1239,400      

WRB Refining LLC—Wood River 311,000 187,000 275,000  —  191,000  272,000 c 149,000  176,000  120,000  —  14,100 — —  —  1171.0 5,100 825 18,000
       218,000      

       448,000      

       545,000      

       1249,000      

Total 913,650 447,650   195,100 —  297,600  226,080  76,100  766,110  78,800 —  16,230 15,200 — —  175.5 11,847 1,923 32,500

INDIANA
BP PLC*—Whiting 392,350 183,825 231,050  —  1148,500  257,600  —  161,200  122,500  —  — 323,400 —   130.0 1,557 486 26,550

       224,300      49.0
       440,500      

       5106,200      

       889,100      

Countrymark Cooperative Inc.—
Mount Vernon 27,000 11,000   —  —  17,850  36,500  —  210,000  22,000  —  — 32,200 —  —  — — 8 3,300

       511,000      

Total 419,350 194,825   31,050 —  156,350  64,100 —  342,300  24,500 — — 25,600 — —  39.0 1,557 494 29,850

KANSAS
Coffeyville Resources LLC—
Coffeyville 120,000 46,000 225,000  —  136,000  326,000  —  136,000  210,000  —  — 38,500 —  —  436 1,150 146 —

       49,000      

       557,000      

       1222,000      

HollyFrontier Corp.*—
El Dorado 133,000 60,800 217,100  —  137,800  127,900  —  122,050  212,150  —  11,980 311,250 —  —  139.0 1,100 285 —

       217,100      420.0
       49,000      

       546,800      

       845,000      

National Cooperative Refining 
Assoc.—McPherson 82,700 35,400 220,800  —  122,700  322,700 c 436,400  125,500  27,600  —  — 12,600 —  —  135.9 819 123 —

       210,400    310,400   478.4
       540,800      

Total 335,700 142,200   62,900 —  96,500  76,600  36,400  340,650  29,750 —  1,980 32,750 — —  209.3 3,069 554 —

KENTUCKY
Marathon Petroleum Co. LP—
Catlettsburg 240,000 113,100   —  —  198,800  349,900  —  150,300  220,000  —  13,100 317,100  a 132.3 — 386 33,600

       429,500    47,100   

       573,600      

       8101,700      

       132,900      
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Continental Refining Co.—
SomersetK 5,500 —   —  —  —  21,500  —  11,500  —  —  — — —  —  — — — —

       4500      

Total 245,500 113,100 — —  98,800  51,400 —  260,000  20,000 —  10,200 17,100 — —  32.3 — 386 33,600

LOUISIANA
Alon USA—Krotz Springs 83,000 36,000   —  —  133,000  112,000  —  114,000  —  12,100  — 34,500 —  —  — — — —

       24,500      

Calcasieu Refining Co.—Lake 
Charles 32,000 —   —  —  —  —  —  —  —  —  — — —  —  — — — —

Calumet Lubricants Co.—Cotton 
Valley 9,500 —   —  —  —  —  —  135,000  —  —  — — —  — a 12.5 — — —

            42.5

Calumet Lubricants Co.—Princeton 9,500 8,500   —  —  —  —  48,000  —  —  —  — — 7,500  — a 14.5 — 3 —
            44.5
            

Calumet Lubricants Co.—
Shreveport 35,000 15,000   —  —  —  110,000 c 48,500  112,000  —  —  — — 8,000  — a 16.1 — 15 —

       57,000      46.1
       135,000      

Chalmette Refining LLC—Chalmette 189,000 159,500 228,500  —  172,000  320,000  —  121,500  215,000  —  15,500 — —  —  — 1,540 870 —
       730,500      

       863,000      

       1243,000      

Citgo Oil Corp.—Lake Charles — 36,100   —  —  —  —  —  —  —  —  — — 8,550  —  — — — —

Citgo Petroleum Corp.*—Lake 
Charles 440,000 79,800 288,200  —  1126,000  142,300 c 137,800  1103,500  120,700  —  113,500 328,800 9,900  13,150 a 147.7 3,870 567 —

     352,200   26,300      610.8
       426,100      

       532,400      

       864,800      

Phillips 66—Belle ChasseB 247,000 100,300 223,400  —  194,500  140,200  —  143,200  234,200  —  130,000 — —  —  710.4 1,100 80 —
       565,400    28,100   

       1258,500      

       1332,400      

Phillips 66—Westlake 239,000 106,200 261,000  —  146,400  344,300 c 335,100  144,600  17,600  1540  — — —  — a 115.0 3,600 310 —
       c 427,900  423,300      4112.0
       534,900      

       64,000      

       722,500      

       845,700      

       1231,500      

       1312,100      

ExxonMobil Refining & Supply 
Co.—Baton Rouge 502,500 236,500  2117,500  —  1232,500  273,500 c 124,500  174,500  140,000  19,500  — — 16,000   412.0 5,430 690 —

       2178,000      
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       7173,000      

       1123,500      

       12101,000      

       1347,500      

Marathon Petroleum Co. LP—
Garyville 522,000 265,100 282,700  —  1134,000  3118,800  188,400  197,800  229,500  —  — 121,900 —  —  — 5,282 1,272 33,300

       466,500    324,700   

       5134,000      

       8100,700      

       12104,500      

Motiva Enterprises LLC—Convent 227,000 104,000   —  212,520  186,000  136,000  251,780  140,000  114,000  24,000  — 312,000 —  —  158.0 — 640 —
       426,000      

       564,000      

       838,000      

       1248,000      

Motiva Enterprises LLC—Norco 220,000 78,000   221,380  —  1107,000  120,000 c 131,000  138,000  114,000  17,780  — — —  18,000  150.0 1,020 140 —
     438,000   536,000      

       1249,500      

Placid Refining Co. LLC*—Port 
Allen 56,050 25,650   —  —  122,500  19,900  —  19,900  26,750   —  — — —  —  — — 50 —

       516,200      

       1218,000      

Shell Chemical Co.—St. Rose 55,000 28,000   —  —  —  —  —  —  —  —  — — —  —  — — — —

Valero Energy Corp.—
Meraux 135,000 50,000   —  —  137,000  —  —  235,000  28,500  —  — — —  —  — — 1,800 —

       752,000      

       912,000      

       1324,750      

Valero Energy Corp.—Norco 250,000 200,000 270,400  —  1100,000  325,000  —  236,000  119,000  —  — — —  —  — 4,500 450 —
       548,000      

       835,100      

       1212,000      

Total 3,251,550 1,528,650 493,080  12,520 1,090,900  542,200  312,980 2,596,150  209,250  23,920  57,100 91,900 49,950  11,150  342.1 26,342 6,887 33,300

MICHIGAN
Marathon Petroleum Co. LP—
Detroit 120,000 69,800   —  —  133,300  320,400  —  131,400  15,700  —  — — —  —  — — 392 21,800

       46,700      

       535,600      

       837,100      

Total 120,000 69,800 — —  33,300  20,400 —  110,800  5,700 — — — — — — — 392 21,800

MINNESOTA
Flint Hills Resources*—Rosemount 304,000 203,300   261,920  —  177,850  212,420  45,000  191,800  111,250  1900  — 216,200 —  —  1158.4 3,690 990 40,500

     331,500   437,350   23,240    511.3
       552,650      
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       66,300      

       8101,790      

       119,500      

Northern Tier Energy LLC—St. 
Paul Park 74,000 41,300   —  —  127,100  118,600  —  47,100  25,200  —  — 11,000 —  —  18.0 — 111 12,400

       520,400    37,600   

       828,000      

Total 378,000 244,600   61,920 —  104,950  62,520  45,000  364,890  16,450  4,140 — 24,800 — —  177.7 3,690 1,101 52,900

MISSISSIPPI
Chevron Corp.—
Pascagoula 330,000 240,000 298,000  —  186,000  130,000 c 158,000  447,000  114,800  —  119,000 — —  —  1205.0 6,440 1,113 —

     355,000   528,000      

       932,000      

       1387,500      

       944,000      

Ergon Refining Inc.—Vicksburg 23,000 10,200   —  —  —  —  —  22,000  —  —  — — 22,000  —  113.0 — — 9,600

Total 353,000 250,200   98,000 —  86,000  85,000  58,000  260,500  14,800 —  19,000 — 22,000 —  218.0 6,440 1,113 9,600

MONTANA
CHS Inc.—Laurel 55,000 31,300   15,000  —  114,000  112,500  —  515,100  24,300  —  — 12,500 —  —  121.0 — 90 19,000

       820,800      421.0
       715,700      

Phillips 66—BillingsB 58,000 35,000 220,000  —  119,400  112,200  —  849,000  26,900  —  — 13,600 —  —  131.0 950 224 —
       23,000      446.3
       2      610.9

ExxonMobil Refining & Supply 
Co.—Billings 60,000 27,500   19,500  —  118,000  112,000 c 15,500  532,000  15,000  —  — — —  —  122.0 490 — 14,500

       79,000      64.5
       136,000      

       17,500      

Montana Refining Co.—Great Falls 9,500 5,000   —  —  12,800  11,000  —  41,100  21,000  1400  — 3700 —  —  15.0 — — 3,800
       51,000      

       82,000      

       3,000      

Total 182,500 98,800   44,500 —  54,200  37,700  5,500  185,200  17,200  400 — 6,800 — —  161.7 1,440 314 37,300

NEW JERSEY 

Phillips 66—LindenB 238,000 71,250   —  —  1130,500  228,800  —  528,800  116,000  —  — 128,000 —  —  119.8 — — —
       1297,200      613.1
       158,500      

PBF Holding Co. LLC—Paulsboro 185,000 90,000 227,000  —  155,000  330,000  —  432,000  211,200  —  — — 11,500  —  113.5 1,470 230 16,000
       527,500      49.0
       1146,000      

       12750      

       35,000      

Total 423,000 161,250   27,000 —  185,500  58,800 —  325,750  27,200 — — 28,000 11,500 —  55.4 1,470 230 16,000
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NEW MEXICO
Western Refining Inc.—Gallup 40,000 —   —  —  17,000  18,000  —  77,500  22,500  —  — 35,000 —  —  — — 2 —

       14,000      

HollyFrontier Corp.—
Artesia 100,000 25,000   —  —  127,000  324,000  —  435,000  29,000  —  — 311,000 —  —  9.0 — 110 5,000

       52,400      

       832,000      

       28,000      

Total 140,000 25,000 — —  34,000  32,000 —  108,900  11,500 — — 16,000 — —  9.0 — 112 5,000

NORTH DAKOTA
Tesoro West Coast Co.—Mandan 58,000 —   —  —  125,700  211,500  —  312,000  24,200  11,100  — 34,800 —  —  — — 15 —

       11,600      

Total 58,000 — — —  25,700  11,500 —  23,600  4,200  1,100 — 4,800 — — — — 15 —

OHIO             

BP PLC *—Toledo 152,000 67,925 231,050  —  149,500  238,700 c 127,900  136,000  110,350  —  — — —  —  133.0 2006 351 9,000
       518,450      423.0
       842,300      

Husky Energy Corp.*—Lima 161,500 49,400 220,700  —  136,000 c 249,500  423,400  1256,700  —  —  16,300 316,200 —  —  510.4 800 100 —
       131,500      

Marathon Petroleum Co. LP—
Canton 80,000 33,300   —  —  124,700  320,400  —  428,500  27,100  11,000  — — —  —  — — 89 14,100

       512,800      

       820,900      

       125,700      

PBF Holding Co. LLC—Toledo 170,000 30,000   —  —  160,000  145,600  128,200  48,000  19,000  —  19,000 — —  —  152.0 — — —

Total 563,500 180,625   51,750 —  170,200  154,200  79,500  320,850  26,450  1,000  15,300 16,200 — —  118.4 2,806 540 23,100

OKLAHOMA
Phillips 66—Ponca CityB 190,000 80,000 223,100  —  159,300  144,000  —  444,000  213,000  12,400  — 110,000 —  —  131.4 1,150 200 —

       514,000    313,400   615.4
       854,100      

       1219,800      

       1343,700      

       12,100      

Holly Frontier Corp.—Tulsa 125,000 —   —  —  —  —  —  1—  —  —  — — —  —  — — — —

Valero Energy Corp.—Ardmore 91,500 32,000   —  —  130,576  321,679  112,000  526,500  27,012  —  — 37,000 —  —  126.0 — 243 11,000
       828,000      426.0
       132,000      

Wynnewood Refining Co.—
Wynnewood 70,000 42,000   —  —  120,500  318,500  115,000  512,500  24,000  —  — 33,500 —  —  19.0 — — 5,000

       124,400      

       13,000      

Total 476,500 154,000   23,100 —  110,376  84,179  27,000  304,100  24,012  2,400 — 33,900 — —  107.8 1,150 443 16,000
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PENNSYLVANIA
American Refining Group—
Bradford 10,000 —   —  —  —  11,800  —  13,500  —  —  — 3600 2,600  —  — — — —

Delta Air Lines—TrainerB 185,000 78,700   —  —  148,400  348,800 c 421,500  551,900  211,800  —  — — —  —  — — 160 —
       825,800      

       1238,300      

       114,200      

Sunoco Inc.—Marcus HookG 175,000 26,400   —  —  193,000  115,600  —  1236,000  110,000  —  119,200 — —  12,600  16.0 — — —
       112,000    32,400   

Sunoco Inc.—
PhiladelphiaH 330,000 157,400   —  —  1113,500  168,000  —  585,600  216,700  —  13,700 17,300 —  —  — — — —

       278,000    410,000   

United Refining Co.—Warren 66,700 27,000   —  —  123,000  216,000  — . 20,000  13,500  11,000  — 36,800 —  —  — — — 12,000
       76,000      

       14,000      

Total 766,700 289,500 — —  277,900  150,200  21,500  385,300  42,000  1,000  35,300 14,700 2,600  2,600  6.0 — 160 12,000

TENNESSEE 

Valero Energy Corp.—Memphis 195,000 —   —  —  169,000  336,000  —  552,000  212,000  —  — 34,000 —  —  — 748 105 —
       1273,600      

       25,715      

Total 195,000 — — —  69,000  36,000 —  151,315  12,000  — — 4,000 — — — 748 105 —

TEXAS 

Alon USA—Big Spring 70,000 24,000   —  —  124,000  121,000  —  425,500  25,000  —  12,000 — —  —  — — 135 8,000
       54,200      

       822,750      

       126,500      

       19,000      

BP PLC *—Texas City 451,250 225,150 229,700  —  1163,800  2124,200  154,000  1102,600  233,300  —  185,500 — —  —  66.9 2,385 1,317 —
      263,000  471,100      

       553,100      

       894,500      

       1250,850      

       1336,900      

Citgo Petroleum Corp.*—Corpus 
Christi 156,750 73,625 237,800  —  172,450  345,450  —  547,250  218,090  —  112,600 — —  13,600  — 2,123 282 —

       844,100    22,835   

       56,880    33,600   

       1    411,070   

Phillips 66—Sweeny 247,000 125,500 270,900  —  197,000  333,800  —  350,100  219,600  —  110,400 29,100 —  —  595.0 4,000 590 —
       711,200    37,300   770.0
       899,000      

       1399,200      

       116,000      
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Delek Refining Ltd.—Tyler 60,000 15,000   26,500  —  120,200  317,500  —  520,000  14,750  —  — 35,000 —  —  — 250 18 —
       112,000      

ExxonMobil Refining & Supply 
Co.—Baytown 560,500 285,000 251,500  —  1204,500  2120,000 c 126,500  2152,500  136,000  —  — — 21,500   — 3,550 1,550 —

338,500      4113,500      

       734,000      

       8227,500      

       11111,500      

       1238,500      

       178,500      

ExxonMobil Refining & Supply 
Co.—Beaumont 344,500 143,000 245,500  —  1113,000  3138,500 c 160,000  2117,500  114,000  —  — 224,500 10,000  13,500  549.5 2,720 560 —

       463,000      

       550,000      

       1140,500      

       135,500      

       117,500      

Flint Hills Resources*—Corpus 
Christi 279,300 83,125 211,970  —  196,030  116,200  111,700  474,340  212,870  —  131,050 — —  —  — 798 241 —

     344,550   513,950    413,500   

       848,600      

       1247,700      

       140,500      

LyondellBasell Industries—Houston 268,000 191,100 298,500  —  197,000  133,700  —  265,900  111,250  —  18,350 — 4,050  14,000  — 5,000 1,042 —
       423,400      

       524,600      

       896,000      

       98,000      

Marathon Petroleum Co. LP—
Texas City 80,000 —   —  —  155,600  110,500  —  1—  213,800  —  12,800 — —  —  — — 35 —

Motiva Enterprises LLC—Port 
Arthur 600,000 138,000 295,000  —  188,000  345,000 c 320,000  245,000  119,000  —  — — 39,000  —  — 2,450 660 —

       414,700      

       541,000      

       889,000      

       1223,000      

       51,000      

NuStar Energy LP—San Antonio 14,500 —   —  —  —  —  —  1—  —  —  11,200 — —  —  — — — —

Pasadena Refining System —
Pasadena 117,000 41,000 212,000  —  150,000  320,000  —  532,000  211,000  —  — — —  —  — 500 24 —

       112,000      

Shell Deer Park Refining Co.—
Deer Park 327,000 173,100 281,600  —  166,300  123,600  153,400  471,800  117,600  —  — — —  —  156.6 6,417 1,011 —

     243,500   537,900      435.3
       841,000      
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       948,200      

       39,500      

       1      

Total SA—Port Arthur 168,767 106,247 247,945  —  174,772  337,918  —  486,073  16,049  —  157,314 37,522 —  —  — — 683 1,667
       529,386      

       866,356      

       151,568      

Valero Energy Corp.—
Corpus Christi 205,000 95,000   17,500  —  92,000  110,000 c 149,000  467,000  221,000  211,200  123,000 112,000 —  a 1194.0 998 790 38,000

     337,000   512,000      474.0
       855,000      

       1028,000      

       1274,000      

       260,000      

Valero Energy Corp.—Houston 90,000 39,000   —  —  167,000  — m 134,000  49,500  111,800  —  — — —  —  — — 300 —
       514,000      

       1236,000      

       133,000      

Valero Energy Corp.—
Port Arthur 310,000 145,000 2100,000  —  180,000  353,000 c 445,000  252,000  220,000  —  — — —  —  1105.0 6,200 1,050 —

       430,000      46.0
       530,000      

       855,000      

       1265,000      

       150,000      

Valero Energy Corp.—Sunray 170,000 53,200   —  —  154,465  118,500 c 229,500  239,844  19,500  —  — 37,000 —  12,200  — — 60 —
     328,900   522,000     32,700  

       1232,368      

       13,400      

Valero Energy Corp.—Texas City 245,000 130,000 150,000  —  280,000  314,500  —  415,000  212,000  —  — 36,500 —  12,500 a 460.0 3,000 890 —
       536,000      

       1052,000      

      12110,000      

       150,000      

Valero Energy Corp.—Three Rivers 100,000 35,000   —  —  124,500  111,000  —  423,000  26,500  —  118,000 — 3,200  —  410.0 — — —
     323,000   511,000      

       822,000      

       1120,000      

       12,300      

Western Refining Inc.— 
El Paso 125,000 34,700    —  —  128,000  118,000  —  418,300  110,000  —  — 12,500 —  —  — — 20 4,800

       58,200      

       111,300      

WRB Refining LLC—Borger 146,000 75,000 226,000  —  155,000  129,000  —  540,000  217,000  —  — 114,000 —  —  190.0 1,250 400 —
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       728,000    330,000   410.0
       813,000      

       73,000      

            

Total 5,135,567 2,230,747 820,915 —  1,703,617 1,018,318  446,100  4,596,415  330,109  11,200  290,519 118,122 77,750  18,500  862.3 41,641 11,658 52,467

UTAH 

Big West Oil LLC—Salt Lake City 30,000 5,000   —  —  111,500  37,300   59,000  22,500  —  — 12,500 —  —  — — 4 —
       19,500    31,700   

Chevron Corp.—Salt Lake City 45,000 25,600   27,200  —  113,000  17,000  —  57,300  24,500  —  — 11,000 —  —  — 281 56 —
       710,200      

       86,500      

       115,000      

HollyFrontier Corp.—Woods Cross 29,450 —   —  —   18,900  18,000  —  412,000  22,900  —  — 33,000 —  —  — — 10 —
       53,000      

       510,000      

Silver Eagle Refining Inc.—Woods 
Cross 6,250 6,000   —  —  —  12,200  —  2,200  —  —  — — —  —  — — — 1,200

       14,000      

Tesoro West Coast Co.—Salt 
Lake City 60,000 —   —  —  123,000  212,000  —  512,000  16,000  —  — — —  —  — — 15 —

       11,000      

Total 170,700 36,600   7,200 —  56,400  36,500 —  111,700  15,900 — — 8,200 — — — 281 85 1,200

WASHINGTON
BP PLC*—Ferndale 222,300 100,700 255,800  —  —  158,500 c 158,500  147,700  —  —  — 321,600 —  —  192.5 3,250 245 —

       218,900      442.0
       320,700      

       544,100      

Phillips 66—FerndaleB 101,000 48,200   —  —  132,500  216,600  —  717,100  29,200  —  — 14,100 —  —  — — 110 —
       1229,100      

       119,900      

Shell Oil Products US—Anacortes 148,600 65,500 225,700  —  157,900  133,000  —  433,000  112,050  14,300  — 27,000 —  —  17.0 1,400 350 —
       515,800      

Shell Oil Products US (c)—
Anacortes

       1244,400      

       137,400      

Tesoro West Coast Co.—Anacortes 120,000 47,200   —  —  144,800  226,500  —  536,000  111,000  —  — 13,400 —  —  — — 48 1,000
       818,500      

       17,100      

US Oil & Refining Co.—Tacoma 39,000 17,700   —  —  —  15,650  —  58,200  —  —  — 33,000 —  —  — — — 10,000
       6,600      

Total 630,900 279,300   81,500  —  135,200  140,250  58,500  404,500  32,250  4,300 — 39,100 — —  141.5 4,650 753 11,000

WEST VIRGINIA
Ergon-West Virginia Inc.—Newell 20,000 8,400   —  —  —  14,200  —  55,000  —  —  — — 4,800  —  14.1 — 1.0 —
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       98,000      

       6,000      

Total 20,000 8,400 — — —  4,200 —  19,000 — — — — 4,800 —  4.1 — 1 —

WISCONSIN 

Calumet Specialty Products—
Superior 33,250 19,500   —  —  19,900  17,200  —  8,100  21,350  —  — 31,800 —  —  — — 15 6,750

       117,020      

       5,500      

Total 33,250 19,500 — —  9,900  7,200 —  20,620  1,350 — — 1,800 — — — — 15 6,750

WYOMING 

HollyFrontier Corp.—
Cheyenne 52,000 26,000 214,000  —  112,000  19,000  —  510,000  24,000  —  — 11,200 —  —  15.5 800 105 —

       1218,000      

       111,000      

Sinclair / Little America—Casper 22,500 6,000   —  —  110,000  15,500  —  57,500  —  11,000  — — —  —  — — 19.7 —
       8,500      

Sinclair Oil Corp.—Sinclair 66,000 6,500   —  —  110,000  15,700  —  57,500  —  1300  — — —  —  — — 19.7 1,750
       18,000      

Wyoming Refining Co.—Newcastle 12,500 1,500   —  —  15,500  12,750  —  53,500  21,300  —  — — —  —  — — 4 —
       4,000      

Total 153,000 40,000   14,000  —  37,500  22,950 —  78,000  5,300  1,300 — 1,200 — —  5.5 800 148 1,750

URUGUAY 

ANCAP—La Teja Montevideo 50,000 25,000   —  27,000 112,000  112,000  —  112,000 —  —  —  36,000 — —  — — — —

     26,000     

     45,000     

Total 50,000 25,000 —  7,000 12,000  12,000 —  23,000 — — —  6,000 — — — — — —

UZBEKISTAN
Uzbekneftegaz—Alty-Arik 66,271 —  —  19,585 —  —  —  — —  —  —  — — —  — — — —

Uzbekneftegaz—Bukhara 50,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Uzbekneftegaz—Fergana 108,000 45,671  217,667  — —  123,487  —  123,900 —  —  —  — 9,397 —  — 650 — 4,151

     116,904     

Total 224,271 45,671  17,667  9,585 —  23,487 —  30,804 — — — — 9,397 — — 650 — 4,151

VENEZUELA 

Paraguana Refining Center—
Cardon/Judibana, Falcon

940,000 503,975  287,300  — 1166,500  340,500  —  154,000 122,500  —  —  120,700 12,020 11,530  1141.0 5,200 1,454 36,000

 357,600     8184,500 218,900    38,500  

     11139,500     

     122,700     

Paraguana Refining Center—
Maracaibo, Zulia

15,000 8,835  —  — —  —  —  — —  —  —  — — —  — — — —
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Petroleos de Venezuela SA—El 
Palito, Puerto Cabello

126,900 71,200  —  — 151,700  19,000   —  9,000 220,300  —  12,000  — — x42,800  46.8 — — —

Petroleos de Venezuela SA—
Puerto de la Cruz

195,000 —  —  — 113,600  —  —  — 24,100  —  —  — — —  — — 17 —

Petroleos de Venezuela SA—San 
Roque, Anzoategui

5,200 1,770  —  — —  —  —  — —  —  —  — — —  — — — —

Total 1,282,100 585,780  144,900 — 231,800  49,500 —  389,700 65,800 —  2,000  20,700 12,020 12,830  147.8 5,200 1,471 36,000

VIETNAM
Petrovietnam—Dung Quat 140,000 —  —  — —  —  —  — —  —  —  — — —  — — — —

Total 140,000 — — — — — — — — — — — — — — — — —

VIRGIN ISLANDS
Hovensa LLC—St. CroixN 500,000 205,000  255,000  237,000 1140,000  1105,000  —  1115,000 118,000  27,000  118,000  317,000 —  — 3,500 500 —

     450,000     

     555,000     

     740,000     

     895,000     

     935,000     

     1245,000     

Total 500,000 205,000  55,000  37,000 140,000  105,000 —  435,000 18,000  7,000  18,000  17,000 — — — 3,500 500 —

YEMEN
Aden Refinery Co.—Little Aden 130,000 10,500  —  — —  112,000  —  — —  —  —  — — —  — — — 3,000

Yemen Oil Co.—Marib 10,000 —  —  — —  12,500  —  — —  —  —  — — —  — — — —

Total 140,000 10,500 — — —  14,500 — — — — — — — — — — — 3,000

ZAMBIA
Indeni Petroleum Refinery Co. 
Ltd.—Bwana Nkubwa Area, Ndola

23,750 2,280  —  — —  15,320  —  78,550 —  —  —  — — —  — — — 5,527

Total 23,750 2,280 — — —  5,320 —  8,550 — — — — — — — — — 5,527



Exhibit 22 



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 14250
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 15000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 15000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 7600
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 8000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 8000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 21000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 21000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 300
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 300
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 ISOMERIZATION(ISOOCTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 200
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 ISOMERIZATION(ISOOCTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 200
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 70
ALON ISRAEL OIL COMPANY LTD 820 13 ALON BAKERSFIELD OPERATING INC West Coast California BAKERSFIELD 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 70
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 33000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 34000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 34000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 12000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 13000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 13000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 18000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 18000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 14000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 14000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6220
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6220
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 83000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 83000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 83000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 36200
ALON ISRAEL OIL COMPANY LTD 820 13 ALON REFINING KROTZ SPRINGS INC Louisiana Gulf Coast Louisiana KROTZ SPRINGS 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 36200
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7600
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7600
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 23000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 25000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 25000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 20500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 21000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 21000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 23000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 23000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 6500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 6500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 5000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 5000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 25500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 25500
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 10000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 10000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 67000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 150
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 150
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 67000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 24000
ALON ISRAEL OIL COMPANY LTD 820 13 ALON USA ENERGY INC Texas Inland Texas BIG SPRING 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 24000
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 65
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 65
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 1800
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 2200
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 2200
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3600
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AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3600
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2945
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2945
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 10000
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10500
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 10500
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 10000
AMERICAN REFINING GROUP INC 820 13 AMERICAN REFINING GROUP INC Appalachian No. 1 Pennsylvania BRADFORD 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10500
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 3800
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 4500
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 4500
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 3800
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 4500
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 3500
GENESIS ENERGY LP 820 13 ANTELOPE REFINING LLC Rocky Mountain Wyoming DOUGLAS 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 3500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2900
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2900
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 11450
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 7200
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 7300
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 7300
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 9500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 9500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8900
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8900
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1900
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1900
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2500
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 29400
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 30000
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 30000
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 29400
FJ MANAGEMENT INC 820 13 BIG WEST OIL CO Rocky Mountain Utah NORTH SALT LAKE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 30000
BP PLC 820 13 BP EXPLORATION ALASKA INC West Coast Alaska PRUDHOE BAY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 10500
BP PLC 820 13 BP EXPLORATION ALASKA INC West Coast Alaska PRUDHOE BAY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 13000
BP PLC 820 13 BP EXPLORATION ALASKA INC West Coast Alaska PRUDHOE BAY 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 13000
BP PLC 820 13 BP EXPLORATION ALASKA INC West Coast Alaska PRUDHOE BAY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 10500
BP PLC 820 13 BP EXPLORATION ALASKA INC West Coast Alaska PRUDHOE BAY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 13000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 25000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 25000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16800
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16800
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 150000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 165000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 165000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 7000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 7000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 60000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 64000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 64000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 119000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 119000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 99000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 175000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 45000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 45000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 68000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 68000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 234000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 250000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23900
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23900
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 165000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 178000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 644
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1980
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 34000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 34500
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 102000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 428000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 399000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 428000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 258500
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Indiana-Illinois-Kentucky Indiana WHITING 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 258500
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 39000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 39000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 60000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 60000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 174214
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 189000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 189000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 50046
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 60000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 60000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT HYDROCRACKING, RESIDUAL Downstream Charge Capacity, Current Year (barrels per calendar day) 58942
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT HYDROCRACKING, RESIDUAL Downstream Charge Capacity, Current Year (barrels per stream day) 70000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT HYDROCRACKING, RESIDUAL Downstream Charge Capacity, Next Year (barrels per stream day) 70000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 71314
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 75000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 75000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 60097
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 63000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 63000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 55000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 55000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 56500
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 56500
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 105000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 105000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 79000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 79000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 114000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 114000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 41000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 41000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 17000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 17000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 460196
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 475000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13145
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13145
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1452
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1452
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 30497
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 33000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 33000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 475000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 460196
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 475000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 237000
BP PLC 820 13 BP PRODUCTS NORTH AMERICA INC Texas Gulf Coast Texas TEXAS CITY 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 237000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 86000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 102500
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 102500
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 47000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 55000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 55000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 34000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 43000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 43000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 1800
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 10000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 10000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 21000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 21000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 27000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 27000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 95000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 95000
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BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 10000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 10000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 45000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 45000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 105
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 105
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3500
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3500
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 246000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 276000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13800
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13800
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 476
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 476
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 51000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 67100
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 67100
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 276000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 246000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 276000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 140000
BP PLC 820 13 BP West Coast Products LLC West Coast California LOS ANGELES 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 140000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 62500
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 65000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 65000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 58500
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 65000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 65000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 36000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 50000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 12000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 12000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 74000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 74000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 94
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 138
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 24000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 24000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 225000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 234000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16250
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16250
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 252
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 252
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 56000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 58000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 58000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 234000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 225000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 234000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 106000
BP PLC 820 13 BP West Coast Products LLC West Coast Washington FERNDALE 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 106000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11500
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11500
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 40300
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 55000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 55000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 24800
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 31000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 31000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 21700
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 43000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 42000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 21500
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 21500
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 47000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 51000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 40000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 40000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 33
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BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 135000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 160000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 346
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 346
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 24500
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 35000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 35000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 160000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 135000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 160000
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 71500
BP HUSKY REFINING LLC 820 13 BP-HUSKY REFINING LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 71500
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3500
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3500
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 78000
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 80000
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 80000
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 78000
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 80000
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 30000
TRANSWORLD OIL USA INC 820 13 CALCASIEU REFINING CO Louisiana Gulf Coast Louisiana LAKE CHARLES 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 30000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 4600
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 14301
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 14500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 14301
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO Texas Inland Texas SAN ANTONIO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 6200
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 6200
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 13020
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 14000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 13020
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana COTTON VALLEY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 8300
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 8655
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 8655
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 8300
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 8655
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 7000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP North Louisiana-Arkansas Louisiana PRINCETON 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 7000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1600
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1600
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 10780
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 7800
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 8000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 8000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 7500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 7500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 7500
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CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 7500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 7700
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 7700
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 38000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 45000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 34
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 34
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 45000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 38000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 45000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 20500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET LUBRICANTS CO LP Minnesota-Wisconsin-North and South Dakota Wisconsin SUPERIOR 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 20500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 2900
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 900
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 1000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 1000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 2000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 2000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 3500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 3500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 1000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 1000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 1100
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 1100
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 10000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 10500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 10000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 5000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET MONTANA REFINING LLC Rocky Mountain Montana GREAT FALLS 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 5000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 11900
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 12000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 12000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 14000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 14000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 21100
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 21100
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 16000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 16000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 1200
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 1200
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12500
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 57000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 40
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 40
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 57000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 28000
CALUMET SPECIALTY PRODUCTS PARTNERS, L.P. 820 13 CALUMET SHREVEPORT LLC North Louisiana-Arkansas Louisiana SHREVEPORT 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 28000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4200
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4200
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 19800
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 19800
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 15000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 16500
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 16500



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 11700
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 12000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 12000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 20000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 20000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 16000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 16000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 24000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 24000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 38
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 38
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1250
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1250
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 59600
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 61100
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 203
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 203
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 14000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 15000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 15000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 61100
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 59600
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 61100
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 29000
CHS INC 820 13 Cenex Harvest States Coop Rocky Mountain Montana LAUREL 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 29000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16800
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16800
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5800
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5800
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 72000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 75600
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 75600
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 18000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18500
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 21000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 30000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 30000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 44000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 44000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 65600
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 65600
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 22000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 22000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8200
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8200
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8200
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8200
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 192500
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 195000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 935
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 935
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 28000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 30000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 30000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 195000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 192500
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 195000
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 116700
CHALMETTE REFINING LLC 820 13 Chalmette Refining LLC Louisiana Gulf Coast Louisiana CHALMETTE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 116700
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 32200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 32200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 66500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 73800
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 73800
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 48000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 53200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 53200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 44500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 49000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 49000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 45500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 45500
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CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 73700
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 73700
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 36300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 36300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 59000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 59000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 14000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 14000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 77
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 77
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 269000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 290500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 25500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 25500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 600
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 600
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 64000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 71100
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 71100
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 290500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 269000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 290500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 169100
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California EL SEGUNDO 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 169100
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23426
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23426
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 80000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 90000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 90000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 87260
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 103400
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 103400
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 59000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 71300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 71300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 64800
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 64800
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 64800
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 64800
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 65000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 65000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 96000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 96000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 57600
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 57600
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 34000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 34000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 56000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 56000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 181
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 181
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 245271
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 257200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 46000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 46000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 34000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 34000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 789
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 789
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 257200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 245271
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 257200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 123456
CHEVRON CORP 820 13 CHEVRON USA INC West Coast California RICHMOND 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 123456
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 21000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 22000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 22000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 3500



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 3500
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3200
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 54000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 57000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 57000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 54000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 57000
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 31300
CHEVRON CORP 820 13 CHEVRON USA INC West Coast Hawaii HONOLULU 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 31300
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18600
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18600
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 20000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 20000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 86000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 88000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 88000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 68000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 74000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 117500
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 31000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 34000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 34000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 55000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 61600
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 61600
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 35000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 35000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 100000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 104000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 30000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 30000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 57300
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 57300
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 50000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 50000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 230
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 230
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 25000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 330000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 360000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 35500
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 35500
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1355
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1355
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 98000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 105000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 105000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 360000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 330000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 360000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 314000
CHEVRON CORP 820 13 CHEVRON USA INC Louisiana Gulf Coast Mississippi PASCAGOULA 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 314000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5600
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5600
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 13000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 14000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 14000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 7000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 8000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 8000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 13300
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 13300
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8300
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8300
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 7200
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 7200
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 18000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 18000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1300
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1300
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 45000
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CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 49000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2500
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2500
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 63
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 63
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 7200
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 8500
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 8500
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 49000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 45000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 49000
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 27500
CHEVRON CORP 820 13 CHEVRON USA INC Rocky Mountain Utah SALT LAKE CITY 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 27500
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 24000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 24000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17200
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17200
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 144200
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 145000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 145000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 42000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 47000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 47000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 46700
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 52000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 52000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 52100
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 58000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 58000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 100000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 100000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 77000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 77000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 63800
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 63800
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 127000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 127000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 28000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 28000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 427800
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 440000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 640
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 640
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 100800
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 110000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 110000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 440000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 427800
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 440000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 230000
PDV AMERICA INC 820 13 CITGO PETROLEUM CORP Louisiana Gulf Coast Louisiana LAKE CHARLES 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 230000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 24000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 24000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14600
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14600
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 77400
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 83800
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 83800
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 46865
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 51500
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 51500
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 83700
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 83700
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 34000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 34000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 70900
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 70900
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 52800
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 52800
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 163000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 165000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17160
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PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17160
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 411
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 411
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 41000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 44900
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 44900
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 165000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 163000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 165000
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 85300
PDV AMERICA INC 820 13 CITGO REFINING & CHEMICAL INC Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 85300
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 33900
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 36000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 36000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 24000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 26000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 26000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 30000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 30000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 22000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 22000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 9000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 9000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 36000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 36000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 27000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 27000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 115700
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 125000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8700
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8700
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 229
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 229
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 22500
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 25000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 25000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 125000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 115700
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 125000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 46000
CVR ENERGY 820 13 COFFEYVILLE RESOURCES RFG & MKTG Oklahoma-Kansas-Missouri Kansas COFFEYVILLE 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 46000
CONOCOPHILLIPS 820 13 CONOCOPHILLIPS ALASKA INC West Coast Alaska PRUDHOE BAY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 15000
CONOCOPHILLIPS 820 13 CONOCOPHILLIPS ALASKA INC West Coast Alaska PRUDHOE BAY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 16000
CONOCOPHILLIPS 820 13 CONOCOPHILLIPS ALASKA INC West Coast Alaska PRUDHOE BAY 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 16000
CONOCOPHILLIPS 820 13 CONOCOPHILLIPS ALASKA INC West Coast Alaska PRUDHOE BAY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 15000
CONOCOPHILLIPS 820 13 CONOCOPHILLIPS ALASKA INC West Coast Alaska PRUDHOE BAY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 16000
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 500
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 1000
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 1000
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 1300
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 1300
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 5500
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 6300
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 6300
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 5500
CONTINENTAL REFINING CO LLC 820 13 CONTINENTAL REFINING COMPANY LLC Indiana-Illinois-Kentucky Kentucky SOMERSET 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 6300
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3700
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3700
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 8000
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 5800
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 6500
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 6500
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 12100
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 12100
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 6500
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 6500
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 10400
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 10400



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 27100
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 28200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 28200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 27100
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 28200
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 14000
COUNTRYMARK COOP INC 820 13 COUNTRYMARK COOPERATIVE INC Indiana-Illinois-Kentucky Indiana MOUNT VERNON 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 14000
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1000
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1000
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 5500
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 5500
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5500
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5500
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 7500
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 7700
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 7700
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 7500
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 7700
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 4000
MARTIN RESOURCE MANAGEMENT GRP 820 13 CROSS OIL REFINING & MARKETING INC North Louisiana-Arkansas Arkansas SMACKOVER 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 4000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 64900
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 70000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 70000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 5000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 5000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 55100
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 60000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 60000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 22500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 24500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 24500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 42300
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 45000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 45000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 43000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 43000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 80000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 80000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 40000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 40000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 75000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 75500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 43000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 43000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 45000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 45000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Current Year (barrels per stream day) 49500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Next Year (barrels per stream day) 49500
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 100
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 85
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 327000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 340000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 38701
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 38701
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1085
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1085
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 82600
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 89000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 89000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 340000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 327000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 340000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 180000
DEER PARK REFINING LTD PTNRSHP 820 13 DEER PARK REFINING LTD PARTNERSHIP Texas Gulf Coast Texas DEER PARK 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 180000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11729
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11729
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5191
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5191
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PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 81300
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 82000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 82000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 4000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 4000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 20000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 22300
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 22300
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 41000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 43800
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 43800
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 27000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 27000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 32000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 32000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 16500
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 16500
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 50000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 50000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 30000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 30000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 40
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 40
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 182200
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 190200
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13620
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13620
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 596
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 596
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 48400
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per stream day) 54500
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Next Year (barrels per stream day) 54500
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 190200
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 182200
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 190200
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 104600
PBF ENERGY CO LLC 820 13 DELAWARE CITY REFINING CO LLC East Coast Delaware DELAWARE CITY 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 104600
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4700
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4700
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 19000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 20250
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 20250
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 4450
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 4500
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 4500
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 12550
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 13000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 13000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 20000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 20000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 13000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 13000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 20000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 20000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 60000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 65000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1500
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1500
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 39
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 39
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 6000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 6500
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 6500
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 65000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 60000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 65000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 15000
DELEK GROUP LTD 820 13 DELEK REFINING LTD Texas Inland Texas TYLER 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 15000
ACCESS INDUSTRIES 820 13 EQUISTAR CHEMICALS LP Texas Gulf Coast Texas CHANNELVIEW 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22000
ACCESS INDUSTRIES 820 13 EQUISTAR CHEMICALS LP Texas Gulf Coast Texas CHANNELVIEW 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 2200
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 2200
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ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 20800
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 20800
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 23000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 23000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 18000
ERGON INC 820 13 ERGON REFINING INC North Louisiana-Arkansas Mississippi VICKSBURG 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 18000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 600
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 600
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 3850
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 3950
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 3950
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 8000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 8000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 6300
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 6300
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 4300
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 4300
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6100
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6100
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 20000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 22000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 22000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 20000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 22000
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 8600
ERGON INC 820 13 ERGON WEST VIRGINIA INC Appalachian No. 1 West Virginia NEWELL 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 8600
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 39800
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 41000
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 41000
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30000
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30000
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 185
EXCEL PARALUBES 820 13 EXCEL PARALUBES Louisiana Gulf Coast Louisiana WESTLAKE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 185
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 24500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 24500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 83500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 88000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 88000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 12400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 12400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 21000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 22900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 22900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 17000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 18000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 18000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 18000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 106500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 106500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 24700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 24700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 144
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 144
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 149500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 155800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 50500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 53000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 53000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 155800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 149500



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 155800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 102300
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO West Coast California TORRANCE 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 102300
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 29100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 29100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 94500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 99300
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 99300
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 50000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 52600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 52600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 85100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 85100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 169100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 169100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 238600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 248000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18595
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18595
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 683
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 683
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 56500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 59400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 59400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 248000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 238600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 248000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 126700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Indiana-Illinois-Kentucky Illinois JOLIET 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 126700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 41000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 41000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 232500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 244500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 244500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 24500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 27000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 27000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 74000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 76000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 76000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 185400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 185400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 212000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 212000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 76000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 76000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 502500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 523200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 31525
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 31525
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 117500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 123500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 123500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 523200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 502500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 523200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 246100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Louisiana Gulf Coast Louisiana BATON ROUGE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 246100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 18000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 19000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 19000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 5500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 6200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 6200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 12000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 12500



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 12500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 10000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 10000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 19200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 19200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 6600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 6600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 13900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 13900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 7900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 7900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 60000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 62200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 9500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per stream day) 10400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Next Year (barrels per stream day) 10400
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 62200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 60000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 62200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 28900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Rocky Mountain Montana BILLINGS 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 28900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 37000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 37000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 204500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 215000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 215000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 26500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 29000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 29000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 120000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 123500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 123500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 140000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 140000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 196000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 196000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 117000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 117000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 132700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 132700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 155500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 155500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 40000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 40000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 47000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 47000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 560500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 584000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22750
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22750
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1828
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1828
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 51500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 54000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 54000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 38500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per stream day) 42000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Next Year (barrels per stream day) 42000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 584000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 560500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 584000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 297000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BAYTOWN 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 297000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14900
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 113000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 117700
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 117700
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EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 60000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 65000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 65000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 144000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 146000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 146000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 36300
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 42000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 25000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 25000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 51000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 51000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 159800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 159800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 23600
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 26000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 50
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 50
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11200
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 25800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 25800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 344500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 359100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15039
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15039
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 590
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 590
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 45500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 48000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 48000
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 359100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 344500
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 359100
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 148800
EXXON MOBIL CORP 820 13 EXXONMOBIL REFINING & SUPPLY CO Texas Gulf Coast Texas BEAUMONT 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 148800
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1400
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1400
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2000
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2000
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 48480
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 52000
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 79507
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 139000
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 127987
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 139000
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 5500
KOCH INDUSTRIES INC 820 13 FLINT HILLS RESOURCES LP West Coast Alaska NORTH POLE 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 5500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 45000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 45000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 80100
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 87000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 87000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 47700
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 49500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 49500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 7000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 13800
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 13800
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 32200
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 36000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 36000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 60000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 60000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 47700
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 47700
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 115000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 115000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 43500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 43500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 47800
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KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 47800
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 9000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 9000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 176
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 176
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 267000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 320000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 24800
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 24800
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1142
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1142
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 58600
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 67000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 67000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 320000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 267000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 320000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 175000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 175000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14300
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14300
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 101665
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 104700
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 104700
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 13299
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 14300
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 14300
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 64000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 64000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 45000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 45000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 53000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 53000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 52500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 52500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 78600
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 78600
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4900
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4900
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 289097
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 293000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3925
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3925
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 424
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 424
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 12936
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 14000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 14000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 293000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 289097
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 293000
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 87500
KOCH INDUSTRIES INC 820 13 Flint Hills Resources LP Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 87500
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1600
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1600
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 2000
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 5000
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 5000
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 2000
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 5000
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 2750
FORELAND REFINING CORP 820 13 FORELAND REFINING CORP West Coast Nevada ELY 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 2750
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2200
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2200
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 40000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 42000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 42000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 23000
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HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 23500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 23500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 7000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 7500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 7500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 54000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 54000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 50000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 50000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 12000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 12000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 48000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 48000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 39
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 39
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 138000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 140000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 315
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 315
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 18500
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 19000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 19000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 140000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 138000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 140000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 64000
HOLLYFRONTIER CORP 820 13 FRONTIER EL DORADO REFINING CO Oklahoma-Kansas-Missouri Kansas EL DORADO 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 64000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4200
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4200
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 12000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 12500
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 12500
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 8900
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 9200
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 9200
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 17500
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 18000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 10000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 10000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 10000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 10000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 47000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 52000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4700
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4700
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 116
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 116
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 13200
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 13700
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 13700
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 52000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 47000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 52000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 28000
HOLLYFRONTIER CORP 820 13 FRONTIER REFINING INC Rocky Mountain Wyoming CHEYENNE 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 28000
GOODWAY REFINING LLC 820 13 GOODWAY REFINING LLC North Louisiana-Arkansas Alabama ATMORE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 4100
GOODWAY REFINING LLC 820 13 GOODWAY REFINING LLC North Louisiana-Arkansas Alabama ATMORE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 5000
GOODWAY REFINING LLC 820 13 GOODWAY REFINING LLC North Louisiana-Arkansas Alabama ATMORE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 5000
GOODWAY REFINING LLC 820 13 GOODWAY REFINING LLC North Louisiana-Arkansas Alabama ATMORE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 4100
GOODWAY REFINING LLC 820 13 GOODWAY REFINING LLC North Louisiana-Arkansas Alabama ATMORE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 5000
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 68000
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 70000
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 27000
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 18000
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
HESS CORP 820 13 HESS CORPORATION East Coast New Jersey PORT READING 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15200
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15200
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 22000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 24200
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 24200
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 2200
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 2200
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 21700
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 22000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 22000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 40000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 40000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 26000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 26000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 22000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 22000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 70300
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 75500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 50
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 75
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 75500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 70300
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 75500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 27000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA EAST 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 27000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 22500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 24000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 24000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 28000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 28000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 21600
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 21600
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 900
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 900
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9100
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9100
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 85000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2750
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2750
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 8800
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 11000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 11000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 85000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 32000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Oklahoma-Kansas-Missouri Oklahoma TULSA WEST 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 32000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3300
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3300
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1800
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1800
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 9000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 9360
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 9360
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 8000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 9000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 9000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 6960
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 8400
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 8400
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 2900
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 2900
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 12500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 12500
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 10800
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 10800
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 6000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 6000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3000
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 25050
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 26400
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 26400
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 25050
HOLLYFRONTIER CORP 820 13 HOLLY REFINING & MARKETING CO Rocky Mountain Utah WOODS CROSS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 26400
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11250
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11250
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18200
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18200
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 103082
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 110000
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 110000
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 91100
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 91100
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 76000
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 76000
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 114500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 114500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 43500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 43500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 60500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 60500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 5200
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 5200
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3895
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3895
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 258616
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 302300
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 29250
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 29250
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 999
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 999
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 69198
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 97500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 97500
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 302300
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 258616
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 302300
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 202000
ACCESS INDUSTRIES 820 13 HOUSTON REFINING LP Texas Gulf Coast Texas HOUSTON 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 202000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 17500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 18500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 18500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 15000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 15300
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 15300
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 10500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 10500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 2500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 2500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 22000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 22000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 33
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 33
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3500
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 36000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 40000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7120
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7120
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 195
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 195
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 30000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 32000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 32000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 40000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 36000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 40000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 18000
HUNT CONSLD INC 820 13 HUNT REFINING CO North Louisiana-Arkansas Alabama TUSCALOOSA 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 18000
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HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6125
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6125
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 11000
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 12500
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 12500
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 11000
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 12500
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 6875
HUNT CONSLD INC 820 13 HUNT SOUTHLAND REFINING CO North Louisiana-Arkansas Mississippi SANDERSVILLE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 6875
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 2642
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 3300
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 3300
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 1324
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 2500
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 2500
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 5000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 5000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 9000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 9000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 26000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 27000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 27000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 26000
KERN OIL & REFINING CO 820 13 KERN OIL & REFINING CO West Coast California BAKERSFIELD 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 27000
BLUE DOLPHIN ENERGY CO 820 13 LAZARUS ENERGY LLC Texas Inland Texas NIXON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 11471
BLUE DOLPHIN ENERGY CO 820 13 LAZARUS ENERGY LLC Texas Inland Texas NIXON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 12000
BLUE DOLPHIN ENERGY CO 820 13 LAZARUS ENERGY LLC Texas Inland Texas NIXON 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 12000
BLUE DOLPHIN ENERGY CO 820 13 LAZARUS ENERGY LLC Texas Inland Texas NIXON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 11471
BLUE DOLPHIN ENERGY CO 820 13 LAZARUS ENERGY LLC Texas Inland Texas NIXON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 12000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9200
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9200
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 38000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 40000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 40000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 25000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 26000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 26000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 53900
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 55000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 55000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 36000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 36000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 35000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 35000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 20000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 63000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 63000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4500
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4500
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18700
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18700
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 155000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 170000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4200
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4200
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 110
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 110
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 22000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 23000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 23000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 170000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 155000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 170000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 52000
HUSKY ENERGY INC 820 13 LIMA REFINING COMPANY Indiana-Illinois-Kentucky Ohio LIMA 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 52000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 20500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 20500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 20500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 21000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 21000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 14800
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 15200
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DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 15200
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 30900
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 30900
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 6500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 6500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 21000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 21000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 20000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 20000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 8000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 8000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 7400
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 7400
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7500
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 83000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 157
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 157
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 83000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 45000
DELEK GROUP LTD 820 13 LION OIL CO North Louisiana-Arkansas Arkansas EL DORADO 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 45000
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 9950
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11000
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11000
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 4970
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 6300
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 6300
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 10500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 10500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 7200
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 7200
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 24500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 25500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 24500
SINCLAIR OIL CORP 820 13 LITTLE AMERICA REFINING CO Rocky Mountain Wyoming EVANSVILLE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25500
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5833
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5833
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 8500
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10000
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 10000
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 8500
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10000
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 7000
WORLD OIL CO 820 13 LUNDAY THAGARD CO West Coast California SOUTH GATE 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 7000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 51800
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 54500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 54500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 27100
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 28500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 28500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 76000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 80000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 80000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 79000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 79000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 41500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 41500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 66500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 66500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 206000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 225000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 202
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 202
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 27600
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 29000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 29000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 225000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 206000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 225000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 71500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Illinois ROBINSON 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 71500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3200
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3200
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 35400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 35400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 98800
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 104000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 104000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 29500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 31000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 31000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 20400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 21500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 21500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 77500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 77500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 107000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 107000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 31000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 31000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 53000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 53000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 13000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 13000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 240000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 261000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 448
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 448
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 261000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 240000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 261000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 121500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Kentucky CATLETTSBURG 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 121500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 31000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 31000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 131100
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 138000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 138000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 88400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 93000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 93000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 119700
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 126000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 126000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 147500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 147500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 110000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 110000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 106000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 106000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 71500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 71500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 103500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 103500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 35500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 35500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 26000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 26000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 522000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 548000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30600
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30600
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1476
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1476
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 82700
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 87000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 87000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 548000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 522000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 548000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 279000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Louisiana Gulf Coast Louisiana GARYVILLE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 279000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 33300
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 35000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 35000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 20400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 21500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 21500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 37500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 37500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 39000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 39000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 7000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 7000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 33000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 33000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 120000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 126000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 459
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 459
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 28000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 29500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 29500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 126000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 120000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 126000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 73500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Michigan DETROIT 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 73500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14800
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14800
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 24700
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 26000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 26000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 20400
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 21500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 21500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 22000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 22000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 27000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 27000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 13500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 13500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 30000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 30000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 86500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 104
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 104
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 86500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 86500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 35000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Indiana-Illinois-Kentucky Ohio CANTON 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 35000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14500
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MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2900
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2900
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 55600
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 58500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 58500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 10500
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 11000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 11000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 40
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 40
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
MARATHON PETROLEUM CORP 820 13 MARATHON PETROLEUM CO LLC Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 51500
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 53000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 54000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 21500
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 23000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 23000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 45000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 50000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 50000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 27300
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 27300
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 40000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 40000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 23300
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 23300
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 77100
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 77100
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 185000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 190000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 48
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 48
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 190000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 185000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 190000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 73000
DELTA AIR LINES INC 820 13 MONROE ENERGY LLC East Coast Pennsylvania TRAINER 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 73000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 83706
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 92000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 92000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT HYDROCRACKING, RESIDUAL Downstream Charge Capacity, Current Year (barrels per calendar day) 39277
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT HYDROCRACKING, RESIDUAL Downstream Charge Capacity, Current Year (barrels per stream day) 52000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT HYDROCRACKING, RESIDUAL Downstream Charge Capacity, Next Year (barrels per stream day) 52000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 30279
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 40000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 40000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 70000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 70000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 40000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 40000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 39800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 39800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 98000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 98000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 235000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 255000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 728
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 728
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 255000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 235000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 255000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 119400
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana CONVENT 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 119400
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16800



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 109800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 118800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 118800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 42328
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 44000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 44000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 34400
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 40000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 40000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 70000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 70000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 77000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 77000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 38500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 38500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 233500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 250000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7316
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7316
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 180
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 180
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 24600
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 28500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 28500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 250000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 233500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 250000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 95000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Louisiana Gulf Coast Louisiana NORCO 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 95000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 20000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 20000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 88000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 90000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 90000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 70500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 75000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 75000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 121825
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 129500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 129500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 145000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 150000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 52000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 52000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 50000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 50000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 72000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 72000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 157500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 157500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 45
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 45
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 315250
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 325000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 46800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 46800
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 39000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 39000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 285000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 295000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 43116
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 43116
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2733
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2733
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 147390
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 154500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 154500
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 620000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 600250
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 620000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 323000
MOTIVA ENTERPRISES LLC 820 13 Motiva Enterprises LLC Texas Gulf Coast Texas PORT ARTHUR 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 323000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9100
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9100
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 26000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 23000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 24000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 24000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 41000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 41000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 51000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 51000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 12000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 12000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 36000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 36000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 38
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 38
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 105000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 115000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 200
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 200
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 115000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 105000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 115000
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 29600
HOLLYFRONTIER CORP 820 13 NAVAJO REFINING CO LLC New Mexico New Mexico ARTESIA 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 29600
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7300
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7300
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 22700
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 24000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 24000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 500
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 500
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 36400
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 38500
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 38500
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 22700
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 24000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 24000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 43200
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 43200
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 38000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 38000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 34
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 34
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2800
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2800
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 86000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 88000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4223
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4223
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 146
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 146
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 19000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 20100
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 20100
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 88000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 86000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 88000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 38000
CHS INC 820 13 NCRA Oklahoma-Kansas-Missouri Kansas MCPHERSON 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 38000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 24000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 24000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 28000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 32000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 32000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 28000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast Georgia SAVANNAH 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 32000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 49000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 49000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 70000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 75000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 75000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 70000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 75000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 32000
NUSTAR ASPHALT LLC 820 13 NUSTAR ASPHALT REFINING LLC East Coast New Jersey PAULSBORO 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 32000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 11500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 12000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 12000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 13000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 13000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 8500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 8500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 15000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 15000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 84500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 40
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 40
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 84500
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 30000
ALON ISRAEL OIL COMPANY LTD 820 13 PARAMOUNT PETROLEUM CORPORATION West Coast California PARAMOUNT 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 30000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 36505
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 56000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 56000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 15473
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 23000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 23000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 34000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 34000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 28000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 28000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 16000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 16000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 100000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 106500
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 28
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 28
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 106500
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 100000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 106500
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 38000
PETROLEO BRASILEIRO SA 820 13 PASADENA REFINING SYSTEMS INC Texas Gulf Coast Texas PASADENA 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 38000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11200
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11200
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14500
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14500
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 54000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 55000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 55000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 28500
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 32000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 32000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 46000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 46000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 37000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 37000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 29100
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 29100
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 32000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 32000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 160000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 166000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7500
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7500
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 280
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 280
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 26500
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 27000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 27000
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PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 166000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 160000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 166000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 90000
PBF ENERGY CO LLC 820 13 PAULSBORO REFINING CO LLC East Coast New Jersey PAULSBORO 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 90000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 20500
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 20500
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 66873
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 69000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 69000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 32274
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 33300
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 33300
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 89000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 89000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 13000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 13000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 99400
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 99400
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 174500
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 180000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16500
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16500
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 504
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 504
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 38530
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 40000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 40000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 180000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 174500
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 180000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 75000
PDV AMERICA INC 820 13 PDV Midwest Refining LLC Indiana-Illinois-Kentucky Illinois LEMONT 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 75000
PELICAN REFINING CO LLC 820 13 PELICAN REFINING COMPANY LLC Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
PELICAN REFINING CO LLC 820 13 PELICAN REFINING COMPANY LLC Louisiana Gulf Coast Louisiana LAKE CHARLES 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
PELICAN REFINING CO LLC 820 13 PELICAN REFINING COMPANY LLC Louisiana Gulf Coast Louisiana LAKE CHARLES 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 12000
PELICAN REFINING CO LLC 820 13 PELICAN REFINING COMPANY LLC Louisiana Gulf Coast Louisiana LAKE CHARLES 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 12000
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska NORTH POLE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 19700
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska NORTH POLE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 22500
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska NORTH POLE 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 22500
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska NORTH POLE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 19700
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska NORTH POLE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 22500
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska VALDEZ 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 55000
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska VALDEZ 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska VALDEZ 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska VALDEZ 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 55000
ARCTIC SLOPE REGIONAL CORP 820 13 PETRO STAR INC West Coast Alaska VALDEZ 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 26000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 26000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4920
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4920
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 135000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 138500
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 138500
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 77400
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 86000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 86000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 65000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 65000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 88000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 88000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 163000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 163000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 335000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 355000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 125
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 125
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 355000
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CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 335000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 355000
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 163200
CARLYLE GROUP 820 13 PHILADELPHIA ENERGY SOLUTIONS East Coast Pennsylvania PHILADELPHIA 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 163200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 58000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 64000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 64000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 31000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 34000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 34000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 32000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 32000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 120200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 128000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 560
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 560
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 47000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 51000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 51000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 128000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 120200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 128000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 93200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California RODEO 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 93200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 48700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 51600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 51600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 24100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 27500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 27500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 30800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 36200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 36200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 32000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 32000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 55000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 55000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 12900
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 12900
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 50800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 50800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 105
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 105
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 139000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 147000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 370
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 370
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 48300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 53200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 53200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 147000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 139000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 147000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 82000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast California WILMINGTON 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 82000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 38000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 38000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15500
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PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 102400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 105000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 105000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 2000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 2000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 42700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 44600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 44600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 74800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 74800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 45000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 45000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 48000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 48000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 252000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 260000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6869
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6869
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 125
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 125
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 23530
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 26000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 26000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 260000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 252000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 260000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 99700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana BELLE CHASSE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 99700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 46600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 50000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 50000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 27100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 38400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 44000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 55000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 55000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 38500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 38500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 49000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 49000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 24000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 24000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 50000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 50000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Current Year (barrels per stream day) 12500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Next Year (barrels per stream day) 12500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 239400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 252000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 440
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 440
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 53900
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 60000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 60000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 THERM CRACKING, OTHER (INCLDNG GAS OIL) Downstream Charge Capacity, Current Year (barrels per stream day) 10600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 THERM CRACKING, OTHER (INCLDNG GAS OIL) Downstream Charge Capacity, Next Year (barrels per stream day) 10600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 252000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 239400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 252000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 132000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Louisiana Gulf Coast Louisiana WESTLAKE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 132000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7250
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7250
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 19400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 21500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 21500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 990
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 990
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 9420
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 13550
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 13550
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 29400
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PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 29400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 6000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 6000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 25760
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 25760
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 5800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 5800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 13550
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 13550
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 34
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 34
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 59000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 62600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5475
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5475
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 246
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 246
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 20600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 21700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 21700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 62600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 59000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 62600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 36400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Rocky Mountain Montana BILLINGS 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 36400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 130000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 145000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 145000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 30000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 32000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 32000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 108000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 108000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 65500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 65500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 17500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 17500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 22000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 22000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 238000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 251000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 251000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 238000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 251000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 75000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY East Coast New Jersey LINDEN 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 75000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16244
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16244
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 51499
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 69801
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 69801
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 44344
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 53407
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 53407
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 31981
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 31981
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 47282
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 47282
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 23888
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 23888
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 18500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 18500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 53407
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 53407
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 13948
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 13948
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 33040
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 33040
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PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 35
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 35
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 198400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 215188
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 16563
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 26776
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 26776
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 215188
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 198400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 215188
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 87612
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Oklahoma-Kansas-Missouri Oklahoma PONCA CITY 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 87612
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 97000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 107700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 107700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 12000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 12000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 33780
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 37500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 37500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 135600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 135600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 8700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 8700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 107000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 107000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 67300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 67300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 247000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 260000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22800
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 915
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 915
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 70900
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 78700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 78700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 260000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 247000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 260000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 132100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY Texas Gulf Coast Texas SWEENY 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 132100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10200
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 34700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 38500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 38500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 16600
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 18400
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 32300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 32300
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 22100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 22100
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 19000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 19000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 101000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 107500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 118
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 118
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 107500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 101000
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 107500
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 50700
PHILLIPS 66 COMPANY 820 13 PHILLIPS 66 COMPANY West Coast Washington FERNDALE 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 50700
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7500



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7500
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 24500
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 25000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 25000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 500
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 500
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 10500
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 11000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 11000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 19000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 19000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 20000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 20000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 11000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 11000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 57000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 59000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 55
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 55
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 57000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 59000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 27000
PLACID OIL CO 820 13 PLACID REFINING CO Louisiana Gulf Coast Louisiana PORT ALLEN 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 27000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 29000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 29000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 68000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 70000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 70000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 26000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 26500
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 26500
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 35300
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 36000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 36000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 39000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 39000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 52000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 52000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 180000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 190000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 116
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 116
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 190000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 180000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Indiana-Illinois-Kentucky Tennessee MEMPHIS 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 190000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 19000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 19000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 69800
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 75000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 75000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 93600
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 102000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 102000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 38800
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 55000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 55000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 104000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 104000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 84000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 84000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 62000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 62000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 33000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 33000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 50000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 50000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 290000
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VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 415000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 32240
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 32240
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1490
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1490
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 88000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 99700
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 99700
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 415000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 290000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 415000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 219000
VALERO ENERGY CORP 820 13 PREMCOR REFINING GROUP INC Texas Gulf Coast Texas PORT ARTHUR 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 219000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1500
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1500
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 3000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 3000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5800
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5800
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 15000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 THERM CRACKING, VISBREAKING Downstream Charge Capacity, Current Year (barrels per stream day) 5000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 THERM CRACKING, VISBREAKING Downstream Charge Capacity, Next Year (barrels per stream day) 5000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 15000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 14300
SAN JOAQUIN REFINING CO INC 820 13 SAN JOAQUIN REFINING CO INC West Coast California BAKERSFIELD 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 14300
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6000
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6000
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 9500
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10000
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 10000
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 9500
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 10000
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 10000
GREKA ENERGY 820 13 SANTA MARIA REFINING COMPANY West Coast California SANTA MARIA 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 10000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 18000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 21000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 21000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 8000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 8000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 22000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 22000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 22000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 22000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1200
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1200
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 35
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 35
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 80000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 30000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL CHEMICAL LP Louisiana Gulf Coast Alabama SARALAND 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 30000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 69800
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 72000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 72000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 40700
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 42000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 42000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 30100
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 31000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 31000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 50000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 50000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 81500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 81500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 49000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 49000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 193
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 193
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 156400
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 158000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8600
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8600
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 413
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 413
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 24300
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 25000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 25000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 21400
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per stream day) 22500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Next Year (barrels per stream day) 22500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 158000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 156400
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 158000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 102000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast California MARTINEZ 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 102000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 45000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 46000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 46000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 45000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 46000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 25000
ROYAL DUTCH/SHELL GROUP 820 13 SHELL OIL PRODUCTS US Louisiana Gulf Coast Louisiana SAINT ROSE 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 25000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12100
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12100
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 55000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 57900
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 57900
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 22100
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 33300
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 20400
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 41300
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 41300
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 35700
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 35700
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 19000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 19000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 33500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 33500
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 145000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 149000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8400
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8400
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 360
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 360
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 22100
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 25300
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 25300
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 149000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 145000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 149000
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 65800
ROYAL DUTCH/SHELL GROUP 820 13 Shell Oil Products US West Coast Washington ANACORTES 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 65800
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 2000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 2200
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 3500
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 3000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 500
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 1000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 15000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 15700
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 15700
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SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 15000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 15700
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 6000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Utah WOODS CROSS 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 6500
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 2100
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 2150
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 2150
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3250
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3250
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 3000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 3300
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 3300
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 3000
SILVER EAGLE REFINING INC 820 13 Silver Eagle Refining Rocky Mountain Wyoming EVANSTON 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 3300
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4500
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4500
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 20600
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 22000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 22000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 15000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 15600
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 15600
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 12600
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 14500
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 14500
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 18000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 18000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 20000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 20000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 15000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 15000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 19000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 19000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 52
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 52
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 74000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 207
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 207
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 18000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 20000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 20000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 74000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 85000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 41000
SINCLAIR OIL CORP 820 13 SINCLAIR WYOMING REFINING CO Rocky Mountain Wyoming SINCLAIR 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 41000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1500
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1500
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 1860
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 2000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 2000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 7000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 7000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 4000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 4000
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2500
TEXAS OIL & CHEMICAL CO 820 13 SOUTH HAMPTON RESOURCES INC Texas Gulf Coast Texas SILSBEE 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 27100
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 28500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 28500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 18600
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 22500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 22500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 24900
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 26500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 29500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 29500
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NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 7800
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 8500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 23000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 23000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 81500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 84500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 122
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 122
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 92500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 81500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 84500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 43500
NORTHERN TIER ENERGY LLC 820 13 ST PAUL PARK REFINING CO LLC Minnesota-Wisconsin-North and South Dakota Minnesota SAINT PAUL 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 43500
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 8500
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 9000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 9000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 500
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 500
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 10000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 11000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 11000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 985
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 985
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 36000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 38000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 38000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 36000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 38000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 8500
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY EAST 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 8500
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12250
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12250
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 20000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 21000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 21000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 10000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 10900
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 10900
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 21000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 21000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 30000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 30000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 12100
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 12100
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 10900
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 10900
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 67000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 72000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 114
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 114
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 72000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 67000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 72000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 25000
SUNCOR ENERGY INC 820 13 SUNCOR ENERGY (USA) INC Rocky Mountain Colorado COMMERCE CITY WEST 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 25000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 12000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 12500
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 12500
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 10500
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 14200
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 14200
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 11500
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TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 11500
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 13000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 13000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 65000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 72000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 27
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 27
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 72000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 65000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 72000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 26000
TESORO CORP 820 13 TESORO ALASKA PETROLEUM CO West Coast Alaska KENAI 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 26000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 1500
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 2000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 2000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 17500
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 18000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 18000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 12500
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 13000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 13000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 13000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 13000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 93500
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 95000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 38
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 38
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 THERM CRACKING, VISBREAKING Downstream Charge Capacity, Current Year (barrels per stream day) 11000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 THERM CRACKING, VISBREAKING Downstream Charge Capacity, Next Year (barrels per stream day) 11000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 95000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 93500
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 95000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 40000
TESORO CORP 820 13 TESORO HAWAII CORP West Coast Hawaii EWA BEACH 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 40000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15400
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15400
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 70000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 72000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 72000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 1000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 1000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 35900
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 37000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 37000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 22900
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 25000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 25000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 40000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 40000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 43300
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 43000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 69500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 69500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 18500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 18500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 82
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 82
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 166000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 170000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 200
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 200
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 50000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 53000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 53000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 170000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 166000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 170000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 156900
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California MARTINEZ 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 156900
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 34100
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 35000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 35000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 8700
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 10000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 10000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 22100
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 23000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 23000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 32500
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 33000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 33000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 10000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 10000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 38000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 38000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 17000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 17000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 34000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 34000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 22000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 22000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4125
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4125
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 103800
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 107000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 280
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 280
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 39900
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 42000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 42000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 107000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 103800
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 107000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 65000
TESORO CORP 820 13 TESORO REFINING & MARKETING CO West Coast California WILMINGTON 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 65000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4400
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4400
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 26100
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3600
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3600
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 12000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 12500
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 12500
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 17000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 22000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 4300
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 4300
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 13600
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 13600
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 3800
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 5500
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 68000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 68000
TESORO CORP 820 13 Tesoro West Coast Minnesota-Wisconsin-North and South Dakota North Dakota MANDAN 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6600
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6600
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 22400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 23000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 23000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 11100
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 11400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 11400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 15400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 15400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 8000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 8000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 11400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 11400
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 57500
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 57500
TESORO CORP 820 13 Tesoro West Coast Rocky Mountain Utah SALT LAKE CITY 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 60000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13800
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13800
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5500
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5500
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 50700
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 52000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 52000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 23400
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 26000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 26000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 26300
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 26300
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 32500
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 32500
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 39200
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 39200
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 24300
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 24300
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3600
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3600
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 120000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 125000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 54
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 54
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 125000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 120000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 125000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 47000
TESORO CORP 820 13 Tesoro West Coast West Coast Washington ANACORTES 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 47000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9950
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9950
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 71000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 79000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 79000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 39000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 52000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 52000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 43200
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 48000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 48000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 65000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 65000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 30000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 30000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 39500
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 39500
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 160000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 175000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 116
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 116
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 175000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 160000
PBF ENERGY CO LLC 820 13 TOLEDO REFINING CO LLC Indiana-Illinois-Kentucky Ohio TOLEDO 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 175000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6400
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6400
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 75000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 80000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 80000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 36000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 39600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 39600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 70000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 70000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 51600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 51600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 54400
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 54400
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 31000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 31000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 55500
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 55500
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 15500
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 15500
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 58500
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 65000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9333
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9333
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 167000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 180000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 18300
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 18300
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 806
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 806
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 46000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 52600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 52600
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 245000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 225500
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 245000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 114000
TOTAL SA 820 13 TOTAL PETROCHEMICALS & REFINING USA Texas Gulf Coast Texas PORT ARTHUR 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 114000
BTB REFINING LLC 820 13 Trigeant LTD Texas Gulf Coast Texas CORPUS CHRISTI 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 16000
BTB REFINING LLC 820 13 Trigeant LTD Texas Gulf Coast Texas CORPUS CHRISTI 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 16000
BTB REFINING LLC 820 13 Trigeant LTD Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 29000
BTB REFINING LLC 820 13 Trigeant LTD Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 29000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4500
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4500
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 24000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 25000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 25000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 1000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 1000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 13000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 14000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 14000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 17000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 17000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 5000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 5000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 5000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 5000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 24000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 24000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8500
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8500
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 65000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 67
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 67
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 65000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 70000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 40000
UNITED REFINING INC 820 13 UNITED REFINING CO Appalachian No. 1 Pennsylvania WARREN 1 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 40000
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 6400
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 6800
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 6800
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 7700
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 7700
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 9400
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 9400
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3600
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3600
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 40700
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 42000
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 42000
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 40700
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 42000
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 19200
COMPAGNIE NATIONALE A  PORTEFEUILLE 820 13 US OIL & REFINING CO West Coast Washington TACOMA 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 19200
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7300
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7300
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 14753
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 26622
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 20409
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 45000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 45000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 14000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 14000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 16400
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 16400
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 40000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 40000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 22000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 22000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 125000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 140000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 200
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 200
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 140000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 125000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 140000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Louisiana Gulf Coast Louisiana MERAUX 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9800
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9800
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 52500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 55555
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 55555
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 25500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 27000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 27000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 17000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 28500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 29000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 29000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 45000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 45000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 39600
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 39600
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 43000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 43000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 14500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 14500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 30
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 30
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3000
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VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 156000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 160000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 75
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 75
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 160000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 156000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 160000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 50000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas SUNRAY 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 50000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10800
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10800
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 23275
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 24500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 24500
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 29400
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 30000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 30000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 10780
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 11000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 11000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 22540
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 23000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 23000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 22000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 22000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 17000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 17000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 11000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 11000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 24000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 24000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 10000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 10000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 LUBRICANTS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1900
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 LUBRICANTS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1900
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 93000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 95000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 134
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 134
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 95000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 93000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 95000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 35000
VALERO ENERGY CORP 820 13 VALERO ENERGY CORPORATION Texas Inland Texas THREE RIVERS 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 35000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17100
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17100
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 9000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 9000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 72000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 75300
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 75300
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 32400
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 34000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 34000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 35340
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 37200
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 37200
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 15000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 15000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 43200
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 43200
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 39000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 39000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 15400
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 15400
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 30000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 30000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 21700
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 21700
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 5000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 5000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 135
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 135
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3800
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3800
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 132000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 135000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6800
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6800
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 303
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 303
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 27500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Current Year (barrels per stream day) 29500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 THERM CRACKING, FLUID COKING Downstream Charge Capacity, Next Year (barrels per stream day) 29500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 135000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 132000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 135000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 85500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California BENICIA 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 85500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 3500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 3500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 6300
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 6300
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 5000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON ASPHALT PLANT 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 5000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 22000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 22000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 52200
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 56300
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 56300
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 17400
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 45000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 45000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 67000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 67000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 78000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 80000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 265
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 265
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 27700
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 28800
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 28800
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 80000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 78000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 80000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 46000
VALERO ENERGY CORP 820 13 VALERO REFINING CO CALIFORNIA West Coast California WILMINGTON REFINERY 5 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 46000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7012
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7012
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14714
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14714
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 28000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 30000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 30000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 13500
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 14000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 14000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 18500
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 20500
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 20500
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 34450
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 34450
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 27
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 27
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VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 85000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 249
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 249
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 85000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 87000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO REFINING CO OKLAHOMA Oklahoma-Kansas-Missouri Oklahoma ARDMORE 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 32000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21300
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21300
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 38000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 38000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 89000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 93000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 93000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 47500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 49500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 49500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 9600
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 10000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 10000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 38000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 39000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 39000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 55000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 55000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 28000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 28000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 11000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 11000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 64000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 64000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Current Year (barrels per stream day) 74000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Next Year (barrels per stream day) 74000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 275
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 275
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 17000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 17000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 200000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 205000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6270
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6270
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1288
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1288
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 16200
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 17000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 17000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 205000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 200000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 205000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 97000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas CORPUS CHRISTI 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 97000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 11800
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 11800
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 63000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 67000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 67000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per calendar day) 62300
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 68800
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 CAT HYDROCRACKING, DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 68800
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 30300
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 30300
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 14000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 17000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 9000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 9000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 88000



CORPORATION SURVEY PERIOD COMPANY_NAME RDIST_LABEL STATE_NAME SITE PADD PRODUCT SUPPLY QUANTITY
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 336
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 336
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 88000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 90000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas HOUSTON 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 38000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 13600
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 13600
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 79325
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 86000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 86000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 17195
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18100
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 18100
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 55000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 55000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 61500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 61500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 36000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 36000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 18000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Current Year (barrels per stream day) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, OTHER Downstream Charge Capacity, Next Year (barrels per stream day) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Current Year (barrels per stream day) 110000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 DESULFURIZATION, RESIDUAL Downstream Charge Capacity, Next Year (barrels per stream day) 110000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 33500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 33500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 6500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 225000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 233000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 19000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 19000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 855
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 855
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 50825
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 53500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 53500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 233000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 225000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 233000
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 133500
VALERO ENERGY CORP 820 13 VALERO REFINING CO TEXAS LP Texas Gulf Coast Texas TEXAS CITY 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 133500
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 97500
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 100000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 100000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 25000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 27500
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 27500
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 50000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 50000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 60000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 24000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 24000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 12000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 12000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 35000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 35000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Current Year (barrels per stream day) 44000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 DESULFURIZATION, OTHER DISTILLATE Downstream Charge Capacity, Next Year (barrels per stream day) 44000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 50
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 50
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 205000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 210000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23500
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 26000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 845
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 845
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 77000
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VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 83000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 83000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 210000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 205000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 210000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 160000
VALERO ENERGY CORP 820 13 VALERO REFINING NEW ORLEANS LLC Louisiana Gulf Coast Louisiana NORCO 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 160000
VENTURA REFINING AND TRANSMISSION LLC 820 13 VENTURA REFINING & TRANSMISSION LLC Oklahoma-Kansas-Missouri Oklahoma THOMAS 2 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 12000
VENTURA REFINING AND TRANSMISSION LLC 820 13 VENTURA REFINING & TRANSMISSION LLC Oklahoma-Kansas-Missouri Oklahoma THOMAS 2 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14000
VENTURA REFINING AND TRANSMISSION LLC 820 13 VENTURA REFINING & TRANSMISSION LLC Oklahoma-Kansas-Missouri Oklahoma THOMAS 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 14000
VENTURA REFINING AND TRANSMISSION LLC 820 13 VENTURA REFINING & TRANSMISSION LLC Oklahoma-Kansas-Missouri Oklahoma THOMAS 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 12000
VENTURA REFINING AND TRANSMISSION LLC 820 13 VENTURA REFINING & TRANSMISSION LLC Oklahoma-Kansas-Missouri Oklahoma THOMAS 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 12000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 12000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 31000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 32500
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 32500
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 26500
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 28000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 28000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 35000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 35000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 6900
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 6900
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 17000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 17000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 27500
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 27500
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 10
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 10
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 122000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 130000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 130000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 122000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 130000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 48000
WESTERN REFINING INC. 820 13 WESTERN REFINING COMPANY LP Texas Inland Texas EL PASO 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 48000
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1800
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1800
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 8300
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 8500
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 8500
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3000
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT CRACKING: RECYCLED FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3000
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 6800
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 7300
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 7300
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 4500
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 4500
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 7600
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 7600
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 21600
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 2
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 2
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 21600
WESTERN REFINING INC. 820 13 WESTERN REFINING SOUTHWEST INC New Mexico New Mexico GALLUP 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 25000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 21800
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 21800
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 AROMATICS Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 4500
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 AROMATICS Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 4500
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 23000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 23000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 91000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 101000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 101000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 49000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 54000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 54000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 72000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 79700
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WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 79700
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 50000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 50000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 74000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 74000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 53250
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 53250
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 84300
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 84300
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 190
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 190
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 22000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 IDLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 23000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 311000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 327000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 27900
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 27900
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1008
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1008
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 75000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 83000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 83000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 350000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 333000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 350000
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 196500
WRB REFINING LP 820 13 WRB REFINING LP Indiana-Illinois-Kentucky Illinois WOOD RIVER 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 196500
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 14000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 14000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 55048
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 56000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 56000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 30698
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 31690
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 31690
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 35500
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 35500
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 77840
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, HEAVY GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 77840
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Current Year (barrels per stream day) 8500
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, KEROSENE AND JET Downstream Charge Capacity, Next Year (barrels per stream day) 8500
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 65540
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 65540
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 HYDROGEN (MMCFD) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 91
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 HYDROGEN (MMCFD) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 91
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 15000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 ISOMERIZATION (ISOBUTANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 15000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 31000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 ISOMERIZATION (ISOPENTANE/ISOHEXANE) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 31000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 146000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 154000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 PETCOKE,MARKET Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 8000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 PETCOKE,MARKET Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 8000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 340
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 340
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per calendar day) 26100
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Current Year (barrels per stream day) 28380
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 THERM CRACKING, DELAYED COKING Downstream Charge Capacity, Next Year (barrels per stream day) 28380
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 154000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 146000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 154000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 80000
WRB REFINING LP 820 13 WRB REFINING LP Texas Inland Texas BORGER 3 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 80000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 5500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 5500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 ASPHALT & ROAD OIL Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 7000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 ASPHALT & ROAD OIL Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 7000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 18500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 20500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 20500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per calendar day) 14500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Current Year (barrels per stream day) 15000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT HYDROCRACKING, GAS OIL Downstream Charge Capacity, Next Year (barrels per stream day) 15000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 16000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 18500
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 CAT REFORMING: LOW PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 18500
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CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 17000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 17000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Current Year (barrels per stream day) 13000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 DESULFURIZATION, GASOLINE Downstream Charge Capacity, Next Year (barrels per stream day) 13000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 19900
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 19900
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Current Year (barrels per stream day) 4850
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 FUELS SOLVENT DEASPHALTING Downstream Charge Capacity, Next Year (barrels per stream day) 4850
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 70000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 75000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 SULFUR (SHORT TONS/DAY) Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 51
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 SULFUR (SHORT TONS/DAY) Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 51
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 75000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 70000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 75000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 42000
CVR ENERGY 820 13 WYNNEWOOD REFINING CO Oklahoma-Kansas-Missouri Oklahoma WYNNEWOOD 2 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 42000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 ALKYLATES Production Capacity, Current Year (barrels per steam day except sulfur and hydrogen) 1300
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 ALKYLATES Production Capacity, Next Year (barrels per stream day except sulfur and hydrogen) 1300
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per calendar day) 5818
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Current Year (barrels per stream day) 7000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 CAT CRACKING: FRESH FEED Downstream Charge Capacity, Next Year (barrels per stream day) 7000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per calendar day) 2878
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Current Year (barrels per stream day) 3200
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 CAT REFORMING: HIGH PRESSURE Downstream Charge Capacity, Next Year (barrels per stream day) 3200
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Current Year (barrels per stream day) 6000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 DESULFURIZATION, DIESEL FUEL Downstream Charge Capacity, Next Year (barrels per stream day) 6000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Current Year (barrels per stream day) 3300
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 DESULFURIZATION, NAPHTHA/REFORMER FEED Downstream Charge Capacity, Next Year (barrels per stream day) 3300
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 14000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 OPERATING CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14500
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 TOTAL OPER CAP (PROJECTED, NEXT YEAR) Atmospheric Crude Distillation Capacity (barrels per stream day) 14500
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per calendar day) 14000
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 TOTAL OPERABLE CAPACITY Atmospheric Crude Distillation Capacity (barrels per stream day) 14500
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 VACUUM DISTILLATION Downstream Charge Capacity, Current Year (barrels per stream day) 1800
BLACK ELK REFINING LLC 820 13 WYOMING REFINING CO Rocky Mountain Wyoming NEW CASTLE 4 VACUUM DISTILLATION Downstream Charge Capacity, Next Year (barrels per stream day) 1800
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Edmund G. Brown, Jr. 
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San Francisco Bay Region 

 

1515 Clay Street, Suite 1400, Oakland CA 94612 
(510) 622-2300  Fax (510) 622-2460 

http://www.waterboards.ca.gov/sanfranciscobay 
 

ORDER NO. R2-2011-0027 
NPDES NO. CA0005053 

The following Discharger is subject to waste discharge requirements as set forth in this Order. 

Table 1. Discharger Information  
Discharger ConocoPhillips Company 

Name of Facility San Francisco Refinery at Rodeo 
1380 San Pablo Avenue 
Rodeo, CA 94572 Facility Address 

Contra Costa County 
The United States Environmental Protection Agency (USEPA) and the Regional Water Quality Control Board have 
classified this discharge as a major discharge. 

 
Discharges by ConocoPhillips from the discharge points identified below are subject to waste discharge 
requirements as set forth in this Order.  

Table 2. Discharge Location 
Discharge 

Point Effluent Description 
Discharge Point 

Latitude
Discharge Point 

Longitude 
Receiving

Water
002 Treated refinery wastewater 38º 03’ 22” N 122º 15’ 36” W San Pablo Bay 

003 

Non-contact once-through cooling water, 
demineralizer regeneration wastewater, 
stormwater, and runoff from sections of 

Interstate-80 and San Pablo Avenue. 

38º 02’ 41” N 122º 15’ 41” W San Pablo Bay 

004 Stormwater and run-off from the marine 
terminal and marine terminal causeway. 38º 03’ 22” N 122º 15’ 36” W San Pablo Bay 

 
Table 3. Administrative Information 

This Order was adopted by the Regional Water Board on: May 11, 2011 

This Order shall become effective on:  July 1, 2011 

This Order shall expire on: June 30, 2016 

The Discharger shall file a Report of Waste Discharge in accordance with Title 23, 
California Code of Regulations, as application for issuance of new waste discharge 
requirements no later than: 

180 days prior to the Order 
expiration date 
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I, Bruce H. Wolfe, Executive Officer, do hereby certify that this Order with all attachments is a full, 
true, and correct copy of an Order adopted by the California Regional Water Quality Control Board, San 
Francisco Bay Region, on the date shown above. 

 
 
 
 
 
 
 
 
 
______________________________ 
Bruce H. Wolfe, Executive Officer

Digitally signed 
by Bruce Wolfe 
Date: 
2011.05.13 
15:37:47 -07'00'
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I. FACILITY INFORMATION 

The following Discharger is subject to the waste discharge requirements set forth in this Order: 

 Table 4. Facility Information 
Discharger ConocoPhillips Company 
Name of Facility San Francisco Refinery at Rodeo 

1380 San Pablo Avenue 
Rodeo, CA 94572 

Facility Address 

Contra Costa County 
Facility Contact, Title, Phone No. Dennis Quilici, Water Compliance Specialist (510) 245-4403 
Mailing Address 1380 San Pablo Avenue, Rodeo, CA 94572 
Type of Facility Petroleum Refinery 
Facility Flow (January 2005- March 
2010) 

Discharge Point 002:  8.89 million gallons per day (MGD) (maximum 
reported daily flow) 
Discharge Point 003:  54.0 MGD (maximum reported daily flow) 
Discharge Point 004:  Not Available 

 
 
II. FINDINGS 

The California Regional Water Quality Control Board, San Francisco Bay Region (hereinafter 
Regional Water Board), finds: 

A. Background. The ConocoPhillips Company (hereinafter Discharger) currently discharges under 
Order No. R2-2005-0030 (hereinafter previous permit) and National Pollutant Discharge 
Elimination System (NPDES) Permit No. CA0005053. Order No. R2-2005-0030 was amended by 
Order No. R2-2010-0056, which implemented site-specific objectives for cyanide and copper, and 
by Order No. R2-2010-0057, which amended requirements for selenium. The Discharger submitted 
a Report of Waste Discharge dated March 4, 2010, and applied for reissuance of its NPDES permit 
to discharge treated wastewater and stormwater from the San Francisco Refinery at Rodeo 
(hereinafter Facility). The Facility’s discharges also currently are regulated under Order 
No. R2-2007-0077 (NPDES Permit CA0038849), which supersedes all requirements on mercury 
and PCBs from wastewater discharges in the region. This Order does not affect Order 
No. R2-2007-0077.  

For purposes of this Order, references to the “Discharger” or “Permittee” in applicable federal and 
State laws, regulations, plans, or policies are held to be equivalent to references to the Discharger 
herein. 

B. Facility Description. The Discharger owns and operates the Facility, which processes an average 
crude oil throughput of approximately 77,360 barrels per day (bbls/day). The Facility produces 
gasoline, diesel fuel, jet fuel, fuel oil, and other petroleum products. Sulfur and petroleum coke are 
sold as by-products. The Facility discharges to San Pablo Bay via three outfalls (Discharge Points 
002, 003, and 004). Attachment B shows the facility location. Attachment C shows the Facility’s 
wastewater flows. 
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1. Discharge Point 002. The Facility’s wastewater treatment plant treats and discharges the 
following treated wastewaters (and annual average flows) from Discharge Point 002: refinery 
process wastewaters (1.7 MGD), boiler blowdown (0.1 MGD), cooling tower blowdown 
(0.3 MGD), sanitary wastewater (0.012 MGD), sour water stripper bottoms (0.5 MGD), 
groundwater (0.001 MGD), stormwater runoff from refinery process areas (0.56 MGD), and 
offsite wastewater generated at other ConocoPhillips facilities, including remediation 
wastewater and cargo hold washwater (0.01 MGD). Periodically, water from process area 
fire equipment monitoring and fire hydrant testing also is directed to the wastewater 
treatment plant.  

The Facility’s wastewater collection system transports all process wastewater (with the 
exception of wastewater from the lower tank farm), refinery process area stormwater, and 
sanitary wastewater to a stormwater splitter box. Some process wastewater is treated by non-
phenolic and phenolic sour water strippers, and the Selenium Reduction Plant, prior to 
entering the Facility’s wastewater collection system.  

Wastewater that flows from the stormwater splitter box or lower tank farm to the dry and wet 
weather sumps is pumped to equalization and storage tanks, then flows by gravity to an 
American Petroleum Institute (API) oil-water separator, which removes most oil and solids. 
Removed oil is transferred to an oil recovery system, and solids are transferred to a collection 
tank. API oil-water separator effluent flows to a flash-mixing chamber, where primary and 
secondary coagulants may be added, then to dissolved air flotation (DAF) units, which remove 
remaining oil and solids.  

If wastewater flow exceeds the pumping capacity of the wet weather sumps and/or 
volumetric capacity of the equalization tanks, excess wastewater overflows to primary and 
main storm basins. When wastewater flow returns to normal, wastewater in the primary and 
main storm basins is drained back to the wet weather sumps and pumped to the equalization 
tanks.  

DAF unit effluent is treated by biological oxidation (activated sludge), augmented by powdered 
activated carbon (PAC) treatment, in two parallel aeration tanks. Biological solids, spent PAC, 
and inert solids are then settled out in two parallel clarifiers. The settled biological solids and 
PAC are recycled based on sludge age and influent wastewater flow. The Discharger also routes 
a portion of the recycled solids to its wet air regeneration system. 

Clarifier effluent is normally filtered by granular media filters (up to 8 operate in parallel), then 
routed by gravity to a sump, from which it is pumped to a deepwater diffuser in San Pablo Bay 
at Discharge Point 002. Treated wastewater is disinfected using sodium hypochlorite and 
dechlorinated using sodium bisulfite before discharge. The Facility can redirect treated flows to 
Discharge Point 003 if there is a failure in the deepwater diffuser line (which, to date, has never 
occurred). 

2. Discharge Point 003. The Facility discharges once-through, non-contact cooling water 
(38.3 MGD); demineralizer regeneration wastewater (0.2 MGD); and stormwater from non-
industrial and undeveloped areas of the refinery, sections of Interstate 80, San Pablo Avenue, 
adjacent parking lots and paved areas, and residential portions of Rodeo (0.45 MGD) through 
Discharge Point 003. Once-through cooling water and demineralizer regeneration wastewater 
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are monitored at Monitoring Point EFF-003B; the remaining flow is monitored at Monitoring 
Point EFF-003A. Discharges other than once-through cooling water are less than 2 percent of 
the flow from Discharge Point 003. The Facility can chlorinate cooling water before use, as 
needed, and dechlorinate it after use, before it mixes with stormwater runoff and is discharged. 
Fresh water may be used as a substitute or supplement for once-through, non-contact cooling 
water if necessary as a result of loss of saltwater pump flow or maintenance work on the 
saltwater cooling system. 

Once-through cooling water discharge flows are conveyed below grade through a 36-inch 
pipe, across refinery property and under Highway 40 (San Pablo Avenue), daylighting in an 
open splitter-box. Flows from the splitter-box lead separately to an open channel and to a 
large, shallow retention basin. Cooling water flows across the basin down a short rock weir 
to rejoin the divided flow in the open channel, which goes around the retention basin. This 
system reduces the temperature of the discharge. The combined flows are discharged at 
Discharge Point 003, located approximately 20 meters downstream from the confluence of 
the basin and open channel.   

The intake structure for once-through, non-contact saltwater is located at the base of the 
Marine Terminal Causeway, 2,500 feet to the north. The intake structure consists of four 
intake bays with 30-inch diameter T-shaped intake pipes covered by 3/32-inch mesh 
wedgewire screens, with five pumps capable of withdrawing a maximum flow of 49,000 
gallons per minute (gpm). Typically, a maximum of four are operated at a time. The 
wedgewire screens are part of a system to reduce impingement and entrainment of aquatic 
life.

3. Discharge Point 004. The Facility discharges stormwater runoff from its marine terminal 
complex, including the wharf and access road causeway, directly to San Pablo Bay. The 
Discharger has developed and implements a stormwater pollution prevention program 
addressing this discharge. Fire equipment monitoring and fire hydrant testing water is 
discharged from the Marine Terminal during annual safety testing.  Steam and, potentially, 
condensate drips are discharged from steam traps on insulated pipelines along the Marine 
Terminal causeway. Infrequent discharges of boom boat wash-off water and algae removal 
water from the boat launch ramp occur, if necessary. 

C. Legal Authorities. This Order is issued pursuant to Clean Water Act (CWA) section 402 and 
implementing regulations adopted by USEPA, and California Water Code (CWC) Chapter 5.5, 
Division 7 (commencing with section 13370). It shall serve as an NPDES permit for the point 
source discharges identified in Table 2. This Order also serves as Waste Discharge Requirements 
(WDRs) pursuant to CWC Article 4, Chapter 4, Division 7 (commencing with section 13260). 

D. Background and Rationale for Requirements. The Regional Water Board developed the 
requirements in this Order based on information submitted as part of the application, through 
monitoring and reporting programs, and other available information. The Fact Sheet 
(Attachment F), which contains background information and rationale for Order requirements, is 
hereby incorporated into this Order and constitutes part of the findings for this Order. 
Attachments A through E and G are also incorporated into this Order. 

Limitations and Discharge Requirements  7 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2011-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

 

E. California Environmental Quality Act (CEQA). Pursuant to CWC section 13389, this action to 
adopt an NPDES permit is exempt from CEQA provisions. 

F. Technology-Based Effluent Limitations. CWA section 301(b) and NPDES regulations at 
40 CFR 122.44 require permits, at a minimum, to include conditions meeting applicable 
technology-based requirements and any more stringent effluent limitations necessary to meet 
applicable water quality standards. Discharges authorized by this Order must meet technology-
based requirements USEPA established at 40 CFR 419, Effluent Limitations Guidelines for the 
Petroleum Refining Point Source Category, as well as any technology-based requirements 
established using Best Professional Judgment (BPJ) pursuant to 40 CFR 125.3. The Fact Sheet 
includes a detailed discussion of the development of the technology-based effluent limitations in 
this Order.  

G. Water Quality-Based Effluent Limitations. CWA section 301(b) and NPDES regulations at 
40 CFR 122.44(d) require that permits include limitations more stringent than applicable federal 
technology-based requirements when necessary to achieve applicable water quality standards. 
NPDES regulations at 40 CFR 122.44(d)(1)(i) mandate that permits include effluent limitations for 
all pollutants that are or may be discharged at levels that have a reasonable potential to cause or 
contribute to an exceedance of a water quality standard, including numeric and narrative objectives 
within a standard. Where reasonable potential has been established for a pollutant, but there is no 
numeric objective for the pollutant, water quality-based effluent limitations (WQBELs) must be 
established using (1) USEPA criteria guidance under CWA section 304(a), supplemented where 
necessary by other relevant information; (2) an indicator parameter for the pollutant of concern; or 
(3) a calculated numeric water quality criterion, such as a proposed State criterion or policy 
interpreting the State’s narrative criterion, supplemented with other relevant information, as 
provided in 40 CFR 122.44(d)(1)(vi).  

H. Water Quality Control Plans. The Water Quality Control Plan for the San Francisco Bay Basin 
(hereinafter Basin Plan) is the Regional Water Board’s master water quality control planning 
document. It designates beneficial uses and water quality objectives for waters of the State, 
including surface waters and groundwater. It also includes programs of implementation to achieve 
water quality objectives. The Basin Plan was adopted by the Regional Water Board and approved 
by the State Water Resources Control Board (hereinafter State Water Board), the Office of 
Administrative Law (OAL), and USEPA, as required.  

The Basin Plan implements State Water Board Resolution No. 88-63, which establishes State policy 
that all waters, with certain exceptions, should be considered suitable or potentially suitable for 
municipal or domestic supply (MUN). Because of the marine influence on receiving waters of San 
Francisco Bay, total dissolved solids levels in San Francisco Bay commonly (and often 
significantly) exceed 3,000 mg/L and thereby meet an exception to State Water Board Resolution 
No. 88-63. The designation MUN does not apply to San Pablo Bay. Table 5 lists beneficial uses the 
Basin Plan identifies as applicable to San Pablo Bay. Requirements of this Order implement the 
Basin Plan. 

Table 5. Beneficial Uses of Receiving Waters 
Discharge 
Point(s) 

Receiving Water Name Beneficial Uses  

002, 003, 004 San Pablo Bay  Industrial Service Supply (IND) 
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Discharge 
Point(s) 

Receiving Water Name Beneficial Uses  

Ocean, Commercial and Sport Fishing (COMM) 
Shellfish Harvesting (SHELL) 
Estuarine Habitat (EST) 
Fish Migration (MIGR) 
Preservation of Rare and Endangered Species (RARE) 
Fish Spawning (SPWN) 
Wildlife Habitat (WILD) 
Water Contact Recreation (REC1) 
Non-Contact Water Recreation (REC2) 
Navigation (NAV) 

 
 

The State Water Board adopted the Water Quality Control Plan for Control of Temperature in the 
Coastal and Interstate Water and Enclosed Bays and Estuaries of California (hereinafter Thermal 
Plan) on May 18, 1972, and amended this plan on September 18, 1975. This plan contains 
temperature objectives for surface waters. Requirements of this Order implement the Thermal Plan. 

The State Water Board’s Water Quality Control Plan for Enclosed Bays and Estuaries – Part 1, 
Sediment Quality became effective on August 25, 2009. This plan supersedes other narrative 
sediment quality objectives, and establishes new sediment quality objectives and related 
implementation provisions for specifically defined sediments in most bays and estuaries. 

I. National Toxics Rule (NTR) and California Toxics Rule (CTR). USEPA adopted the NTR on 
December 22, 1992, and later amended it on May 4, 1995, and November 9, 1999. About forty 
criteria in the NTR applied in California. On May 18, 2000, USEPA adopted the CTR. The CTR 
promulgated new toxics criteria for California and, in addition, incorporated the previously adopted 
NTR criteria that applied in the State. The CTR was amended on February 13, 2001. These rules 
contain water quality criteria for priority pollutants. 

J. State Implementation Policy. On March 2, 2000, the State Water Board adopted the Policy for 
Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (hereinafter State Implementation Policy or SIP). The SIP became effective on April 28, 
2000, with respect to the priority pollutant criteria USEPA promulgated for California through the 
NTR and to the priority pollutant objectives the Regional Water Board established in the Basin 
Plan. The SIP became effective on May 18, 2000, with respect to the priority pollutant criteria 
USEPA promulgated through the CTR. On February 24, 2005, the State Water Board adopted 
amendments to the SIP that became effective on July 13, 2005. The SIP establishes implementation 
provisions for priority pollutant objectives and provisions for chronic toxicity control. Requirements 
of this Order implement the SIP. 

K. Compliance Schedules and Interim Requirements. The State Water Board adopted Resolution 
No. 2008-0025 on April 15, 2008, titled Policy for Compliance Schedules in National Pollutant 
Discharge Elimination System Permits. Under limited circumstances, this policy allows the 
Regional Water Board to grant a compliance schedule based on a Discharger’s request and 
demonstration that it is infeasible to comply immediately with certain effluent limitations. This 
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policy became effective on August 27, 2008. This Order does not include a compliance schedule or 
interim effluent limitations.  

L. Alaska Rule. On March 30, 2000, USEPA revised its regulation that specifies when new and 
revised State and tribal water quality standards become effective for CWA purposes [65 Fed. Reg. 
24641 (April 27, 2000) (codified at 40 CFR 131.21)]. Under the revised regulation (also known as 
the Alaska Rule), USEPA must approve new and revised standards submitted to USEPA after 
May 30, 2000, before they can be used for CWA purposes. The final rule also provides that 
standards already in effect and submitted to USEPA by May 30, 2000, may be used for CWA 
purposes, whether or not approved by USEPA. 

M. Stringency of Requirements for Individual Pollutants. This Order contains both technology-
based effluent limitations and WQBELs for individual pollutants. This Order’s technology-based 
pollutant restrictions implement the minimum applicable federal technology-based requirements. In 
addition, this Order contains effluent limitations more stringent than the minimum federal 
technology-based requirements as necessary to meet water quality standards. These limitations are 
not more stringent than required by the CWA. 

WQBELs have been derived to implement water quality objectives that protect beneficial uses. Both 
the beneficial uses and the water quality objectives have been approved pursuant to federal law and 
are the applicable federal water quality standards. To the extent that toxic pollutant WQBELs were 
derived from the CTR, the CTR is the applicable standard pursuant to 40 CFR 131.38. The 
procedures for calculating the individual WQBELs for priority pollutants are based on the SIP, 
which was approved by USEPA on May 18, 2000. All beneficial uses and water quality objectives 
in the Basin Plan approved under State law after May 30, 2000, were submitted to and approved by 
USEPA. Any water quality objectives and beneficial uses submitted to USEPA prior to May 30, 
2000, but not approved by USEPA before that date, are nonetheless applicable water quality 
standards for CWA purposes pursuant to 40 CFR 131.21(c)(1). Collectively, this Order’s 
restrictions on individual pollutants are no more stringent than required to implement CWA 
requirements. 

N. Antidegradation Policy. 40 CFR 131.12 requires that state water quality standards include an 
antidegradation policy consistent with the federal policy. The State Water Board established 
California’s antidegradation policy through State Water Board Resolution No. 68-16, which 
incorporates the federal antidegradation policy where the federal policy applies under federal law 
and requires that the existing quality of receiving waters be maintained unless degradation is 
justified based on specific findings. The Basin Plan incorporates by reference and implements both 
the State and federal antidegradation policies. As discussed in the Fact Sheet, the permitted 
discharges are consistent with the antidegradation provisions of 40 CFR 131.12 and State Water 
Board Resolution No. 68-16. 

O. Anti-Backsliding Requirements. CWA sections 402(o)(2) and 303(d)(4) and 40 CFR 122.44(l) 
prohibit backsliding in NPDES permits. These anti-backsliding provisions require effluent 
limitations in a reissued permit to be at least as stringent as those in the previous permit, with some 
exceptions where limitations may be relaxed. Some effluent limitations in this Order are less 
stringent than those in the previous permit. As discussed in the Fact Sheet, the permitted discharge 
is consistent with the CWA anti-backsliding requirements and federal regulations. 

Limitations and Discharge Requirements  10 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2011-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

 

P. Monitoring and Reporting. 40 CFR 122.48 requires that all NPDES permits specify requirements 
for recording and reporting monitoring results. CWC sections 13267 and 13383 authorize the 
Regional Water Board to require technical and monitoring reports. The Monitoring and Reporting 
Program (Attachment E) establishes monitoring and reporting requirements to implement federal 
and State requirements.  

Q. Standard and Special Provisions. Attachment D contains standard provisions, which apply to all 
NPDES permits in accordance with 40 CFR 122.41, and additional conditions applicable to 
specified categories of permits in accordance with 40 CFR 122.42. The Discharger must comply 
with all Standard Provisions and with those additional conditions that apply pursuant to 
40 CFR 122.42. The Regional Water Board has also included in this Order special provisions 
applicable to the Discharger. The Fact Sheet provides rationales for the special provisions.

R. Provisions and Requirements Implementing State Law. There are no provisions or requirements 
in this Order that implement State law only. 

S. Notification of Interested Parties. The Regional Water Board has notified the Discharger and 
interested agencies and persons of its intent to prescribe Waste Discharge Requirements for the 
discharge and has provided them with an opportunity to submit written comments and 
recommendations. The Fact Sheet provides details regarding the notification. 

T. Consideration of Public Comment. The Regional Water Board, in a public meeting, heard and 
considered all comments pertaining to the discharges authorized by this Order. The Fact Sheet 
provides details regarding the public hearing. 

IT IS HEREBY ORDERED, that this Order supersedes Order No. R2-2005-0030, as amended, except 
for enforcement purposes, and, in order to meet the provisions contained in CWC Division 7 
(commencing with section 13000) and regulations adopted thereunder, and CWA provisions and 
regulations and guidelines adopted thereunder, the Discharger shall comply with the requirements in this 
Order.
 
III. DISCHARGE PROHIBITIONS 

A. Discharge of treated wastewater, cooling water, other wastewaters as described in the Findings, and 
stormwater runoff at the locations or in a manner different from that described in this Order is 
prohibited. 

B. Discharge of treated process wastewater at any point that does not receive an initial dilution of at 
least 37:1 is prohibited.  

C. The bypass of untreated or partially treated process wastewater to waters of the United States is 
prohibited, except as provided for in Attachment D, sections I.G.2 and I.G.4. 
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IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

A. Effluent Limitations – Discharge Point 002 

1. Technology-Based Effluent Limitations 

a. The Discharger shall comply with the following effluent limitations at Discharge Point 
002, with compliance measured at Monitoring Location EFF-002, as described in the 
attached MRP (Attachment E). 

Table 6a. Technology-Based Effluent Limitations at Discharge Point 002 
Effluent Limitations Parameter Units

Average 
Monthly 

Maximum 
Daily 

Instantaneous 
Maximum

Biochemical Oxygen Demand 
(BOD) (5-day @ 20 Deg. C)  

Lbs/day 910 1,600 -- 

Total Suspended Solids (TSS) Lbs/day 730 1,100 -- 
Chemical Oxygen Demand 
(COD) 

Lbs/day 6,300 12,000 -- 

Oil and Grease Lbs/day 260 500 -- 
Phenolic Compounds, Total Lbs/day 5.9 12 -- 
Ammonia Nitrogen, Total 
(as N) 

Lbs/day 500 1,100 -- 

Sulfide, Total Lbs/day 4.8 11 -- 
Chromium, Total Lbs/day 7.7 22 -- 
Chromium, Hexavalent Lbs/day 0.63 1.4 -- 
Total Residual Chlorine mg/L -- -- 0.0 
pH s.u. 6.0 – 9.0 -- 

 
 

b. Additional effluent limitation allocations for contaminated runoff commingled with 
process wastewater are established in addition to the process wastewater mass-based 
limitations in Provision IV.A.1.a above. When contaminated runoff is discharged through 
Discharge Point 002, a mass of each pollutant in Table 6b below may be added to the 
limit for that pollutant in Table 6a. The additional allocation shall be equal to the 
contaminated runoff flow times the pollutant’s concentration in Table 6b. 

Table 6b. Additional Contaminated Runoff Effluent Limitation Allocations 
Parameter Units Average Monthly Maximum Daily

Biochemical Oxygen Demand 
(BOD) (5-day @ 20 Deg. C)  

mg/L 26 48 

Total Suspended Solids (TSS) mg/L 21 33 
Chemical Oxygen Demand 
(COD) mg/L 180 360 

Oil and Grease mg/L 8 15 
Phenolic Compounds, Total mg/L 0.17 0.35 
Chromium, Total Recoverable mg/L 0.21 0.60 
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Parameter Units Average Monthly Maximum Daily

Chromium (VI) Total 
Recoverable mg/L 0.028 0.062 

 
 

c. Additional effluent limitation allocations for ballast water are established in addition to 
the process wastewater mass-based limitations in Provision IV.A.1.a above. When ballast 
water is discharged through Discharge Point 002, a mass of each pollutant in Table 6c 
below may be added to the limit for that pollutant in Table 6a. The additional allocation 
shall be equal to the ballast water flow times the pollutant’s concentration in Table 6c.  

Table 6c. Additional Ballast Water Effluent Limitation Allocations 
Parameter Units Average Monthly Maximum Daily

Biochemical Oxygen 
Demand (BOD) (5-day @ 
20 Deg. C) 

mg/L 26 48 

Total Suspended Solids 
(TSS) mg/L 21 33 

Chemical Oxygen Demand 
(COD) mg/L 240 470 

Oil and Grease mg/L 8 15 
 
 

2. Effluent Limitations for Toxic Substances 

The Discharger shall comply with the following effluent limitations at Discharge Point 002, 
with compliance measured at Monitoring Location EFF-002, as described in the attached 
MRP (Attachment E): 

Table 7. Effluent Limitations for Toxic Substances at Discharge Point 002 
Final Effluent Limitations[1]

Parameter Units
Average Monthly Maximum Daily 

Copper μg/L 48 120 
Selenium μg/L 37 50 
Dioxin-TEQ[2] μg/L 1.4 x 10-8 2.8 x 10-8 

Benzo(a)Pyrene μg/L 0.48 0.97 
Benzo(b)Fluoranthene μg/L 0.47 0.95 
Bis(2-
Ethylhexyl)Phthalate μg/L 53 110 

Chrysene μg/L 0.48 0.96 
Dibenzo(a,h)Anthracene μg/L 0.49 0.98 
Indeno(1,2,3-cd)Pyrene μg/L 0.48 0.96 
Dichlorobromomethane μg/L 340 650 
Total PAHs[3] μg/L 120 250 
Ammonia Nitrogen, 
Total (as N) mg/L 61 200 
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[1] a. Limitations apply to the average concentration of all samples collected during the averaging period (daily 
  = 24-hour period; monthly = calendar month). 
b. All metals limitations are expressed as total recoverable metal. 

[2] When calculating Dioxin-TEQ, the Discharger shall set individual dioxin and furan congener concentrations 
that are below minimum levels (MLs) to zero. See also Attachment G, Regional Standard Provision 
V.C.1.c.(3). 

[3] When calculating total PAHs, the Discharger shall set individual PAH concentrations below MLs to zero. Total 
PAHs refers to the sum of the concentrations of acenaphthene, acenaphthylene, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylyene, benzo(k)fluoranthene, 
chrysene, dibenzo(a,h)antrhacene, fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene, phenanthrene, and pyrene. 
 

3. Mass Emission Limitation for Selenium 

Until implementation of a total maximum daily load (TMDL) is in effect for selenium, the 
Discharger shall comply with the following mass emission limitation at Discharge Point 002, 
with compliance measured at Monitoring Location EFF-002, as described in the attached 
MRP (Attachment E). 

Selenium mass emissions shall not exceed 0.39 kilograms per day (kg/d) 
as a running annual average.   
 
The running annual average is the arithmetic average of the current 
day’s mass load and the mass loads for each of the previous 364 days, as 
shown in the following example:  

 
Annual Mass emission rate (kg/day) = 

N

i
iiCQ

N 1

785.3  

 
where: 
 N = number of samples analyzed in any calendar year 
 Qi = flow rate (MGD) associated with the Nth sample 
 Ci = selenium concentration (mg/L) associated with the Nth sample. 

 
4. Bacteria 

The Discharger shall comply with the following effluent limitation at Discharge Point 002, 
with compliance measured at Monitoring Location EFF-002, as described in the attached 
MRP (Attachment E): 

a) The median total coliform bacteria concentration of all samples in a 
calendar month shall not exceed 240 MPN/100 mL. 

b) The maximum total coliform concentration in any sample shall not exceed 
10,000 MPN/100 mL. 
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5. Acute Toxicity 

a. The Discharger shall comply with the following effluent limitations at Discharge 
Point 002, with compliance measured at Monitoring Location EFF-002. Acute bioassays 
shall be conducted in compliance with MRP section V.A (Attachment E). 

The survival of organisms in undiluted effluent shall be: 

i. an eleven (11) sample median value of not less than 90 percent survival, and  

ii. an eleven (11) sample 90 percentile value of not less than 70 percent survival.  

b. These acute toxicity limitations are further defined as follows: 

11 sample median: A bioassay test showing survival of less than 90 percent represents a 
violation of this effluent limit, if five or more of the past ten or less bioassay tests show 
less than 90 percent survival. 

90th percentile: A bioassay test showing survival of less than 70 percent represents a 
violation of this effluent limit, if one or more of the past ten or less bioassay tests show 
less than 70 percent survival. 

c. Bioassays shall be performed using the most up-to-date USEPA protocol and the most 
sensitive species as specified in the MRP. Bioassays shall be conducted in compliance 
with Methods for Measuring the Acute Toxicity of Effluents and Receiving Water to 
Freshwater and Marine Organisms, currently 5th Edition (EPA-821-R-02-012).  

d. If the Discharger can demonstrate to the satisfaction of the Executive Officer that toxicity 
exceeding the levels cited above is caused by ammonia and that the ammonia in the 
discharge complies with effluent limitations in Table 7 above, then such toxicity does not 
constitute a violation of this effluent limitation.  

6. Chronic Toxicity 

a. The Discharger shall comply with the following effluent limitations at Discharge 
Point 002, with compliance measured at Monitoring Location EFF-002. Chronic 
bioassays shall be conducted in compliance with MRP section V.B (Attachment E).   

The survival of bioassay test organisms in the discharge at Discharge Point 001 shall be: 

(1) An eleven sample median value equal to or less than 10 TUc, and 

(2) An eleven sample 90-percentile value equal to or less than 20 TUc. 

b. These chronic toxicity limits are defined as follows: 

(1) A test sample showing chronic toxicity greater than 10 TUc represents consistent 
toxicity, and a violation of this limitation if five or more of the past ten or fewer tests 
show toxicity greater than 10 TUc. 
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(2) A TUc equals 100/NOEL.  The NOEL is the no observable effect level, determined 
from IC25, EC25, or NOEC values.  These terms and their usage in determining 
compliance with the limitations are defined in Attachment E of this Order.  The 
NOEL shall be based on a critical life stage test using the most sensitive test species 
as specified in MRP section V.B (Attachment E).  If two compliance test species are 
specified, compliance shall be based in the maximum TUc value for the discharge 
sample based on a comparison of TUc values obtained through concurrent testing of 
the two species. 

(3) A test sample showing chronic toxicity greater than 20 TUc represents a violation of 
this limitation, if one or more of the past ten or less samples shows toxicity greater 
than 20 TUc. 

c. Test Species and Methods 

The Discharger shall conduct routine monitoring with the test species and protocols 
specified in MRP section V.B (Attachment E). The Discharger shall also perform 
Chronic Toxicity Screening Phase monitoring as described in the MRP Appendix E-1 
(Attachment E). Chronic Toxicity Monitoring Screening Phase Requirements, Critical 
Life Stage Toxicity Tests and definitions of terms used in the chronic toxicity monitoring 
are identified in MRP Appendices E-1 and E-2 (Attachment E). 

7. Effluent Limit Adjustments for Recycled Water Use 

a. Conditions for Granting Effluent Limit Adjustment 

If the Discharger uses recycled water, mass and concentration-based adjustments for 
influent pollutants listed in Tables 6a and 7, with the exceptions of residual chlorine and 
total ammonia, may be applied, as appropriate provided provision VI.C.4.c has been met. 
(The basis for this adjustment is discussed in Fact Sheet section VII.C.4.c.) When 
applying a recycled water adjustment, the Discharger must report that it has done so and 
for which pollutant and limit in its transmittal letter to the appropriate Self-Monitoring 
Report. The Discharger shall also include necessary supporting calculations in the 
comment field for the effluent data, and/or as an attachment to the Self-Monitoring 
Report. 

(1) The Discharger shall monitor influent concentrations of pollutants for which it seeks 
effluent limit adjustment at least as frequently as the MRP (Attachment E) requires at 
Monitoring Location I-002. The timing of sampling at I-002 shall precede sampling at 
E-002 by the average residence time of the recycled water within the Facility (see 
below). 

 
(2) The Discharger shall determine, in a manner consistent with good engineering 

practice, an average residence time for the recycled water within the Facility (i.e., the 
time interval between when recycled water enters the facility at I-002 and when that 
recycled water is discharged). Effluent limit adjustment shall apply only after 
recycled water is introduced to the wastewater treatment plant and the average 
residence time has passed. 
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b. Effluent Limit Adjustment Calculations 

(1) Mass basis effluent limit adjustment 
 

The effluent limit adjustment shall be calculated on a mass basis as follows: 
 

1. The influent mass of a given pollutant associated with recycled water use shall 
equal the recycled water volume (average daily flow) multiplied by the pollutant’s 
concentration in the recycled water and an appropriate unit conversion factor: 

 
Mp = Vr * cp * k 
 
Where: 
Mp = Influent pollutant mass 
Vr = Recycled water volume 
cp = Pollutant concentration in recycled water 
k = Unit conversion factor 

 
2. The effluent limit adjustment for a given pollutant shall equal the pollutant mass 

calculated in step 1, above, divided by the number of days in the monitoring 
period less the average residence time of recycled water: 

 
Mc = Mp/(Tm - Tr) 
 
Where: 
Mc = Effluent limit adjustment 
Tm = Monitoring period, days 
Tr = Residence time, days 

 
3. The effluent limit adjustment for a given pollutant shall apply until the end of the 

monitoring period, accounting for the residence time within the Facility. While 
the effluent limit adjustment applies, the Discharger shall comply with the 
adjusted effluent limits, as set forth below, in lieu of those in Table 6a: 

 
Adjusted Effluent Limit = Mc + M  
 
Where: 
Mc = Effluent limit adjustment 
M = Mass effluent limit in Table 6a 

 
(2) Concentration-based effluent limit adjustment 
 

The effluent limit adjustment shall be calculated on a concentration basis as follows: 
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1. The influent mass of a given pollutant associated with recycled water use shall 
equal the recycled water volume (average daily flow) multiplied by the pollutant’s 
concentration in the recycled water and an appropriate unit conversion factor: 

 
Mp = Vr * cp * k 
 
Where: 
Mp = Influent pollutant mass 
Vr = Recycled water volume 
cp = Pollutant concentration in recycled water 
k = Unit conversion factor 

 
2. The effluent limit adjustment for a given pollutant shall equal the pollutant mass 

calculated in step 1, above, divided by the wastewater effluent volume (average 
daily flow): 

 
Cc = Mp/Vd 
 
Where: 
Cc = Effluent limit adjustment 
Vd = Discharge volume 

 
3. The effluent limit adjustment for a given pollutant shall apply until the end of the 

monitoring period, accounting for the residence time within the Facility. While 
the effluent limit adjustment applies, the Discharger shall comply with the 
adjusted effluent limits, as set forth below, in lieu of those in Table 7: 

 
Adjusted Effluent Limit = Cc + C  
 
Where: 
Cc = Effluent limit adjustment 
C = Concentration effluent limit in Table 7 

 
B. Effluent Limitations – Discharge Point 003 

1. Technology-Based Effluent Limitations 

The Discharger shall comply with the following effluent limitations at Discharge Point 003, 
with compliance measured at Monitoring Location EFF-003A, as described in the attached 
MRP (Attachment E). 

Table 8. Technology-Based Effluent Limitations at Discharge Point 003 
Effluent Limitations 

Parameter Units Average 
Monthly 

Maximum 
Daily 

Instantaneous 
Minimum

Instantaneous 
Maximum

Total Organic 
Carbon (TOC) 

mg/L 5.0 -- -- -- 

Limitations and Discharge Requirements  18 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2011-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

 

Effluent Limitations 
Parameter Units Average 

Monthly 
Maximum 

Daily 
Instantaneous 

Minimum
Instantaneous 

Maximum

Chlorine, Total 
Residual 

mg/L -- -- -- 0.0[1] 

[1] Applies only when the facility chlorinates its once-through cooling water. 
 

2. Water Quality-Based Effluent Limitations for Toxic Substances 

The Discharger shall comply with the following effluent limitations at Discharge Point 003, 
with compliance measured at Monitoring Location EFF-003B, as described in the attached 
MRP (Attachment E): 

Table 9. Effluent Limitations for Toxic Substances at Discharge Point 003 
Effluent Limitations[1]Parameter Units

Average Monthly Maximum Daily 

Copper[2] μg/L 6.6 11 
Nickel[2] μg/L 12 22 
Zinc μg/L 56 95 
Dioxin-TEQ[2] μg/L 1.4x10-8 2.8x10-8 
[1] a. Limitations apply to the average concentration of all samples collected during the averaging period (daily 

  = 24-hour period; monthly = calendar month). 
 b. All metals limitations are expressed as total recoverable metal. 
[2] In accordance with Provision IV.B.3, the discharge at Discharge Point 003 qualifies for copper, nickel, and 

dioxin-TEQ intake water credits.  
 

3. Intake Water Credits 

The Discharger qualifies for intake water credits for copper, nickel, and dioxin-TEQ at 
Discharge Point 003. Effluent sample concentration that exceeds a limitation in Table 9 shall 
be considered in compliance with that limitation if the arithmetic difference between 
measured effluent concentration and its respective intake concentration (as measured at I-001 
defined in MRP section II in the sample collected on the same day) is less than or equal to 
the 99th percentile difference value in Table 10. For monthly average intake credits, the 
comparison shall be between the monthly average of effluent concentrations to the monthly 
average of the intake concentrations. When applying intake credits, the Discharger must 
report that it has done so and for which pollutant and limit in its transmittal letter to the 
appropriate Self-Monitoring Report. The Discharger shall also include necessary supporting 
calculations in the comment field for the effluent data, and/or as an attachment to the Self-
Monitoring Report. 

Table 10. 99th Percentile Differences Between Influent and Effluent Concentrations 
at Discharge Point 003 

Effluent Limits from Table 9 99th Percentile Difference
Parameter Units

Monthly Average Daily Maximum Monthly Average Daily Maximum 
Copper g/L 6.6 11 5.0 9.4 
Nickel g/L 12 22 10 14 
Dioxin-TEQ g/L 0.014 0.028 0.75 0.75 
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4. Additional Water Quality-Based Effluent Limitations 

The Discharger shall comply with the following effluent limitations at Discharge Point 003, 
with compliance measured at Monitoring Location EFF-003A, as described in the attached 
MRP (Attachment E): 

 
Table 11. Additional Water Quality-Based Effluent Limitations at Discharge Point 003 

Effluent Limitations 
Parameter Units

Average Monthly Maximum Daily 

pH s.u. 6.5 - 8.5[2] 
Temperature °F 110[1] -- 
[1] Limitation apply to the average of all samples collected during the averaging period (monthly = calendar 

month). 
[2] Established as an instantaneous minimum of 6.5 and instantaneous maximum of 8.5 
 

C. Effluent Limitations – Discharge Point 004 

The Discharger shall comply with the following effluent limitations at Discharge Point 004, with 
compliance measured at Monitoring Location EFF-004, as described in the attached MRP 
(Attachment E):  

Table 12. Effluent Limitations at Discharge Point 004 
Effluent Limitations 

Parameter Units Average 
Monthly 

Maximum 
Daily 

Instantaneous 
Minimum

Instantaneous 
Maximum

Total Organic 
Carbon mg/L -- 110 -- -- 

Oil and Grease mg/L -- 15 -- -- 
pH s.u. -- -- 6.5 8.5 
Visible Oil -- None observed 
Visible Color -- None observed 

 
 

V. RECEIVING WATER LIMITATIONS 

A. Receiving water limitations are based on water quality objectives in the Basin Plan and are a 
required part of this Order. The discharges shall not cause the following in San Pablo Bay: 

1. Floating, suspended, or deposited macroscopic particulate matter or foams; 

2. Bottom deposits or aquatic growths to the extent that such deposits or growths cause 
nuisance or adversely affect beneficial uses; 

3. Alteration of temperature, turbidity, or apparent color beyond present natural background 
levels; 
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4. Visible, floating, suspended, or deposited oil and other products of petroleum origin; and 

5. Toxic or other deleterious substances to be present in concentrations or quantities that cause 
deleterious effects on wildlife, waterfowl, or other aquatic biota, or render any of these unfit 
for human consumption, either at levels created in the receiving waters or as a result of 
biological concentration. 

B. The discharge of waste shall not cause the following limits to be exceeded in waters of the State 
within one foot of the water surface: 

1. Dissolved Oxygen 5.0 mg/L, minimum 

The median dissolved oxygen concentration for any three 
consecutive months shall not be less than 80% of the 
dissolved oxygen content at saturation. When natural 
factors cause concentrations less than that specified above, 
the discharge shall not cause further reduction in ambient 
dissolved oxygen concentrations. 

2. Dissolved Sulfide 0.1 mg/L, maximum 

3. pH 6.5 (minimum) to 8.5 (maximum), nor caused to vary from 
  normal ambient pH by more than 0.5 pH units. 

4. Nutrients Waters shall not contain biostimulatory substances in 
 concentrations that promote aquatic growths to the extent 
 that such growths cause nuisance or adversely affect 
 beneficial uses. 

C. The discharge shall not cause a violation of any water quality standard for receiving waters 
adopted by the Regional Water Board or the State Water Board as required by the CWA and 
regulations adopted thereunder. If more stringent applicable water quality standards are 
promulgated or approved, as provided in Section VI.C.1 of this Order, the Regional Water Board 
may revise and modify this Order in accordance with them. 

VI. PROVISIONS 

A. Standard Provisions 

1. Federal Standard Provisions 

The Discharger shall comply with the Federal Standard Provisions included in Attachment D 
of this Order. 

2. Regional Standard Provisions 

The Discharger shall comply with all applicable items of the Regional Standard Provisions 
and Monitoring and Reporting Requirements (Supplement to Attachment D) for NPDES 
Wastewater Discharge Permits (Attachment G of this Order), including amendments thereto.  
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B. Monitoring and Reporting Program (MRP) Requirements 

The Discharger shall comply with the MRP (Attachment E) and future revisions thereto, including 
applicable sampling and reporting requirements in the two standard provisions listed in 
Provision VI.A, above. 

C. Special Provisions 

1. Reopener Provisions 

The Regional Water Board may modify or reopen this Order (in accordance with federal 
regulations) prior to its expiration date in any of the following circumstances as allowed by 
law: 

a. If present or future investigations demonstrate that the discharge governed by this Order 
will have, or will cease to have, a Reasonable Potential to cause or contribute to adverse 
impacts on water quality or beneficial uses of the receiving waters.  

b. If new or revised water quality objectives or TMDLs come into effect for the San 
Francisco Bay estuary and contiguous water bodies (whether statewide, regional, or site-
specific). In such cases, effluent limitations in this Order may be modified as necessary to 
reflect updated water quality objectives and wasteload allocations in TMDLs. Adoption 
of effluent limitations in this Order is not intended to restrict in any way future 
modifications based on legally adopted water quality objectives or TMDLs, or as 
otherwise permitted under federal regulations governing NPDES permit modifications. 

c. If translator or other water quality studies provide a basis for determining that a permit 
condition should be modified. 

d. If an administrative or judicial decision on a separate NPDES permit or WDR addresses 
requirements similar to this discharge. 

e. Or as otherwise authorized by law. 

The Discharger may request a permit modification based on the above. The Discharger shall 
include in any such request an antidegradation and anti-backsliding analysis. 

2. Special Studies and Additional Monitoring 

a. Effluent Characterization Study – Discharge Point 002

The Discharger shall continue to monitor and evaluate the discharge from the Facility 
(measured at Monitoring Location EFF-002) for the constituents listed in the Regional 
Standard Provisions (Attachment G) according to the sampling frequency specified in the 
MRP (Attachment E). Compliance with this requirement shall be achieved in accordance 
with the Regional Standard Provisions. 

The Discharger shall evaluate on an annual basis if concentrations of any constituent 
increase over past performance. The Discharger shall investigate the cause of any such 
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increase. The investigation may include, but need not be limited to, an increase in the 
effluent monitoring frequency, monitoring of internal process streams, and monitoring of 
influent sources. This requirement may be satisfied through identification of these 
constituents as “pollutants of concern” in the Discharger’s Pollutant Minimization 
Program described in Provision VI.C.3, below. A summary of the annual data evaluation 
and source investigation activities shall be reported in the annual self-monitoring report. 

A final report that presents all the data shall be submitted to the Regional Water Board no 
later than 180 days prior to the Order expiration date. This final report shall be submitted 
with the application for permit reissuance. 

b. Ambient Background Receiving Water Study 

The Discharger shall collect, or participate in collecting, ambient background receiving 
water priority pollutant monitoring data necessary to perform reasonable potential 
analyses and to calculate effluent limitations. The data on the conventional water quality 
parameters (pH, salinity, and hardness) shall also be sufficient to characterize these 
parameters in the receiving waters at a point after the discharge has mixed with the 
receiving waters. This provision may be met through the Collaborative Bay Area Clean 
Water Agencies (BACWA) Study or a similar ambient monitoring program for San 
Francisco Bay. This Order may be reopened, as appropriate, to incorporate effluent limits 
or other requirements based on these data. 

c. Effluent and Receiving Water Selenium Characterization Study – Discharge 
Point 002 

The Discharger shall comply with the tasks and schedule set forth in Table 13. The 
Discharger may complete, or cause to be completed, all or some of the required tasks 
collaboratively. All submittals shall be acceptable to the Executive Officer. Upon request 
by the Discharger, the Executive Officer may modify the deadlines for the following 
tasks by no more than three years if good cause exists, such as delays in data collection, 
sample collection, analytical turnaround, or receipt of third party reports; laboratory 
QA/QC problems; other factors outside the Discharger’s control; or new information that 
warrants schedule modification. Good cause does not include delays caused by the 
Discharger, or that could have been reasonably avoided. Any requests for schedule 
modification shall be in writing with necessary justification. Any approval shall also be in 
writing. 

Table 13. Receiving Waters and Effluent Selenium Characterization Study Tasks 
and Schedule 

Tasks Compliance Date

1. Submit a study plan for a minimum two-year study that includes the following 
elements: 
(a) effluent and receiving water sampling locations (the effluent sampling 

location may be the existing effluent compliance sampling point; receiving 
water sampling locations shall be within a 100-foot radius of the outfall to 
characterize near-field concentrations and speciation); 

(b) receiving water sampling along transects from the Pacific Ocean (Golden 

Completed
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Tasks Compliance Date

Gate) to the Sacramento River (Rio Vista) and San Joaquin River (USGS 
Station 757), including sampling in the freshwater portions of the rivers at 
Vernalis (San Joaquin River) and Freeport (Sacramento River); 

(c) sampling and analysis protocols (including means to evaluate seasonal 
conditions under low and high flows from the Sacramento / San Joaquin 
River Delta, selenium concentrations in the water column and suspended 
particles, and speciation and particulate selenium content in the effluent); 

(d) comparison of the proposed protocols and analytical methods to previous 
sampling efforts; 

(e) sampling parameters (including, at a minimum, salinity, carbon, nitrogen, 
and chlorophyll-a in receiving water, and dissolved and particulate 
selenate, selenite, organic selenides, and elemental selenium 
concentrations in both effluent and receiving water); 

(f) data interpretation models and other methods to be used (representing 
conservative, reasonable worst case conditions); and  

(g) implementation schedule. 
2. Begin implementation of the study plan developed for Task (1). Completed
3.  Submit a status report for Tasks 1 and 2 containing, at a minimum, monitoring 

data collected since the beginning of the study, summary of results to date, and 
necessary updates to the study plan. 

Completed 

4. Submit a final study report that includes the following elements: 
(a) sampling results, data interpretation, and conclusions, such as receiving 

water and mixing zone characterization, seasonal variability, etc.; 
(b) effluent characterization; 
(c) determination if there is reasonable potential for selenium in the 

discharge to violate the Basin Plan’s narrative bioaccumulation objective 
through the use of pertinent models; 

(d) comparison of near-field selenium water column concentrations to 
applicable numeric objectives; 

(e) demonstration of spatial and temporal extent to which the objectives and 
other relevant guidelines are being exceeded; and 

(f) determination of whether selenium levels adversely affect food web or 
wildlife, or contribute to bioaccumulation.  

August 15, 2012 

  

d. Thermal Plume Monitoring – Discharge Point 003 

To determine the extent of the potential impact of the elevated-temperature discharge on 
aquatic life, the Discharger shall implement a thermal plume monitoring study as 
described in the table below. If requested by the Discharger, the Executive Officer may 
modify the deadlines for the following tasks and schedule by no more than 3 years if 
good cause exists, such as data collection delays, sample collection or laboratory quality 
control problems, analytical turnaround times, third party reports, or other factors outside 
the Discharger’s control. Any requests for modifications must be in writing with 
necessary justification. Any approval must be in writing. 
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Table 14. Thermal Plume Monitoring Study and Tasks 

Tasks Compliance Date

1. The Discharger shall prepare and submit a Phase 2 thermal plume 
study plan and schedule, in accordance with the 
recommendations provided in the Phase 1 study (Cooling Water 
Discharge Thermal Plume Study, 2006-2007, Tenera 
Environmental, September 24, 2007). The Discharger shall meet 
with the Regional Water Board, National Marine Fisheries 
Service, and California Department of Fish and Game to discuss 
the Phase 1 study conclusions and the need for and focus of the 
Phase 2 study.  

 The Phase 2 study plan shall include additional monitoring of the 
large cove south of the Facility for impacts on ambient 
temperature, biological monitoring to determine the impact of the 
thermal plume from the Facility on aquatic life, and 
recommendations for, and implementation of, management 
alternatives to reduce the discharge temperature and minimize 
potential impacts. The study plan shall be acceptable to the 
Executive Officer; if no changes or comments are provided 
within 45 days of submittal, the Discharger may assume that the 
study plan is acceptable. The Discharger shall also send copies of 
the plan to the California Department of Fish and Game and 
National Marine Fisheries Service. 

July 29, 2011

2. The Discharger shall commence implementation of the Phase 2 
thermal plume study in accordance with the study plan and 
schedule incorporating any changes the Executive Officer may 
provide to the Discharger.   

October 28, 2011

3. The Discharger shall complete the Phase 2 thermal plume study 
and submit a final report containing its findings, conclusions, and 
recommendations, including any measures necessary to ensure 
the protection of beneficial uses, and a schedule to implement 
those measures. The report shall be acceptable to the Executive 
Officer; if no changes or comments are provided within 45 days 
of submittal, the Discharger may assume that the study plan is 
acceptable. 

December 15, 2012 

4.  The Discharger shall commence implementation of measures 
identified in the final report as necessary to ensure the protection 
of beneficial uses incorporating any changes the Executive 
Officer may provide to the Discharger.   

In accordance with the schedule 
set forth in the final report. 

5.  The Discharger shall report on its progress toward implementing 
the measures identified in the final report as necessary to ensure 
the protection of beneficial uses.   

Annually on February 1, with 
annual self-monitoring reports 

 

e. Once-Through Cooling Water Intake Structure 

i. The Discharger shall properly operate the once-through cooling water intake structure 
in accordance with its Maintenance Procedure Manual so as to minimize 
impingement and entrainment of fish, shellfish, and other organisms. 

ii. The Discharger shall prepare and submit an annual report that certifies the proper 
operation and maintenance of the once-through cooling water intake structure, 
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identifying any operational problems or necessary changes to the Maintenance 
Procedure Manual; and identifies work planned or completed that is beyond routine 
maintenance. The Discharger shall submit this annual status report annually with its 
annual self-monitoring report. 

f. Cooling Tower Replacement Feasibility Evaluation 

By September 30, 2012, the Discharger shall prepare and submit a Cooling Tower 
Replacement Feasibility Evaluation. This evaluation shall include, at a minimum, the 
following elements:  

An evaluation of the Facility’s existing heat exchangers and cooling water system 
condition and remaining design life of critical structures; 
A conceptual design for a closed loop cooling tower system, including estimated 
costs (capital and operation) and construction timetable; 
An impacts evaluation on refinery process operations that may result from 
implementation of a closed loop cooling system; and  
An analysis of the costs of replacing the existing cooling system compared to 
potential benefits of a closed loop cooling system. 

 
In submitting this technical report, the Discharger shall also send copies to the California 
Department of Fish & Game, and National Oceanic and Atmospheric Administration – 
National Marine Fisheries Service.  

If requested by the Discharger, the Executive Officer may modify the deadline for this 
study by no more than 3 years if good cause exists due to factors outside the Discharger’s 
control. Any requests for modifications must be in writing with necessary justification. 
Any approval must be in writing.

g. Dilution Modeling – Discharge Point 002 

The Discharger shall perform a dilution modeling study for the deepwater diffuser at 
Discharge Point 002 and report the results no later than 180 days prior to the expiration 
date of this Order (the Discharger may report the results with its application for permit 
reissuance). The study shall use a USEPA-approved modeling program such as Visual 
PLUMES or CORMIX and estimate the initial dilution at Discharge Point 002 at slack 
tide for both the maximum wet-weather discharge and the average daily discharge. 
 

3. Best Management Practices and Pollution Minimization 

a. The Discharger shall continue to improve, in a manner acceptable to the Executive 
Officer, its Pollution Minimization Program to promote minimization of pollutant 
loadings to the treatment plant and therefore to the receiving waters. 

b. The Discharger shall submit an annual report, acceptable to the Executive Officer, no 
later than February 28 of each calendar year. Each annual report shall include at least the 
following information: 
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i. A brief description of the treatment plant and treatment plant processes. 

ii. A discussion of the current pollutants of concern. Periodically, the Discharger shall 
determine which pollutants are currently a problem and which pollutants may be 
potential future problems. This discussion shall include the reasons for choosing the 
pollutants. 

iii. Identification of sources of pollutants of concern. This discussion shall address how 
the Discharger intends to estimate and identify sources of pollutants of concern. The 
Discharger shall also identify sources or potential sources not directly within its 
ability or authority to control, such as pollutants in the potable water supply and air 
deposition.  

iv. Identification of tasks to reduce the sources of pollutants of concern. This discussion 
shall identify and prioritize tasks to address the Discharger’s pollutants of concern. 
The Discharger may implement tasks themselves or participate in group, regional, or 
national tasks that will address its pollutants of concern. The Discharger is strongly 
encouraged to participate in group, regional, or national actions that will address its 
pollutants of concern whenever it is efficient and appropriate to do so. A time line 
shall be included for the implementation of each task.  

v. Outreach to employees. The Discharger shall inform its employees regarding 
pollutants of concern, potential sources, and how they might be able to help reduce 
discharge of these pollutants into the treatment facilities. The Discharger may 
provide a forum for employees to provide input. 

vi. Discussion of criteria used to measure Pollutant Minimization Program and task 
effectiveness. The Discharger shall establish criteria to evaluate the effectiveness of 
its Pollutant Minimization Program. The section shall discuss the specific criteria 
used to measure the effectiveness of each task in sections VI.C.3.b.iv and v. 

vii. Documentation of efforts and progress. This discussion shall detail all of the 
Discharger’s activities in the Pollutant Minimization Program during the reporting 
year. 

viii. Evaluation of Pollutant Minimization Program and task effectiveness. The 
Discharger shall use the criteria established in section VI.C.3.b.vi to evaluate the 
Program’s and tasks’ effectiveness. 

ix. Identification of specific tasks and time schedules for future efforts. Based on the 
evaluation, the Discharger shall describe how it intends to continue or change its 
tasks to more effectively reduce the loading of pollutants to the treatment plant and 
subsequently in its effluent.  

c. Pollutant Minimization Program for Pollutants with Effluent Limitations 

The Discharger shall develop and conduct a Pollutant Minimization Program as further 
described below when there is evidence that a priority pollutant is present in the effluent 
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above an effluent limitation (e.g., sample results reported as “detected but not quantified” 
(DNQ) when the effluent limitation is less than the method detection limit (MDL), 
sample results from analytical methods more sensitive than those methods required by 
this Order, presence of whole effluent toxicity, health advisories for fish consumption, 
results of benthic or aquatic organism tissue sampling) and either: 

i. A sample result is reported as DNQ and the effluent limitation is less than the 
reporting level (RL); or 

ii. A sample result is reported as ND and the effluent limitation is less than the MDL, 
using SIP definitions. 

d. Pollutant Minimization Program Submittals for Pollutants with Effluent 
Limitations 

If triggered by the reasons in section VI.C.3.c., above, the Discharger’s Pollutant 
Minimization Program shall include, but not be limited to, the following actions and 
submittals acceptable to the Regional Water Board: 

i. Annual review and semi-annual monitoring of potential sources of the reportable 
priority pollutants, which may include fish tissue monitoring and other bio-uptake 
sampling, or alternative measures approved by the Executive Officer when it is 
demonstrated that source monitoring is unlikely to produce useful analytical data; 

ii. Quarterly monitoring for the reportable priority pollutants in the influent to the 
wastewater treatment system, or alternative measures approved by the Executive 
Officer when it is demonstrated that influent monitoring is unlikely to produce useful 
analytical data; 

iii. Submittal of a control strategy designed to proceed toward the goal of maintaining 
concentrations of the reportable priority pollutants in the effluent at or below effluent 
limitations; 

iv. Implementation of appropriate cost-effective control measures for the reportable 
priority pollutants, consistent with the control strategy; and  

v. Annual report required by section VI.C.3.b above, which shall specifically include the 
following items: 

(a) All Pollutant Minimization Program monitoring results for the previous year; 

(b) List of potential sources of the reportable priority pollutants; 

(c) Summary of all actions undertaken pursuant to the control strategy; and 

(d) Description of actions to be taken in the following year. 
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e. Best Management Practices Plan – Discharge Point 004 

(1) The Discharger shall maintain a Best Management Practices (BMP) plan in usable 
condition and available for reference and use by all applicable personnel. The BMP 
plan shall address the periodic discharges from the marine terminal causeway area, 
including fire equipment monitoring and fire hydrant testing water, boom boat wash-
off water, steam condensate drips from lines at the marine terminal causeway, and 
algae removal water from the boat launch ramp, all of which are discharged directly 
to San Pablo Bay. The BMP plan shall be developed and implemented to minimize 
the potential impact of these periodic discharges on San Pablo Bay, to prevent the 
accidental release of toxic or hazardous substances into the environment, and to 
minimize and mitigate the effects of such releases using equipment and techniques 
available and practical for such use. The BMP plan shall be consistent with the 
guidance provided in USEPA Guidance Manual for Developing Best Management 
Practices (BMP) (October 1993, EPA 833-B-93-004).   

(2) The Discharger shall regularly review, revise, or update, as necessary, the BMP plan 
to ensure that it remains useful and relevant to current equipment and operation 
practices. Reviews shall be conducted annually, and revisions or updates shall be 
completed as necessary.  Applicable revisions of the BMP plan shall be completed 
within 90 days of any significant changes being made in facility equipment or 
operation practices. 

(3) The Discharger shall provide the Executive Officer a report describing the current 
status of its BMP plan, including any recommended or planned actions and an 
estimated time schedule for these actions, upon request. The Discharger shall also 
include a description or summary of review and evaluation procedures and applicable 
changes to its BMP plan in each Annual Self-Monitoring Report. 

4. Other Special Provisions 

a. Cyanide Action Plan 

The Discharger shall implement monitoring and surveillance, source control, and 
pollution prevention for cyanide in accordance with the following tasks and time 
schedule.  

 
Table 15. Cyanide Action Plan 

Task Compliance Date
1. Review Potential Cyanide Contributors 
 The Discharger shall submit an inventory of potential cyanide sources 
 to its treatment plant.   

Completed June 9, 
2010 
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Task Compliance Date
2. Implement Cyanide Control Program 
 The Discharger shall submit a plan and begin implementation of a 

program to minimize cyanide discharges due to sources identified in its 
June 9, 2010, letter report Cyanide and Copper Action Plan Inventories, 
consisting, at a minimum, of the following elements: 
a. Inspect each potential source to assess the need to include that 

contributing source in the control program.  
b. Prepare an emergency monitoring and response plan to be 

implemented if a significant cyanide discharge occurs. 

Completed 
February 28, 2011 

3. Implement Additional Cyanide Control Measures 
 If the Regional Water Board notifies the Discharger  that ambient 

monitoring shows cyanide concentrations are 1.0 g/L or higher in the 
main body of San Francisco Bay, then within 90 days of the 
notification, the Discharger shall commence actions to identify and 
abate cyanide sources responsible for the elevated ambient 
concentrations, and shall report on the progress and effectiveness of 
actions taken, together with a schedule for actions to be taken in the 
next 12 months.

With next annual 
pollution prevention 

report due 
February 28 (at least 

90 days following 
notification)  

4. Report Status of Cyanide Control Program 
The Discharger shall submit an annual report documenting cyanide 
control program implementation and addressing the effectiveness of 
actions taken, including any additional cyanide controls required by 
Task 3, above, together with a schedule for actions to be taken in the 
next 12 months. 

With annual pollution 
prevention report due 
February 28 each year 

 

b. Copper Action Plan 

The Discharger shall implement source control and pollution prevention for copper in 
accordance with the following tasks and time schedule.  

Table 16. Copper Action Plan 
Task Compliance Date 

1. Implement Copper Control Program 
The Discharger shall submit a plan for and begin implementation of a 
program to reduce copper sources identified in its June 9, 2010, letter 
report Cyanide and Copper Action Plan Inventories.  

Completed 
February 28, 2011 

2. Implement Additional Measures 
If the Regional Water Board notifies the Discharger that the three-year 
rolling mean dissolved copper concentration of San Pablo Bay exceeds 
3.0 μg/L, then within 90 days of the notification, the Discharger shall 
evaluate its effluent copper concentration trend, and if it is increasing, 
develop and begin implementation of additional measures to control 
copper discharges. The Discharger shall report on the progress and 
effectiveness of actions taken, together with a schedule for actions to be 
taken in the next 12 months. 

With annual pollution 
prevention report due 
February 28 following 

notification 
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Task Compliance Date 
3. Undertake Studies to Reduce Copper Pollutant Impact 

Uncertainties 
The Discharger shall submit an updated study plan and schedule to 
conduct, or cause to be conducted, technical studies to investigate 
possible copper sediment toxicity and technical studies to investigate 
sublethal effects on salmonids. Specifically, the Discharger shall 
include the manner in which the above will be accomplished and 
describe the studies to be performed with an implementation schedule. 
To satisfy this requirement, the Discharger may collaborate and conduct 
these studies as a group.

Completed April 1, 
2011 

4. Report Status of Copper Control Program 
The Discharger shall submit an annual report documenting copper 
control program implementation and addressing the effectiveness of the 
actions taken, including any additional copper controls required by 
Task 2, above, together with a schedule for actions to be taken in the 
next 12 months. Additionally, the Discharger shall report the findings 
and results of the studies completed, planned, or in progress under Task 
3. Regarding the Task 3 studies, dischargers may collaborate and 
provide this information in a single report to satisfy this requirement for 
an entire group. 

With annual pollution 
prevention report due 
February 28 each year 

c. Mass and Concentration Effluent Limit Adjustments 
Prior to obtaining mass or concentration effluent limit adjustments for using recycled 
water, the Discharger shall submit a technical report that demonstrates such credits will 
not cause impairment of beneficial uses in the vicinity of its discharge, such as a zone of 
acute toxicity to aquatic life. The demonstration shall include, but not be limited to, an 
assessment of the results of whole effluent toxicity testing, and mass balance calculations 
that compare the as-discharged effluent concentrations (i.e., before effluent limit 
adjustments) to potential WQBELs for constituents for which effluent limit adjustments 
are sought. The report shall also include one or more examples of how the effluent limit 
adjustment calculations will be performed and reported based on the site-specific 
conditions of the Discharger. Following written approval of the technical report from the 
Executive Officer, this provision shall be considered satisfied. 

d. Stormwater Pollution Prevention Plan and Annual Report  
The Discharger shall submit an updated Stormwater Pollution Prevention Plan (SWPPP) 
acceptable to the Executive Officer by October 1 of each year. If the Discharger 
determines that it does not need to update the SWPPP, it shall submit a letter indicating 
that no revision is necessary and stating the last year it updated the SWPPP. The SWPPP 
shall comply with the requirements in the federal Standard Provisions (Attachment D). 

The Discharger shall submit an annual stormwater report acceptable to the Executive 
Officer by July 1 of each year covering data for the previous wet weather season for the 
identified stormwater discharge points. The annual stormwater report shall include, at 
minimum: 

i. a tabulated summary of all sampling results and a summary of visual observations 
taken during inspections; 
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ii.  a comprehensive discussion of the compliance record and any corrective actions 
taken or planned to ensure compliance with WDRs; and  

iii.  a comprehensive discussion of source identification and control programs for total 
suspended solids.  

VII. COMPLIANCE DETERMINATION 

Compliance with effluent limitations for priority pollutants shall be determined using sample 
reporting protocols defined in Attachment A—Definitions, the MRP (Attachment E), Fact Sheet 
section VI, and the Regional Standard Provisions (Attachment G). For purposes of reporting and 
administrative enforcement by the Regional and State Water Boards, the Discharger shall be 
deemed out of compliance with effluent limitations if the concentration of the priority pollutant 
in the monitoring sample is greater than the effluent limitation and greater than or equal to the 
RL.  Where intake credits are allowed, compliance will be determined as described in Fact Sheet 
section IV.C.4.k.(2). 
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A  
ATTACHMENT A – DEFINITIONS 
 
Arithmetic Mean ( ), also called the average, is the sum of measured values divided by the number of 
samples. For ambient water concentrations, the arithmetic mean is calculated as follows: 

Arithmetic mean =  = x / n where: x is the sum of the measured ambient water 
concentrations, and n is the number of samples. 

Average Monthly Effluent Limitation (AMEL):  the highest allowable average of daily discharges 
over a calendar month, calculated as the sum of all daily discharges measured during a calendar month 
divided by the number of daily discharges measured during that month. 

Average Weekly Effluent Limitation (AWEL):  the highest allowable average of daily discharges 
over a calendar week (Sunday through Saturday), calculated as the sum of all daily discharges measured 
during a calendar week divided by the number of daily discharges measured during that week. 

Bioaccumulative pollutants are those substances taken up by an organism from its surrounding medium 
through gill membranes, epithelial tissue, or from food and subsequently concentrated and retained in 
the body of the organism. 

Carcinogenic pollutants are substances that are known to cause cancer in living organisms. 

Coefficient of Variation (CV) is a measure of the data variability and is calculated as the estimated 
standard deviation divided by the arithmetic mean of the observed values. 

Daily Discharge: Daily Discharge is defined as either: (1) the total mass of the constituent discharged 
over the calendar day (12:00 am through 11:59 pm) or any 24-hour period that reasonably represents a 
calendar day for purposes of sampling (as specified in this Order), for a constituent with limitations 
expressed in units of mass or; (2) the unweighted arithmetic mean measurement of the constituent over 
the day for a constituent with limitations expressed in other units of measurement (e.g., concentration).  

The daily discharge may be determined by the analytical results of a composite sample taken over the 
course of one day (a calendar day or other 24-hour period defined as a day) or by the arithmetic mean of 
analytical results from one or more grab samples taken over the course of the day. 

For composite sampling, if 1 day is defined as a 24-hour period other than a calendar day, the analytical 
result for the 24-hour period will be considered as the result for the calendar day in which the 24-hour 
period ends. 

Detected, but Not Quantified (DNQ) are those sample results less than the RL, but greater than or 
equal to the laboratory’s MDL. 

Dilution Credit is the amount of dilution granted to a discharge in the calculation of a water quality-
based effluent limitation, based on the allowance of a specified mixing zone. It is calculated from the 
dilution ratio or determined through conducting a mixing zone study or modeling of the discharge and 
receiving water. 
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Effluent Concentration Allowance (ECA) is a value derived from the water quality criterion/objective, 
dilution credit, and ambient background concentration that is used, in conjunction with the coefficient of 
variation for the effluent monitoring data, to calculate a long-term average (LTA) discharge 
concentration. The ECA has the same meaning as wasteload allocation (WLA) as used in USEPA 
guidance (Technical Support Document For Water Quality-based Toxics Control, March 1991, second 
printing, EPA/505/2-90-001). 

Enclosed Bays means indentations along the coast that enclose an area of oceanic water within distinct 
headlands or harbor works. Enclosed bays include all bays where the narrowest distance between the 
headlands or outermost harbor works is less than 75 percent of the greatest dimension of the enclosed 
portion of the bay. Enclosed bays include, but are not limited to, Humboldt Bay, Bodega Harbor, 
Tomales Bay, Drake’s Estero, San Francisco Bay, Morro Bay, Los Angeles-Long Beach Harbor, Upper 
and Lower Newport Bay, Mission Bay, and San Diego Bay. Enclosed bays do not include inland surface 
waters or ocean waters. 

Estimated Chemical Concentration is the estimated chemical concentration that results from the 
confirmed detection of the substance by the analytical method below the ML value. 

Estuaries means waters, including coastal lagoons, located at the mouths of streams that serve as areas 
of mixing for fresh and ocean waters. Coastal lagoons and mouths of streams that are temporarily 
separated from the ocean by sandbars shall be considered estuaries. Estuarine waters shall be considered 
to extend from a bay or the open ocean to a point upstream where there is no significant mixing of fresh 
water and seawater. Estuarine waters include, but are not limited to, the Sacramento-San Joaquin Delta, 
as defined in California Water Code section 12220, Suisun Bay, Carquinez Strait downstream to the 
Carquinez Bridge, and appropriate areas of the Smith, Mad, Eel, Noyo, Russian, Klamath, San Diego, 
and Otay rivers. Estuaries do not include inland surface waters or ocean waters. 

Inland Surface Waters are all surface waters of the State that do not include the ocean, enclosed bays, 
or estuaries. 

Instantaneous Maximum Effluent Limitation: the highest allowable value for any single grab sample 
or aliquot (i.e., each grab sample or aliquot is independently compared to the instantaneous maximum 
limitation). 

Instantaneous Minimum Effluent Limitation: the lowest allowable value for any single grab sample 
or aliquot (i.e., each grab sample or aliquot is independently compared to the instantaneous minimum 
limitation). 

Maximum Daily Effluent Limitation (MDEL) means the highest allowable daily discharge of a 
pollutant, over a calendar day (or 24-hour period). For pollutants with limitations expressed in units of 
mass, the daily discharge is calculated as the total mass of the pollutant discharged over the day. For 
pollutants with limitations expressed in other units of measurement, the daily discharge is calculated as 
the arithmetic mean measurement of the pollutant over the day. 

Median is the middle measurement in a set of data. The median of a set of data is found by first 
arranging the measurements in order of magnitude (either increasing or decreasing order). If the number 
of measurements (n) is odd, then the median = X(n+1)/2. If n is even, then the median = (Xn/2 + X(n/2)+1)/2 
(i.e., the midpoint between the n/2 and n/2+1). 
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Method Detection Limit (MDL) is the minimum concentration of a substance that can be measured 
and reported with 99 percent confidence that the analyte concentration is greater than zero, as defined in 
title 40 of the Code of Federal Regulations, Part 136, Attachment B, revised as of July 3, 1999. 

Minimum Level (ML) is the concentration at which the entire analytical system must give a 
recognizable signal and acceptable calibration point. The ML is the concentration in a sample that is 
equivalent to the concentration of the lowest calibration standard analyzed by a specific analytical 
procedure, assuming that all the method specified sample weights, volumes, and processing steps have 
been followed. 

Mixing Zone is a limited volume of receiving water that is allocated for mixing with a wastewater 
discharge where water quality criteria can be exceeded without causing adverse effects to the overall 
water body. 

Not Detected (ND) are those sample results less than the laboratory’s MDL. 

Ocean Waters are the territorial marine waters of the State as defined by California law to the extent 
these waters are outside of enclosed bays, estuaries, and coastal lagoons. Discharges to ocean waters are 
regulated in accordance with the State Water Board’s California Ocean Plan. 

Persistent pollutants are substances for which degradation or decomposition in the environment is 
nonexistent or very slow. 

Pollutant Minimization Program (PMP) means waste minimization and pollution prevention actions 
that include, but are not limited to, product substitution, waste stream recycling, alternative waste 
management methods, and education of the public and businesses. The goal of the PMP shall be to 
reduce all potential sources of a priority pollutant(s) through pollutant minimization (control) strategies, 
including pollution prevention measures as appropriate, to maintain the effluent concentration at or 
below the water quality-based effluent limitation. Pollution prevention measures may be particularly 
appropriate for persistent bioaccumulative priority pollutants where there is evidence that beneficial uses 
are being impacted. The Regional Water Board may consider cost effectiveness when establishing the 
requirements of a PMP. The completion and implementation of a Pollution Prevention Plan, if required 
pursuant to California Water Code section 13263.3(d), shall be considered to fulfill the PMP 
requirements.  

Pollution Prevention means any action that causes a net reduction in the use or generation of a 
hazardous substance or other pollutant that is discharged into water and includes, but is not limited to, 
input change, operational improvement, production process change, and product reformulation (as 
defined in California Water Code section 13263.3). Pollution prevention does not include actions that 
merely shift a pollutant in wastewater from one environmental medium to another environmental 
medium, unless clear environmental benefits of such an approach are identified to the satisfaction of the 
State or Regional Water Board. 

Reporting Level (RL) is the ML (and its associated analytical method) chosen by the Discharger for 
reporting and compliance determination from the MLs included in this Order. The MLs included in this 
Order correspond to approved analytical methods for reporting a sample result that are selected by the 
Regional Water Board either from SIP Appendix 4 in accordance with SIP section 2.4.2 or established in 
accordance with SIP section 2.4.3. The ML is based on the proper application of method-based 
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Attachment A – Definitions  A-4 

analytical procedures for sample preparation and the absence of any matrix interferences. Other factors 
may be applied to the ML depending on the specific sample preparation steps employed. For example, 
the treatment typically applied in cases where there are matrix-effects is to dilute the sample or sample 
aliquot by a factor of ten. In such cases, this additional factor must be applied to the ML in the 
computation of the RL.  

Satellite Collection System is the portion, if any, of a sanitary sewer system owned or operated by a 
different public agency than the agency that owns and operates the wastewater treatment facility that a 
sanitary sewer system is tributary to. 

Source of Drinking Water is any water designated as municipal or domestic supply (MUN) in a 
Regional Water Board Basin Plan. 

Standard Deviation ( ) is a measure of variability that is calculated as follows: 

 = ( [(x - )2]/(n – 1))0.5 

where: 
x is the observed value; 

 is the arithmetic mean of the observed values; and 
n is the number of samples. 

Toxicity Reduction Evaluation (TRE) is a study conducted in a step-wise process designed to identify 
the causative agents of effluent or ambient toxicity, isolate the sources of toxicity, evaluate the 
effectiveness of toxicity control options, and then confirm the reduction in toxicity. The first steps of the 
TRE consist of the collection of data relevant to the toxicity, including additional toxicity testing, and an 
evaluation of facility operations and maintenance practices, and best management practices. A Toxicity 
Identification Evaluation (TIE) may be required as part of the TRE, if appropriate. (A TIE is a set of 
procedures to identify the specific chemical(s) responsible for toxicity. These procedures are performed 
in three phases (characterization, identification, and confirmation) using aquatic organism toxicity tests.)  
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D  
ATTACHMENT D – FEDERAL STANDARD PROVISIONS 

I. STANDARD PROVISIONS – PERMIT COMPLIANCE 

A. Duty to Comply 

1. The Discharger must comply with all of the conditions of this Order. Any noncompliance 
constitutes a violation of the Clean Water Act (CWA) and the California Water Code and is 
grounds for enforcement action, for permit termination, revocation and reissuance, or 
modification; or denial of a permit renewal application. (40 C.F.R. § 122.41(a).) 

 

2. The Discharger shall comply with effluent standards or prohibitions established under section 
307(a) of the CWA for toxic pollutants and with standards for sewage sludge use or disposal 
established under section 405(d) of the CWA within the time provided in the regulations that 
establish these standards or prohibitions, even if this Order has not yet been modified to 
incorporate the requirement. (40 C.F.R. § 122.41(a)(1).) 

B. Need to Halt or Reduce Activity Not a Defense 

It shall not be a defense for a Discharger in an enforcement action that it would have been necessary 
to halt or reduce the permitted activity in order to maintain compliance with the conditions of this 
Order. (40 C.F.R. § 122.41(c).)  

C. Duty to Mitigate 

The Discharger shall take all reasonable steps to minimize or prevent any discharge or sludge use or 
disposal in violation of this Order that has a reasonable likelihood of adversely affecting human 
health or the environment. (40 C.F.R. § 122.41(d).)  

D. Proper Operation and Maintenance 

The Discharger shall at all times properly operate and maintain all facilities and systems of 
treatment and control (and related appurtenances) which are installed or used by the Discharger to 
achieve compliance with the conditions of this Order. Proper operation and maintenance also 
includes adequate laboratory controls and appropriate quality assurance procedures. This provision 
requires the operation of backup or auxiliary facilities or similar systems that are installed by a 
Discharger only when necessary to achieve compliance with the conditions of this Order (40 C.F.R. 
§ 122.41(e)). 

E. Property Rights 

1. This Order does not convey any property rights of any sort or any exclusive privileges. (40 
C.F.R. § 122.41(g).) 

2. The issuance of this Order does not authorize any injury to persons or property or invasion of 
other private rights, or any infringement of State or local law or regulations. (40 C.F.R. § 
122.5(c).)  
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F. Inspection and Entry 

The Discharger shall allow the Regional Water Board, State Water Board, United States 
Environmental Protection Agency (USEPA), or their authorized representatives (including an 
authorized contractor acting as their representative), upon the presentation of credentials and other 
documents, as may be required by law, to (40 C.F.R. § 122.41(i); Wat. Code, § 13383): 

1. Enter upon the Discharger's premises where a regulated facility or activity is located or 
conducted, or where records are kept under the conditions of this Order (40 C.F.R. § 
122.41(i)(1)); 

2. Have access to and copy, at reasonable times, any records that must be kept under the 
conditions of this Order (40 C.F.R. § 122.41(i)(2)); 

3. Inspect and photograph, at reasonable times, any facilities, equipment (including monitoring 
and control equipment), practices, or operations regulated or required under this Order (40 
C.F.R. § 122.41(i)(3)); and 

4. Sample or monitor, at reasonable times, for the purposes of assuring Order compliance or as 
otherwise authorized by the CWA or the Water Code, any substances or parameters at any 
location. (40 C.F.R. § 122.41(i)(4).) 

G. Bypass 

1. Definitions 

a. “Bypass” means the intentional diversion of waste streams from any portion of a 
treatment facility. (40 C.F.R. § 122.41(m)(1)(i).) 

b. “Severe property damage” means substantial physical damage to property, damage to the 
treatment facilities, which causes them to become inoperable, or substantial and 
permanent loss of natural resources that can reasonably be expected to occur in the 
absence of a bypass. Severe property damage does not mean economic loss caused by 
delays in production. (40 C.F.R. § 122.41(m)(1)(ii).) 

2. Bypass not exceeding limitations. The Discharger may allow any bypass to occur which does 
not cause exceedances of effluent limitations, but only if it is for essential maintenance to 
assure efficient operation. These bypasses are not subject to the provisions listed in Standard 
Provisions – Permit Compliance I.G.3, I.G.4, and I.G.5 below. (40 C.F.R. § 122.41(m)(2).) 

3. Prohibition of bypass. Bypass is prohibited, and the Regional Water Board may take 
enforcement action against a Discharger for bypass, unless (40 C.F.R. § 122.41(m)(4)(i)): 

a. Bypass was unavoidable to prevent loss of life, personal injury, or severe property 
damage (40 C.F.R. § 122.41(m)(4)(i)(A)); 

b. There were no feasible alternatives to the bypass, such as the use of auxiliary treatment 
facilities, retention of untreated wastes, or maintenance during normal periods of 
equipment downtime. This condition is not satisfied if adequate back-up equipment 
should have been installed in the exercise of reasonable engineering judgment to prevent 

Attachment D – Standard Provisions D-2 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2011-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

a bypass that occurred during normal periods of equipment downtime or preventive 
maintenance (40 C.F.R. § 122.41(m)(4)(i)(B)); and 

c. The Discharger submitted notice to the Regional Water Board as required under Standard 
Provisions – Permit Compliance I.G.5 below. (40 C.F.R. § 122.41(m)(4)(i)(C).)  

4. The Regional Water Board may approve an anticipated bypass, after considering its adverse 
effects, if the Regional Water Board determines that it will meet the three conditions listed in 
Standard Provisions – Permit Compliance I.G.3 above. (40 C.F.R. § 122.41(m)(4)(ii).) 

5. Notice 

a. Anticipated bypass. If the Discharger knows in advance of the need for a bypass, it shall 
submit a notice, if possible at least 10 days before the date of the bypass. (40 C.F.R. § 
122.41(m)(3)(i).) 

b. Unanticipated bypass. The Discharger shall submit notice of an unanticipated bypass as 
required in Standard Provisions - Reporting V.E below (24-hour notice). (40 C.F.R. § 
122.41(m)(3)(ii).) 

H. Upset 

Upset means an exceptional incident in which there is unintentional and temporary noncompliance 
with technology based permit effluent limitations because of factors beyond the reasonable control 
of the Discharger. An upset does not include noncompliance to the extent caused by operational 
error, improperly designed treatment facilities, inadequate treatment facilities, lack of preventive 
maintenance, or careless or improper operation. (40 C.F.R. § 122.41(n)(1).) 

1. Effect of an upset. An upset constitutes an affirmative defense to an action brought for 
noncompliance with such technology based permit effluent limitations if the requirements of 
Standard Provisions – Permit Compliance I.H.2 below are met. No determination made 
during administrative review of claims that noncompliance was caused by upset, and before 
an action for noncompliance, is final administrative action subject to judicial review. (40 
C.F.R. § 122.41(n)(2).). 

2. Conditions necessary for a demonstration of upset. A Discharger who wishes to establish the 
affirmative defense of upset shall demonstrate, through properly signed, contemporaneous 
operating logs or other relevant evidence that (40 C.F.R. § 122.41(n)(3)): 

a. An upset occurred and that the Discharger can identify the cause(s) of the upset (40 
C.F.R. § 122.41(n)(3)(i)); 

b. The permitted facility was, at the time, being properly operated (40 C.F.R. § 
122.41(n)(3)(ii)); 

c. The Discharger submitted notice of the upset as required in Standard Provisions – 
Reporting V.E.2.b below (24-hour notice) (40 C.F.R. § 122.41(n)(3)(iii)); and 

d. The Discharger complied with any remedial measures required under  
Standard Provisions – Permit Compliance I.C above. (40 C.F.R. § 122.41(n)(3)(iv).)  
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3. Burden of proof. In any enforcement proceeding, the Discharger seeking to establish the 
occurrence of an upset has the burden of proof. (40 C.F.R. § 122.41(n)(4).) 

II. STANDARD PROVISIONS – PERMIT ACTION 

A. General 

This Order may be modified, revoked and reissued, or terminated for cause. The filing of a request 
by the Discharger for modification, revocation and reissuance, or termination, or a notification of 
planned changes or anticipated noncompliance does not stay any Order condition. (40 C.F.R. § 
122.41(f).) 

B. Duty to Reapply 

If the Discharger wishes to continue an activity regulated by this Order after the expiration date of 
this Order, the Discharger must apply for and obtain a new permit. (40 C.F.R. § 122.41(b).)  

C. Transfers 

This Order is not transferable to any person except after notice to the Regional Water Board. The 
Regional Water Board may require modification or revocation and reissuance of this Order to 
change the name of the Discharger and incorporate such other requirements as may be necessary 
under the CWA and the Water Code. (40 C.F.R. § 122.41(l)(3); § 122.61.) 

III.  STANDARD PROVISIONS – MONITORING 

A. Samples and measurements taken for the purpose of monitoring shall be representative of the 
monitored activity. (40 C.F.R. § 122.41(j)(1).) 

B. Monitoring results must be conducted according to test procedures under Part 136 or, in the case of 
sludge use or disposal, approved under Part 136 unless otherwise specified in Part 503 unless other 
test procedures have been specified in this Order. (40 C.F.R. § 122.41(j)(4); § 122.44(i)(1)(iv).) 

IV.  STANDARD PROVISIONS – RECORDS 

A. Except for records of monitoring information required by this Order related to the Discharger's 
sewage sludge use and disposal activities, which shall be retained for a period of at least five years 
(or longer as required by Part 503), the Discharger shall retain records of all monitoring 
information, including all calibration and maintenance records and all original strip chart recordings 
for continuous monitoring instrumentation, copies of all reports required by this Order, and records 
of all data used to complete the application for this Order, for a period of at least three (3) years 
from the date of the sample, measurement, report or application. This period may be extended by 
request of the Regional Water Board Executive Officer at any time. (40 C.F.R. § 122.41(j)(2).) 

B. Records of monitoring information shall include: 

1. The date, exact place, and time of sampling or measurements (40 C.F.R. § 122.41(j)(3)(i)); 

2. The individual(s) who performed the sampling or measurements (40 C.F.R. § 
122.41(j)(3)(ii)); 
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3. The date(s) analyses were performed (40 C.F.R. § 122.41(j)(3)(iii)); 

4. The individual(s) who performed the analyses (40 C.F.R. § 122.41(j)(3)(iv)); 

5. The analytical techniques or methods used (40 C.F.R. § 122.41(j)(3)(v)); and 

6. The results of such analyses. (40 C.F.R. § 122.41(j)(3)(vi).) 

C. Claims of confidentiality for the following information will be denied (40 C.F.R. § 122.7(b)): 

1. The name and address of any permit applicant or Discharger (40 C.F.R. § 122.7(b)(1)); and 

2. Permit applications and attachments, permits and effluent data. (40 C.F.R. § 122.7(b)(2).) 

V. STANDARD PROVISIONS – REPORTING 

A. Duty to Provide Information 

The Discharger shall furnish to the Regional Water Board, State Water Board, or USEPA within a 
reasonable time, any information which the Regional Water Board, State Water Board, or USEPA 
may request to determine whether cause exists for modifying, revoking and reissuing, or 
terminating this Order or to determine compliance with this Order. Upon request, the Discharger 
shall also furnish to the Regional Water Board, State Water Board, or USEPA copies of records 
required to be kept by this Order. (40 C.F.R. § 122.41(h); Wat. Code, § 13267.) 

B. Signatory and Certification Requirements  

1. All applications, reports, or information submitted to the Regional Water Board, State Water 
Board, or USEPA shall be signed and certified in accordance with Standard Provisions – 
Reporting V.B.2, V.B.3, V.B.4, and V.B.5 below. (40 C.F.R. § 122.41(k)) 

2. All permit applications shall be signed by a responsible corporate officer. For purposes of 
this provision, a responsible corporate officer means: (i) A president, secretary, treasurer, or 
vice-president of the corporation in charge of a principal business function, or any other 
person who performs similar policy- or decision-making functions for the corporation, or (ii) 
the manager of one or more manufacturing, production, or operating facilities, provided, the 
manager is authorized to make management decisions which govern the operation of the 
regulated facility including having the explicit or implicit duty of making major capital 
investment recommendations, and initiating and directing other comprehensive measures to 
assure ling term environmental compliance with environmental laws and regulations;  the 
manager can ensure that the necessary systems are established or actions taken to gather 
complete and accurate information for permit application requirements; and where authority 
to sign documents has been assigned or delegated to the manager in accordance with 
corporate procedures. (40 C.F.R. § 122.22(a)(1)) 

3. All reports required by this Order and other information requested by the Regional Water 
Board, State Water Board, or USEPA shall be signed by a person described in Standard 
Provisions – Reporting V.B.2 above, or by a duly authorized representative of that person. A 
person is a duly authorized representative only if: 

Attachment D – Standard Provisions D-5 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2011-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

a. The authorization is made in writing by a person described in Standard Provisions – 
Reporting V.B.2 above (40 C.F.R. § 122.22(b)(1)); 

b. The authorization specifies either an individual or a position having responsibility for the 
overall operation of the regulated facility or activity such as the position of plant 
manager, operator of a well or a well field, superintendent, position of equivalent 
responsibility, or an individual or position having overall responsibility for environmental 
matters for the company. (A duly authorized representative may thus be either a named 
individual or any individual occupying a named position.) (40 C.F.R. § 122.22(b)(2)); 
and 

c. The written authorization is submitted to the Regional Water Board and State Water 
Board. (40 C.F.R. § 122.22(b)(3).) 

4. If an authorization under Standard Provisions – Reporting V.B.3 above is no longer accurate 
because a different individual or position has responsibility for the overall operation of the 
facility, a new authorization satisfying the requirements of Standard Provisions – Reporting 
V.B.3 above must be submitted to the Regional Water Board and State Water Board prior to 
or together with any reports, information, or applications, to be signed by an authorized 
representative. (40 C.F.R. § 122.22(c).) 

5. Any person signing a document under Standard Provisions – Reporting V.B.2 or V.B.3 
above shall make the following certification: 

“I certify under penalty of law that this document and all attachments were prepared under 
my direction or supervision in accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. Based on my inquiry of 
the person or persons who manage the system or those persons directly responsible for 
gathering the information, the information submitted is, to the best of my knowledge and 
belief, true, accurate, and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and imprisonment for knowing 
violations.”  (40 C.F.R. § 122.22(d).) 

C. Monitoring Reports  

1. Monitoring results shall be reported at the intervals specified in the Monitoring and 
Reporting Program (Attachment E) in this Order. (40 C.F.R. § 122.22(l)(4).) 

2. Monitoring results must be reported on a Discharge Monitoring Report (DMR) form or forms 
provided or specified by the Regional Water Board or State Water Board for reporting results 
of monitoring of sludge use or disposal practices. (40 C.F.R. § 122.41(l)(4)(i).) 

3. If the Discharger monitors any pollutant more frequently than required by this Order using 
test procedures approved under Part 136 or, in the case of sludge use or disposal, approved 
under Part 136 unless otherwise specified in Part 503, or as specified in this Order, the results 
of this monitoring shall be included in the calculation and reporting of the data submitted in 
the DMR or sludge reporting form specified by the Regional Water Board. (40 C.F.R. § 
122.41(l)(4)(ii).) 
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4. Calculations for all limitations, which require averaging of measurements, shall utilize an 
arithmetic mean unless otherwise specified in this Order. (40 C.F.R. § 122.41(l)(4)(iii).)  

D. Compliance Schedules 

Reports of compliance or noncompliance with, or any progress reports on, interim and final 
requirements in any compliance schedule of this Order, shall be submitted no later than 14 days 
following each schedule date. (40 C.F.R. § 122.41(l)(5).) 

E. Twenty-Four Hour Reporting  

1. The Discharger shall report any noncompliance that may endanger health or the environment. 
Any information shall be provided orally within 24 hours from the time the Discharger 
becomes aware of the circumstances. A written submission shall also be provided within five 
(5) days of the time the Discharger becomes aware of the circumstances. The written 
submission shall contain a description of the noncompliance and its cause; the period of 
noncompliance, including exact dates and times, and if the noncompliance has not been 
corrected, the anticipated time it is expected to continue; and steps taken or planned to 
reduce, eliminate, and prevent reoccurrence of the noncompliance. (40 C.F.R. § 
122.41(l)(6)(i).) 

2. The following shall be included as information that must be reported within 24 hours under 
this paragraph (40 C.F.R. § 122.41(l)(6)(ii)): 

a. Any unanticipated bypass that exceeds any effluent limitation in this Order. (40 C.F.R. § 
122.41(l)(6)(ii)(A).) 

b. Any upset that exceeds any effluent limitation in this Order. (40 C.F.R. § 
122.41(l)(6)(ii)(B).) 

3. The Regional Water Board may waive the above-required written report under this provision 
on a case-by-case basis if an oral report has been received within 24 hours. (40 C.F.R. § 
122.41(l)(6)(iii).) 

F. Planned Changes  

The Discharger shall give notice to the Regional Water Board as soon as possible of any planned 
physical alterations or additions to the permitted facility. Notice is required under this provision 
only when (40 C.F.R. § 122.41(l)(1)): 

1. The alteration or addition to a permitted facility may meet one of the criteria for determining 
whether a facility is a new source in section 122.29(b) (40 C.F.R. § 122.41(l)(1)(i)); or 

2. The alteration or addition could significantly change the nature or increase the quantity of 
pollutants discharged. This notification applies to pollutants that are not subject to effluent 
limitations in this Order. (40 C.F.R. § 122.41(l)(1)(ii).) 

3. The alteration or addition results in a significant change in the Discharger's sludge use or 
disposal practices, and such alteration, addition, or change may justify the application of 
permit conditions that are different from or absent in the existing permit, including 
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notification of additional use or disposal sites not reported during the permit application 
process or not reported pursuant to an approved land application plan. (40 C.F.R.§ 
122.41(l)(1)(iii).) 

G. Anticipated Noncompliance 

The Discharger shall give advance notice to the Regional Water Board or State Water Board of any 
planned changes in the permitted facility or activity that may result in noncompliance with General 
Order requirements. (40 C.F.R. § 122.41(l)(2).) 

H. Other Noncompliance 

The Discharger shall report all instances of noncompliance not reported under Standard Provisions 
– Reporting V.C, V.D, and V.E above at the time monitoring reports are submitted. The reports 
shall contain the information listed in Standard Provision – Reporting V.E above. (40 C.F.R. § 
122.41(l)(7).) 

I. Other Information 

When the Discharger becomes aware that it failed to submit any relevant facts in a permit 
application, or submitted incorrect information in a permit application or in any report to the 
Regional Water Board, State Water Board, or USEPA, the Discharger shall promptly submit such 
facts or information. (40 C.F.R. § 122.41(l)(8).) 

VI.  STANDARD PROVISIONS – ENFORCEMENT 

A. The Regional Water Board is authorized to enforce the terms of this Order under several provisions 
of the Water Code, including, but not limited to, sections 13385, 13386, and 13387. 

VII. ADDITIONAL PROVISIONS – NOTIFICATION LEVELS 

A. Non-Municipal Facilities 

Existing manufacturing, commercial, mining, and silvicultural Dischargers shall notify the 
Regional Water Board as soon as they know or have reason to believe (40 C.F.R. § 122.42(a)): 

1. That any activity has occurred or will occur that would result in the discharge, on a routine or 
frequent basis, of any toxic pollutant that is not limited in this Order, if that discharge will 
exceed the highest of the following “notification levels” (40 C.F.R. § 122.42(a)(1)):

a. 100 micrograms per liter ( g/L) (40 C.F.R. § 122.42(a)(1)(i));

b. 200 g/L for acrolein and acrylonitrile; 500 g/L for 2,4-dinitrophenol and 
2-methyl-4,6-dinitrophenol; and 1 milligram per liter (mg/L) for antimony (40 C.F.R. § 
122.42(a)(1)(ii));

c. Five (5) times the maximum concentration value reported for that pollutant in the Report 
of Waste Discharge (40 C.F.R. § 122.42(a)(1)(iii)); or
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d. The level established by the Regional Water Board in accordance with section 122.44(f). 
(40 C.F.R. § 122.42(a)(1)(iv).)

2. That any activity has occurred or will occur that would result in the discharge, on a non-
routine or infrequent basis, of any toxic pollutant that is not limited in this Order, if that 
discharge will exceed the highest of the following “notification levels” (40 C.F.R. § 
122.42(a)(2)):

a. 500 micrograms per liter ( g/L) (40 C.F.R. § 122.42(a)(2)(i)); 

b. 1 milligram per liter (mg/L) for antimony (40 C.F.R. § 122.42(a)(2)(ii)); 

c. Ten (10) times the maximum concentration value reported for that pollutant in the Report 
of Waste Discharge (40 C.F.R. § 122.42(a)(2)(iii)); or 

d. The level established by the Regional Water Board in accordance with section 122.44(f). 
(40 C.F.R. § 122.42(a)(2)(iv).) 
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E  
ATTACHMENT E – MONITORING AND REPORTING PROGRAM 
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ATTACHMENT E – MONITORING AND REPORTING PROGRAM (MRP) 

40 CFR 122.48 requires that all National Pollution Discharge Elimination System (NPDES) permits 
specify monitoring and reporting requirements. California Water Code (CWC) sections 13267 and 
13383 also authorize the Regional Water Quality Control Board (Regional Water Board) to require 
technical and monitoring reports. This MRP establishes monitoring and reporting requirements that 
implement federal and California regulations. 

I. GENERAL MONITORING PROVISIONS 

A. The Discharger shall comply with this MRP. The Executive Officer may amend this MRP pursuant 
to 40 CFR 122.62, 122.63, and 124.5. If any discrepancies exist between the MRP and the Regional 
Standard Provisions, the MRP shall prevail. 

B. The Discharger shall conduct all monitoring in accordance with Attachment D, section III, as 
supplemented by Attachment G of this Order. Equivalent test methods must be more sensitive than 
those specified in 40 CFR 136, must be specified in the permit, and must be approved for use by the 
Executive Officer, following consultation with the State Water Board Quality Assurance Program. 

II. MONITORING LOCATIONS 

The Discharger shall monitor at the following locations to demonstrate compliance with the effluent 
limitations, discharge specifications, and other requirements in this Order. 

Table E-1. Monitoring Station Locations 
Type of 

Sampling 
Location 

Monitoring
Location 

Name 
Monitoring Location Description  

Influent INF-001 At any point in the saltwater pump intake that delivers San Pablo Bay water to 
the Facility, prior to any treatment or use for cooling or processing. 

Influent INF-002 At any point in the pipe that delivers only recycled water to the facility, 
upstream of any water treatment unit, blending point, or point of use.  

Effluent EFF-002 At any point in the outfall from the treatment facilities to Discharge Point 002, 
at which all wastewaters tributary to the outfall are present. 

Effluent EFF-003A At any point in the outfall for Discharge Point 003 between the point of 
discharge and the point where all wastes tributary thereto are present.  

Effluent EFF-003B 

At any point in the outfall for Discharge Point 003 that includes once-through 
cooling water and neutralized demineralizer wastewaters but does not include 
the inflow of stormwater runoff for the purpose of priority pollutant monitoring 
such that the sample is representative of once-through cooling water. 

Effluent EFF-004 

At a point in each of the three source areas (may be composited) resulting in the 
discharge from Discharge Point 004, not more than 5 feet from the point(s) of 
discharge. Exact sampling point for each discharge area shall be determined at 
the time of sampling.  

Receiving 
Water RSW-002 At a point in San Pablo Bay, located no more than 200 feet over the geometric 

center of the deepwater diffusers for Discharge Point 002. 

Receiving 
Water RSW-003 

At a point in San Pablo Bay, located not more than 1,000 feet west of Discharge 
Point 003, where representative ambient temperature and receiving water 
quality can be measured.  
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Type of 
Sampling 
Location 

Monitoring
Location 

Name 
Monitoring Location Description  

Rainfall R-1 The nearest official National Weather Service rainfall station, the Discharger’s 
Laboratory rain gauge, or another station acceptable to the Executive Officer.  

 
III.INFLUENT MONITORING REQUIREMENTS 

The Discharger shall monitor the once-through water cooling water intake at Monitoring Location 
INF-001 as follows: 

Table E-2. Influent Monitoring at INF-001 

Parameter Units Sample Type 
Minimum Sampling 

Frequency 
Required Analytical 

Test Method 
Flow Rate [2] MGD Continuous 1/Day [1] 
Copper, Total 
Recoverable μg/L Grab/C-24 1/Month [1] 

Nickel, Total 
Recoverable μg/L Grab/C-24 1/Month [1] 

Zinc, Total 
Recoverable μg/L Grab/C-24 1/Month [1] 

Dioxin-TEQ pg/L Grab/C-24 2/Year [1]

TOC mg/L Grab/C-24 1/Month [1] 

[1] Pollutants shall be analyzed using the analytical methods described in 40 CFR Part 136. 
[2] For influent flows, the following information shall also be monitored and reported in the monthly SMRs: 

 a. Daily Total Flow Volume (million gallons, MG) 
 b. Average Daily Flow (million gallons per day, MGD) 
 c. Maximum Daily Flow (MGD) 
 d. Minimum Daily Flow (MGD) 

 

Monitoring at I-002 is not required unless the Discharger has begun a wastewater recycling 
program. Monitoring at I-002 is also not required if the Discharger chooses to forgo effluent limit 
credits. 

Table E-3. Influent Monitoring at INF-002 

Parameter Units Sample Type 
Minimum Sampling 

Frequency 
Required Analytical 

Test Method 

Recycled Water Flow 
Rate [2] MGD Continuous 1/Day [1] 

Copper μg/L C-24 1/Week [1] 
Selenium μg/L C-24 1/Week [1] 
Benzo(a)Pyrene μg/L Grab 2/Year [4]

Benzo(b)Fluoranthene μg/L Grab 2/Year [4] 

Bis(2-
Ethylhexyl)Phthalate μg/L Grab 2/Year [4] 

Chrysene μg/L Grab 2/Year [4] 

Dibenzo(a,h)Anthracene μg/L Grab 2/Year [4] 

Indeno(1,2,3-cd)Pyrene μg/L Grab 2/Year [4] 

Dichlorobromomethane μg/L Grab 2/Year [1] 

Attachment E – MRP E-3 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2010-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

Minimum Sampling Required Analytical 
Parameter Units Sample Type 

Frequency Test Method 
Total PAHs[5] μg/L Grab 2/Year [1] 

Ammonia Nitrogen, 
Total (as N) mg/L Grab 1/Month [1] 

[1] Pollutants shall be analyzed using the analytical methods described in 40 CFR Part 136. 
[2] For influent recycled water flows, the following information shall also be monitored and reported in the monthly 

SMRs: 
 a. Daily Total Flow Volume (million gallons, MG) 
 b. Average Daily Flow (million gallons per day, MGD) 
 c. Maximum Daily Flow (MGD)   
 d. Minimum Daily Flow (MGD) 

[3] Chlorinated dibenzodioxins and chlorinated dibenzofurans shall be analyzed using the latest version of USEPA 
Method 1613. The Discharger shall collect 4-liter samples to lower the detection limits to the greatest extent 
practicable. Alternative methods of analysis must be approved by the Executive Officer. 

[4] The latest versions of USEPA Methods 624 (or 8240) and 625 (or 8270) shall be used. 
[5] When calculating total PAHs, the Discharger shall set individual PAH concentrations below minimum levels 

(MLs) to zero. 
 

IV. EFFLUENT MONITORING REQUIREMENTS 

A. Discharge Point 002 

The Discharger shall monitor Discharge Point 002 (treated effluent) at Monitoring Location 
EFF-002 as follows: 

 Table E-4. Effluent Monitoring at EFF-002 

Parameter Units Sample Type
Minimum
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Flow Rate [1] MGD Continuous 1/Day [2] 
pH [3] s.u. Continuous Continuous [2] 
Temperature oF Continuous Continuous [2] 
Total Coliform Bacteria MPN / 100 mL Grab 1/Week [2] 

Enterococcus Bacteria MPN / 100 mL Grab 1/Quarter [2] 

Chlorine, Total Residual mg/L Grab 1/Day [2] 

mg/L C-24 1/Month [2] 
BOD5 lbs/day C-24 1/Month [2] 

mg/L C-24 1/Month [2] 

COD 
lbs/day C-24 1/Month [2] 

mg/L C-24 1/Month [2] 

TSS 
lbs/day C-24 1/Month [2] 

mg/L C-24 1/Month [2] 
Oil and Grease[4] 

lbs/day C-24 1/Month [2] 

mg/l Grab 1/Month [2] 

Phenolic Compounds, Total 
lbs/day Grab 1/Month [2] 
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Parameter Units Sample Type
Minimum
Sampling 
Frequency 

Required 
Analytical Test 

Method 
μg/L C-24 1/Month [2] 

Chromium, Total Recoverable [5] 

lbs/day C-24 1/Month [2] 
μg/L C-24 1/Month [2] 

Chromium (VI) 
lbs/day C-24 1/Month [2] 
mg/L Grab 1/Month [2],[6] 

Sulfide, Total  
lbs/day Grab 1/Month [2],[6] 

mg/L Grab 1/Month [2] 

Ammonia Nitrogen, Total (as N) 
lbs/day Grab 1/Month [2] 

Acute Toxicity  % Survival C-24 1/Week [7] 
Chronic Toxicity TUc C-24 2/Year [8] 
Copper, Total Recoverable μg/L C-24 1/Week [2] 

Selenium μg/L C-24 1/Week [9] 

Dichlorobromomethane μg/L Grab 2/Year [2] 

Benzo(a)Pyrene μg/L Grab 2/Year [10] 

Benzo(b)Fluoranthene μg/L Grab 2/Year [10] 

Chrysene μg/L Grab 2/Year [10] 

Bis(2-Ethylhexyl)Phthalate μg/L Grab 2/Year [10] 

Dibenzo(a,h)Anthracene μg/L Grab 2/Year [10] 

Indeno(1,2,3-cd)Pyrene μg/L Grab 2/Year [10] 

2,3,7,8-TCDD and congeners g/L Grab 2/Year [11] 

Polynuclear Aromatic 
Hydrocarbons (PAHs) μg/L Grab 2/Year [2] 

Remaining Priority Pollutants [12] μg/L Grab 1/Year [2] 

Standard Observations -- Daily 1/Day -- 
[1] For effluent flows, the following information shall also be monitored and reported in the monthly SMRs: 

 a. Daily Total Flow Volume (million gallons, MG) 
 b. Average Daily Flow (million gallons per day, MGD) 
 c. Maximum Daily Flow (MGD) 
 d. Minimum Daily Flow (MGD) 

[2] Pollutants and pollutant parameters shall be analyzed using the analytical methods described in 40 CFR 136.  
[3] If pH is monitored continuously, the minimum and maximum pH values for each day shall be reported in monthly 

Self-Monitoring Reports (SMRs). 
[4] Each oil and grease sampling and analysis event shall be conducted in accordance with EPA Method 1664.  
[5] The Discharger may, at its option, comply with the limits for hexavalent chromium by using total chromium 

results. In this case, analysis for hexavalent chromium is waived. 
[6] Grab samples shall be collected coincident with composite samples collected for the analysis of regulated 

parameters. 
[7] Acute bioassay tests shall be performed in accordance with MRP section V.A. 
[8] Critical Life Stage Toxicity Tests shall be performed and reported in accordance with MRP section V.B. 
[9] Selenium shall be analyzed using methods described in USEPA Method No. 200.8 or Standard Method 

No. 3114B or 3114C. 
[10] The latest versions of USEPA Methods 624 (or 8240) and 625 (or 8270) shall be used. 
[11] Chlorinated dibenzodioxins and chlorinated dibenzofurans shall be analyzed using the latest version of USEPA 

Method 1613. The Discharger shall collect 4-liter samples to lower the detection limits to the greatest extent 
practicable. Alternative methods of analysis must be approved by the Executive Officer. 

[12] Priority pollutant sampling is addressed in the Regional Standard Provisions (Attachment G). 
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B. Discharge Point 003 

1. The Discharger shall monitor Discharge Point 003 at Monitoring Location EFF-003A as 
follows: 

 Table E-5. Effluent Monitoring at EFF-003A 

Parameter Units Sample Type
Minimum
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Flow Rate [1] MGD Continuous 1/Day [2] 
pH [3] s.u. Grab 1/Month [2] 
Temperature oF Continuous Continuous [2] 
Chlorine, Total Residual mg/L Grab [4] [2] 

Standard Observations -- Daily 1/Day -- 
[1] For effluent flows, the following information shall also be monitored and reported in the monthly SMRs: 

a. Daily Total Flow Volume (million gallons, MG) 
b. Average Daily Flow (million gallons per day, MGD) 
c. Maximum Daily Flow (MGD) 
d. Minimum Daily Flow (MGD) 

[2] Pollutants and pollutant parameters shall be analyzed using the analytical methods described in 40 CFR 136.  
[3] If pH is monitored continuously, the minimum and maximum pH values for each day shall be reported in monthly Self-

Monitoring Reports (SMRs). 
[4] The Discharger shall monitor for Total Residual Chlorine at EFF-003 every 2 hours if intake chlorination occurs or if fresh 

water is used as a substitute for once-through cooling water. If fresh water is used to supplement once-through cooling 
water, the Discharger shall monitor for Total Residual Chlorine daily. 

 
2. The Discharger shall monitor Discharge Point 003 at Monitoring Location EFF-003B as 

follows: 
 

Table E-6. Effluent Monitoring at EFF-003B

Parameter Units Sample Type
Minimum
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Copper μg/L Grab/C-24 1/Month [1] 

Nickel μg/L Grab/C-24 1/Month [1] 
Selenium μg/L Grab/C-24 1/Year [1][2] 

Zinc μg/L Grab/C-24 1/Month [1] 

Dioxin-TEQ g/L Grab 2/Year [1][3] 

TOC mg/L Grab/C-24 1/Month [1] 

Remaining Priority 
Pollutants[4] μg/L Grab 1/Year [1] 

[1] Pollutants and pollutant parameters shall be analyzed using the analytical methods described in 40 CFR 136.  
[2] Selenium shall be analyzed using methods described in USEPA Method No. 200.8. 
[3] Chlorinated dibenzodioxins and chlorinated dibenzofurans shall be analyzed using the latest version of USEPA 

Method 1613. The Discharger shall collect 4-liter samples to lower the detection limits to the greatest extent 
practicable. Alternative methods of analysis must be approved by the Executive Officer. 

[4] Sampling for all priority pollutants is addressed in the Regional Standard Provisions (Attachment G). 
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C. Discharge Point 004 

The Discharger shall monitor stormwater discharges from Discharge Point 004 at Monitoring 
Location EFF-004 as follows.  

Table E-7. Stormwater Monitoring at EFF-004 

Parameter Units Sample Type
Minimum
Sampling 

Frequency 

Required 
Analytical Test 

Method 
pH s.u. Continuous 2/Year [1] 

Oil and Grease mg/L Grab 2/Year [1] 

Total Organic Carbon 
(TOC) mg/L Grab 2/Year [1] 

Total Petroleum 
Hydrocarbons (TPH) mg/L Grab [2] [1] 

TSS mg/L Grab 2/Year [1] 

Specific Conductance μmhos/cm Grab 2/Year [1] 

[1] Pollutants and pollutant parameters shall be analyzed using the analytical methods described in 40 CFR 136. 
[2] TPH shall be monitored when TOC is detected. 

 
V. WHOLE EFFLUENT TOXICITY TESTING 

The Discharger shall monitor acute and chronic toxicity at Monitoring Location EFF-002 as 
described below. 

A. Whole Effluent Acute Toxicity 

1. Compliance with the acute toxicity effluent limitations of this Order shall be evaluated by 
measuring survival of test organisms exposed to 96-hour continuous flow-through bioassays.  

2. Test species shall be rainbow trout unless the Executive Officer specifies otherwise in 
writing. 

3. All bioassays shall be performed according to the most up-to-date protocols in 40 CFR 136, 
currently in Methods for Measuring the Acute Toxicity of Effluents and Receiving Water to 
Freshwater and Marine Organisms, 5th Edition. 

4. If the Discharger demonstrates that specific identifiable substances in the discharge are 
rapidly rendered harmless upon discharge to the receiving water, compliance with the acute 
toxicity limit may be determined after test samples are adjusted to remove the influence of 
those substances. Written approval from the Executive Officer must be obtained to authorize 
such an adjustment. 

5. Effluent used for fish bioassays must be dechlorinated prior to testing. Monitoring of the 
bioassay water shall include, on a daily basis, the following parameters: pH, dissolved 
oxygen, ammonia (if toxicity is observed), temperature, hardness, and alkalinity. These 
results shall be reported. If a violation of acute toxicity requirements occurs, the bioassay test 
shall be repeated with new fish as soon as practical and shall be repeated until a test fish 
survival rate of 90 percent or greater is observed. If the control fish survival rate is less than 
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90 percent, the bioassay test shall be restarted with new fish and shall continue as soon as 
practical until an acceptable test is completed (i.e., control fish survival rate is 90 percent or 
greater). 

B. Whole Effluent Chronic Toxicity 

1. Monitoring Requirements 

a. Sampling. The Discharger shall collect 24-hour composite samples of the effluent at 
EFF-002 for critical life stage toxicity testing as indicated below. For toxicity tests 
requiring renewals, 24-hour composite samples collected on consecutive days are 
required. 

b. Test Species. Chronic toxicity shall be monitored using critical life stage tests(s) and the 
most sensitive test species identified by screening phase testing. At the time of this permit 
adoption, the approved species is mysid shrimp (Americamysis bahia). The Executive 
Officer may change to another test species if data suggest that another test species is 
more sensitive to the discharge.  

c. Methodology. Sample collection, handling and preservation shall be in accordance with 
USEPA protocols. In addition, bioassays shall be conducted in compliance with the most 
recently promulgated test methods, as shown in Appendix E-1. These are Short-Term
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine 
and Estuarine Organisms, currently third edition (EPA-821-R-02-014), and Short-term
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms, currently fourth Edition (EPA-821-R-02-013), with exceptions 
granted the Discharger by the Executive Officer and the Environmental Laboratory 
Accreditation Program (ELAP). 

d. Dilution Series. The Discharger shall conduct tests at 100%, 50%, 25%, 10%, 5%, and 
2.5%. The “%” represents percent effluent as discharged. 

e. Accelerated Monitoring. The Discharger shall accelerate monitoring to occur monthly 
when either of the following conditions is exceeded: 

(1) Three sample median value of 10 chronic toxicity units (TUc), or 

(2) Single sample maximum value of 20 TUc. 

2. Reporting Requirements 

a. Routine Reporting. Toxicity test results for the current reporting period shall include, at a 
minimum, for each test: 

i. Sample dates 

ii. Test initiation date 

iii. Test species 
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iv. End point values for each dilution (e.g., number of young, growth rate, percent 
survival) 

v. NOEC values in percent effluent 

vi. IC15, IC25, IC40, and IC50 values (or EC15, EC25 ... etc.) as percent effluent 

vii. TUc values (100/IC25 or 100/EC25, or 100/NOEC if the IC25 or EC25 cannot be 
statistically determined.) 

viii. Mean percent mortality (±s.d.) after 96 hours in 100% effluent (if applicable) 

ix. NOEC and LOEC values for reference toxicant tests 

x. IC50 or EC50 values for reference toxicant tests 

xi. Available water quality measurements for each test (pH, dissolved oxygen, 
temperature, conductivity, hardness, salinity, ammonia) 

b. Compliance Summary. The results of the chronic toxicity testing shall be provided in the 
self-monitoring report and shall include a summary table of chronic toxicity data from at 
least 11 of the most recent samples. The information in the table shall include items listed 
above under MRP section V.B.2.a, specifically item numbers i, ii, iii, vi (IC25 or EC25), 
vii, and viii. 

3. Toxicity Reduction Evaluation (TRE) 

a. To be ready to respond to toxicity events, the Discharger shall prepare a generic TRE 
work plan by August 29, 2011. The Discharger shall review and update the work plan as 
necessary to remain current and applicable to the discharge and discharge facilities. 

b. Within 30 days of exceeding the accelerated monitoring trigger, the Discharger shall 
submit to the Regional Water Board a specific TRE work plan, which should be the 
generic work plan revised as appropriate for the toxicity event after consideration of 
available discharge data. 

c. Within 30 days of the date of completion of the accelerated monitoring tests observed to 
exceed either trigger, the Discharger shall initiate a TRE in accordance with a TRE work 
plan that incorporates any and all comments from the Executive Officer. 

d. The TRE shall be specific to the discharge and be prepared in accordance with current 
technical guidance and reference materials, including USEPA guidance materials. The 
TRE shall be conducted as a tiered evaluation process, as summarized below: 

i. Tier 1 consists of basic data collection (routine and accelerated monitoring). 

ii. Tier 2 consists of evaluation of optimization of the treatment process, including 
operation practices and in-plant process chemicals. 

iii. Tier 3 consists of a toxicity identification evaluation (TIE). 
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iv. Tier 4 consists of evaluation of options for additional effluent treatment processes. 

v. Tier 5 consists of evaluation of options for modifications of in-plant treatment 
processes. 

vi. Tier 6 consists of implementation of selected toxicity control measures, and follow-up 
monitoring and confirmation of implementation success. 

e. The TRE may be ended at any stage if monitoring finds there is no longer consistent 
toxicity (complying with requirements of section IV.A.6 of this Order). 

f. The objective of the TIE shall be to identify the substance or combination of substances 
causing the observed toxicity. All reasonable efforts using currently available TIE 
methods shall be employed. 

g. As toxic substances are identified or characterized, the Discharger shall continue the TRE 
by determining the sources and evaluating alternative strategies for reducing or 
eliminating the substances from the discharge. All reasonable steps shall be taken to 
reduce toxicity to levels consistent with chronic toxicity evaluation parameters. 

h. Many recommended TRE elements parallel required or recommended efforts of source 
control, pollution prevention, and stormwater control programs. TRE efforts should be 
coordinated with such efforts. To prevent duplication of efforts, evidence of complying 
with requirements or recommended efforts of such programs may be acceptable to 
comply with TRE requirements. 

i. Chronic toxicity may be episodic and identification of causes of, and reduction of, 
sources of chronic toxicity may not be successful in all cases. Regional Water Board 
consideration of enforcement action will be based in part on the Discharger’s actions and 
efforts to identify and control or reduce sources of consistent toxicity. 

VI. RECEIVING WATER MONITORING REQUIREMENTS 

The Discharger shall monitor receiving water at Monitoring Locations RSW-002 and RSW-003 
as follows.  

Table E-8. Receiving Water Monitoring at RSW-002 and RSW-003 

Parameter Units Sample Type
Minimum
Sampling 
Frequency 

Required 
Analytical Test 

Method 

pH s.u. Grab 1/Quarter [1] 

Temperature °F Grab 1/Quarter [1] 

Dissolved Oxygen mg/L Grab 1/Quarter [1] 

Sulfides mg/L Grab 1/Quarter [1] 

Unionized Ammonia mg/L Grab 1/Quarter [1] 

Salinity ppt Grab 1/Quarter [1] 

Hardness mg/L Grab 1/Quarter [1] 

Standard Observations -- -- 1/Quarter [2] 
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[1] Pollutants and pollutant parameters shall be analyzed using the analytical methods described in 40 CFR 136. 
[2] Standard observations are listed in Attachment G (Standard Provisions), section III.C.1, Receiving Water Observations. 

 

VII. LEGEND FOR MRP TABLES 

Types of Samples 
C-24 = composite sample, 24 hours (includes continuous sampling, such as for flows) 
Grab = grab sample 
 
Frequency of Sampling 
1/Week  = once each week 
1/Month  = once each month 
1/Quarter  = once each calendar quarter (at about three month intervals) 
2/Year  = twice each calendar year (at about 6 months intervals, once during dry season, 

once during wet season) 

Parameter and Unit Abbreviations 
BOD5 = 5-day biochemical oxygen demand 
COD = chemical oxygen demand 
TUc = chronic toxicity units 
C = degrees Celsius 

DO = dissolved oxygen 
μg/L = micrograms per liter 
μmhos/cm = micromhos/centimeter 
MG = million gallons 
MGD = million gallons per day 
mg/L = milligrams per liter 
ml/L-hr = milliliters per liter, per hour 
MPN/100 ml = most probable number per 100 milliliters 
% survival = percent survival 
PAHs = polycyclic aromatic hydrocarbons 
lbs/day = pounds per day 
TSS = total suspended solids 
s.u. = standard pH units 

VIII. REPORTING REQUIREMENTS 

A. General Monitoring and Reporting Requirements 

The Discharger shall comply with all Federal Standard Provisions (Attachment D) and Regional 
Standard Provisions (Attachment G) related to monitoring, reporting, and recordkeeping. 

B. Self Monitoring Reports 

1. At any time during the term of this Order, the State or Regional Water Board may notify the 
Discharger to electronically submit Self-Monitoring Reports (SMRs) using the State Water 
Board’s California Integrated Water Quality System (CIWQS) Program Web site 
(http://www.waterboards.ca.gov/ciwqs/index.html). Until such notification is given, the 
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Discharger shall submit hard copy SMRs. The CIWQS Web site will provide additional 
directions for SMR submittal in the event there will be service interruption for electronic 
submittal. 

2. The Discharger shall report in each SMR the results for all monitoring specified in this MRP. 
The Discharger shall submit monthly and annual SMRs including the results of all required 
monitoring using USEPA-approved test methods or other test methods specified in this 
Order. If the Discharger monitors any pollutant more frequently than required by this Order, 
the results of such monitoring shall be included in the calculations and reporting of the data 
submitted in the SMR. Monthly SMRs shall be due on the 30th day following the end of each 
calendar month, covering samples collected during that calendar month; Annual Reports 
shall be due on February 1 following each calendar year. 

3. Monitoring periods and reporting for all required monitoring shall be completed according to 
the following schedule:  

Table E-9. Monitoring Periods and Reporting Schedule 
Sampling 
Frequency

Monitoring Period Begins On… Monitoring Period 

Continuous Day after permit effective date All 
1/Hour Day after permit effective date Hourly 

1/Day Day after permit effective date 
Midnight through 11:59 PM or any 24-hour 
period that reasonably represents a calendar 
day for purposes of sampling.  

1/Week 
Sunday following permit effective date 
or on permit effective date if on a 
Sunday 

Sunday through Saturday 

1/Month 

First day of calendar month following 
permit effective date or on permit 
effective date if that date is first day of 
the month 

1st day of calendar month through last day of 
calendar month 

1/Quarter 
Closest of January 1, April 1, July 1, or 
October 1 following (or on) permit 
effective date 

January 1 through March 31 
April 1 through June 30 
July 1 through September 30 
October 1 through December 31 

2/Year Closest of January 1 or July 1 following 
(or on) permit effective date 

January 1 through June 30 
July 1 through December 31 

1/Year January 1 following (or on) permit 
effective date January 1 through December 31 

1/Discharge Event 
Anytime during the discharge event or 
as soon as possible after aware of the 
event 

At a time when sampling can characterize the 
discharge event 

 
 

4. The Discharger shall report with each sample result the applicable Reporting Level (RL) and 
the current Method Detection Limit (MDL), as determined by the procedure in 40 CFR 136. 

The Discharger shall report the results of analytical determinations for the presence of 
chemical constituents in a sample using the following reporting protocols: 

a. Sample results greater than or equal to the RL shall be reported as measured by the 
laboratory (i.e., the measured chemical concentration in the sample). 
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b. Sample results less than the RL, but greater than or equal to the laboratory’s MDL, shall 
be reported as “Detected, but Not Quantified” or DNQ. The estimated chemical 
concentration of the sample shall also be reported. 

For the purposes of data collection, the laboratory shall write the estimated chemical 
concentration next to DNQ as well as the words “Estimated Concentration” (may be 
shortened to “Est. Conc.”). The laboratory may, if such information is available, include 
numerical estimates of the data quality for the reported result. Numerical estimates of 
data quality may be percent accuracy (+ a percentage of the reported value), numerical 
ranges (low to high), or any other means considered appropriate by the laboratory. 

c. Sample results less than the laboratory’s MDL shall be reported as “Not Detected” or 
“ND.” 

d. Dischargers are to instruct laboratories to establish calibration standards so that the ML 
(or its equivalent if there is differential treatment of samples relative to calibration 
standards) is the lowest calibration standard. At no time is the Discharger to use 
analytical data derived from extrapolation beyond the lowest point of the calibration 
curve.  

5. The Discharger shall submit SMRs in accordance with the following requirements: 

a. The Discharger shall arrange all reported data in a tabular format. The data shall be 
summarized to clearly illustrate whether the facility is operating in compliance with 
effluent limitations. The Discharger is not required to duplicate the submittal of data 
entered in a tabular format within CIWQS. When electronic submittal of data is required 
and CIWQS does not provide for entry into a tabular format within the system, the 
Discharger shall electronically submit the data in a tabular format as an attachment. 

b. The Discharger shall attach a cover letter to the SMR. The information in the cover letter 
shall clearly identify violations of the Waste Discharge Requirements, discuss corrective 
actions taken or planned, and specify the proposed time schedule for corrective actions. 
Identified violations shall include a description of the requirement that was violated and a 
description of the violation. 

c. The Discharger shall submit SMRs to the Regional Water Board, signed and certified as 
required by the Federal Standard Provisions (Attachment D), to the address listed below: 

California Regional Water Quality Control Board 
San Francisco Bay Region 
1515 Clay Street, Suite 1400 
Oakland, CA  94612 
ATTN: NPDES Wastewater Division 

C. Discharge Monitoring Reports 

1. As described in section VIII.B.1 above, at any time during the term of this Order, the State or 
Regional Water Board may notify the Discharger to electronically submit SMRs that will 
satisfy federal requirements for submittal of Discharge Monitoring Reports (DMRs). Until 
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such notification is given, the Discharger shall submit DMRs in accordance with the 
requirements described below. 

2. DMRs shall be signed and certified as required by the Federal Standard Provisions 
(Attachment D). The Discharger shall submit the original DMR and one copy of the DMR to 
one of the addresses listed below: 

Standard Mail FedEx/UPS/Other Private Carriers 

State Water Resources Control Board  
Division of Water Quality 

c/o DMR Processing Center 
PO Box 100 

Sacramento, CA 95812-1000 

State Water Resources Control Board 
Division of Water Quality 

c/o DMR Processing Center 
1001 I Street, 15th Floor 
Sacramento, CA 95814 

 
3. All discharge monitoring results shall be reported on the official USEPA pre-printed DMR 

forms (EPA Form 3320-1). Forms that are self-generated will not be accepted unless they 
follow the exact same format as EPA Form 3320-1. 

D. Other Reports 

Annually, with the first monthly SMR following the respective due dates, the Discharger shall 
report the results of any special studies, monitoring, and reporting required by section VI.C.2 
(Special Studies, Technical Reports, and Additional Monitoring Requirements) of this Order.  

IX. BYPASS REQUIREMENTS 

If the Discharger bypasses any of its treatment units under the conditions stated in Attachment D, 
section I.G.2, it shall monitor flows and collect samples daily at affected discharge points for all 
constituents with effluent limits (except chronic toxicity) for the duration of the bypass (including 
acute toxicity using static renewals). Because such discharges may result in noncompliance that 
may endanger health or the environment, the Discharger shall follow the reporting requirements of 
Attachment D, section V.E.1.
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APPENDIX E-1 
CHRONIC TOXICITY 

DEFINITION OF TERMS AND SCREENING PHASE REQUIREMENTS 

I. Definition of Terms 

A. No observed effect level (NOEL) for compliance determination is equal to IC25 or EC25. If the IC25 
or EC25 cannot be statistically determined, the NOEL shall be equal to the NOEC derived using 
hypothesis testing. 

B. Effective concentration (EC) is a point estimate of the toxicant concentration that would cause an 
adverse effect on a quantal, “all or nothing,” response (such as death, immobilization, or serious 
incapacitation) in a given percent of the test organisms. If the effect is death or immobility, the term 
lethal concentration (LC) may be used. EC values may be calculated using point estimation 
techniques such as probit, logit, and Spearman-Karber. EC25 is the concentration of toxicant (in 
percent effluent) that causes a response in 25 percent of the test organisms. 

C. Inhibition concentration (IC) is a point estimate of the toxicant concentration that would cause a 
given percent reduction in a nonlethal, nonquantal biological measurement, such as growth. For 
example, an IC25 is the estimated concentration of toxicant that would cause a 25 percent reduction 
in average young per female or growth. IC values may be calculated using a linear interpolation 
method such as USEPA's Bootstrap Procedure. 

D. No observed effect concentration (NOEC) is the highest tested concentration of an effluent or a 
toxicant at which no adverse effects are observed on the aquatic test organisms at a specific time of 
observation. It is determined using hypothesis testing. 

II. Chronic Toxicity Screening Phase Requirements 

A. The Discharger shall perform screening phase monitoring: 

1. Subsequent to any significant change in the nature of the effluent discharged through changes 
in sources or treatment, except those changes resulting from reductions in pollutant 
concentrations attributable to source control efforts, or 

2. Prior to permit reissuance. Screening phase monitoring data shall be included in the NPDES 
permit application for reissuance. The information shall be as recent as possible, but may be 
based on screening phase monitoring conducted within 5 years before the permit expiration 
date. 

B. Design of the screening phase shall, at a minimum, consist of the following elements: 

1. Use of test species specified in Appendix E-2, attached, and use of the protocols referenced 
in those tables, or as approved by the Executive Officer. 

2. Two stages: 
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a. Stage 1 shall consist of a minimum of one battery of tests conducted concurrently. 
Selection of the type of test species and minimum number of tests shall be based on 
Appendix E-2 (attached). 

b. Stage 2 shall consist of a minimum of two test batteries conducted at a monthly 
frequency using the three most sensitive species based on the Stage 1 test results and as 
approved by the Executive Officer. 

3. Appropriate controls. 

4. Concurrent reference toxicant tests. 

5. Dilution series 100%, 50%, 25%, 10%, 5%, 0 %, where “%” is percent effluent as 
discharged, or as otherwise approved the Executive Officer. 

C. The Discharger shall submit a screening phase proposal acceptable to the Executive Officer. The 
proposal shall address each of the elements listed above. If within 30 days, the Executive Officer 
does not comment, the Discharge shall commence with screening phase monitoring. 
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APPENDIX E-2 
SUMMARY OF TOXICITY TEST SPECIES REQUIREMENTS 

Critical Life Stage Toxicity Tests for Estuarine Waters 
Species (Scientific Name) Effect Test Duration Reference 

Alga (Skeletonema costatum) 
(Thalassiosira pseudonana) 

Growth rate 4 days 1 

Red alga (Champia parvula) Number of cystocarps 7–9 days 3 

Giant kelp (Macrocystis pyrifera) 
Percent germination; 

germ tube length 48 hours 2 

Abalone (Haliotis rufescens) 
Abnormal shell 

development 48 hours 2 

Oyster 
Mussel 

(Crassostrea gigas) 
(Mytilus edulis) 

Abnormal shell 
development; percent 

survival 
48 hours 2 

Echinoderms - 
Urchins 

Sand dollar 

(Strongylocentrotus purpuratus, 
S. franciscanus) 

(Dendraster excentricus) 
Percent fertilization 1 hour 2 

Shrimp (Mysidopsis bahia) Percent survival; growth 7 days 3 

Shrimp (Holmesimysis costata) Percent survival; growth 7 days 2 

Topsmelt (Atherinops affinis) Percent survival; growth 7 days 2 

Silversides (Menidia beryllina) 
Larval growth rate; 

percent survival 7 days 3 

Toxicity Test References: 

1. American Society for Testing Materials (ASTM). 1990. Standard Guide for Conducting Static 96-Hour Toxicity Tests with 
Microalgae. Procedure E 1218-90. ASTM, Philadelphia, PA. 

2. Short-term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Waters to West Coast Marine and Estuarine 
Organisms. EPA/600/R-95/136. August 1995. 

3. Short-term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Waters to Marine and Estuarine Organisms. 
EPA/600/4-90/003. July 1994. 

Critical Life Stage Toxicity Tests for Fresh Waters 
Species (Scientific Name) Effect Test Duration Reference 

Fathead minnow (Pimephales promelas) Survival; growth rate 7 days 4 

Water flea (Ceriodaphnia dubia) Survival; number of young 7 days 4 

Alga (Selenastrum capricornutum) Cell division rate 4 days 4 

Toxicity Test Reference: 

4. Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms, third edition. 
EPA/600/4-91/002. July 1994. 
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Attachment E – MRP E-18 

Toxicity Test Requirements for Stage One Screening Phase 
Receiving Water Characteristics 

Discharges to Coast Discharges to San Francisco Bay[2]Requirements 

Ocean Marine/Estuarine Freshwater

Taxonomic diversity 
1 plant 

1 invertebrate 
1 fish 

1 plant 
1 invertebrate 

1 fish 

1 plant 
1 invertebrate 

1 fish 

Number of tests of each salinity type: 
Freshwater[1] Marine/Estuarine 

 
0 
4 

 
1 or 2 
3 or 4 

 
3 
0 

Total number of tests 4 5 3 
[1] The freshwater species may be substituted with marine species if: 
 (a) The salinity of the effluent is above 1 part per thousand (ppt) greater than 95 percent of the time, or 
 (b) The ionic strength (TDS or conductivity) of the effluent at the test concentration used to determine compliance is documented to 

be toxic to the test species. 
[2] (a) Marine/Estuarine refers to receiving water salinities greater than 1 ppt at least 95 percent of the time during a normal water year.  
 (b) Fresh refers to receiving water with salinities less than 1 ppt at least 95 percent of the time during a normal water year. 
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ATTACHMENT F – FACT SHEET 

As described in section II of this Order, this Fact Sheet includes the legal requirements and technical 
rationale that serve as the basis for the requirements of this Order. 

This Order has been prepared under a standardized format to accommodate a broad range of discharge 
requirements for dischargers in California. Only those sections or subsections of this Order that are 
specifically identified as “not applicable” have been determined not to apply to this Discharger. All other 
sections or subsections of this Order apply fully to this Discharger. 

I. PERMIT INFORMATION 

The following table summarizes administrative information related to the ConocoPhillips San 
Francisco Refinery at Rodeo. 

 Table F-1. Facility Information 
WDID 2071051001 
Discharger ConocoPhillips Company 
Name of Facility San Francisco Refinery at Rodeo 

1380 San Pablo Avenue  
Rodeo, CA 94572 Facility Address 

Contra Costa County  

Facility Contact, Title, Phone 
Dennis Quilici, Water Compliance Specialist,  
(510) 245-4403  

Authorized Person to Sign and 
Submit Reports 

Kevin Schmitt, Environmental Services Superintendent  
(510) 245-5825 

Mailing Address 1380 San Pablo Avenue, Rodeo, CA 94572 
Billing Address 1380 San Pablo Avenue, Rodeo, CA 94572 
Type of Facility Petroleum Refinery  
Major or Minor Facility Major  
Threat to Water Quality 1 
Complexity A 
Pretreatment Program No 
Reclamation Requirements No 

Facility Flow 

Discharge Point 002:  8.89 million gallons per day (MGD) (maximum reported 
daily flow) 
Discharge Point 003:  54.0 MGD (maximum reported daily flow) 
Discharge Point 004:  Not Available 

Watershed San Pablo Basin 
Receiving Water San Pablo Bay 
Receiving Water Type Estuarine 

 
 

A. The ConocoPhillips Company (hereinafter Discharger) owns and operates the San Francisco Refinery 
(hereinafter Facility). For the purposes of this Order, references to the “Discharger” or “Permittee” in 
applicable federal and state laws, regulations, plans, or policy are held to be equivalent to references 
to the Discharger herein.
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B. The Facility discharges treated wastewater and stormwater to San Pablo Bay, a water of the United 
States, and is currently regulated by Order No. R2-2005-0030, which was adopted on June 15, 2005. 
Order No. R2-2005-0030 was amended by Order No. R2-2010-0056 (Amendment of Waste 
Discharge Requirements for Municipal and Industrial Dischargers to Implement Cyanide and Copper 
Site-specific Objectives), which amended limits on cyanide and copper, and by Order No. R2-2010-
0057 (Amendment of Waste Discharge Requirements for San Francisco Bay Region Refineries), 
which amended effluent limitations for selenium. The Discharger is also regulated by Order 
No. R2-2007-0077 (NPDES Permit CA0038849), which supersedes all requirements on mercury and 
PCBs from wastewater discharges in the region. This Order does not affect Order No. R2-2007-0077. 

C. The Discharger filed a Report of Waste Discharge and submitted an application for reissuance of its 
NPDES permit on March 4, 2010.  

II. FACILITY DESCRIPTION 

A. Description of Wastewater Treatment or Controls 

The Discharger owns and operates the Facility, which processes an average crude oil throughput of 
approximately 77,360 barrels per day (bbls/day). The Facility produces gasoline, diesel fuel, jet fuel, 
fuel oil and other petroleum products. Sulfur and petroleum coke are sold as by-products. The Facility 
discharges to San Pablo Bay via three outfalls (Discharge Points 002, 003, and 004). Discharge from 
Discharge Point 001 was discontinued on January 24, 2003. In May 2004, the Discharger plugged the 
last 40 feet of the Discharge Point 001 outfall pipe and sump with concrete. 

1. Discharge Point 002. The Facility’s wastewater treatment plant treats and discharges the 
following treated wastewaters (and annual average flows) from Discharge Point 002: refinery 
process wastewaters (1.7 MGD), boiler blowdown (0.1 MGD), cooling tower blowdown 
(0.3 MGD), sanitary wastewater (0.012 MGD), sour water stripper bottoms (0.5 MGD), 
groundwater (0.001 MGD), stormwater runoff from refinery process areas (0.56 MGD), offsite 
wastewater generated at other ConocoPhillips facilities, including remediation wastewater and 
cargo hold washwater (0.01 MGD). Periodically, water from process area fire equipment 
monitoring and fire hydrant testing is also directed to the wastewater treatment plant.  

The Facility’s wastewater collection system transports all process wastewater (except 
wastewater from the lower tank farm), refinery process area stormwater, and sanitary 
wastewater to a stormwater splitter box. Some process wastewater is treated by non-phenolic 
and phenolic sour water strippers, and the Selenium Reduction Plant, prior to entering the 
Facility’s wastewater collection system.  

Wastewater that flows from the stormwater splitter box or lower tank farm to dry and wet weather 
sumps is pumped to equalization and storage tanks, then flows by gravity to an American 
Petroleum Institute (API) oil-water separator, which removes most oil and solids. Removed oil is 
transferred to an oil recovery system, and solids are transferred to a collection tank. API oil-water 
separator effluent flows to a flash-mixing chamber, where primary and secondary coagulants may 
be added, then to dissolved air flotation (DAF) units, which remove remaining oil and solids.  

If wastewater flow exceeds the pumping capacity of the wet weather sumps and/or volumetric 
capacity of the equalization tanks, excess wastewater overflows to primary and main storm 
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basins. When wastewater flow returns to normal, wastewater in the primary and main storm 
basins is drained back to the wet weather sump and pumped to the equalization tanks.  

The DAF units (four in total) treat wastewater through (a) chemical addition and flocculation of 
wastewater, (b) aeration to float flocculated solids and oil to the surface, and (c) mechanical 
removal of floated solids and oil. The Discharger sends settled solids from the API and DAF units 
to the collection tank for transport to a delayed coking unit.  

DAF unit effluent is treated by biological oxidation (activated sludge) augmented by powdered 
activated carbon (PAC) treatment, in two parallel aeration tanks. Biological solids, spent PAC, 
and inert solids are then settled out in two parallel clarifiers. The settled biological solids and PAC 
are recycled based on sludge age and influent wastewater flow. The Discharger routes a portion of 
recycled solids to its wet air regeneration system. 

Clarifier effluent is normally filtered by granular media filters (up to 8 operate in parallel), then 
routed by gravity to a sump, from which it is pumped to a deepwater diffuser in San Pablo Bay at 
Discharge Point 002. Treated wastewater is disinfected using sodium hypochlorite and 
dechlorinated using sodium bisulfite before discharge. The Facility can redirect treated flows to 
Discharge Point 003 if there is a failure in the deepwater diffuser line (which, to date, has never 
occurred). 

2. Discharge Point 003. The Facility discharges once-through non-contact cooling water 
(38.3 MGD); demineralizer regeneration wastewater (0.2 MGD); and stormwater from non-
industrial and undeveloped areas of the refinery, sections of Interstate-80, San Pablo Avenue, 
adjacent parking lots and paved areas, and residential portions of Rodeo (0.45 MGD) through 
Discharge Point 003. Once-through cooling water and demineralizer regeneration wastewater are 
monitored at Monitoring Point EFF-003B; the remaining flow is monitored at Monitoring Point 
EFF-003A. Discharges other than cooling water are less than 2 percent of the flow from 
Discharge Point 003. The Facility can chlorinate cooling water before use, as needed, and 
dechlorinate it after use, before it mixes with stormwater runoff and is discharged. Fresh water 
may be used as a substitute or supplement for once-through, non-contact cooling water if 
necessary as a result of loss of saltwater pump flow or maintenance work on the saltwater 
cooling system. 

Once-through cooling water discharge flows are conveyed below grade through a 36-inch pipe, 
across Refinery property and under Highway 40 (San Pablo Avenue), daylighting in an open 
splitter-box. Flows from the splitter-box lead separately to an open channel and to a large, 
shallow retention basin. Cooling water flows across the basin down a short rock weir to rejoin 
the divided flow from the open channel, which goes around the retention basin. This system 
reduces the temperature of the discharge. The combined flows are discharged at Discharge 
Point 003, located approximately 20 meters downstream from the confluence of the basin and 
open channel.   

The intake structure for once-through cooling water is located at the base of the Marine 
Terminal Causeway, 2,500 feet to the north. The intake structure consists of four intake bays 
with 30-inch diameter T-shaped intake pipes covered by 3/32-inch mesh wedgewire screens, 
with five pumps capable of withdrawing a maximum flow of 49,000 gallons per minute (gpm). 
Typically, a maximum of four are operated at a time. The wedgewire screens are part of a 
system to reduce impingement and entrainment of aquatic life.
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3. Discharge Point 004. The Facility discharges stormwater run-off from its marine terminal 
complex, including the wharf and access road causeway, directly to San Pablo Bay. The 
Discharger has developed and implements a stormwater pollution prevention program addressing 
this discharge. Fire equipment monitoring and fire hydrant testing water is discharged from the 
Marine Terminal during annual safety testing. Steam and, potentially, condensate drips are 
discharged from steam traps on insulated pipelines along the Marine Terminal causeway. 
Infrequent discharges of boom boat wash-off water and algae removal water from the boat 
launch ramp occur, if necessary. 

B. Discharge Points and Receiving Waters 

The receiving water and the discharge point locations are shown in Table F-2 below and 
Attachment B. Compliance monitoring is conducted at Monitoring Locations EFF-002, EFF-003, and 
EFF-004 as described in Attachment E, Monitoring and Reporting Program (MRP). San Pablo Bay is 
located in the San Pablo Bay Watershed.  

Table F-2. Outfall Locations 
Discharge 

Point
Effluent Description 

Discharge Point 
Latitude

Discharge Point 
Longitude 

Receiving
Water

002 

Treated refinery wastewater, boiler 
blowdown, cooling tower blowdown, 

sanitary wastewater, groundwater, process 
area stormwater, remediation wastewater, 

and fire equipment monitoring and fire 
hydrant testing water 

38º 03’ 22” N 122º 15’ 36” W San Pablo Bay 

003 

Non-contact once-through cooling water, 
demineralizer regeneration wastewater, 
stormwater, and runoff from sections of 

Interstate 80 and San Pablo Avenue 

38º 02’ 41” N 122º 15’ 41” W San Pablo Bay 

004 

Stormwater and runoff from the marine 
terminal and marine terminal causeway, 

marine terminal causeway area fire 
equipment monitoring and fire hydrant 

testing water, boom boat wash-off water, 
steam condensate drips, and algae 

removal water from the boat launch ramp 

38º 03’ 22” N 122º 15’ 36” W San Pablo Bay 

 
 

C. Summary of Existing Requirements and Self-Monitoring Report (SMR) Data 

Effluent limitations for discharges to San Pablo Bay and representative monitoring data from the 
term of previous permit are as follows:   

Table F-3. Historical Effluent Limitations and Monitoring Data for Conventional and Non-
Conventional Pollutants for Discharge Point 002 

Effluent Limitations 
Monitoring Data 

(From September  2005 to March 2010) 
Parameter Units

Monthly
Average 

Daily
Maximum

Highest Monthly 
Average 

Highest Daily 
Discharge  

Biochemical Oxygen Demand 
(BOD) (5-day @ 20 °C)  lbs/day 850 1,500 370 370 

Total Suspended Solids (TSS) lbs/day 700 1,100 771 1,482 
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Effluent Limitations 
Monitoring Data 

(From September  2005 to March 2010) 
Parameter Units

Monthly
Average 

Daily
Maximum

Highest Monthly 
Average 

Highest Daily 
Discharge  

Chemical Oxygen Demand 
(COD) 5,900 11,000 3,810 3,810 lbs/day 

lbs/day 250 460 -- <331 

Oil and Grease 
mg/L 8.0 15 5.5 5.5 

Phenolic Compounds lbs/day 4.7 11 0.20[1] -- 
377 Ammonia as N lbs/day 460 1,000 914 

Sulfide lbs/day 4.8 10 4.76 4.76 

Settleable Solids mL/L 0.1 0.2 -- 0.1 
Total Chromium lbs/day 5.4 16 -- <1.9 
Hexavalent Chromium lbs/day 0.45 1.0 -- <1.9 
pH standard units 6.0 – 9.0 6.5 – 8.9 

0.0[2] Residual Chlorine mg/L -- 0.45 
240[3] 10,000[4] Total Coliform MPN/100 mL -- 500 

 
[1] Converted to lbs/day from reported 6.0 lbs/month. 
[2] Residual chlorine limit expressed as instantaneous maximum. 
[3] Limit expressed as median of five consecutive samples 
[4] Limit expressed as single sample maximum. 

Table F-4. Historical Effluent Limitations and Monitoring Data for Toxic Pollutants at Discharge 
Point 002 

Monitoring Data 
(From September 

2005 to March 
2010)

Interim Limits[1]Final Limits 
Parameter Units

Daily
Maximum

Monthly
Average 

Daily
Maximum

Monthly
Average 

Highest Daily 
Concentration 

Copper g/L 25 13 37 -- 66 
Lead g/L 9.5 3.2 -- -- 2.0 
Mercury g/L 0.045 0.019 -- 0.075 0.11 
Nickel g/L 82 41 -- -- 5.4 
Selenium g/L 8.0 4.2 50 -- 75 
Cyanide g/L 6.4 3.2 25 -- ND(2.0)[2] 
Chlorodibromomethane g/L 650 340 -- -- 31 
Dichlorobromomethane g/L 940 460 -- -- 47 
4,4’-DDE g/L 0.0012 0.00059 0.05 -- ND(0.003)[2] 
Dieldrin g/L 0.00028 0.00014 0.01 -- ND(0.002)[2] 
Total PCBs (Sum) g/L 0.00034 0.00017 0.5 -- <0.5 
TCDD Equivalents g/L 0.028 0.014 -- 0.14[1] 0.025 
[1] Interim limits were effective until April 27, 2010, for cyanide and selenium; until May 17, 2010, for copper, 4,4’-DDE, dieldrin, 

and PCBs; and until August 13, 2015, for TCDD Equivalents. 
[2] Analyte not detected in effluent. Number is the lowest method detection limit (MDL) reported by the analytical laboratory.  
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Table F-5. Historical Effluent Limitations and Monitoring Data for Conventional and Non-
Conventional Pollutants for Discharge Point 003 

Effluent Limitations 
Monitoring Data 

(From September 2005 to May 2010) 
Parameter Units

Monthly
Average 

Daily
Maximum

Highest Monthly 
Average 

Highest Daily 
Discharge  

pH standard 
units 6.5 – 8.5 7.6 – 8.2 

Temperature °F -- 110 -- 108 
Total Organic Carbon (TOC) mg/L 5[1] 4.7 
Residual Chlorine mg/L -- 0.0 -- ND(0.05)[2] 

[1] Total organic carbon limit expressed as any value shall not to be greater than 5 mg/L. 
[2] Analyte not detected in effluent. Number is the lowest method detection limit (MDL) reported by the analytical laboratory. 
 

 
 
Table F-6. Historical Effluent Limitations and Monitoring Data for Conventional and Non-

Conventional Pollutants for Discharge Point 004 

Effluent Limitations 
Monitoring Data 

(From December 2005 to February 2010) 
Parameter Units

Monthly
Average 

Daily
Maximum

Highest Monthly 
Average 

Highest Daily 
Discharge  

pH standard 
units 6.5 – 8.5 7.1 – 7.9 

Oil and Grease mg/L -- 15 -- <8.62 
Total Organic Carbon (TOC) mg/L -- 110 -- 32 
Visible Oil -- [1] -- 
Visible Color -- [1] -- 
[1] Narrative limits expressed as no visible oil or color observed in the effluent discharged from Discharge Point 004. 

 
 

D. Compliance Summary  

1. Compliance with Numeric Effluent Limits. The Discharger violated numeric effluent limits 
for copper, selenium, acute toxicity, and total residual chlorine at Discharge Point 002 during 
the previous permit term. The following table outlines the violations and associated 
enforcement actions. 

Table F-7. Discharge Point 002 Numeric Effluent Violations 

Date of Violation Violated Parameter Units
Effluent

Limitation
Reported

Value

Informal Enforcement     
April 17, 2006 Copper, Effluent Interim Daily Maximum μg/L 37 43 

Enforcement Order SWB-2008-2-003    
April 12, 2006 Copper, Effluent Interim Daily Maximum μg/L 37 66.7 

Enforcement Order R2-2010-0103    
January 7, 2008 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 60 
January 8, 2008 Copper, Effluent Interim Daily Maximum μg/L 37 38.33 

January 15, 2008 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 35 
January 15, 2008 Acute Toxicity, 11-Sample Moving Median % Survival 90 85 
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January 28, 2008 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 25 
March 31, 2008 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 65 
May 13, 2008 Selenium, Interim Daily Maximum μg/L 50 69 
May 14, 2008 Selenium, Interim Daily Maximum μg/L 50 75 
May 15, 2008 Selenium, Interim Daily Maximum μg/L 50 69 
May 16, 2008 Selenium, Interim Daily Maximum μg/L 50 71 
May 17, 2008 Selenium, Interim Daily Maximum μg/L 50 75 
May 18, 2008 Selenium, Interim Daily Maximum μg/L 50 60 
May 19, 2008 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 65 
May 22, 2008 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 30 
July 1, 2008 Selenium, Interim Daily Maximum μg/L 50 65 
July 2, 2008 Selenium, Interim Daily Maximum μg/L 50 62 
July 3, 2008 Selenium, Interim Daily Maximum μg/L 50 62 

April 16, 2009 Total Residual Chlorine  mg/L 0 0.45 
October 26, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 65 
October 30, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 65 

November 16, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 50 
November 19, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 50 
November 24, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 35 
November 24, 2009 Acute Toxicity, 11-Sample Moving Median % Survival 90 65 
November 29, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 35 
November 29, 2009 Acute Toxicity, 11-Sample Moving Median % Survival 90 65 
December 14, 2009 Acute Toxicity, 11-Sample Moving Median % Survival 90 65 
December 19, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 0 
December 19, 2009 Acute Toxicity, 11-Sample Moving Median % Survival 90 65 
December 21, 2009 Acute Toxicity, 11-Sample 90th Percentile % Survival 70 0 
December 21, 2009 Acute Toxicity, 11-Sample Moving Median % Survival 90 65 
December 24, 2009 Acute Toxicity, 11-Sample Moving Median % Survival 90 65 

 
The April 17, 2006 copper effluent violation was neither chronic nor serious under 
CWC 13385; therefore, enforcement was informal. 

 
State Water Board Order No. SWB-2008-2-0003, issued on July 24, 2008, fined the Discharger 
$3,000 in mandatory minimum penalties (MMPs) to address the April 12, 2006, copper 
effluent violation. 
 
Regional Water Board Order No. R2-2010-0103, issued on July 16, 2010, fined the Discharger 
$600,000 through an Administrative Civil Liability (ACL) action to address effluent violations 
between January 1, 2008, and December 31, 2009. Order No. R2-2010-0103 required the 
Discharger to: 
 

pay $310,000 to the State Cleanup and Abatement Account;  
contribute $190,000 to a Supplemental Environmental Project; and  
complete two Enhanced Compliance Actions with a total estimated cost of $316,000 for 
suspension of $100,000 of the liability.  

 
The Supplemental Environmental Project, to be performed with the Contra Costa Resource 
Conservation District, is to restore steelhead trout access to the upper reaches of Pinole Creek 
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by installing fish passage improvements at the I-80 culvert. ConocoPhillips funded the 
Supplemental Environmental Project on time (by October 14, 2010), and Contra Costa 
Resource Conservation District began work.  
 
The Enhanced Compliance Actions consist of installing a total organic carbon/nitrogen 
analyzer at the DAF system outlet and upgrading one DAF unit. It is to be completed by 
October 1, 2011. 

2. Reported Spills. The Discharger reported six hydrocarbon spills over the term of its previous 
permit, as listed in the following table.

 
Table F-8: Hydrocarbon Spills 

Date
Estimated 

Volume
Location Source (if determined) Response (if any) 

September 14, 
2005 1 gallon 

Light sheen observed in 
Discharge Point 003 
cooling water channel 

Oil leaked from once-
through water cooling 
system heat exchangers 

Deployed absorbent 
booms and vacuum 
trucks 

December 31, 
2005 N/A 

Light, intermittent sheen 
observed at Discharge 
Point 003 

Stormwater from San 
Pablo Avenue 

Deployed absorbent 
booms and used 
underflow weirs 

June 13,  
2006 < 1 gallon 

Light, intermittent sheen 
visible in Discharge 
Point 003 cooling water 
channel 

Oil seep from 
groundwater extraction 
zone next to channel 

Deployed absorbent 
booms and vacuum 
trucks 

August 20,  
2008 < 1 gallon San Pablo Bay near 

Discharge Point 004 
Pipeline leak during 
maintenance 

Deployed boom boat 
and absorbent booms 

January 30, 
2009 < 0.1 gallon Oil sheen observed near 

Discharge Point 003 

Disturbance of an oil-
water separator during 
construction 

Deployed adsorbent 
booms, skimmer, boom 
boat, and vacuum trucks

January 18, 
2010 0.01 gallon Oil sheen observed near 

Discharge Point 003 

Runoff from parking lot 
and asphalted area near 
Discharge Point 003 

Deployed absorbent 
booms and vacuum 
trucks 

 
These hydrocarbon releases violated the Discharger’s receiving water limit prohibiting visible, 
floating, suspended, or deposited oil or other products of petroleum origin. Enforcement was 
informal because the amounts released were small, the Discharger notified the Regional Water 
Board appropriately, and the Discharger’s responses to control and mitigate the spills were 
adequate.  

 
E. Planned Changes 

No changes to the Facility are planned. 

III. APPLICABLE PLANS, POLICIES, AND REGULATIONS 

The requirements in this Order are based on the requirements and authorities described in this section. 
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A. Legal Authorities 

This Order is issued pursuant to federal Clean Water Act (CWA) section 402 and implements 
regulations adopted by USEPA, and pursuant to California Water Code (CWC) Chapter 5.5, 
Division 7 (commencing with section 13370). It shall serve as an NPDES permit for point source 
discharges from this facility to surface waters. This Order also serves as Waste Discharge 
Requirements (WDRs) pursuant to CWC Article 4, Chapter 4, Division 7 (commencing with 
section 13260).  

B. California Environmental Quality Act (CEQA) 

Under CWC section 13389, this action to adopt an NPDES permit is exempt from CEQA provisions. 

C. State and Federal Regulations, Policies, and Plans 

1. Water Quality Control Plans. The Water Quality Control Plan for the San Francisco Bay 
Basin (hereinafter Basin Plan) is the Regional Water Board’s master water quality control 
planning document. It designates beneficial uses and water quality objectives for waters of the 
State, including surface waters and groundwater. It also includes programs of implementation 
to achieve the water quality objectives. The Basin Plan was duly adopted by the Regional 
Water Board and approved by the State Water Board, the Office of Administrative Law 
(OAL), and USEPA, as required. Requirements of this Order implement the Basin Plan.  

The State Water Board’s Water Quality Control Plan for Enclosed Bays and Estuaries – 
Part 1, Sediment Quality became effective on August 25, 2009. This plan supersedes other 
narrative sediment quality objectives, and establishes new sediment quality objectives and 
related implementation provisions for specifically defined sediments in most bays and 
estuaries.  

The State Water Board adopted a Water Quality Control Plan for Control of Temperature in 
the Coastal and Interstate Water and Enclosed Bays and Estuaries of California (hereinafter 
Thermal Plan) on May 18, 1972, and amended this plan on September 18, 1975. This plan 
contains water quality objectives (WQOs) for coastal and interstate surface waters as well as 
enclosed bays and estuaries. The Facility discharges to San Pablo Bay, which the Thermal Plan 
defines as an enclosed bay. Requirements of this Order implement the Thermal Plan. 

2. National Toxics Rule (NTR) and California Toxics Rule (CTR). USEPA adopted the NTR 
on December 22, 1992, and later amended it on May 4, 1995, and November 9, 1999. About 
forty criteria in the NTR applied in California. On May 18, 2000, USEPA adopted the CTR. 
The CTR promulgated new toxics criteria for California and, in addition, incorporated the 
previously adopted NTR criteria that applied in the State. The CTR was amended on 
February 13, 2001. These rules contain water quality criteria for priority toxic pollutants that 
apply to San Pablo Bay. 

3. State Implementation Policy. On March 2, 2000, the State Water Board adopted the Policy
for Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (hereinafter State Implementation Policy or SIP). The SIP became 
effective on April 28, 2000, with respect to the priority pollutant criteria USEPA promulgated 
for California through the NTR and to the priority pollutant objectives the Regional Water 
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Board established in the Basin Plan. The SIP became effective on May 18, 2000, with respect 
to the priority pollutant criteria USEPA promulgated through the CTR. On February 24, 2005, 
the State Water Board adopted amendments to the SIP that became effective on July 13, 2005. 
The SIP establishes implementation provisions for priority pollutant objectives and provisions 
for chronic toxicity control. Requirements of this Order implement the SIP. 

4. Alaska Rule. On March 30, 2000, USEPA revised its regulation that specifies when new and 
revised State and tribal water quality standards (WQS) become effective for CWA purposes 
[65 Fed. Reg. 24641 (April 27, 2000) (codified at 40 CFR 131.21)]. Under the revised 
regulation (also known as the Alaska Rule), USEPA must approve any new and revised 
standards submitted to USEPA after May 30, 2000, before they can be used for CWA 
purposes. The final rule also provides that standards already in effect and submitted to USEPA 
by May 30, 2000, may be used for CWA purposes, whether or not approved by USEPA. 

5. Antidegradation Policy. 40 CFR 131.12 requires that State water quality standards include an 
antidegradation policy consistent with the federal policy. The State Water Board established 
California’s antidegradation policy through State Water Board Resolution 68-16, which 
incorporates the federal antidegradation policy where the federal policy applies under federal law. 
It also requires that existing water quality be maintained unless degradation is justified based on 
specific findings. The Regional Water Board’s Basin Plan implements, and incorporates by 
reference, both the State and federal antidegradation policies. The permitted discharge must be 
consistent with the antidegradation provisions of 40 CFR 131.12 and State Water Board 
Resolution No. 68-16. Antidegradation is discussed further in Fact Sheet section IV.D.2. 

6. Anti-Backsliding Requirements. CWA sections 402(o)(2) and 303(d)(4) and 
40 CFR 122.44(l) prohibit backsliding in NPDES permits. These anti-backsliding provisions 
require that effluent limitations in a reissued permit be as stringent as those in the previous 
permits, with some exceptions where limitations may be relaxed. Some effluent limitations in 
this Order are less stringent than those in the previous permit. Anti-backsliding is discussed 
further in Fact Sheet section IV.D.1. 

D. Impaired Water Bodies on CWA 303(d) List 

In November 2006, the USEPA approved a revised list (hereinafter 303(d) list) of impaired water 
bodies prepared by the State pursuant to provisions of CWA section 303(d), which requires 
identification of specific water bodies where it is expected that water quality standards will not be met 
after implementation of technology-based effluent limitations on point sources. San Pablo Bay is 
listed as impaired by chlordane, DDT, dieldrin, dioxin compounds, exotic species, furan compounds, 
mercury, nickel, polychlorinated biphenyls (PCBs), dioxin-like PCBs, and selenium. The SIP requires 
final effluent limitations for all 303(d)-listed pollutants to be consistent with total maximum daily 
loads (TMDLs) and associated wasteload allocations. The Regional Water Board plans to adopt 
TMDLs for pollutants on the 303(d) list. On February 12, 2008, USEPA approved a TMDL for 
mercury for San Pablo Bay. On March 29, 2010, USEPA approved a TMDL for PCBs in San Pablo 
Bay. Regional Water Board Order No. R2-2007-0077 implements these TMDLs. 

IV. RATIONALE FOR EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

The CWA requires point source dischargers to control the amount of conventional, non-conventional, 
and toxic pollutants discharged into waters of the United States. The control of pollutants discharged is 
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established through effluent limitations and other requirements in NPDES permits. There are two 
principal bases for effluent limitations in the NPDES regulations: 40 CFR 122.44(a) requires that 
permits include applicable technology-based limitations and standards, and 40 CFR 122.44(d) requires 
that permits include water quality-based effluent limitations (WQBELs) to attain and maintain 
applicable numeric and narrative water quality criteria to protect the beneficial uses of the receiving 
water.  

A. Discharge Prohibitions 

1. Discharge Prohibition III.A (No discharge different from that described in this Order): 
This prohibition is the same as in the previous permit and is based on 40CFR122.21(a), duty to 
apply, and CWC section 13260, which requires filing an application and Report of Waste 
Discharge before discharges can occur. Discharges not described in the permit application and 
Report of Waste Discharge, and subsequently in this Order, are prohibited. 

2. Discharge Prohibition III.B (No discharge of process wastewater without at least 37:1 
dilution): The ammonia WQBELs in this Order for discharge point 002 are based on a 
conservative estimate of the actual minimum initial dilution of 37:1 (see Fact Sheet section 
IV.C.4.a). These WQBELs would not be protective of water quality if the discharge did not 
actually achieve at least a 37:1 minimum initial dilution.  

This Order allows discharge of once-through cooling water from discharge point 003 and 
stormwater from discharge point 004 without a minimum initial dilution of at least 10:1. Basin 
Plan Table 4-1 prohibits the discharge of any wastewater that has particular characteristics of 
concern to beneficial uses at any point at which the wastewater does not receive an initial 
dilution of at least 10:1. Based on the factors described below, this prohibition does not apply 
to these discharges, and, even if it did, these discharges would qualify for an exception to the 
prohibition.  
 
As the Basin Plan indicates, discharges of treated sewage and other discharges where the 
treatment process is subject to upset contain particular characteristics of concern. The Basin 
Plan states, “This prohibition will…provide a buffer against the effects of abnormal discharges 
caused by temporary plant upsets or malfunctions… .” The dilution requirement is to provide a 
contingency in the event of temporary treatment plant malfunction and to minimize public 
contact with undiluted waste. However, the once-through cooling water and stormwater 
discharges do not contain treated sewage and are not subject to upset. Since the cooling water 
itself comes from San Pablo Bay (the receiving water), providing at least 10:1 initial dilution at 
the outfall would not dilute any chemical constituents in the cooling water. Therefore, the 
prohibition cannot apply. 

The only characteristic of concern in the once-through cooling water discharge is thermal 
waste. Cooling water is primarily used, via 45 heat exchangers, to cool Crude Unit 200 
(25 heat exchangers), debutanizer Unit 215 (12 heat exchangers), and Crude Unit 267 (8 heat 
exchangers). It is then returned to San Pablo Bay at a temperature higher than the intake 
temperature. The Basin Plan, in addition to requiring that the receiving water temperature not 
be altered if doing so adversely affects beneficial uses, refers to regulation of thermal waste by 
the Thermal Plan. Compliance with the Thermal Plan is discussed in Section IV.C.4.l of this 
Fact Sheet. The other characteristics of potential concern are copper, nickel, zinc, and dioxin-
TEQ. However, existing information suggests that the Discharger is not a substantial source of 
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these pollutants. Because most of the effluent flow is once-through cooling water, the copper, 
nickel, and dioxin-TEQ concentrations of the effluent essentially reflect the copper, nickel, and 
dioxin-TEQ concentrations of the receiving water. In fact, Provision IV.B.3 of this Order 
provides intake credits for copper, nickel, and dioxin-TEQ, as explained further in Fact Sheet 
sections IV.C.4.i.(1)-(2) and (4), and IV.C.4.k. 

Even if Prohibition 1 were to apply, the Basin Plan provides for an exception where an 
“inordinate burden would be placed on the discharger relative to beneficial uses protected.” 
The Discharger provided evidence in its November 12, 2010, letter Response to Request for 
Additional Information for Permit Reissuance, that construction of a deepwater outfall for this 
discharge would be inordinately burdensome relative to the beneficial uses protected, based on 
estimates of cost and the likely project complexity. The Basin Plan further states, “In reviewing 
requests for exceptions, the Regional Board will consider the reliability of the discharger’s 
system in preventing inadequately treated wastewater from being discharged to the receiving 
water….” Because the system is very reliable and construction of a deepwater outfall would 
result in no dilution benefit, even if Prohibition 1 were to apply to this discharge, it would 
qualify for this exception. 

3. Discharge Prohibition III.C (No bypass or overflow of untreated or partially treated 
wastewaters):  This prohibition is retained from the previous permit and based on 
40 CFR 122.41(m) (see federal Standard Provisions, Attachment D). 

B. Technology-Based Effluent Limitations 

1. Scope and Authority 

CWA section 301(b) and 40 CFR 122.44(a) require that permits include technology-based 
effluent limitations based on several levels of control:

a. Best practicable treatment control technology (BPT) represents the average of the best 
performance by plants within an industrial category or subcategory. BPT standards apply to 
toxic, conventional, and non-conventional pollutants. Conventional pollutants include 
biochemical oxygen demand (BOD), total suspended solids (TSS), fecal coliform, pH, and 
oil and grease. 

b. Best available technology economically achievable (BAT) represents the best existing 
performance of treatment technologies that are economically achievable within an 
industrial point source category. BAT standards apply to toxic and non-conventional 
pollutants. 

c. Best conventional control technology (BCT) represents the control from existing industrial 
point sources of conventional pollutants. The BCT standard is established after considering 
the “cost reasonableness” of the relationship between the cost of attaining a reduction in 
effluent discharge and the benefits that would result, and also the cost effectiveness of 
additional industrial treatment beyond BPT. 

d. New source performance standards (NSPS) represent the best available demonstrated 
control technology standards for new sources. The intent of NSPS guidelines is to set 
limitations that represent state-of-the-art treatment technology for new sources. 
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The CWA requires USEPA to develop effluent limitations, guidelines, and standards for many 
source categories representing application of BPT, BAT, BCT, and NSPS. The discharge 
authorized by this Order must meet the minimum federal technology-based requirements based 
on Effluent Limitations Guidelines (ELGs) for the Petroleum Refining Point Source Category 
(Cracking Subcategory) in 40 CFR 419.20 et seq. Because the Facility was constructed prior to 
1982, when USEPA established the NSPS requirements, it is not subject to the NSPS 
requirements. It is, however, subject to the BPT, BAT, and BCT requirements in 40 CFR 419. 

2. Technology-Based Effluent Limitations – Discharge Point 002 

a. Process Wastewater Mass-Based Effluent Limitations 

40 CFR 419 Subpart B requires that technology-based effluent limitations for Discharge 
Point 002 be derived based on refinery production (the total crude oil throughput of the 
Facility) and the treatment processes used. The Facility currently operates with a maximum 
crude oil throughput of 77,360 bbls/day. Attachment F-1 presents the derivation of the 
production-based effluent limitations based on 40 CFR 419 Subpart B.  

b. Additional Effluent Limitation Allocations for Ballast Water and Contaminated 
Runoff

Because ballast water (e.g., cargo hold wash water) and contaminated runoff commingled 
with process wastewater are discharged through the same outfall as the process wastewater, 
this Order provides additional allocations that may be applied to the process wastewater 
limits. These allocations are in addition to the process wastewater mass-based limitations. 
The ballast water allocations are based on 40 CFR 419.22(c), 419.23(d), and 419.24(c); the 
contaminated runoff allocations are based on 40 CFR 419.22(e)(2), 419.23(f)(2), and 
419.24(e)(2). Attachment F-1 further explains these additional effluent limitation 
allocations. 

c. Basin Plan Technology-Based Effluent Limitation 

This Order establishes an instantaneous maximum effluent limitation for residual chlorine 
of 0.0 mg/L based on Basin Plan section 4.5.5.1 (Table 4-2). This limit is retained from the 
previous permit. 

3. Technology-Based Effluent Limitations – Discharge Point 003 

This Order establishes a maximum daily effluent limitation for total organic carbon (TOC) of 
5.0 mg/L at Discharge Point 003 based on 40 CFR 419.22(d) and 419.23(e). This limit is 
retained from the previous permit.  

This Order establishes an instantaneous effluent limitation of 0.0 mg/L for total residual 
chlorine at Discharge Point 003 based on Basin Plan Table 4-2, which establishes this limit for 
all treatment facilities. Since the Discharger occasionally chlorinates and dechlorinates its 
once-through cooling water, this limitation applies to Discharge Point 003. This limit is 
retained from the previous permit. 
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4. Technology-Based Effluent Limitations – Discharge Point 004 

This Order establishes single-sample effluent limitations for oil and grease and TOC at 
Discharge Point 004 based on 40 CFR 419.22(e)(1), 419.23(f)(1), and 419.24(e)(1) as follows: 

Table F-9. Technology-Based Effluent Limitations for Discharge Point 004 
Parameter Units Daily Maximum

TOC mg/L 110 
Oil and Grease mg/L 15 

 
Water quality-based effluent limitations for Discharge Point 004 for pH, Visible Oil, and 
Visible Color, are discussed at Fact Sheet section IV.C.4.m. 

C. Water Quality-Based Effluent Limitations for Toxic Substances 

1. Scope and Authority 

a. 40 CFR 122.44(d)(1)(i) requires permits to include WQBELs for pollutants (including 
toxicity) that are or may be discharged at levels that cause, have reasonable potential to 
cause, or contribute to an excursion above any State water quality standard (Reasonable 
Potential). The process for determining Reasonable Potential and, when necessary, 
calculating WQBELs is intended to (1) protect the designated beneficial uses of the 
receiving water, and (2) achieve applicable WQOs in the CTR, NTR, and the Basin Plan.  

b. NPDES regulations and the SIP provide the basis to establish Maximum Daily Effluent 
Limitations (MDELs).  

i. NPDES Regulations. 40 CFR 122.45(d) states “For continuous discharges all permit 
effluent limitations, standards, and prohibitions, including those necessary to achieve 
water quality standards, shall unless impracticable be stated as maximum daily and 
average monthly discharge limitations for all discharges other than publicly owned 
treatment works.”   

ii. SIP. SIP section 1.4 requires that WQBELs be expressed as MDELs and average 
monthly effluent limitations (AMELs).  

MDELs are used in this Order to protect against acute water quality effects. The 
MDELs are necessary for preventing fish kills or mortality to aquatic organisms. 

2. Applicable Beneficial Uses and Water Quality Objectives 

a. The Basin Plan implements State Water Board Resolution No. 88-63, which establishes 
State policy that all waters, with certain exceptions, should be considered suitable or 
potentially suitable for municipal or domestic supply (MUN). Because of the marine 
influence on receiving waters of San Francisco Bay, total dissolved solids levels in San 
Francisco Bay commonly (and often significantly) exceed 3,000 mg/L and thereby meet an 
exception to State Water Board Resolution No. 88-63. The designation MUN does not 
apply to San Pablo Bay. Beneficial uses applicable to San Pablo Bay are as follows: 
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Table F-10. Basin Plan Beneficial Uses 
Discharge 

Point
Receiving Water Name Beneficial Use(s) 

002, 003, 
004 San Pablo Bay 

Industrial Service Supply (IND) 
Ocean, Commercial and Sport Fishing (COMM) 
Shellfish Harvesting (SHELL) 
Estuarine Habitat (EST) 
Fish Migration (MIGR) 
Preservation of Rare and Endangered Species (RARE) 
Fish Spawning (SPWN) 
Wildlife Habitat (WILD) 
Water Contact Recreation (REC1) 
Non-Contact Water Recreation (REC2) 
Navigation (NAV) 

 
b. The WQOs applicable to the receiving waters for this discharge are from the Basin Plan; 

the CTR, established by USEPA at 40 CFR 131.38; and the NTR, established by USEPA at 
40 CFR 131.36. Some pollutants have WQOs established by more than one of these three 
sources. 

i. Basin Plan. The Basin Plan specifies numeric WQOs for 10 priority toxic pollutants, as 
well as narrative WQOs for toxicity and bioaccumulation in order to protect beneficial 
uses. The pollutants for which the Basin Plan specifies numeric objectives are arsenic, 
cadmium, hexavalent chromium, copper in freshwater, lead, mercury, nickel, silver, 
zinc, and cyanide. The Basin Plan’s narrative toxicity objective (section 3.3.18) states 
in part, “All waters shall be maintained free of toxic substances in concentrations that 
are lethal to or that produce other detrimental responses in aquatic organisms.” The 
bioaccumulation objective (section 3.3.2) states in part, “Controllable water quality 
factors shall not cause a detrimental increase in concentrations of toxic substances 
found in bottom sediments or aquatic life. Effects on aquatic organisms, wildlife, and 
human health will be considered.” 

ii. CTR. The CTR specifies numeric aquatic life criteria for 23 priority toxic pollutants 
and numeric human health criteria for 57 priority toxic pollutants. These criteria apply 
to all inland surface waters and enclosed bays and estuaries of the San Francisco Bay 
Region. 

iii. NTR. The NTR establishes numeric aquatic life criteria for selenium, numeric aquatic 
life and human health criteria for cyanide, and numeric human health criteria for 34 
other toxic organic pollutants for waters of San Francisco Bay upstream to, and 
including, Suisun Bay and the Delta. These NTR criteria apply to San Pablo Bay, the 
receiving water for Discharge Points 002, 003, and 004. 

iv. Sediment Quality Objectives. The Water Quality Control Plan for Enclosed Bays and 
Estuaries—Part 1, Sediment Quality contains a narrative WQO: “Pollutants in 
sediments shall not be present in quantities that, alone or in combination, are toxic to 
benthic communities in bays and estuaries of California.” This WQO is to be 
implemented by integrating three lines of evidence: sediment toxicity, benthic 
community condition, and sediment chemistry. The Policy requires that if the Regional 
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Water Board determines that a discharge has reasonable potential to cause or contribute 
to an exceedance of this WQO, it is to impose the WQO as a receiving water limit. 

v. Basin Plan Receiving Water Salinity Policy and Hardness. The Basin Plan (like the 
CTR and the NTR) states that the salinity characteristics (i.e., freshwater vs. saltwater) 
of the receiving water shall be considered in determining the applicable WQO. 
Freshwater objectives shall apply to discharges to waters with salinities equal to or less 
than one part per thousand (ppt) at least 95 percent of the time. Saltwater objectives 
shall apply to discharges to waters with salinities equal to or greater than 10 ppt at least 
95 percent of the time in a normal water year. For discharges to water with salinities in 
between these two categories, or tidally influenced freshwaters that support estuarine 
beneficial uses, the objectives shall be the lower of the salt or freshwater objectives (the 
latter calculated based on ambient hardness) for each substance.  

The receiving water for Discharge Points 002, 003 and 004, San Pablo Bay, is an 
estuarine environment based on salinity data generated through the Regional 
Monitoring Program (RMP) at the Davis Point Station (BD40) sampling station 
between 1993 and 2001. In that period, the receiving water’s minimum salinity was 
0.0 ppt, its maximum salinity was 25.1 ppt, and its average salinity was 12.3 ppt. 
Because the salinity was between 1 and 10 ppt in 51 percent of receiving water 
samples, both the freshwater and saltwater Basin Plan, NTR, and CTR objectives apply 
to this discharge. 

Some freshwater metal objectives are hardness dependent. Hardness data are collected 
through the RMP for water bodies in the San Francisco Bay region. A hardness value of 
96 mg/L was used to determine the objectives for this Order. This is the adjusted 
geometric mean of the hardness values observed below 400 mg/L at the Davis Point 
Station between 1993 and 2001. This represents the best available information for the 
hardness of the receiving water after it has mixed with the deepwater discharge. For 
Discharge Point 003, a near shore, shallow water discharge, Discharger data indicate 
that the receiving water hardness ranges from 647 mg/L to 7,600 mg/L. A hardness 
value of 400 mg/L was used to calculate the freshwater metal objectives because this is 
the highest value allowed by the CTR, and receiving water data show that hardness 
values have always been higher. 

vi. Site-Specific Metal Translators. 40 CFR 122.45(c) requires effluent limitations for 
metals to be expressed as total recoverable metal. Because water quality criteria for 
metals are typically expressed in the dissolved form, translators must be used to convert 
metals concentrations from dissolved to total recoverable and vice versa. In the CTR, 
USEPA establishes default translators; however, site-specific conditions, such as water 
temperature, pH, suspended solids, and organic carbon, affect the form of metal 
(dissolved, filterable, or otherwise) present and therefore available to cause toxicity. In 
general, the dissolved form is more available and more toxic to aquatic life than 
filterable forms. Site-specific translators can be developed to account for site-specific 
conditions, thereby preventing exceedingly stringent or under-protective water quality 
objectives.  

For deepwater discharges to San Pablo Bay (Discharge Point 002), translators for 
copper and nickel are based on Basin Plan Table 7.2-2 and recommendations of the 
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Clean Estuary Partnership’s North of Dumbarton Bridge Copper and Nickel 
Development and Selection of Final Translators (2005). These translators are shown in 
the table below: 

Table F-11. Translators for Copper and Nickel for Deepwater Discharges North of 
Dumbarton Bridge 
 Copper Nickel

AMEL Translator 0.38 0.27
MDEL Translator 0.66 0.57 

 
For discharges from Discharge Point 003, site-specific translators were applied to 
copper and nickel criteria based on those in the Discharger’s February 24, 2010, report, 
ConocoPhillips Translator Study Report. These translators are shown in the table 
below: 

Table F-12. Site-Specific Translators for Copper and Nickel for Discharge Point 
003
 Copper Nickel

AMEL Translator 0.59 0.57
MDEL Translator 0.84 0.78 

 
Default translators from 40 CFR 131.38(b)(2), Table 2, were used to determine the 
need for and calculate WQBELs for all other metals. 

3. Determining the Need for WQBELs 

40 CFR 122.44(d)(1)(i) requires permits to include WQBELs for all pollutants (non-priority or 
priority) “which the Director determines are or may be discharged at a level which will cause, 
have the reasonable potential to cause, or contribute to an excursion above any narrative or 
numeric criteria within a State water quality standard” (i.e., which have “Reasonable 
Potential”). Assessing whether a pollutant has Reasonable Potential is the fundamental step in 
determining whether or not a WQBEL is required.  

a. Reasonable Potential Analysis 

Regional Water Board staff used the methods and procedures prescribed in SIP section 1.3 
to analyze the effluent and background data and the nature of Facility operations to 
determine if each discharge has Reasonable Potential. The Reasonable Potential Analysis 
(RPA) compares the effluent data with numeric and narrative WQOs in the Basin Plan, 
NTR, and CTR.  

b. Reasonable Potential Methodology 

The RPA projects a maximum effluent concentration (MEC) for each pollutant based on 
existing data, while accounting for a limited data set and effluent variability. There are 
three triggers in determining Reasonable Potential. 

i. The first trigger is activated if the MEC is greater than the lowest applicable WQO 
(MEC  WQO), which has been adjusted, if appropriate, for pH, hardness, and 
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translator data. If the MEC is greater than the adjusted WQO, then that pollutant has 
Reasonable Potential, and a WQBEL is required. 

ii. The second trigger is activated if the observed maximum ambient background 
concentration (B) is greater than the adjusted WQO (B > WQO) and the pollutant is 
detected in any of the effluent samples.  

iii. The third trigger is activated if a review of other information determines that a WQBEL 
is required to protect beneficial uses, even though both MEC and B are less than the 
WQO. A limitation may be required under certain circumstances to protect beneficial 
uses. 

c. Effluent Data 

The RPA was based on the effluent monitoring data collected by the Discharger from 
January 2005 through March 2010 for most pollutants. For selenium at Discharge 
Point 003, the RPA was based on the effluent monitoring data the Discharger collected 
from January 2009 through March 2010. In a December 9, 2008, letter, the Discharger 
stated that it was transitioning from using Standard Method 3114B (Hydride 
Generation/Atomic Absorption Spectrometry) to USEPA Method 200.8 (Inductively 
Coupled Plasma - Mass Spectrometry), primarily because a study suggests it is possible to 
get significant positive interference with selenium in saline waters. Therefore, only data 
from USEPA Method 200.8 were used for purposes of the RPA.  

d. Ambient Background Data 

Ambient background values are used in the RPA and in the calculation of effluent 
limitations. For the RPA, ambient background concentrations are the observed maximum 
detected water column concentrations. The SIP states that, for calculating WQBELs, 
ambient background concentrations are either the observed maximum ambient water 
column concentrations or, for objectives intended to protect human health from 
carcinogenic effects, the arithmetic mean of observed ambient water concentrations. The 
RMP station at Yerba Buena Island, located in the Central Bay, has been monitored for 
most of the inorganic (CTR constituent numbers 1–15) and some of the organic (CTR 
constituent numbers 16–126) toxic pollutants, and these data were used as background data 
in performing this RPA.  

The RMP has not analyzed all the constituents listed in the CTR. On May 15, 2003, 
a group of several San Francisco Bay Region dischargers (known as the Bay Area Clean 
Water Agencies, or BACWA) submitted a collaborative receiving water study, entitled the 
San Francisco Bay Ambient Water Monitoring Interim Report. This study includes 
monitoring results from sampling events in 2002 and 2003 for the remaining priority 
pollutants not monitored by the RMP. The RPA was conducted and the WQBELs were 
calculated using RMP data from 1993 through 2008 for inorganics and organics at the 
Yerba Buena Island RMP station, and additional data from the BACWA Ambient Water 
Monitoring: Final CTR Sampling Update Report for the Yerba Buena Island RMP station. 

SIP section 1.4.3 allows background conditions to be determined on a discharge-by-
discharge or water body-by-water body basis. A water body-by-water body approach is 
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taken here due to inherent uncertainties in characterizing ambient background conditions in 
a complex estuarine system on a discharge-by-discharge basis. The Yerba Buena Island 
RMP monitoring station, relative to other RMP stations, fits SIP guidance criteria for 
establishing background conditions. Taken together with restrictions on dilution credits 
(see section 4, below), a far-field background station is appropriate because San Francisco 
Bay is a very complex estuarine system with highly variable and seasonal upstream 
freshwater inflows and diurnal tidal saltwater inputs. The SIP requires that background 
water quality data be representative of the ambient receiving water that will mix with the 
discharge. Water quality data from the Yerba Buena Island monitoring station is 
representative of the water that will mix with the discharge.  

e. RPA Determination 

The MECs, most stringent applicable WQOs, and background concentrations used in the 
RPA are presented in the following tables for Discharge Points 002 and 003, along with the 
RPA results (yes or no) for each pollutant analyzed. Reasonable Potential was not 
determined for all pollutants because there are not applicable water quality objectives for 
all pollutants and monitoring data are unavailable for others. The pollutants that exhibit 
Reasonable Potential for Discharge Point 002 are copper, selenium, dioxin-TEQ, 
dichlorobromomethane, benzo(a)pyrene, benzo(b)fluoranthene, bis(2-ethylhexyl)phthalate, 
chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, total PAHs, and total ammonia. 
The pollutants that exhibit Reasonable Potential for Discharge Point 003 are copper, nickel, 
selenium, zinc, and dioxin-TEQ. 

Table F-13. Summary of RPA Results – Discharge Point 002 

CTR # Priority Pollutants 
MEC or 

Minimum DL 
[1],[2] ( g/L) 

Governing
WQO/WQC 

( g/L) 

Maximum 
Background or 
Minimum DL 

[1],[2] ( g/L) 

RPA Results [3]

1 Antimony 1.2 4300 1.8 No 
2 Arsenic 24 36 2.46 No 
3 Beryllium  <0.04 No Criteria 0.215 Ud 
4 Cadmium 0.2 1.1 0.13 No 
5a Chromium (III) 1.9 201 4.4 No 
5b Hexavalent Chromium 1.9 11 4.4 No 
6 Copper 67 14.2 2.549 Yes[4] 
7 Lead 2 3.0 0.804 No 
8 Mercury (303d listed) 0.108 [5] 0.0086 [6] 
9 Nickel (303d listed) 12 30 3.73 No 

10 Selenium (303d listed) 75 5 0.39 Yes 
11 Silver <0.009 2.2 0.052 No 
12 Thallium <0.006 6.3 0.21 No 
13 Zinc 14 86 5.092 No 
14 Cyanide <2 2.9 <0.4 No 
15 Asbestos Not Available No Criteria Not Available Ud 
16 2,3,7,8-TCDD (303d listed)  <0.0639 1.4E-08 8.2E-09 No 

 Dioxin TEQ (303d listed) 1.50E-08 1.4E-08 5.32E-08 Yes 
17 Acrolein <0.5 780 <0.5 No 
18 Acrylonitrile <0.33 0.66 0.03 No 
19 Benzene <0.03 71 <0.05 No 
20 Bromoform 7.4 360 <0.5 No 
21 Carbon Tetrachloride <0.04 4.4 0.06 No 
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CTR # Priority Pollutants 
MEC or 

Minimum DL 
[1],[2] ( g/L) 

Governing
WQO/WQC 

( g/L) 

Maximum 
Background or 
Minimum DL 

[1],[2] ( g/L) 

RPA Results [3]

22 Chlorobenzene <0.03 21000 <0.5 No 
23 Chlorodibromomethane 31 34 <0.05 No 
24 Chloroethane <0.03 No Criteria <0.5 Ud 
25 2-Chloroethylvinyl ether <0.1 No Criteria <0.5 Ud 
26 Chloroform 56 No Criteria <0.5 Ud 
27 Dichlorobromomethane 47 46 <0.05 Yes 
28 1,1-Dichloroethane <0.04 No Criteria <0.05 Ud 
29 1,2-Dichloroethane <0.04 99 0.04 No 
30 1,1-Dichloroethylene <0.06 3.2 <0.5 No 
31 1,2-Dichloropropane <0.03 39 <0.05 No 
32 1,3-Dichloropropylene <0.06 1700 <0.5 No 
33 Ethylbenzene <0.04 29000 <0.5 No 
34 Methyl Bromide 0.05 4000 <0.5 No 
35 Methyl Chloride <0.04 No Criteria <0.5 Ud 
36 Methylene Chloride 0.3 1600 22 No 
37 1,1,2,2-Tetrachloroethane <0.04 11 <0.05 No 
38 Tetrachloroethylene <0.04 8.85 <0.05 No 
39 Toluene <0.06 200000 <0.3 No 
40 1,2-Trans-Dichloroethylene <0.05 140000 <0.5 No 
41 1,1,1-Trichloroethane <0.03 No Criteria <0.5 Ud 
42 1,1,2-Trichloroethane <0.05 42 <0.05 No 
43 Trichloroethylene <0.05 81 <0.5 No 
44 Vinyl Chloride <0.05 525 <0.5 No 
45 2-Chlorophenol <0.7 400 <1.2 No 
46 2,4-Dichlorophenol <0.7 790 <1.3 No 
47 2,4-Dimethylphenol <0.8 2300 <1.3 No 
48 2-Methyl- 4,6-Dinitrophenol <0.6 765 <1.2 No 
49 2,4-Dinitrophenol <0.6 14000 <0.7 No 
50 2-Nitrophenol <0.6 No Criteria <1.3 Ud 
51 4-Nitrophenol <0.6 No Criteria <1.6 Ud 
52 3-Methyl 4-Chlorophenol <0.6 No Criteria <1.1 Ud 
53 Pentachlorophenol <0.6 7.9 <1 No 
54 Phenol <0.005 4600000 <1.3 No 
55 2,4,6-Trichlorophenol <0.6 6.5 <1.3 No 
56 Acenaphthene <0.028 2700 0.00193 No 
57 Acenaphthylene 0.4 No Criteria 0.001285 Ud 
58 Anthracene 1.1 110000 0.000592 No 
59 Benzidine <1 0.00054 <0.0015 No 
60 Benzo(a)Anthracene <0.019 0.049 0.005315 No 
61 Benzo(a)Pyrene 1.6 0.049 0.00333 Yes 
62 Benzo(b)Fluoranthene 0.9 0.049 0.00459 Yes 
63 Benzo(ghi)Perylene 0.6 No Criteria 0.004544 Ud 
64 Benzo(k)Fluoranthene <0.02 0.049 0.00177 No 
65 Bis(2-Chloroethoxy)Methane <0.7 No Criteria <0.3 Ud 
66 Bis(2-Chloroethyl)Ether <0.7 1.4 <0.0002 No 
67 Bis(2-Chloroisopropyl)Ether <0.6 170000 Not Available No 
68 Bis(2-Ethylhexyl)Phthalate 34 5.9 <0.7 Yes 
69 4-Bromophenyl Phenyl Ether <0.4 No Criteria <0.23 Ud 
70 Butylbenzyl Phthalate <0.6 5200 0.0056 No 
71 2-Chloronaphthalene <0.6 4300 <0.3 No 
72 4-Chlorophenyl Phenyl Ether <0.2 No Criteria <0.3 Ud 
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CTR # Priority Pollutants 
MEC or 

Minimum DL 
[1],[2] ( g/L) 

Governing
WQO/WQC 

( g/L) 

Maximum 
Background or 
Minimum DL 

[1],[2] ( g/L) 

RPA Results [3]

73 Chrysene 5.4 0.049 0.002781 Yes 
74 Dibenzo(a,h)Anthracene 1 0.049 0.00064 Yes 
75 1,2-Dichlorobenzene <0.03 17000 <0.3 No 
76 1,3-Dichlorobenzene <0.03 2600 <0.3 No 
77 1,4-Dichlorobenzene <0.04 2600 <0.3 No 
78 3,3 Dichlorobenzidine <0.6 0.077 <0.001 No 
79 Diethyl Phthalate 8.2 120000 <0.21 No 
80 Dimethyl Phthalate <0.6 2900000 <0.21 No 
81 Di-n-Butyl Phthalate <0.6 12000 0.016 No 
82 2,4-Dinitrotoluene <0.6 9.1 <0.27 No 
83 2,6-Dinitrotoluene <0.5 No Criteria <0.29 Ud 
84 Di-n-Octyl Phthalate <0.7 No Criteria <0.38 Ud 
85 1,2-Diphenylhydrazine <0.6 0.54 0.0037 No 
86 Fluoranthene 0.9 370 0.0109 No 
87 Fluorene 1 14000 0.00208 No 
88 Hexachlorobenzene <0.7 0.00077 0.0000221 No 
89 Hexachlorobutadiene <0.7 50 <0.3 No 
90 Hexachlorocyclopentadiene <0.8 17000 <0.3 No 
91 Hexachloroethane <0.6 8.9 <0.2 No 
92 Indeno(1,2,3-cd)Pyrene 0.3 0.049 0.00398 Yes 
93 Isophorone <0.5 600 <0.3 No 
94 Naphthalene 2 No Criteria 0.01262 Ud 
95 Nitrobenzene <0.7 1900 <0.25 No 
96 N-Nitrosodimethylamine <0.6 8.1 <0.3 No 
97 N-Nitrosodi-n-Propylamine <0.6 1.4 <0.001 No 
98 N-Nitrosodiphenylamine <0.6 16 <0.001 No 
99 Phenanthrene 3.2 No Criteria 0.00951 Ud 

100 Pyrene 1.6 11000 0.0194 No 
101 1,2,4-Trichlorobenzene <0.8 No Criteria <0.3 Ud 
102 Aldrin <0.002 0.00014 0.00000285 No 
103 Alpha-BHC <0.002 0.013 0.000496 No 
104 beta-BHC <0.002 0.046 0.000413 No 
105 gamma-BHC <0.002 0.063 0.000703 No 
106 delta-BHC <0.002 No Criteria 0.000053 Ud 
107 Chlordane (303d listed) <0.02 0.00059 0.000178 No 
108 4,4'-DDT (303d listed) <0.002 0.00059 0.000167 No 
109 4,4'-DDE (linked to DDT) <0.003 0.00059 0.000693 No 
110 4,4'-DDD <0.002 0.00084 0.000313 No 
111 Dieldrin (303d listed) <0.002 0.00014 0.000264 No 
112 Alpha-Endosulfan <0.002 0.0087 0.000031 No 
113 beta-Endolsulfan <0.002 0.0087 0.000069 No 
114 Endosulfan Sulfate <0.002 240 0.0000819 No 
115 Endrin <0.002 0.0023 0.00004 No 
116 Endrin Aldehyde <0.002 0.81 Not Available No 
117 Heptachlor <0.003 0.00021 0.000019 No 
118 Heptachlor Epoxide <0.002 0.00011 0.000094 No 

119-125 PCBs sum (303d listed) <0.02 0.00017 0.00146 [6] 
126 Toxaphene <0.15 0.0002 Not Available No 

  Tributyltin Not Available 0.0074 0.00222 No 
 Total PAHs 18.11 15 0.0841 Yes 
 Total Ammonia (mg/L) 19.4 1.27 0.2 Yes 
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[1] The MEC or maximum background concentration is the actual detected concentration unless there is a “<” sign before it, in which 

case the value shown is the minimum detection level. 
[2] The MEC or maximum background concentration is “Not Available” when there are no monitoring data for the constituent. 
[3] RPA Results = Yes, if MEC => WQO/WQC, or B > WQO/WQC and MEC is detected; 

   = No, if MEC and B are < WQO/WQC or all effluent data are undetected;  
   = Undetermined (Ud), if no criteria have been promulgated;  
   = Cannot Determine, if there are insufficient data. 

[4] Basin Plan section 7.2.2.2 requires that individual NPDES permits for municipal and industrial wastewater treatment facilities 
include copper WQBELs. 

[5] A Basin Plan amendment approved by the State Water Board on July 17, 2007, added two new mercury water quality objectives; 
0.2 mg mercury per kg fish tissue (average wet weight concentration measured in the muscle tissue of fish large enough to be 
consumed by humans) and 0.03 mg mercury per kg fish (average wet weight concentration) in small fish (3–5 cm in length) 
commonly consumed by the California least tern, an endangered species. The new objectives apply to all segments of San 
Francisco Bay, including all marine and estuarine waters contiguous to San Francisco Bay. and replace the water column four-day 
average marine mercury objective of 0.025 g/L, which no longer applies to San Francisco Bay waters. 

[6] SIP section 1.3 excludes from its RPA procedure priority pollutants for which a TMDL has been developed. TMDLs have been 
developed for mercury and PCBs in San Francisco Bay. Mercury and PCBs from wastewater discharges are regulated by NPDES 
Permit No. CA0038849 (currently Regional Water Board Order No. R2-2007-0077), which implements the San Francisco Bay 
Mercury and PCB TMDLs.  

 
Table F-14. Summary of RPA Results – Discharge Point 003 

CTR # Priority Pollutants 
MEC or 

Minimum DL 
[1],[2] ( g/L) 

Governing
WQO/WQC 

( g/L) 

Maximum 
Background or 
Minimum DL 

[1],[2] ( g/L) 

RPA Results [3]

1 Antimony 1.2 4300 1.8 No 
2 Arsenic 32 36 2.46 No 
3 Beryllium  0.3 No Criteria 0.215 Ud 
4 Cadmium 0.15 3.37 0.13 No 
5a Chromium (III) 97.5 644 4.4 No 
5b Hexavalent Chromium <1.7 11 4.4 No 
6 Copper 18 10.2 2.549 Yes[4] 
7 Lead 8.4 8.5 0.804 No 
8 Mercury (303d listed) 0.015 [5] 0.0086 [6] 
9 Nickel (303d listed) 41 14 3.73 Yes 

10 Selenium (303d listed) 2 5 0.39 No 
11 Silver <0.03 2.2 0.052 No 
12 Thallium <0.03 6.3 0.21 No 
13 Zinc 120 86 5.092 Yes 
14 Cyanide <5 2.9 <4 No 
15 Asbestos Not Available No Criteria Not Available Ud 
16 2,3,7,8-TCDD (303d listed)  <0.0639 1.4E-08 8.2E-09 No 

 Dioxin TEQ (303d listed) 2.53E-08 1.4E-08 7.1E-08 Yes 
17 Acrolein <0.5 780 <0.5 No 
18 Acrylonitrile <0.33 0.66 0.03 No 
19 Benzene <0.03 71 <0.05 No 
20 Bromoform <0.03 360 <0.5 No 
21 Carbon Tetrachloride <0.04 4.4 0.06 No 
22 Chlorobenzene <0.03 21000 <0.5 No 
23 Chlorodibromomethane <0.07 34 <0.05 No 
24 Chloroethane <0.03 No Criteria <0.5 Ud 
25 2-Chloroethylvinyl ether <0.1 No Criteria <0.5 Ud 
26 Chloroform 0.5 No Criteria <0.5 Ud 
27 Dichlorobromomethane <0.06 46 <0.05 No 
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CTR # Priority Pollutants 
MEC or 

Minimum DL 
[1],[2] ( g/L) 

Governing
WQO/WQC 

( g/L) 

Maximum 
Background or 
Minimum DL 

[1],[2] ( g/L) 

RPA Results [3]

28 1,1-Dichloroethane <0.04 No Criteria <0.05 Ud 
29 1,2-Dichloroethane <0.04 99 0.04 No 
30 1,1-Dichloroethylene <0.06 3.2 <0.5 No 
31 1,2-Dichloropropane <0.03 39 <0.05 No 
32 1,3-Dichloropropylene <0.03 1700 <0.5 No 
33 Ethylbenzene <0.06 29000 <0.5 No 
34 Methyl Bromide <0.05 4000 <0.5 No 
35 Methyl Chloride <0.04 No Criteria <0.5 Ud 
36 Methylene Chloride 0.2 1600 22 No 
37 1,1,2,2-Tetrachloroethane <0.04 11 <0.05 No 
38 Tetrachloroethylene <0.06 8.55 <0.05 No 
39 Toluene 0.3 200000 <0.3 No 
40 1,2-Trans-Dichloroethylene <0.05 140000 <0.5 No 
41 1,1,1-Trichloroethane <0.03 No Criteria <0.5 Ud 
42 1,1,2-Trichloroethane <0.05 42 <0.05 No 
43 Trichloroethylene 0.06 81 <0.5 No 
44 Vinyl Chloride <0.05 525 <0.5 No 
45 2-Chlorophenol <0.98 400 <1.2 No 
46 2,4-Dichlorophenol <0.9 790 <1.3 No 
47 2,4-Dimethylphenol <0.87 2300 <1.3 No 
48 2-Methyl- 4,6-Dinitrophenol <0.91 765 <1.2 No 
49 2,4-Dinitrophenol <0.83 14000 <0.7 No 
50 2-Nitrophenol <0.89 No Criteria <1.3 Ud 
51 4-Nitrophenol <0.83 No Criteria <1.6 Ud 
52 3-Methyl 4-Chlorophenol <0.91 No Criteria <1.1 Ud 
53 Pentachlorophenol <0.81 7.9 <1 No 
54 Phenol <0.69 4600000 <1.3 No 
55 2,4,6-Trichlorophenol <0.97 6.5 <1.3 No 
56 Acenaphthene <0.028 2700 0.00193 No 
57 Acenaphthylene <0.019 No Criteria 0.001285 Ud 
58 Anthracene <0.028 110,000 0.000592 No 
59 Benzidine <1 0.00054 <0.0015 No 
60 Benzo(a)Anthracene <0.019 0.049 0.005315 No 
61 Benzo(a)Pyrene <0.019 0.049 0.00333 No 
62 Benzo(b)Fluoranthene <0.028 0.049 0.00459 No 
63 Benzo(ghi)Perylene <0.028 No Criteria 0.004544 Ud 
64 Benzo(k)Fluoranthene <0.03 0.049 0.00177 No 
65 Bis(2-Chloroethoxy)Methane <0.8 No Criteria <0.3 Ud 
66 Bis(2-Chloroethyl)Ether <0.7 1.4 <0.3 No 
67 Bis(2-Chloroisopropyl)Ether <0.7 170000 Not Available No 
68 Bis(2-Ethylhexyl)Phthalate <0.5 5.9 <0.000151 No 
69 4-Bromophenyl Phenyl Ether <0.97 No Criteria <0.23 Ud 
70 Butylbenzyl Phthalate <0.98 5200 0.0056 No 
71 2-Chloronaphthalene <0.6 4300 <0.3 No 
72 4-Chlorophenyl Phenyl Ether <0.99 No Criteria <0.3 Ud 
73 Chrysene <0.03 0.049 0.002781 No 
74 Dibenzo(a,h)Anthracene <0.028 0.049 0.00064 No 
75 1,2-Dichlorobenzene <0.03 17000 <0.3 No 
76 1,3-Dichlorobenzene <0.03 2600 <0.3 No 
77 1,4-Dichlorobenzene <0.04 2600 <0.3 No 
78 3,3 Dichlorobenzidine <0.6 0.077 <0.001 No 
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CTR # Priority Pollutants 
MEC or 

Minimum DL 
[1],[2] ( g/L) 

Governing
WQO/WQC 

( g/L) 

Maximum 
Background or 
Minimum DL 

[1],[2] ( g/L) 

RPA Results [3]

79 Diethyl Phthalate <0.86 120000 <0.21 No 
80 Dimethyl Phthalate <0.6 2900000 <0.21 No 
81 Di-n-Butyl Phthalate <0.6 12000 0.016 No 
82 2,4-Dinitrotoluene <0.9 9.1 <0.27 No 
83 2,6-Dinitrotoluene <0.5 No Criteria <0.29 Ud 
84 Di-n-Octyl Phthalate <0.7 No Criteria <0.38 Ud 
85 1,2-Diphenylhydrazine <0.9 0.54 0.0037 No 
86 Fluoranthene <0.028 370 0.0109 No 
87 Fluorene <0.028 14000 0.00208 No 
88 Hexachlorobenzene <0.8 0.00077 0.0000221 No 
89 Hexachlorobutadiene <0.8 50 <0.3 No 
90 Hexachlorocyclopentadiene <0.8 17000 <0.3 No 
91 Hexachloroethane <0.9 8.9 <0.2 No 
92 Indeno(1,2,3-cd)Pyrene <0.028 0.049 0.00398 No 
93 Isophorone <0.5 600 <0.3 No 
94 Naphthalene 0.019 No Criteria 0.01262 Ud 
95 Nitrobenzene <0.7 1900 <0.25 No 
96 N-Nitrosodimethylamine <0.6 8.1 <0.3 No 
97 N-Nitrosodi-n-Propylamine <0.8 1.4 <0.001 No 
98 N-Nitrosodiphenylamine <0.6 16 <0.001 No 
99 Phenanthrene <0.028 No Criteria 0.00951 Ud 

100 Pyrene <0.028 11000 0.0194 No 
101 1,2,4-Trichlorobenzene <0.98 No Criteria <0.3 Ud 
102 Aldrin <0.002 0.00014 0.00000285 No 
103 Alpha-BHC <0.002 0.013 0.000496 No 
104 beta-BHC <0.002 0.046 0.000413 No 
105 gamma-BHC <0.002 0.063 0.000703 No 
106 delta-BHC <0.002 No Criteria 0.000053 Ud 
107 Chlordane (303d listed) <0.02 0.00059 0.000178 No 
108 4,4'-DDT (303d listed) <0.002 0.00059 0.000167 No 
109 4,4'-DDE (linked to DDT) <0.003 0.00059 0.000693 No 
110 4,4'-DDD <0.002 0.00084 0.000313 No 
111 Dieldrin (303d listed) <0.002 0.00014 0.000264 No 
112 Alpha-Endosulfan <0.002 0.0087 0.000031 No 
113 beta-Endolsulfan <0.002 0.0087 0.000069 No 
114 Endosulfan Sulfate <0.002 240 0.0000819 No 
115 Endrin <0.002 0.0023 0.00004 No 
116 Endrin Aldehyde <0.002 0.81 Not Available No 
117 Heptachlor <0.003 0.00021 0.000019 No 
118 Heptachlor Epoxide <0.002 0.00011 0.000094 No 

119-125 PCBs sum (303d listed) <0.03 0.00017 0.00146 [6] 
126 Toxaphene <0.15 0.0002 Not Available No 

 Tributyltin Not Available 0.0074 0.00222 No 
  Total PAHs <0.019 15 0.0841 No 
 Total Ammonia (mg/L) <0.05 1.27 0.2 No 
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[1] The MEC or maximum background concentration is the actual detected concentration unless there is a “<” sign before it, in which 

case the value shown is the minimum detection level. 
[2] The MEC or maximum background concentration is “Not Available” when there are no monitoring data for the constituent. 
[3] RPA Results  = Yes, if MEC > WQO/WQC, or B > WQO/WQC and MEC is detected; 

   = No, if MEC and B are < WQO/WQC or all effluent data are undetected; 
   = Undetermined (Ud), if no criteria have been promulgated; 

    = Cannot Determine, if there are insufficient data. 
[4] Basin Plan section 7.2.2.2 requires that individual NPDES permits for municipal and industrial wastewater treatment facilities 

include copper WQBELs  
[5] A Basin Plan amendment approved by the State Water Board on July 17, 2007, added two new mercury water quality objectives; 

0.2 mg mercury per kg fish tissue (average wet weight concentration measured in the muscle tissue of fish large enough to be 
consumed by humans) and 0.03 mg mercury per kg fish (average wet weight concentration) in small fish (3–5 cm in length) 
commonly consumed by the California least tern, an endangered species. The new objectives apply to all segments of San 
Francisco Bay, including all marine and estuarine waters contiguous to San Francisco Bay. and replace the water column four-day 
average marine mercury objective of 0.025 g/L, which no longer applies to San Francisco Bay waters. 

[6] SIP section 1.3 excludes from its RPA procedure priority pollutants for which a TMDL has been developed. TMDLs have been 
developed for mercury and PCBs in San Francisco Bay. These TMDLs do not identify once-through cooling water as a source of 
these pollutants because once-through cooling water delivers no net load of them to San Francisco Bay. Any mercury or PCBs 
discharged to San Francisco Bay in once-through cooling water is simply the same mercury or PCBs present in influent once-
through cooling water. Therefore, the discharge of once-through cooling water at Discharge Point 003 has no reasonable potential 
to cause or contribute to an exceedance of the mercury or PCBs water quality objectives. 

 

(1) Constituents with limited data. The Discharger has performed sampling and analysis 
for the constituents listed in the CTR. This data set was used to perform the RPA. In 
some cases, Reasonable Potential cannot be determined because effluent data are 
limited or ambient background concentrations are unavailable. The Discharger will 
continue to monitor for these constituents in the effluent using analytical methods that 
provide the best feasible detection limits. When additional data become available, 
further RPA will be conducted to determine whether to add numeric effluent limitations 
to this Order or to continue monitoring. 

(2) Pollutants with no Reasonable Potential. WQBELs are not included in this Order for 
constituents that do not demonstrate Reasonable Potential; however, monitoring for 
such pollutants is still required. If concentrations of these constituents are found to have 
increased significantly, Provision VI.C.2.a of this Order requires the Discharger to 
investigate the source of the increase. Remedial measures are required if the increase 
poses a threat to water quality. 

f. RPA Determination for Sediment Quality Objectives 

Pollutants in some receiving water sediments may be present in quantities that, alone or in 
combination, are toxic to benthic communities. Efforts are underway to identify stressors 
causing such conditions. However, to date there is no evidence directly linking 
compromised sediment conditions to the discharges subject to this Order; therefore, the 
Regional Water Board cannot draw a conclusion about reasonable potential for the 
discharges to cause or contribute to exceedances of the sediment quality objectives. 
Nevertheless, the Discharger continues to participate in the RMP, which monitors San 
Francisco Bay sediment and seeks to identify stressors responsible for degraded sediment 
quality. Thus far, the monitoring has provided only limited information about potential 
stressors and sediment transport. The Regional Water Board is exploring appropriate 
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requirements to impose on the Discharger, along with other dischargers in the region, to 
obtain additional information that may inform future RPAs. 

4. WQBEL Calculations 

WQBELs were developed for the toxic and priority pollutants determined to have Reasonable 
Potential. The WQBELs were calculated based on appropriate WQOs and the procedures in 
SIP section 1.4.  

a. Dilution Credits 

Based on the Entrix, Inc. study Field Dye Tracer Studies and Initial Dilution Modeling of 
the Process Wastewater Effluent from the UNOCAL San Francisco Refinery Diffuser 
NPDES Permit No. CA0005053, dated December 1989, the Discharger indicates that the 
diffuser at Discharge Point 002 achieves a probable minimum initial dilution of 37:1 at the 
maximum design flow of 10 MGD, and 42:1 at 2.0 MGD. These dilution ratios are 
conservative, estimated to be those with a one percent probability of occurring at slack tide. 
The flows at Discharge Point 002 from 2005 through 2010 average 2.8 MGD (dry 
weather), with a maximum daily average flow of 8.89 MGD (wet weather). Based on these 
rates, the 37:1 is justified, but the 42:1 is not reliable and not used in the following effluent 
limit calculations. 

The SIP provides the basis for dilution credits. Pursuant to SIP section 1.4.2.1, “Dilution 
credit may be limited or denied on a pollutant-by-pollutant basis….” Due to the near shore 
locations of Discharge Points 003 and 004, no dilution credits are provided. The bases for 
dilution credits at Discharge Point 002 are explained below. 

(1) Bioaccumulative Pollutants:  For certain bioaccumulative pollutants, dilution credit is 
significantly restricted or denied. This determination is based on available data on 
concentrations of these pollutants in aquatic organisms, sediment, and the water 
column. Specifically, these pollutants include chlordane, DDT, dieldrin, dioxin and 
furan compounds, nickel, and selenium, which all appear on the CWA section 303(d) 
list for San Pablo Bay because they impair San Pablo Bay’s beneficial uses.  

(a) Bioaccumulative Pollutants, Excluding Selenium 

Tissue samples taken from fish in San Francisco Bay show the presence of these 
pollutants at concentrations greater than screening levels (Contaminant
Concentrations in Fish from San Francisco Bay, San Francisco Estuary Institute, 
May 1997). The results of the 1994 San Francisco Bay pilot study, presented in 
Contaminated Levels in Fish Tissue from San Francisco Bay (Regional Water 
Board, 1994) also showed elevated levels of chemical contaminants in fish tissues. 
The Office of Environmental Health and Hazard Assessment completed a 
preliminary review of the data in the 1994 report and subsequently issued an interim 
consumption advisory covering certain fish species in San Francisco Bay due to the 
levels of some of these pollutants, including dioxins and pesticides (e.g., DDT). 
This advisory is still in effect. Therefore, dilution credits are denied for 
bioaccumulative pollutants on the 303(d) list for which there is lack of data on 
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sources and significant uncertainty about how different sources of these pollutants 
contribute to bioaccumulation.  

(b) Selenium 

For selenium, San Francisco Bay waterfowl tissue data presented in the State Water 
Board and California Department of Fish and Game’s Selenium Verification Study, 
1988-1990 (Document 91-2-WQ, May 1991) showed elevated selenium levels in 
the livers of waterfowl that feed on bottom-dwelling organisms, such as clams. In 
addition, the Office of Environmental Health and Hazard Assessment issued an 
advisory in 1987 for consumption of two species of North Bay diving ducks found 
to have high tissue levels of selenium. This advisory is still in effect. Elevated 
selenium levels have also been found in the tissue of white sturgeon, which also 
feed on clams. 

This information, together with high uncertainty regarding how different sources of 
selenium contribute to bioaccumulation, has previously led the Regional Water 
Board to deny dilution credit for selenium. However, since the last permit 
reissuance, substantially more information has been generated to advance 
development of a TMDL for selenium in north San Francisco Bay segments. Based 
on this preliminary information, limited dilution credit for selenium is granted, but 
only to a level where existing treatment performance is maintained until completion 
of the selenium TMDL, after which time the Regional Water Board will amend the 
limits to be consistent with the TMDL wasteload allocations. Granting dilution 
credit for selenium is appropriate only because of the substantial amount of new 
information that has been generated that does not apply to any other pollutant. 
Therefore, this Order uses a dilution credit of D = 9 (10:1 dilution) to calculate 
selenium WQBELs. Using this dilution will maintain existing performance, because 
it is the same dilution granted in the previous permit, as amended by Order No. R2-
2010-0057.  

(2) Non-Bioaccumlative Pollutants:  SIP section 1.4.2 allows for limiting the dilution 
credit. For most non-bioaccumulative pollutants, dilution credit is restricted.  

(a) Non-Bioaccumlative Pollutants, Excluding Ammonia 

 For non-bioaccumulative pollutants (except ammonia), a conservative dilution 
credit of 10:1 (D = 9) has been assigned for Discharge Point 002 to address 
uncertainties with mixing. The 10:1 dilution credit is consistent with the previous 
permit and is also based, in part, on Basin Plan Prohibition 1 (Basin Plan 
Table 4-1), which prohibits discharges with less than 10:1 dilution.  

 Based on RMP monitoring data for San Francisco Bay, there is variability in the 
receiving water, and the hydrology of the receiving water is very complex. 
Therefore, it is uncertain how representative the ambient background data used to 
determine the effluent limitations is. Models used to predict dilution have not 
considered the three dimensional nature of San Francisco Bay currents resulting 
from the interaction of tidal flushes and seasonal fresh water outflows. Being 
heavier and colder than fresh water, ocean salt water enters San Francisco Bay on 
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twice-daily tidal cycles, generally beneath the warmer fresh water that flows 
seaward. When these waters mix and interact, complex circulation patterns occur 
due to the varying densities of the fresh and ocean waters. The complex patterns 
occur throughout San Francisco Bay, but are most prevalent in the San Pablo Bay, 
Carquinez Straight, and Suisun Bay areas. The locations of this mixing and 
interaction change, depending on the strength of each tide. Additionally, sediment 
loads from the Central Valley change on a long-term basis, affecting the depth of 
different parts of San Francisco Bay, resulting in alteration of flow patterns, mixing, 
and dilution at the outfall. 

(b) Ammonia 

 For ammonia, a non-persistent pollutant, a conservative estimate of actual initial 
dilution was used to calculate the effluent limitations for Discharge Point 002. This 
is justified because ammonia quickly disperses and degrades to a non-toxic state, 
and cumulative toxicity effects are unlikely. As described above, the 1989 field dye 
tracer studies and initial dilution modeling estimated an actual initial dilution ratio 
with a 1 percent probability of occurring to be 37:1 (D = 36) at the maximum 
design flow rate of 10 MGD. For this Order, the 37:1 dilution ratio was used for 
calculating WQBELs based on both the acute and chronic objectives. To ensure that 
the 1989 study and modeling results are still valid, this Order requires the 
Discharger to update the study and modeling (see Provision VI.C.2.g of this Order). 

b. Calculation of Pollutant-Specific WQBELs - Discharge Point 002 

(1) Copper 

(a) Copper WQOs. The most stringent applicable WQOs for copper are the Basin Plan 
site-specific chronic and acute marine WQOs, 6.0 and 9.4 micrograms per liter 
(μg/L), respectively, expressed as dissolved metal. Converting these WQOs to total 
recoverable metal using site-specific translators of 0.38 (chronic) and 0.67 (acute) 
results in a chronic WQC of 16 μg/L and an acute WQC of 14 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for copper because the 
MEC of 67 μg/L exceeds the most stringent applicable WQO for this pollutant, 
demonstrating Reasonable Potential by Trigger 1. In addition, Basin Plan section 
7.2.2.2 requires that individual NPDES permits for municipal and industrial 
wastewater treatment facilities include copper WQBELs. 

(c) Copper WQBELs. WQBELs for copper, calculated according to SIP procedures 
using a coefficient of variation (CV) of 0.95 and a dilution credit of D = 9, are an 
AMEL of 48 μg/L and an MDEL of 120 μg/L. Order No. R2-2010-0056, which 
amended the previous permit, contained an AMEL of 60 μg/L and an MDEL of 
120 μg/L. Therefore, this Order establishes the more stringent limits. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for copper collected 
over the period of January 2005 through March 2010 shows that the 95th percentile 
(30 g/L) is less than the AMEL (48 g/L); the 99th percentile (50 g/L) is less 
than the MDEL (120 g/L); and the mean (2.1 g/L) is less than the long term 
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average of the projected lognormal distribution of the effluent data set after 
accounting for effluent variability (25 g/L). Therefore, immediate compliance with 
these effluent limitations is feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the WQBELs 
are no less stringent than those in the previous permit as amended. 

(2) Selenium 

(a) Selenium WQC. The most stringent applicable WQC for selenium are the NTR 
saltwater and freshwater aquatic life acute criterion of 20 μg/L and chronic criterion 
of 5.0 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for selenium because the 
MEC of 47 μg/L exceeds the most stringent applicable WQC for this pollutant, 
demonstrating Reasonable Potential by Trigger 1. 

(c) Selenium WQBELs. WQBELs for selenium, calculated according to SIP procedures 
using a CV of 0.66 and a dilution credit of D = 9, are an AMEL of 37 μg/L and an 
MDEL of 78 μg/L. Order No. R2-2010-0057, which amended the previous permit, 
contained an AMEL of 37 μg/L and an MDEL of 50 μg/L. Therefore, this Order 
retains the more stringent previous limits. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for selenium 
collected over the period of January 2005 through March 2010 shows that the 95th 
percentile (46 g/L) is greater than the AMEL (37 g/L); the 99th percentile 
(70 g/L) is greater than the MDEL (50 g/L); but that the mean (21 g/L) is less 
than the long term average of the projected lognormal distribution of the effluent 
data set after accounting for effluent variability (23 μg/L). However, the statistics 
are significantly affected by effluent limit violations caused by a selenium treatment 
plant upset that occurred from May to July of 2008. These effluent violations do not 
reflect normal selenium treatment plant operation. Therefore, immediate 
compliance with these effluent limitations is likely feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the WQBELs 
are no less stringent than those in the previous permit as amended.  

(3) Dioxin-TEQ 

(a) Bioaccumulation WQO. The Basin Plan narrative WQO for bioaccumulative 
substances states, “Many pollutants can accumulate on particulates, in sediments, or 
bioaccumulate in fish and other aquatic organisms. Controllable water quality 
factors shall not cause a detrimental increase in concentrations of toxic substances 
found in bottom sediments or aquatic life. Effects on aquatic organisms, wildlife, 
and human health will be considered.” 

Because the consensus of the scientific community is that dioxins and furans 
associate with particulates, accumulate in sediments, and bioaccumulate in the fatty 
tissues of fish and other organisms, the Basin Plan’s narrative bioaccumulation 
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WQO applies to these pollutants. Elevated levels of dioxins and furans in San 
Francisco Bay fish tissue demonstrate that the narrative bioaccumulation WQO is 
not being met. USEPA therefore included San Francisco Bay as impaired by 
dioxins and furans in the CWA section 303(d) listing of receiving waters where 
WQOs are not being met after imposition of technology-based requirements.  

The CTR establishes a numeric WQO for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin 
(2,3,7,8-TCDD) of 1.4 x 10-8 μg/L to protect human health when aquatic organisms 
are consumed. When the CTR was promulgated, USEPA stated its support of the 
regulation of other dioxin and dioxin-like compounds through the use of toxicity 
equivalencies (TEQs) in NPDES permits. USEPA stated specifically, “For 
California waters, if the discharge of dioxin or dioxin-like compounds has 
reasonable potential to cause or contribute to a violation of a narrative criterion, 
numeric WQBELs for dioxin or dioxin-like compounds should be included in 
NPDES permits and should be expressed using a TEQ scheme” [65 Fed. Reg. 
31682, 31695 (2000)]. 

This Order uses a TEQ scheme based on a set of toxicity equivalency factors 
(TEFs) the World Health Organization (WHO) developed in 1998, and a set of 
bioaccumulation equivalency factors (BEFs) USEPA developed for the Great Lakes 
region (40 CFR 132, Appendix F), to convert the concentration of any congener of 
dioxin or furan into an equivalent concentration of 2,3,7,8-TCDD. The CTR 
criterion is used as a criterion for dioxin-TEQ because dioxin-TEQ represents a 
toxicity-weighted concentration equivalent to 2,3,7,8-TCDD, thus translating the 
narrative bioaccumulation objective into a numeric criterion appropriate for the 
RPA. 

To determine if the discharge of dioxin or dioxin-like compounds has Reasonable 
Potential to cause or contribute to a violation of the Basin Plan’s narrative 
bioaccumulation WQO, TEFs and BEFs were used to express the measured 
concentrations of 16 dioxin congeners in effluent and background samples as 
2,3,7,8-TCDD. These “equivalent” concentrations were then compared to the CTR 
numeric criterion for 2,3,7,8-TCDD (1.4 x 10-8 μg/L). Although the 1998 WHO 
scheme includes TEFs for dioxin-like PCBs, they are not included in this Order’s 
TEQ scheme. The CTR has established a specific water quality standard for PCBs, 
and dioxin-like PCBs are included in the analysis of total PCBs.  

(b) RPA Results. To determine if Reasonable Potential exists for dioxin or dioxin-like 
compounds, TEFs and BEFs were applied to the measured concentrations of 16 
dioxin congeners in effluent and background samples. These “equivalent” 
concentrations were then compared to the CTR numeric criterion for 2,3,7,8-TCDD 
(1.4 x 10-8 μg/L). This Order establishes effluent limitations for dioxin-TEQ 
because the MEC (1.5 x 10-8 μg/L) exceeds the WQC for dioxin-TEQ translated 
from the narrative bioaccumulation objective (1.4 x 10-8 μg/L), demonstrating 
Reasonable Potential by Trigger 1. 

(c) Dioxin-TEQ WQBELs. WQBELs for dioxin-TEQ, calculated according to SIP 
procedures with a default CV of 0.6 and no dilution credit, are an AMEL of 1.4 x 
10-8 and an MDEL of 2.8 x 10-8 μg/L.  
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(d) Feasibility of Compliance. The Discharger is required to perform monitoring and 
reporting for dioxin-TEQ consistent with Attachment G, section V.C.1.c.(3), using 
applicable MLs, TEFs, and BEFs.  Dioxin data collected between February 2006 
and February 2010, when analyzed consistent with the requirements of 
Attachment G section V.C.1.c.(3), results in an MEC of ND.  Since there is 
insufficient effluent data to determine the distribution of the effluent data set or to 
calculate a mean and standard deviation, feasibility to comply with final effluent 
limitations is determined by directly comparing the MEC (ND) to the AMEL 
(1.4 x 10-8 g/L) and MDEL (2.8 x 10-8 g/L). Thus, the Discharger is expected to 
be able to comply with the dioxin-TEQ WQBELs.   

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not contain dioxin-TEQ WQBELs for Discharge Point 002 that were in 
effect. 

(4) Dichlorobromomethane 

(a) Dichlorobromomethane WQC. The most stringent applicable WQC for 
dichlorobromomethane is the CTR human health criterion of 46 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for dichlorobromomethane 
because the MEC of 47 μg/L exceeds the most stringent applicable WQC for this 
pollutant, demonstrating Reasonable Potential by Trigger 1. 

(c) Dichlorobromomethane WQBELs. WQBELs for dichlorobromomethane, calculated 
according to SIP procedures using a CV of 0.62 and a dilution credit of D = 9, are 
an AMEL of 460 μg/L and an MDEL of 938 μg/L. The previous permit contained 
an AMEL of 340 μg/L and an MDEL of 650 μg/L. Therefore, this Order retains the 
more stringent previous limits. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for 
dichlorobromomethane collected over the period of February 2005 through 
February 2010 shows that the 95th percentile (43 g/L) is less than the AMEL 
(340 g/L) and the 99th percentile (46 g/L) is less than the MDEL (650 g/L). 
Therefore, immediate compliance with these effluent limitations is feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the WQBELs 
are no less stringent than those in the previous permit as amended. 

(5) Benzo(a)Pyrene 

(a) Benzo(a)Pyrene WQC. The most stringent applicable WQC for benzo(a)pyrene is 
the CTR human health criterion of 0.049 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for benzo(a)pyrene because 
the MEC of 1.6 μg/L exceeds the most stringent applicable WQC for this pollutant, 
demonstrating Reasonable Potential by Trigger 1. 
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(c) Benzo(a)Pyrene WQBELs. WQBELs for benzo(a)pyrene, calculated according to 
SIP procedures using a default CV of 0.6 and a dilution credit of D = 9, are an 
AMEL of 0.48 μg/L and an MDEL of 0.97 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for benzo(a)pyrene 
collected over the period of February 2005 through February 2010 shows that the 
95th percentile (0.04 g/L) is less than the AMEL (0.48 g/L) and the 99th 
percentile (1.3 g/L) is greater than the MDEL (0.97 g/L). This suggests that the 
Discharger could find immediate compliance with these WQBELs to be 
challenging. However, these statistics are affected significantly by data collected on 
a single day (January 8, 2008); the other 21 benzo(a)pyrene results were non-detect.  
Therefore, immediate compliance with these WQBELs is probably feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for benzo(a)pyrene.  

(6) Benzo(b)Fluoranthene 

(a) Benzo(b)Fluoranthene WQC. The most stringent applicable WQC for 
benzo(b)fluoranthene is the CTR human health criterion of 0.049 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for benzo(b)fluoranthene 
because the MEC of 0.9 μg/L exceeds the most stringent applicable WQC for this 
pollutant, demonstrating Reasonable Potential by Trigger 1. 

(c) Benzo(b)Fluoranthene WQBELs. WQBELs for benzo(b)fluoranthene, calculated 
according to SIP procedures using a default CV of 0.6 and a dilution credit of 
D = 9, are an AMEL of 0.47 μg/L and an MDEL of 0.95 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for 
benzo(b)fluoranthene collected over the period of February 2005 through February 
2010 shows that the 95th percentile (0.22 g/L) is less than the AMEL (0.47 g/L) 
and the 99th percentile (0.76 g/L) is less than the MDEL (0.95 g/L). Therefore, 
immediate compliance with these effluent limitations is feasible. These statistics are 
affected significantly by data collected on a single day (January 8, 2008); the other 
benzo(b)fluoranthene results were non-detect. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for benzo(b)fluoranthene. 

(7) Bis(2-Ethylhexyl)Phthalate 

(a) Bis(2-Ethylhexyl)Phthalate WQC. The most stringent applicable WQC for 
bis(2-ethylhexyl)phthalate is the CTR human health criterion of 5.9 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for 
bis(2-ethylhexyl)phthalate because the MEC of 34 μg/L exceeds the most stringent 
applicable WQC for this pollutant, demonstrating Reasonable Potential by 
Trigger 1. 
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(c) Bis(2-Ethylhexyl)Phthalate WQBELs. WQBELs for bis(2-ethylhexyl)phthalate, 
calculated according to SIP procedures using a default CV of 0.6 and a dilution 
credit of D = 9, are an AMEL of 53 μg/L and an MDEL of 110 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for bis(2-
ethylhexyl)phthalate collected over the period of February 2005 through February 
2010 shows that the 95th percentile (19 g/L) is less than the AMEL (53 g/L) and 
the 99th percentile (31 g/L) is less than the MDEL (110 g/L). Therefore, 
immediate compliance with these effluent limitations is feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for bis(2-ethylhexyl)phthalate. 

(8) Chrysene 

(a) Chrysene WQC. The most stringent applicable WQC for chrysene is the CTR 
human health criterion of 0.049 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for chrysene because the 
MEC of 5.4 μg/L exceeds the most stringent applicable WQC for this pollutant, 
demonstrating Reasonable Potential by Trigger 1. 

(c) Chrysene WQBELs. WQBELs for chrysene, calculated according to SIP procedures 
using a default CV of 0.6 and a dilution credit of D = 9, are an AMEL of 0.48 μg/L 
and an MDEL of 0.96 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for chrysene collected 
over the period of February 2005 through February 2010 shows that the 95th 
percentile (1.2 g/L) is greater than the AMEL (0.48 g/L) and the 99th percentile 
(4.6 g/L) is greater than the MDEL (0.97 g/L). This suggests that the Discharger 
could find immediate compliance with these WQBELs to be challenging. However, 
these statistics are affected significantly by data collected on a single day (January 
8, 2008); the other 16 chrysene results were non-detect or estimated (detected but 
not quantified).  Therefore, immediate compliance with these WQBELs is probably 
feasible.  

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for chrysene. 

(9) Dibenzo(a,h)Anthracene 

(a) Dibenzo(a,h)Anthracene WQC. The most stringent applicable WQC for 
dibenzo(a,h)anthraceneis the CTR human health criterion of 0.049 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for dibenzo(a,h)anthracene
because the MEC of 1 μg/L exceeds the most stringent applicable WQC for this 
pollutant, demonstrating Reasonable Potential by Trigger 1. 
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(c) Dibenzo(a,h)Anthracene WQBELs. WQBELs for dibenzo(a,h)anthracene,
calculated according to SIP procedures using a default CV of 0.6 and a dilution 
credit of D = 9, are an AMEL of 0.49 μg/L and an MDEL of 0.98 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for 
dibenzo(a,h)anthracene collected over the period of February 2005 through 
February 2010 shows that the 95th percentile (0.22 g/L) is less than the AMEL 
(0.49 g/L) and the 99th percentile (0.84 g/L) is less than the MDEL (0.98 g/L). 
Therefore, immediate compliance with these effluent limitations is feasible. These 
statistics are affected significantly by data collected on a single day (January 8, 
2008); the other dibenzo(a,h)anthracene results were non-detect. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for dibenzo(a,h)anthracene. 

(10) Indeno(1,2,3-cd)Pyrene 

(a) Indeno(1,2,3-cd)Pyrene WQC. The most stringent applicable WQC for 
indeno(1,2,3-cd)pyrene is the CTR human health criterion of 0.049 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for indeno(1,2,3-cd)pyrene 
because the MEC of 0.3 μg/L exceeds the most stringent applicable WQC for this 
pollutant, demonstrating Reasonable Potential by Trigger 1. 

(c) Indeno(1,2,3-cd)Pyrene WQBELs. WQBELs for indeno(1,2,3-cd)pyrene, calculated 
according to SIP procedures using a default CV of 0.6 and a dilution credit of D = 
9, are an AMEL of 0.48 μg/L and an MDEL of 0.96 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for indeno(1,2,3-
cd)pyrene collected over the period of February 2005 through February 2010 shows 
that the 95th percentile (0.08 g/L) is less than the AMEL (0.48 g/L) and the 99th 
percentile (0.26 g/L) is less than the MDEL (0.96 g/L). Therefore, immediate 
compliance with these effluent limitations is feasible. These statistics are affected 
significantly by data collected on a single day (January 8, 2008); the other 
indeno(1,2,3-cd)pyrene results were non-detect. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for indeno(1,2,3-cd) pyrene. 

(11) Total PAHs 

(a) Total PAHs WQO. The most stringent applicable WQO for total PAHs is the Basin 
Plan marine aquatic life objective of 15 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for total PAHs because the 
MEC of 18 μg/L exceeds the most stringent applicable WQO for this pollutant, 
demonstrating Reasonable Potential by Trigger 1. 
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(c) Total PAHs WQBELs. WQBELs for total PAHs, calculated according to SIP 
procedures using a default CV of 0.6 and a dilution credit of D = 9, are an AMEL of 
94 μg/L and an MDEL of 189 μg/L.  

(d) Feasibility of Compliance. Statistical analysis of effluent data for total PAHs 
collected over the period of February 2005 through February 2010 shows that the 
95th percentile (3.9 g/L) is less than the AMEL (94 g/L) and the 99th percentile 
(15.2 g/L) is less than the MDEL (189 g/L). Therefore, immediate compliance 
with these effluent limitations is feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for total PAHs. 

(12) Ammonia 

(a) Ammonia WQOs. The Basin Plan contains WQOs for un-ionized ammonia of 
0.025 mg/L as an annual median and 0.16 mg/L as a maximum upstream of the San 
Francisco Bay Bridge. These WQOs were translated from un-ionized ammonia 
concentrations to equivalent total ammonia concentrations (as nitrogen) since 
(1) sampling and laboratory methods are not available to analyze for un-ionized 
ammonia, and (2) the fraction of total ammonia that exists in the toxic un-ionized 
form depends on the pH, salinity, and temperature of the receiving water. Salinity, 
pH, and temperature data from 1993 through 2001 from the nearest RMP station to 
the outfall, the Davis Point Station (BD40), were used to translate the Basin Plan 
un-ionized ammonia objective. The following equations were applied to determine 
the fraction of total ammonia that would exist in the toxic un-ionized form in the 
estuarine receiving water where the various measurements were taken (USEPA, 
1989, Ambient Water Quality Criteria for Ammonia (Saltwater)–1989, EPA 
Publication 440/5-88-004): 

For salinity > 10 ppt: fraction of NH3 = )(101
1

pHpK
 

Where: 

)(
)(0415.0)298(0324.0)(116.0245.9

T

P
TIpK  

I = Molal ionic strength of saltwater = 
])[005109.1000,1(

)(9273.19
S

S  

S = Salinity (parts per thousand) 

T = Temperature in degrees Kelvin 

P = Pressure (one atmosphere) 

The 90th percentile and median un-ionized ammonia fractions from 1993 to 2001 
were then used to express the acute and chronic un-ionized ammonia WQOs as total 
ammonia concentrations. This approach is consistent with USEPA guidance on 
translating dissolved metal WQOs to total recoverable metal WQOs (USEPA, 1996, 
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The Metals Translator: Guidance for Calculating a Total Recoverable Limit from a 
Dissolved Criterion, EPA Publication 823-B-96-007). The equivalent total 
ammonia acute and chronic WQC are 5.67 mg/L and 1.49 mg/L, respectively. 

(b) RPA Results. Basin Plan section 4.5.5.2 indicates that WQBELs shall be calculated 
according to the SIP. Basin Plan section 3.3.20 refers to ammonia as a toxic 
pollutant. Therefore, the SIP methodology was used to perform the RPA and to 
calculate effluent limitations for ammonia. This Order establishes effluent 
limitations for total ammonia because the MEC of 19.4 mg/L exceeds the most 
stringent applicable translated WQO for this pollutant, demonstrating Reasonable 
Potential by Trigger 1. 

(c) WQBELs. WQBELs for total ammonia, calculated according to SIP procedures 
using a CV of 3.3 and a dilution credit of D = 36 are an MDEL of 200 mg/L and an 
AMEL of 61 mg/L. This calculation reflects statistical adjustments because: 

the Basin Plan’s chronic WQO for un-ionized ammonia is based on an annual 
median instead of the typical 4-day average; and 

the SIP assumes a 4-day average concentration and monthly sampling frequency 
of 4 days per month to calculate effluent limitations based on chronic criteria, 
whereas a 365-day average and a monitoring frequency of 30 days per month, 
reflecting the actual basis of the WQO and actual sampling frequency, were 
used here.  

These statistical adjustments are supported by USEPA’s Water Quality Criteria; 
Notice of Availability; 1999 Update of Ambient Water Quality Criteria for 
Ammonia, published on December 22, 1999, in the Federal Register.  

Following the SIP methodology, the maximum ambient background total ammonia 
concentration was used to calculate effluent limitations based on the acute criterion, 
and the median background total ammonia concentration was used to calculate 
effluent limitations based on the chronic criterion. Because the Basin Plan’s chronic 
un-ionized ammonia objective is an annual median, the median background 
concentration is more representative of ambient conditions than a daily maximum. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for total ammonia 
collected over the period of January 2005 through May 2010 shows that the 95th 
percentile (5 mg/L) is less than the AMEL (61 mg/L); the 99th percentile (10 mg/L) 
is less than the MDEL (200 mg/L); and the mean (0.8 mg/L) is less than the long 
term average of the effluent data set after accounting for effluent variability 
(28.4 mg/L). Therefore, immediate compliance with these WQBELs is feasible. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for total ammonia.  

c. Effluent Limitation Calculations – Discharge Point 002 

Table F-15 below summarizes the effluent limit calculations for Discharge Point 002. 
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Table F-15. Effluent Limitation Calculations for Discharge Point 002 

PRIORITY
POLLUTANTS Copper Selenium 

Dioxin TEQ 
(303d listed) 

Benzo(a) 
Pyrene 

Benzo(b) 
Fluoranthene 

Bis(2-
Ethylhexyl) 
Phthalate

Units ug/L ug/L ug/L ug/L ug/L ug/L

Basis and Criteria type 
Basin Plan 

SSO 
CTR 

Aquatic Life CTR HH CTR HH CTR HH CTR HH 
Criteria -Acute  ----- 20 ----- ----- ----- ----- 
Criteria -Chronic  ----- 5.0 ----- ----- ----- ----- 
SSO Criteria -Acute 3.9 ----- ----- ----- ----- ----- 
SSO Criteria -Chronic 2.5 ----- ----- ----- ----- ----- 
Water Effects ratio (WER) 2.4 1 1 1 1 1 
Lowest WQO 14 5.0 1.4E-08 0.049 0.049 5.9 
Site-specific Translator - 
MDEL 0.66 ----- ----- ----- ----- ----- 

Site-specific Translator - 
AMEL 0.38 ----- ----- ----- ----- ----- 

Dilution Factor (D) (if 
applicable) 9 9 0 9 9 9 

No. of samples per month 4 4 4 4 4 4 
Aquatic life criteria analysis 
required? (Y/N) Y Y N N N N 

HH criteria analysis 
required? (Y/N) N N Y Y Y Y 

        
Applicable Acute WQO 14 20 ----- ----- ----- ----- 
Applicable Chronic WQO 16 5 ----- ----- ----- ----- 
HH criteria   1.4E-08 0.049 0.049 5.9 
Background (Maximum 
Conc for Aquatic Life calc) 2.55 0.39 ----- ----- ----- ----- 

Background (Average Conc 
for Human Health calc) -----  5.0E-08 0.00065 0.0019 0.70 

Is the pollutant on the 303d 
list and/or bioaccumulative 
(Y/N)? 

N N Y N N N 

        
ECA acute 119 196 ----- ----- ----- ----- 
ECA chronic 135 46 ----- ----- ----- ----- 
ECA HH ----- ----- 1.4E-08 0.48 0.47 53 
        
No. of data points <10 or at 
least 80 percent of data 
reported non detect? (Y/N) 

N N Y Y Y Y 

Avg of effluent data points 11 21 1.7E-09 0.085 0.068 3.4 
Std Dev of effluent data 
points 11 14 4.7E-09 0.34 0.21 10 

CV calculated 0.95 0.66 N/A N/A N/A N/A 
CV (Selected) - Final 0.95 0.66 0.60 0.60 0.60 0.60 
        
ECA acute mult99 0.21 0.29 ----- ----- ----- ----- 
ECA chronic mult99 0.39 0.50 ----- ----- ----- ----- 
LTA acute 25 58 ----- ----- ----- ----- 
LTA chronic 52 23 ----- ----- ----- ----- 
minimum of LTAs 25 23 ----- ----- ----- ----- 
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PRIORITY
POLLUTANTS Copper Selenium 

Dioxin TEQ 
(303d listed) 

Benzo(a) 
Pyrene 

Benzo(b) 
Fluoranthene 

Bis(2-
Ethylhexyl) 
Phthalate

Units ug/L ug/L ug/L ug/L ug/L ug/L

        
AMEL mult95 1.9 1.6 1.6 1.6 1.6 1.6 
MDEL mult99 4.7 3.4 3.1 3.1 3.1 3.1 
AMEL (aq life) 48 37 ----- ----- ----- ----- 
MDEL(aq life) 119 78 ----- ----- ----- ----- 
        
MDEL/AMEL Multiplier  2.5 2.1 2.0 2.0 2.0 2.0 
AMEL (human hlth) ----- ----- 1.4E-08 0.48 0.47 53 
MDEL (human hlth) ----- ----- 2.8E-08 0.97 0.95 106 
        
minimum of AMEL for Aq. 
life vs HH 48 37 1.4E-08 0.48 0.47 53 

minimum of MDEL for Aq. 
Life vs HH 119 78 2.8E-08 0.97 0.95 106 

Current limit in permit (30-
day average) 60 37 1.40E-08 ----- ----- ----- 

Current limit in permit 
(daily) 

120 50 2.80E-08 ----- ----- ----- 

        
Final limit - AMEL 48 37 1.4E-08 0.48 0.47 53 
Final limit - MDEL 120 50 2.8E-08 0.97 0.95 110 
Max Effl Conc (MEC) 67 75 1.5E-08 1.6 0.90 34 

 

Table F-15. Effluent Limitation Calculations for Discharge Point 002 (Continued) 

PRIORITY
POLLUTANTS Chrysene 

Dibenzo 
(a,h)

Anthracene 

Indeno  
(1,2,3-cd) 
Pyrene 

Dichlorobro
momethane

Total
PAHs

Total Ammonia  

Units ug/L ug/L ug/L ug/L ug/L mg/L N mg/L N 

Basis and Criteria type CTR HH CTR HH CTR HH CTR HH 
CTR HH 
(Chronic) 

Basin 
Plan 

Aquatic 
Life 

Basin 
Plan 

Aquatic 
Life 

Criteria -Acute  ----- ----- ----- ----- 15 5.67 ----- 
Criteria -Chronic  ----- ----- ----- ----- ----- ----- 1.49 
SSO Criteria -Acute ----- ----- ----- ----- ----- ----- ----- 
SSO Criteria -Chronic ----- ----- ----- ----- ----- ----- ----- 
Water Effects ratio (WER) 1 1 1 1 1 1 1 
Lowest WQO 0.049 0.049 0.049 46 15 5.67 1.49 
Site-specific Translator - 
MDEL ----- ----- ----- ----- ----- ----- ----- 

Site-specific Translator - 
AMEL ----- ----- ----- ----- ----- ----- ----- 

Dilution Factor (D) (if 
applicable) 9 9 9 9 9 36 36 

No. of samples per month 4 4 4 4 4 4 4 
Aquatic life criteria analysis 
required? (Y/N) N N N N N Y Y 

Attachment F – Fact Sheet   F-40 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2010-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

PRIORITY
POLLUTANTS Chrysene 

Dibenzo 
(a,h)

Anthracene 

Indeno  
(1,2,3-cd) 
Pyrene 

Dichlorobro
momethane

Total
PAHs

Total Ammonia  

Units ug/L ug/L ug/L ug/L ug/L mg/L N mg/L N 
HH criteria analysis 
required? (Y/N) Y Y Y Y Y N N 

         
Applicable Acute WQO ----- ----- ----- ----- ----- 5.67  
Applicable Chronic WQO ----- ----- ----- ----- 15 ----- 1.49 
HH criteria 0.049 0.049 0.049 46 ----- ----- ----- 
Background (Maximum 
Conc for Aquatic Life calc) ----- ----- ----- ----- 0.08 0.20 0.070 

Background (Average Conc 
for Human Health calc) 0.0011 0.0003 0.0014 0.050    

Is the pollutant on the 303d 
list and/or bioaccumulative 
(Y/N)? 

N N N N N N N 

         
ECA acute ----- ----- ----- ----- ----- 203 ----- 
ECA chronic ----- ----- ----- ----- 149 ----- 53 
ECA HH 0.48 0.49 0.48 460 ----- ----- ----- 
         
No. of data points <10 or at 
least 80 percent of data 
reported non detect? (Y/N) 

Y Y Y N Y N N 

Avg of effluent data points 0.35 0.070 0.030 21 1.1 0.78 0.78 
Std Dev of effluent data 
points 1.3 0.24 0.070 13 4.4 2.6 2.6 

CV calculated N/A N/A N/A 0.62 N/A 3.3 3.3 
CV (Selected) - Final 0.60 0.60 0.60 0.62 0.60 3.3 3.3 
         
ECA acute mult99 ----- ----- ----- ----- ----- 0.088 ----- 
ECA chronic mult99 ----- ----- ----- ----- 0.53 ----- 0.68 
LTA acute ----- ----- ----- ----- ----- 18 ----- 
LTA chronic ----- ----- ----- ----- 79 ----- 36 
minimum of LTAs ----- ----- ----- ----- 79 18 36 
         
AMEL mult95 1.6 1.6 1.6 1.6 1.6 3.4 3.4 
MDEL mult99 3.1 3.1 3.1 3.2 3.1 11 11 
AMEL (aq life) ----- ----- ----- ----- 122 61 122 
MDEL(aq life) ----- ----- ----- ----- 245 203 404 
         
MDEL/AMEL Multiplier  2.0 2.0 2.0 2.0 2.0 3.3 3.3 
AMEL (human hlth) 0.48 0.49 0.48 460 ----- ----- ----- 
MDEL (human hlth) 0.96 0.98 0.96 938 ----- ----- ----- 
         
minimum of AMEL for Aq. 
life vs HH 0.48 0.49 0.48 460 122 61 122 

minimum of MDEL for Aq. 
Life vs HH 0.96 0.98 0.96 938 245 203 404 

Current limit in permit (30-
day average) ----- ----- ----- 340 ----- ----- ----- 

Current limit in permit 
(daily) 

----- ----- ----- 650 ----- ----- ----- 
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PRIORITY
POLLUTANTS Chrysene 

Dibenzo 
(a,h)

Anthracene 

Indeno  
(1,2,3-cd) 
Pyrene 

Dichlorobro
momethane

Total
PAHs

Total Ammonia  

Units ug/L ug/L ug/L ug/L ug/L mg/L N mg/L N 

         
Final limit - AMEL 0.48 0.49 0.48 340 120 61 120 
Final limit - MDEL 0.96 0.98 0.96 650 250 200 400 
Max Effl Conc (MEC) 5.4 1.0 0.30 47 18 19 19 

 
d. Selenium Mass Emission Limitation – Discharge Point 002 

SIP section 2.1.1 states that for bioaccumulative compounds on the 303(d) list, the 
Regional Water Board should consider whether mass-loading limits should be limited to 
current levels. The Regional Water Board finds that mass-loading limits are warranted for 
selenium. The purpose of this mass-loading limit is to further ensure that this Discharger 
maintains its existing selenium treatment performance, and does not further contribute to 
impairment of the narrative objective for bioaccumulation in San Pablo Bay, pending a 
TMDL.  

The mass emission limit is based on the average monthly effluent limit (calculated above) 
and the long-term average daily effluent flows (as reported in the Report of Waste 
Discharge). The mass loading limit is calculated using the average monthly effluent limit, 
instead of the maximum daily effluent limit, because the average monthly effluent limit 
better represents long-term performance. 
 
The mass loading limit is calculated using the following equation.  

 
Mass Emission (kg/day) = (Flow, MGD) x (Selenium Concentration, mg/L) x 3.785 
Mass Emission (kg/day) = 3.14 MGD x 0.037 mg/L x 3.785 = 0.44 kg/day 

 
The interim selenium mass emission limitation in the previous permit was 0.39 kg/day as a 
running annual average. Because the newly-calculated mass emission limit is less stringent 
than the previous mass emission limit, this Order requires compliance with the previous 
limit to maintain current performance. 
 
The mass emission limit is expressed as a running annual average to be consistent with the 
previous permit limit. The running annual average is the arithmetic average of the current 
day’s mass load and the mass loads for each of the previous 364 days, as shown in the 
following example:  
 

 Annual Mass emission rate (kg/day) = 
N

i
iiCQ

N 1

785.3  

 
 where: 

 N = number of samples analyzed in any calendar year 
 Qi = flow rate (MGD) associated with the Nth sample 
 Ci = selenium concentration (mg/L) associated with the Nth sample 

Flow (MGD) = Average of monthly plant effluent flows. 
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Anti-backsliding requirements are satisfied because the mass emission limit in this Order is 
equivalent to the previous mass emission limit. 

e. Bacteria – Discharge Point 002 

This Order includes effluent limitations for total coliform bacteria at Discharge Point 002 
that are unchanged from the previous permit and based on Basin Plan Table 4-2.  

The Regional Water Board adopted bacteria water quality objectives for contact recreation 
in marine and estuarine waters and effluent limitations that would implement those 
objectives for sanitary wastewater discharges (Order No. R2-2010-0066). The State Water 
Board approved this action on April 5, 2011. After USEPA’s approval, Order 
No. R2-2010-0066 will amend Basin Plan section 4.5.5.1 to require all NPDES permits for 
discharges containing sanitary waste to contain the applicable effluent limitations from new 
Basin Plan Table 4-2A. One such limitation would be for enterococcus, which applies to 
discharges to waters with water contact recreation beneficial use. The Regional Water 
Board may either reopen this permit to implement the limit, or do so in the next reissuance.  

f. Acute Toxicity – Discharge Point 002 

This Order includes effluent limitations for whole effluent acute toxicity for Discharge 
Point 002 that are unchanged from the previous permit and based on Basin Plan 
section 4.5.5.3.1. All bioassays are to be performed using the most up-to-date USEPA 
protocol and the most sensitive species as specified in writing by the Executive Officer 
based on the most recent screening test results. Bioassays are to be conducted in 
compliance with Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Water to Freshwater and Marine Organisms, currently 5th Edition (EPA-821-R-02-012), 
with exceptions granted to the Discharger by the Executive Officer and the Environmental 
Laboratory Accreditation Program (ELAP) upon the Discharger’s request with justification. 
Based on Basin Plan section 3.3.20, if the Discharger can demonstrate that toxicity is 
caused solely by ammonia and the ammonia in the discharge complies with effluent limits, 
such toxicity does not constitute a violation of the acute toxicity effluent limitation. 

g. Chronic Toxicity – Discharge Point 002 

This Order includes effluent limitations for chronic toxicity that are unchanged from the 
previous permit and based on Basin Plan section 4.5.5.3.2. The permit requirements for 
chronic toxicity are also consistent with requirements of the CTR and SIP section 4, 
Toxicity Control Provisions. 

The Discharger implemented a chronic toxicity screening phase monitoring program for 
chronic toxicity and the results of this study have been incorporated (see Attachment E, 
section V.B).  

h. Effluent Limit Adjustments for Recycled Water Use – Discharge Point 002 

This Order provides for effluent limit adjustments for recycled water use to encourage 
wastewater recycling, consistent with Basin Plan section 4.16 and State Water Board 
resolutions 77-1 and 2009-0011, and to account for the increase in pollutant concentrations 
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that may result. Before being granted effluent limit adjustments, the Order requires the 
Discharger to demonstrate in accordance with provision VII.C.4.c that the resulting 
adjustment(s) will not result in acutely toxic impacts.  

If the Discharger were to recycle some of its wastewater, pollutants in the recycled 
wastewater would be returned to the process water and wastewater stream, resulting in the 
same mass of pollutants discharged in a smaller volume of water. If the Discharger were to 
use recycled water from another source, such as treated water from a publically-owned 
treatment works, that would otherwise have been discharged directly, no additional mass of 
contaminants would be discharged to San Francisco Bay, although a larger mass would be 
discharged from the Discharger’s facility.  

Since recycling water will not increase the pollutant mass discharged to San Pablo Bay, the 
effluent limit adjustments will not result in far-field impacts on beneficial uses. In effect, 
allowing these effluent limit adjustments is the same as granting higher dilution credit than 
described in Fact Sheet section IV.C.4.a. As discussed there, dilution credits are typically 
restricted to 10:1 for conservative pollutants and zero for bioaccumulative pollutants that 
impair beneficial uses. The actual initial dilution achieved at Discharge Point 002 is at least 
37:1, according to the dilution study referenced in Fact Sheet section IV.C.4.a. 

Effluent limit adjustments are not granted for residual chlorine or total ammonia. Basin 
Plan Table 4-2 requires a residual chlorine limit of 0.0 mg/L. The effluent limits for 
ammonia are already calculated based on a 37:1 dilution ratio. Adjustment would result in 
raising the concentration limits to a point where they would not be protective of the Basin 
Plan’s un-ionized ammonia objective. 

i. Calculation of Pollutant-Specific WQBELs - Discharge Point 003 

(1) Copper in Discharge Point 003 

(a) Copper WQOs. The most stringent applicable WQOs for copper are the Basin Plan 
site-specific chronic and acute marine WQOs, 6.0 and 9.4 micrograms per liter 
(μg/L), respectively, expressed as dissolved metal. Converting these WQOs to total 
recoverable metal using site-specific translators of 0.59 (chronic) and 0.84 (acute) 
results in a chronic WQC of 10 μg/L and an acute WQC of 11 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for copper because the 
MEC of 18 μg/L exceeds the most stringent applicable WQO for this pollutant, 
demonstrating Reasonable Potential by Trigger 1. In addition, Basin Plan 
section 7.2.2.2 requires that individual NPDES permits for municipal and industrial 
wastewater treatment facilities include copper WQBELs. 

(c) Copper WQBELs. WQBELs for copper, calculated according to SIP procedures 
using a CV of 0.41 and a dilution credit of D = 0, are an AMEL of 6.6 μg/L and an 
MDEL of 11 μg/L. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for copper collected 
over the period of January 2005 through March 2010 shows that the 95th percentile 
(15 g/L) is greater than the AMEL (6.6 g/L); the 99th percentile (17 g/L) is 
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greater than the MDEL (11 g/L); and the mean (8.8 g/L) is greater than the long 
term average of the projected normal distribution of the effluent data set after 
accounting for effluent variability (4.8 g/L). This suggests that the Discharger 
could find immediate compliance with these WQBELs to be challenging. However, 
immediate compliance is expected to be feasible with the intake credits described in 
section IV.C.4.k of this Fact Sheet.  

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for copper at Discharge Point 003. 

(2) Nickel in Discharge Point 003 

(a) Nickel WQOs. The most stringent applicable WQOs for nickel are the Basin Plan 
and CTR chronic and acute marine WQOs, 8 and 74 μg/L, respectively, expressed 
as dissolved metal. Converting these WQOs to total recoverable metal using site-
specific translators of 0.57 (chronic) and 0.78 (acute) results in a chronic WQC of 
14 μg/L and an acute WQC of 95 μg/L. 

(b) RPA Results. This Order establishes effluent limitations for nickel because the MEC 
of 41 μg/L exceeds the most stringent applicable WQO for this pollutant, 
demonstrating Reasonable Potential by Trigger 1.  

(c) Nickel WQBELs. WQBELs for nickel, calculated according to SIP procedures using 
a CV of 0.5 and a dilution credit of D = 0, are an AMEL of 12 μg/L and an MDEL 
of 23 μg/L. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for nickel collected 
over the period of January 2005 through March 2010 shows that the 95th percentile 
(23 g/L) is greater than the AMEL (12 g/L); the 99th percentile (28 g/L) is 
greater than the MDEL (23 g/L); and the mean (13 g/L) is greater than the long 
term average of the projected normal distribution of the effluent data set after 
accounting for effluent variability (8 g/L). This suggests that the Discharger could 
find immediate compliance with these WQBELs to be challenging. However, 
immediate compliance is expected to be feasible with the intake credits described in 
section IV.C.4.k of this Fact Sheet.  

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for nickel at Discharge Point 003. 

(3) Zinc in Discharge Point 003 

(a) Zinc WQOs. The most stringent applicable WQOs for nickel are the Basin Plan and 
CTR chronic and acute marine WQOs, 86 and 95 μg/L, respectively.  

(b) RPA Results. This Order establishes effluent limitations for zinc because the MEC 
of 120 μg/L exceeds the most stringent applicable WQO for this pollutant, 
demonstrating Reasonable Potential by Trigger 1.  
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(c) Zinc WQBELs. WQBELs for zinc, calculated according to SIP procedures using a 
CV of 0.43 and a dilution credit of D = 0, are an AMEL of 55 μg/L and an MDEL 
of 95 μg/L. 

(d) Feasibility of Compliance. Statistical analysis of effluent data for zinc collected 
over the period of January 2005 through May 2010 shows that the 95th percentile 
(45 μg/L) is less than the AMEL (55 μg/L); the 99th percentile (71 μg/L) is less 
than the MDEL (95 g/L); and the mean (32 μg/L) is less than the long term 
average of the effluent data set after accounting for effluent variability (40 μg/L). 
Therefore, immediate compliance with these WQBELs is feasible.  

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not include WQBELs for zinc at Discharge Point 003. 

(4) Dioxin-TEQ in Discharge Point 003 

(a) Bioaccumulation WQO. The translation of the applicable WQO is discussed in 
section IV.C.4.b.(3) of this Fact Sheet.  

(b) RPA Results. This Order establishes effluent limitations for dioxin-TEQ because the 
MEC (2.5 x 10-8 μg/L) exceeds the WQC for dioxin-TEQ translated from the 
narrative bioaccumulation objective (1.4 x 10-8 μg/L), demonstrating Reasonable 
Potential by Trigger 1. 

(c) Dioxin-TEQ WQBELs. WQBELs for dioxin-TEQ, calculated according to SIP 
procedures using a default CV of 0.6 and no dilution credit, are an AMEL of 
1.4 x 10-8 and an MDEL of 2.8 x 10-8 μg/L.  

(d) Feasibility of Compliance. Dioxin data collected between August 2006 and 
February 2010, when analyzed consistent with the requirements of Attachment G 
section V.C.1.c.(3), results in an MEC of ND.  Since there is insufficient effluent 
data to determine the distribution of the effluent data set or to calculate a mean and 
standard deviation, feasibility to comply with final effluent limitations is 
determined by comparing the MEC (ND) to the AMEL (1.4 x 10-8 g/L) and 
MDEL (2.8 x 10-8 g/L). Thus, the Discharger is expected to be able to comply 
with the dioxin-TEQ WQBELs. Nevertheless, this Order provides for intake credits, 
if necessary, as described in section IV.C.4.k of this Fact Sheet. 

(e) Anti-backsliding. Anti-backsliding requirements are satisfied because the previous 
permit did not contain WQBELs for dioxin-TEQ at Discharge Point 003.  

 
j. Effluent Limitation Calculations – Discharge Point 003 

Table F-16 below summarizes the effluent limit calculations for Discharge Point 003. 
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Table F-16. Effluent Limitation Calculations for Discharge Point 003 

PRIORITY POLLUTANTS Copper Nickel Zinc Dioxin TEQ 

Units ug/L ug/L ug/L ug/L

Basis and Criteria type 
Basin Plan SW 
Aquatic Life 

BP & CTR SW 
Aquatic Life 

BP & CTR SW 
Aquatic Life CTR HH 

Criteria -Acute  ----- 74 95 ----- 
Criteria –Chronic  ----- 8.0 86 ----- 
SSO Criteria -Acute 3.9 ----- ----- ----- 
SSO Criteria -Chronic 2.5 ----- ----- ----- 
Water Effects ratio (WER) 2.4 1 1 1 
Lowest WQO       1.4E-08 
Site-specific Translator – 
MDEL 0.84 0.78 ----- ----- 
Site-specific Translator – 
AMEL 0.59 0.57 ----- ----- 
Dilution Factor (D) (if 
applicable) 0 0 0 0 
No. of samples per month 4 4 4 4 
Aquatic life criteria analysis 
required? (Y/N) Y Y Y N 
HH criteria analysis required? 
(Y/N) N Y N Y 
          
Applicable Acute WQO 11 95 95 ----- 
Applicable Chronic WQO 10 14 86 ----- 
HH criteria -----  4600  ----- 1.4E-08 
Background (Maximum Conc 
for Aquatic Life calc) 2.5 3.7 5.1 -----  
Background (Average Conc for 
Human Health calc) ----- 3.7 ----- 7.1E-08 

Is the pollutant on the 303d list 
and/or bioaccumulative (Y/N)? N N N Y 
          
ECA acute 11 95 95 -----  
ECA chronic 10 14 86 -----  
ECA HH -----  4600  ----- 1.4E-08 
          
No. of data points <10 or at 
least 80 percent of data reported 
non detect? (Y/N) N N N Y 
Avg of effluent data points 8.8 13 32 3.2E-09 
Std Dev of effluent data points 3.6 6.4 13 7.8E-09 
CV calculated 0.41 0.50 0.42 N/A 
CV (Selected) - Final 0.41 0.50 0.42 0.60 
          
ECA acute mult99 0.43 0.37 0.43 -----  
ECA chronic mult99 0.64 0.58 0.63 -----  
LTA acute 4.8 35 40 -----  
LTA chronic 6.5 8.3 54 -----  
minimum of LTAs 4.8 8.3 40 -----  
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PRIORITY POLLUTANTS Copper Nickel Zinc Dioxin TEQ 

AMEL mult95 1.4 1.5 1.4 1.6 
MDEL mult99 2.3 2.7 2.4 3.1 
AMEL (aq life) 6.6 12 56 -----  
MDEL(aq life) 11 22 95 -----  
          
MDEL/AMEL Multiplier  1.7 1.8 1.7 2.0 
AMEL (human hlth)   4600   1.4E-08 
MDEL (human hlth) ----- ----- ----- 2.8E-08 
          
minimum of AMEL for Aq. life 
vs HH 6.6 12 56 1.4E-08 
minimum of MDEL for Aq. 
Life vs HH 11 22 95 2.8E-08 
Current limit in permit (30-day 
average) ----- ----- ----- ----- 

Current limit in permit (daily) ----- ----- ----- ----- 
          
Final limit - AMEL 6.6 12 56 1.4E-08 
Final limit - MDEL 11 22 95 2.8E-08 
Max Effl Conc (MEC) 18 41 120 2.9E-06 

 
 

k. Intake Water Credits - Discharge Point 003 

(1) SIP Requirements. SIP section 1.4.4 provides for intake water credits under specific 
circumstances. When met, a discharger may discharge a mass or concentration of a 
pollutant (e.g., copper, nickel, or dioxin-TEQ) that is no greater than the mass or 
concentration found in its intake water (e.g., the discharger may add a mass of the 
pollutant to its waste stream if it also removes an equal or greater mass prior to 
discharge, resulting in no net addition of the pollutant). This Order provides intake 
water credits for copper, nickel, and dioxin-TEQ discharges from Discharge Point 003 
(primarily once-through cooling water) because doing so complies with the SIP 
requirements:  

The maximum ambient background concentration and intake water concentration of 
each pollutant exceed the most stringent WQOs for that pollutant. 

Data in an August 28, 2007, Brown & Caldwell technical memorandum indicate 
that San Pablo Bay copper and nickel concentrations exceed the most stringent 
WQOs when using Facility-specific translators. Furthermore, San Francisco 
Bay is listed as impaired pursuant to CWA section 303(d), indicating that 
background dioxin-TEQ concentrations exceed the Basin Plan’s narrative 
bioaccumulation WQO. Finally, intake concentrations of copper, nickel, and 
dioxin-TEQ measured during routine monitoring often exceed the applicable 
water quality objectives. In addition to satisfying SIP criteria, the intake 
concentrations indicate that background concentrations of these pollutants near 
the intake also exceed WQOs. 
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Intake water credits are consistent with TMDLs. 

No copper, nickel, or dioxin-TEQ TMDL exists.  

The intake water is from the same water body as the receiving water body. 

As shown in Attachment B, the intake water is taken from and returned to San 
Pablo Bay (i.e., there is a direct hydrological connection between the intake and 
the discharge point). 

The Facility does not alter the intake water pollutant chemically or physically in a 
manner that adversely affects water quality and beneficial uses. 

The small volume waste streams discharged with the once-through cooling 
water constitute less than 2 percent of the Discharge Point 003 flow. These 
small volume waste streams, consisting of neutralized demineralizer water, non-
process area stormwater, and guard shack sink water, do not chemically or 
physically alter the intake water copper, nickel, or dioxin-TEQ. Likewise, the 
heat discharged through Discharge Point 003 is insufficient to chemically or 
physically alter the copper, nickel, and dioxin-TEQ in the discharge. 

The timing and location of the discharge does not cause adverse effects on water 
quality and beneficial uses that would not occur if the intake water pollutant had 
been left in the receiving water body. 

Once-through cooling water circulates within the Facility for only a short time 
before being discharged not far from the intake structure. The discharge does 
not affect the mass or concentrations of pollutants in the receiving water at any 
particular place. Once-through cooling causes no chemical or physical changes 
in the pollutants and thus does not make them more bioavailable, toxic, or 
otherwise deleterious than if they had been left in the receiving water. 

(2) Intake Water Credits. To qualify for an intake water credit, the effluent pollutant 
concentration must be less than or equal to the intake pollutant concentration. However, 
intake and effluent data collected on the same day may differ due to factors unrelated to 
Facility operations, such as sampling and laboratory analytical variability. Since the 
residence time of once-through cooling water from intake to discharge is approximately 
one hour, depending on flow rate, samples taken on the same day should be 
representative of the same water (assuming they are 24-hour composites, or grabs 
collected within a reasonably short time). Intake and effluent pollutant concentration 
data from January 2005 to August 2010 were studied to determine whether there was 
any long-term statistical difference between influent and effluent concentrations, and to 
determine the expected and unavoidable variability associated with sample collection 
and analysis.  

Statistical analysis of influent and effluent data for copper, nickel, and dioxin-TEQ 
from January 2005 to August 2010 shows no statistical difference between the influent 
and effluent data sets. Influent and effluent copper data are normally distributed, and 
the means of their distributions were compared using a two-sided t-test. 
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For copper, the mean influent concentration (8.7 ug/L) and effluent concentration 
(8.6 ug/L) are not significantly different at 95 percent confidence. 

While the influent data for nickel are normally distributed, the effluent data are not, and 
the influent and effluent dioxin data are too few to determine a distribution. Therefore 
these data sets were analyzed using the non-parametric Mann-Whitney test, comparing 
the medians.  

For nickel, the median influent concentration (11 ug/L) and effluent concentration 
(12 ug/L) are not significantly different at 95 percent confidence. 

For dioxin-TEQ, the median influent concentration (0.022 pg/L) and effluent 
concentration (0.025 pg/L) are not significantly different at 95 percent confidence.  

In addition, once-through cooling is not a source of dioxin-TEQ; any dioxin-TEQ 
present in the effluent is likely present in the influent. 

Similar analysis was completed for zinc. However, the analysis failed to support a 
conclusion that the Discharger was not contributing zinc to the discharge. The influent 
and effluent zinc data did not fit a standard distribution (normal or lognormal) and were 
therefore compared using the non-parametric Mann-Whitney comparison of the 
medians of the two data sets. This showed that the median effluent concentration was 
significantly higher than the median influent concentration at the 95 percent confidence 
level. Therefore, intake water credits are not included for zinc. 

To determine expected sample variability for copper, nickel, and dioxin-TEQ, the daily 
and monthly average effluent concentrations were subtracted from the corresponding 
influent concentrations for each pollutant. Then, the 99th percentile of the absolute 
values of the differences was calculated. The 99th percentile values were calculated 
separately for daily maximum and monthly average concentrations so as not to over-
estimate or under-estimate the variability pertaining to either effluent limit.  

The resulting 99th percentile values represent the upper range of the variability between 
intake and effluent pollutant concentrations due to sampling and analysis variability: 
they result in intake credits that capture the variability between influent and effluent 
data, and prevent discharge of additional pollutant mass. A higher percentile might 
include extreme and possibly spurious values, which might mask a legitimate violation; 
a lower percentile might result in violations due to sample variability instead of 
addition of pollutants.  

Intake and effluent concentrations are essentially the same if the difference between 
them is no greater than the values in Table F-17. Thus, the intake water credits are 
expressed such that effluent copper, nickel, and dioxin-TEQ concentrations that exceed 
their respective WQBELs would not be violations of those WQBELs if the difference 
between the effluent sample concentration of the pollutant and the intake sample is less 
than or equal to the value in Table F-17.  
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Table F-17. 99th Percentile Differences Between Influent and Effluent Concentrations 
at Discharge Point 003 

Final Limits 99th Percentile Difference
Parameter Units

Daily Maximum Monthly Average Daily Maximum Monthly Average 
Copper g/L 11 6.6 9.4 5.0 
Nickel g/L 22 12 13.5 10 
Dioxin-TEQ g/L 0.028 0.014 0.75 0.75 

  

 

l. Additional Water Quality Based Effluent Limitations – Discharge Point 003 

(1) pH. Basin Plan section 3.3.9 requires that the pH of surface waters not be depressed 
below 6.5 nor raised above 8.5. This Order retains these pH limitations from the 
previous permit. 

 
(2) Temperature. The State’s Thermal Plan requires existing discharges to enclosed bays 

to comply with limitations necessary to ensure protection of beneficial uses. The 
Discharger conducted a Thermal Study, dated February 2, 2001, which concluded that 
the elevated-temperature discharge from 003, as permitted, did not adversely affect the 
beneficial uses of San Pablo Bay. Since the 003 discharge has not substantively 
changed since the 2001 Thermal Study, this Order retains the temperature limitations 
from the previous permit to maintain existing performance, which based on the 2001 
Thermal Study is protective of beneficial uses. In addition, this Order requires that the 
Discharger complete another evaluation of thermal impacts along with management 
measures that may further reduce the temperature of the discharge. (See VIIC.2.e. 
below for further details.) 

 
m. Water Quality Based Effluent Limitations – Discharge Point 004 

(1) pH. Basin Plan section 3.3.9 requires that the pH of surface waters not be depressed 
below 6.5 nor raised above 8.5. This Order retains the pH limitations from the previous 
permit based on the Basin Plan. 

 
(2) Visible Oil. Basin Plan section 3.3.7 requires that waters not contain oils, greases, 

waxes, or other materials in concentrations that result in a visible film or coating on the 
surface of the water or on objects in the water, that cause nuisance, or that otherwise 
adversely affect beneficial uses. This Order retains the visible oil limitation from the 
previous permit based on the Basin Plan. 

(3) Visible Color. Basin Plan section 3.3.4 requires that waters be free of coloration that 
causes nuisance or adversely affects beneficial uses. This Order retains the visible color 
limitation from the previous permit based on the Basin Plan. 
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D. Anti-backsliding and Antidegradation 

1. Anti-backsliding 

CWA sections 402(o)(2) and 303(d)(4) and 40 CFR 122.44(l) prohibit backsliding in NPDES 
permits. These anti-backsliding provisions require that effluent limitations in a reissued permit 
be as stringent as those in the previous permit, with some exceptions in which limitations may 
be relaxed. WQBEL calculations and compliance with anti-backsliding requirements are 
discussed for each pollutant with a WQBEL in Fact Sheet sections IV.C.4.b and IV.C.4.i. 

Because the RPA showed no reasonable potential for lead, nickel, cyanide, 
chlorodibromomethane, 4,4’-DDE, and dieldrin at Discharge Point 002, this Order does not 
retain the limitations on these pollutants from the previous permit. State Water Board Order 
WQ 2001-16 found, “Anti-backsliding does not necessarily dictate that a pollutant that was 
limited in a prior permit must have a limit in a later permit, even though the pollutant has never 
been detected and its discharge does not have the Reasonable Potential to cause or contribute to 
a water quality standards violation.”  The logic of State Water Board Order WQ 2001-16 also 
applies to situations where a pollutant is detected, but no longer triggers reasonable potential. 
The removal of limits for these pollutants is therefore consistent with State Water Board Order 
WQ 2001-16 and anti-backsliding requirements. 

Technology-based limitations in this Order for Discharge Point 002 are higher (appear less 
stringent) than corresponding limitations in the previous permit. The method for deriving these 
limits is presented in the Effluent Limitations Guidelines for the Petroleum Refining Point 
Source Category (40 CFR 419) and explained in Attachment F-1. The derivation of these limits 
depends on the process configuration of the refinery, which, in turn, depends on the feedstock 
rate of each process. Based on information the Discharger provided in its Report of Waste 
Discharge, during the term of the previous permit, feedstock rates for certain refinery processes 
increased, resulting in different “process configuration values” used in the derivation of 
effluent limitations and higher effluent limitations. Such a change in effluent limitations is 
consistent with CWA section 402(o)(2)(A), which allows a reissued permit to include less 
stringent limitations when a material and substantial alteration to the permitted facility has 
occurred after the previous limitations became effective. In these circumstances, technology-
based effluent limitations are still consistent with 40 CFR 419; however, material changes in 
refinery processes have resulted in different factors to be considered when effluent limitations 
are derived. 

This Order does not retain limits on settleable solids from the previous permit because the 
Discharger provides secondary treatment and settleable solids limitations are technology-based 
effluent limitations for primary treatment. The Basin Plan no longer requires settleable solids 
limits. The Regional Water Board amended it in 2004, in part, because these limits had been 
mistakenly applied to secondary and advanced treatment plants. 

2. Antidegradation 

Antidegradation policies require that existing water quality be maintained unless degradation is 
justified based on specific findings. This Order allows a minor increase in flow and increased 
technology-based mass limits for several pollutants. These increases are related to the Clean 
Fuel Expansion Project (CFEP) the Discharger implemented during the previous permit term 
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and other process configuration changes, but not to an increase in crude throughput. The 
permitted discharge is consistent with antidegradation policies because the minor degradation 
associated with the permitted discharge is necessary to accommodate important socioeconomic 
interests within the San Francisco Bay Region, as described below.  
 
a. Increased Flows and Pollutant Mass Discharges 

The CFEP consisted of expanding the hydrocracking facilities and sulfur recovery units; 
replacing the sulfur loading rack; and constructing a new sulfur recovery plant, butane 
loading rack, and hydrogen plant, which Air Liquide operates. The expanded 
hydrocracking facilities include a wash-water recycling loop to ensure no net increase in 
stripped sour water flow to the Selenium Reduction Plant. The CFEP allows the Facility to 
process heavy gas oil that was previously exported, and to produce additional cleaner-
burning gasoline and ultra-low sulfur diesel fuels. The Discharger completed the CFEP in 
2009 and placed the new and expanded process units into operation between July and 
October 2009.   

(1) Flows 

The possible effects on flow are discussed below based on Discharger projections and 
available data. Because the CFEP has operated for just over a year, data on increased 
flow is limited and may not be sufficient to demonstrate the project’s full effects. The 
potential flow increases appear to be minor. 

a) The Discharger projected that the average dry-weather flow at Discharge Point 002 
(excluding the stormwater the Facility treats) would increase about 4 percent from 
approximately 2.7 MGD to approximately 2.8 MGD due to a 68 gallon per minute 
increase in boiler water blowdown and cooling tower blowdown flow. Actual dry-
weather flow in 2010 was approximately 2.8 MGD, which differed little from the 
average flow from 2005 though 2010 of approximately 2.8 MGD.  

b) The Discharger projected that the average flow at Discharge Point 003 would 
increase by about 0.3 percent from approximately 35.3 MGD to approximately 
35.4 MGD due to a 75 gallon per minute increase in neutralized demineralizer 
backwash water flow. Actual average dry-weather flow in 2010 was approximately 
35.5 MGD, which was slightly less than the average flow of approximately 35.7 
MGD from 2005 through 2009. 

(2) Pollutant Mass Discharges 

This Order increases technology-based mass limits for BOD, COD, TSS, oil and 
grease, phenolic compounds, ammonia, sulfide, total chromium, and hexavalent 
chromium at Discharge Point 002 consistent with the Effluent Limitations Guidelines 
for the Petroleum Refining Point Source Category (40 CFR 419). The higher limits 
result from increased feedstock rates to certain refinery processes (some of which are 
related to the CFEP discussed above). Table F-18 compares the limits in the previous 
permit with those in this Order. 
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The mass of these pollutants actually discharged is unlikely to increase much, if at all, 
despite the higher limits. The Discharger proposes no changes to its treatment process, 
and no decrease in treatment is authorized. Furthermore, the Discharger cannot 
manipulate its treatment processes to adjust effluent levels of these pollutants 
independently of others. To maintain compliance with other effluent limits, such as 
those for selenium, copper, and PAHs, the Discharger will have to at least maintain its 
existing treatment performance.  

Table F-18. Comparison of Historical Effluent Limitations and Effluent Limitations in this 
Order for Discharge Point 002 

Effluent Limitations  
in Previous Permit 

Effluent Limitations  
in this Order Parameter

Units Monthly
Average 

Maximum
Daily

Monthly
Average 

Maximum
Daily

Biochemical Oxygen 
Demand (BOD) (5-day 
@ 20 °C)  

lbs/day 850 1,500 910 1,600 

Total Suspended Solids 
(TSS) lbs/day 700 1,100 730 1,100 

Chemical Oxygen 
Demand (COD) lbs/day 5,900 11,000 6,300 12,000 

Oil and Grease lbs/day 250 460 260 500 
Phenolic Compounds lbs/day 4.7 11 5.9 12 
Ammonia as N lbs/day 460 1,000 500 1,100 
Sulfide lbs/day 4.8 10 4.8 11 
Total Chromium lbs/day 5.4 16 7.7 22 

Hexavalent Chromium lbs/day 0.45 1.0 0.63 1.4 

b. Antidegradation Analysis 

Administrative Procedures Update (APU) No. 90-004 provides guidance for implementing 
State and federal antidegradation requirements in State Water Board Resolution No. 68-16 
and 40 CFR 131.12. It states that a simple antidegradation analysis is adequate in the 
following circumstances: 

1) a reduction in water quality would be spatially localized or limited with respect to the 
waterbody,  

2) a reduction in water quality would be temporally limited,  

3) a proposed action would produce minor effects that would not result in a significant 
reduction of water quality, or  

4) a proposed activity has been approved in a General Plan and has been adequately 
subjected to the environmental and economic analysis required in an EIR. 

In this case, the effects of any minor flow increase or increased mass discharge will be 
spatially limited within 68,000-acre San Pablo Bay. Pollutant discharges from Discharge 
Point 002 will be diluted by at least 37:1 as they enter San Pablo Bay. Increased flows from 
Discharge Location 003 will be greatly diluted by once-through cooling water. 
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Degradation, if any, will be minimal and not readily observable in vast San Pablo Bay. 
Since the changes would not significantly reduce San Pablo Bay water quality, a simple 
antidegradation analysis is sufficient, and a complete antidegradation analysis is 
unwarranted.  

Existing water quality is and will remain adequate to protect existing San Pablo Bay 
beneficial uses, particularly with respect to the pollutants for which this Order increases 
mass-based limits. This Order contains water quality-based effluent limitations to ensure 
that the discharge will not cause or contribute to any exceedences of water quality 
objectives intended to protect San Pablo Bay beneficial uses.  

State Water Board Resolution No. 68-16 and 40 CFR 131.12 allow degradation if the 
change is consistent with the maximum benefit to the people of the State. The minimal 
degradation described here is necessary to accommodate important economic and social 
development in the San Francisco Bay Region. The potential degradation allows the 
Discharger to increase production of clean-burning gasoline, jet fuel, and diesel from heavy 
gas oil for the California market by upgrading the Facility’s capability to process heavy gas 
oils. Given the Region’s reliance on such fuels and the importance of these fuels to 
California’s economy, accommodating this activity through minor water quality 
degradation serves to benefit the people of the State overall. As required by antidegradation 
policies, this Order continues to subject the discharge to best practicable treatment or 
control through the technology-based effluent limitations, and it includes water quality-
based effluent limitations to ensure that no pollution or nuisance will occur and beneficial 
uses will continue to be protected.  

c. Selenium 

This Order maintains the status quo with respect to selenium; it does not allow a 
concentration or mass increase. The Discharger has indicated that selenium levels may 
increase because the wash-water recycling loop may increase the concentrations of 
selenium in the stripped sour water flow to the Selenium Reduction Plant and Wastewater 
Treatment Plant. From October 2009 to November 2010, the average selenium 
concentration at Discharge Point 002 was 23 ug/L, roughly 10 percent higher than the 
average selenium concentration from January 2005 through September 2009 of 21 ug/L.  

The hydrocracker complex is the only source of selenium-containing wastewater affected 
by the CFEP, and contributes only 15 percent of the selenium loading to the Selenium 
Reduction Plant. Selenium is removed efficiently from this waste stream by the Selenium 
Reduction Plant. Based on a 95 percent combined selenium removal efficiency in the 
Selenium Reduction Plant and Biological Treatment Plant, the estimated selenium increase 
would be 0.05 pounds per day (lbs/day), compared to the current average discharge of 
0.47 lbs/day. To comply with this Order’s selenium effluent limitation, this increase may 
be offset by further identifying variables that impact treatment reliability and improving its 
operation to control those variables. 

V. RATIONALE FOR RECEIVING WATER LIMITATIONS 

Receiving water limitations are retained from the previous permit (with the exception of the previous 
ammonia limitations at Discharge Point 002) and reflect Basin Plan Chapter 3 water quality objectives. 
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Ammonia receiving water limits are unnecessary because this Order contains ammonia effluent 
limitations.  

VI. RATIONALE FOR MONITORING AND REPORTING REQUIREMENTS 

The principal purposes of a monitoring program are to: 

Document compliance with waste discharge requirements and prohibitions, 

Facilitate self-policing in the prevention and abatement of pollution arising from waste discharge, 
and 

Develop or assist in the development of limitations, discharge prohibitions, national standards of 
performance, pretreatment and toxicity standards, and other standards, and prepare water and 
wastewater quality inventories. 

The Monitoring and Reporting Program (MRP) is a standard requirement in almost all NPDES 
permits, including this Order. It contains definitions of terms and sets out requirements for reporting 
routine monitoring data in accordance with NPDES regulations, the CWC, and Regional Water Board 
policies. The MRP also defines the sampling stations and frequency, the pollutants to be monitored, 
and additional reporting requirements. Pollutants to be monitored include all parameters for which 
effluent limitations are specified. Monitoring for additional constituents, for which no effluent 
limitations are established, is also required to provide data for future RPAs. 

A. Influent Monitoring 

As discussed in Fact Sheet section IV.C.4.k above, this Order allows intake water credits for copper, 
nickel, and dioxin-TEQ at Discharge Point 003. Therefore, this Order requires influent monitoring at 
the once-through cooling water intake structure (Monitoring Point I-001) for these parameters. 

The previous permit contained monitoring requirements for several other priority pollutants, as well 
as total organic carbon. Monitoring data for many of these parameters (e.g., selenium, 4,4’-DDE, and 
dieldrin) were reported below detection levels or were not detected. For others, maximum reported 
concentrations were reported at levels not of concern in terms of maintaining water quality standards 
in the receiving water. Therefore, this Order does not retain influent monitoring for these parameters. 

B. Effluent Monitoring 

The SIP states that the Regional Water Board will require periodic monitoring for pollutants for which 
criteria or objectives apply and for which no effluent limitations have been established. This Order 
requires the Discharger to conduct annual monitoring at Monitoring Locations EFF-002 and EFF-003 
for all CTR priority pollutants, as discussed in the MRP (Attachment E) and in accordance with the 
Regional Standard Provisions (Attachment G). The Regional Water Board will use the additional data 
in the future to conduct an RPA and determine if WQBELs are required.  

To demonstrate compliance with effluent limitations, this Order retains most effluent monitoring 
requirements from the previous permit. Important changes are summarized below. 
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1. Discharge Point 002

Because the RPA showed no reasonable potential for lead, nickel, cyanide, 
chlorodibromomethane, dieldrin, and 4,4’-DDE, the monitoring frequencies for these 
pollutants have been decreased to once per year to be consistent with all other priority 
pollutants. Conversely, this Order requires more frequent monitoring for 
bis(2-ethylhexyl)phthalate and total PAHs to determine compliance with the new effluent 
limitations. This Order does not require mercury or PCBs monitoring because Order 
No. R2-2007-0077 contains such monitoring requirements. 

2. Discharge Point 003

Because the RPA showed no reasonable potential for lead, dieldrin, selenium, and 4,4’-DDE, 
the monitoring frequencies for these pollutants have been decreased to once per year to be 
consistent with all other priority pollutants.  

3. Discharge Point 004

This Order essentially retains the existing monitoring requirements from the previous permit.  

C. Whole Effluent Toxicity Testing Requirements 

1. Acute Toxicity. Weekly 96-hour bioassay testing is required at Monitoring Location EFF-002 
to demonstrate compliance with the acute toxicity effluent limitations.  

2. Chronic Toxicity. Chronic whole effluent toxicity testing is required at Monitoring Location 
EFF-002 twice per year to demonstrate compliance with the chronic toxicity effluent 
limitation. 

D. Receiving Water Monitoring 

On April 15, 1992, the Regional Water Board adopted Resolution No. 92-043, directing the 
Executive Officer to implement the San Francisco Bay Regional Monitoring Program for Trace 
Substances. Subsequently, the Executive Officer required major permit holders in the Region, 
under authority of CWC section 13267, to report on the water quality of the estuary. These permit 
holders responded by participating in a collaborative effort through the San Francisco Estuary 
Institute. This effort has come to be known as the Regional Monitoring Program (RMP). This 
Order specifies that the Discharger shall continue to participate in the RMP, which involves 
collection of data on pollutants and toxicity in the water, sediment, and biota of the estuary.  

VII. RATIONALE FOR PROVISIONS 

A. Standard Provisions (Provision VI.A) 

Federal Standard Provisions, which in accordance with 40 CFR 122.41 and 122.42 apply to all 
NPDES discharges and must be included in every NPDES permit, are provided in Attachment D of 
this Order. 40 CFR 122.41(a)(1) and (b) through (n) establish conditions that apply to all state 
issued NPDES permits. These conditions must be incorporated into permits either expressly or by 
reference. 40 CFR 123.25(a)(12) allows the State to omit or modify conditions to impose more 
stringent requirements. The Regional Standard Provisions (Attachment G) supplement the Federal 
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Standard Provisions. In accordance with 40 CFR 123.25, this Order omits federal conditions that 
address enforcement authority specified in 40 CFR 122.41(j)(5) and (k)(2) because the 
enforcement authority under CWC is more stringent. In lieu of these conditions, this Order hereby 
incorporates by reference CWC section 13387(e). 
 

B. Monitoring and Reporting Requirements (Provision VI.B) 

The Discharger is required to monitor the permitted discharges in order to evaluate compliance 
with permit conditions. Monitoring requirements are contained in the MRP (Attachment E) and the 
Regional Standard Provisions (Attachment G). This provision requires compliance with these 
documents and is authorized by40 CFR122.41(h) and (j), and CWC sections 13267 and 13383. 
 

C. Special Provisions (Provision VI.C) 

1. Reopener Provisions 

These provisions are based on 40 CFR 122.63 and allow modification of this Order and its 
effluent limitations as necessary in response to updated WQOs, regulations, or other new 
relevant information that may be established in the future and other circumstances allowed by 
law. 

2. Special Studies and Additional Monitoring 

a. Effluent Characterization Study. This Order does not include effluent limitations for the 
selected constituents addressed in the Regional Standard Provisions (Attachment G) that do 
not demonstrate Reasonable Potential, but this provision requires the Discharger to 
continue monitoring for these pollutants as described in the Regional Standard Provisions 
and specified in the MRP. If concentrations of these constituents increase significantly, this 
provision requires the Discharger to investigate the sources of the increases and establish 
remedial measures if the increases result in reasonable potential to cause or contribute to an 
excursion above water quality standards. This provision is based on the Basin Plan, the SIP, 
and CWC 13267. 

b. Ambient Background Receiving Water Study. This provision is based on the Basin Plan, 
the SIP, CWC 13267, and the Regional Standard Provisions (Attachment G). As indicated 
in the Order, this requirement may be met by participating in a collaborative study. 

c. Receiving Waters and Effluent Selenium Characterization Study – Discharge 
Point 002. This Order requires the Discharger to characterize (a) the concentrations and 
speciation of selenium in effluent and receiving water, (b) the variability of selenium in the 
discharge, (c) the potential for uptake and conversion of selenium to more bioavailable 
forms, (d) mixing and dilution in the receiving water, and (e) the ability to comply with any 
more-stringent selenium criteria that may become effective in the foreseeable future. These 
requirements are reasonable and warranted because the Discharger discharges selenium 
into San Pablo Bay from Discharge Point 002. Based on the results of the studies, the 
Regional Water Board will be able to evaluate better how the Discharger contributes to the 
selenium impairment of San Francisco Bay. The Regional Water Board may use the data to 
evaluate dilution credits, characterize selenium bioaccumulation potential and ecological 
risk, and evaluate receiving water quality with respect to selenium. The Regional Water 
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Board may also use the data to determine whether receiving water quality correlates with 
seasonal or other environmental factors. CWC section 13267 authorizes the Regional 
Water Board to require these studies. 

d. Thermal Plume Monitoring at Discharge Point 003. According to the Thermal Plan, the 
Facility’s discharge at Discharge Point 003 is “thermal waste” because the discharge 
contains cooling water used for the purpose of transporting heat. The discharge is an 
existing discharge because the Facility started discharging once-through cooling water 
prior to State Water Board adoption of the Thermal Plan. The Basin Plan and Thermal Plan 
require existing discharges to enclosed bays to be protective of beneficial uses. The 
Discharger submitted a thermal study in February 2001 that concluded that its cooling 
water discharge at Discharge Point 003 did not adversely affect San Pablo Bay beneficial 
uses, although there was indication that some species living in the water column avoided 
the thermal plume. The previous permit required a thermal plume study to more fully 
determine the impact of the cooling water discharge on aquatic life.    

The Discharger outlined its new study plan in Submittal of Study Plan Pursuant to Order 
#R2-2005-0030, Provision #9: Thermal Plume Monitoring (Garcia and Associates, 
November 22, 2005) (hereinafter Monitoring Plan). The Monitoring Plan proposed analysis 
of temperatures in the on-shore discharge channels and retention pond and near Discharge 
Point 003. It also indicated that the new study would evaluate the cooling water discharge 
system’s overall effectiveness at reducing the discharge temperature, determine if any 
specific management alternatives would better cool the discharge, estimate the flow 
volumes in the two channels, and calculate detention time in the cooling pond. The 
Regional Water Board conditionally approved the Monitoring Plan by letter dated April 25, 
2006.  

The Discharger submitted the report Cooling Water Discharge Thermal Plume Study, 
2006-2007 (hereinafter 2007 Thermal Plume Study), prepared by Tenera Environmental, 
on September 27, 2007. The 2007 Thermal Plume Study was a “Phase 1” study that 
characterized the thermal plume using tidal, meteorological, bathymetric, and temperature 
data collected from May 2006 to July 2007 at 33 monitoring stations located onshore and in 
San Pablo Bay; and recommended further study be done as Phase 2.  The Phase 2 study 
was to include (1) assessment of potential biological effects of the thermal plume, 
(2) continued thermal plume monitoring, and (3) temperature monitoring at the large, 
shallow cove immediately south of Point Pinole (and Discharge Point 003), which may 
produce a natural plume of elevated-temperature water via solar heating. The Discharger 
has not conducted the Phase 2 study; therefore, it has yet to characterize impacts of the 
thermal waste discharge on aquatic life. It also has yet to identify any management 
alternatives to reduce temperature levels in the discharge or include estimates of flow and 
detention time.  

This Order requires further temperature monitoring as recommended by the 2007 Thermal 
Plume Study.  The Discharger is required to monitor the nearby cove for the discharge’s 
impacts on ambient temperature, to determine the thermal plume’s impact on aquatic life, 
and to recommend and implement management alternatives to reduce the temperature of 
the cooling water discharge. This Order requires that the study be acceptable to the 
Executive Officer; however, unlike the previous permit, it does not require Executive 

Attachment F – Fact Sheet   F-59 

Exhibit 24



CONOCOPHILLIPS COMPANY ORDER NO. R2-2010-0027 
SAN FRANCISCO REFINERY NPDES NO. CA0005053 

Officer approval prior to the Discharger moving forward with the remaining work. This 
had caused the Discharger to not move forward with the work previously. 

e. Once-Through Cooling Water Intake Structure. The previous permit required the 
Discharger to demonstrate that the submerged cylindrical wedgewire screens currently 
installed on the once-through cooling water intake structure comply with Clean Water Act 
section 316(b) and 40 CFR 125.94(a) requirements to reduce impingement and entrainment 
of aquatic organisms.  

On February 28, 2006, the Discharger submitted a Technology Installation and Operation 
Plan (Technology Installation and Operation Plan, Tenera Environmental, February 2006) 
documenting the wedgewire screens’ effectiveness, compliance with USEPA performance 
standards, and installation in accordance with the manufacturer's requirements. The 
configuration of the wedgewire screens is estimated to virtually eliminate impingement of 
adult and juvenile fishes (and macroinvertebrates) and significantly reduce the entrainment 
of larval fishes. The screens were installed with an orientation that maximizes their 
performance with respect to tidal and Delta outflow as well as local current patterns at the 
intake structure. The location of the intake structure provides effective sweeping flow 
velocities that, combined with the low through-screen velocities at maximum pumping 
rates, minimize entrainment of larval fishes and invertebrates. 

The Discharger maintains and uses a Maintenance Procedure Manual for the intake 
structure consisting of:  
 

Supervisor's, Maintenance and Operator's Logs for direction, record-keeping, and 
trouble-shooting purposes;  
Standard Operating Procedures; and 
Electronic recordkeeping (SAP) of scheduled maintenance activities at the intake 
structure that are updated as needed. 

 
This Order requires the Discharger to continue to operate, maintain, and inspect the salt 
water intake structure in accordance with its Maintenance Procedure Manual. Further, this 
Order requires an annual report that certifies the proper operation and maintenance of the 
once-through cooling water intake structure, identifying any operational problems or 
necessary changes to the Maintenance Procedure Manual; and identifies work planned or 
completed that is beyond routine maintenance. The Discharger shall submit this annual 
status report annually with its annual self-monitoring report. This requirement is to ensure 
compliance with Clean Water Act section 316(b) and 40 CFR 125.94(a) 

f. Cooling Tower Replacement Feasibility Evaluation. The previous permit also required 
the Discharger to evaluate the feasibility of installing cooling towers to replace its once-
through cooling system.  The Discharger proposed a Cooling Tower Replacement 
Feasibility Evaluation that would incorporate the following four elements:  

An evaluation of existing exchangers; 
A conceptual design for a closed loop cooling tower system; 
An impacts evaluation on process operations; and  
Identification of costs and a construction timetable. 
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Because the Discharger was awaiting review by the Regional Water Board, it has not yet 
conducted the evaluation, so this Order requires its completion. 

g. Dilution Modeling Update and Verification. As described in Fact Sheet section IV.C.4.a, 
the Discharger provided a dilution modeling study in December 1989 (Field Dye Tracer 
Studies and Initial Dilution Modeling of the Process Wastewater Effluent from the 
UNOCAL San Francisco Refinery Diffuser NPDES Permit No. CA0005053). There is no 
compelling evidence that this study’s results are not valid as justification for the dilution 
credits in this permit. However, because it was conducted over 20 years ago, it is 
reasonable to verify its results with a new updated study for the next permit reissuance.  

3. Best Management Practices Program (BMP Program) and Pollution Minimization 
Program (PMP) 

The provisions related to PMP development and implementation are based on Basin Plan 
section 4.12.2 and SIP section 2.4.5. 

The provision related to the update and implementation of the BMP Program to address 
miscellaneous non-stormwater discharges through Discharge Point 004 is based on USEPA 
regulations at 40 CFR 122.44(k). The Discharger’s BMP’s are established by its Best
Management Practices Manual, incorporated by reference in its Stormwater Pollution 
Prevention Plan. 

4. Other Special Provisions 

a. Copper Action Plan 
 
This provision is based on Basin Plan sections 7.2.2.2 and 7.2.2.5. It is necessary to ensure 
that use of copper site-specific objectives is consistent with antidegradation policies. 
 

b. Copper Action Plan 
 
This provision is based on Basin Plan sections 7.2.2.2 and 7.2.2.5. It is necessary to ensure 
that use of cyanide site-specific objectives is consistent with antidegradation policies. 
 

c. Mass and Concentration Effluent Limit Adjustments. 

This provision requires the Discharger, prior to applying effluent limit adjustments 
calculated in accordance with section IV.A.7, to demonstrate that such adjustments will not 
create a zone of aquatic toxicity near Discharge Point 002 or otherwise impair beneficial 
uses in the vicinity of its discharge.  

d. Stormwater Pollution Prevention Plan and Annual Report 

This provision is based on Basin Plan section 4.8, statewide stormwater requirements for 
industrial facilities, and applicable USEPA regulations. It is retained from the previous 
permit. 
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VIII. PUBLIC PARTICIPATION 

The Regional Water Board is considering the issuance of Waste Discharge Requirements (WDRs) that 
will serve as an NPDES permit for the ConocoPhillips San Francisco Refinery. As a step in the WDR 
adoption process, the Regional Water Board developed tentative WDRs. The Regional Water Board 
encourages public participation in the WDR adoption process. 

A. Notification of Interested Parties 

The Regional Water Board notified the Discharger and interested agencies and persons of its intent to 
prescribe WDRs for the discharge and provided an opportunity to submit written comments and 
recommendations. Notification was provided by publication in the Contra Costa Times on February 
11, 2011.  

B. Written Comments 

Staff determinations are tentative. Interested persons are invited to submit written comments 
concerning these tentative WDRs. Comments must be submitted either in person or by mail to the 
Executive Officer at the Regional Water Board at the address on the cover page of this Order, to the 
attention of John Madigan. 

To receive a full response from Regional Water Board staff and to be considered by the Regional 
Water Board, written comments should be received at the Regional Water Board offices by 5:00 p.m. 
on March 14, 2011. 

C. Public Hearing 

The Regional Water Board will hold a public hearing on the tentative WDRs during its regular 
meeting on the following date and time and at the following location: 

Date: May 11, 2011 
Time: 9:00 am
Location: Elihu Harris State Office Building 

1515 Clay Street, 1st Floor Auditorium 
Oakland, CA 94612 

Contact:  John Madigan, (510) 622-2405, email JMadigan@waterboards.ca.gov  

Interested persons are invited to attend. At the public hearing, the Regional Water Board will hear 
testimony, if any, pertinent to the discharge, WDRs, and permit. Oral testimony will be heard; 
however, for accuracy of the record, important testimony should be in writing. 

Dates and venues may change. The Regional Water Board’s Web address is 
http://www.waterboards.ca.gov/sanfranciscobay where one can access the current agenda for changes 
in dates and locations. 

D. Waste Discharge Requirements Petitions  

Any aggrieved person may petition the State Water Board to review the decision of the Regional 
Water Board regarding the WDRs. The petition must be submitted within 30 days of the Regional 
Water Board’s action to the following address: 
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State Water Resources Control Board 
Office of Chief Counsel 
P.O. Box 100, 1001 I Street 
Sacramento, CA 95812-0100 

E. Information and Copying 

The Report of Waste Discharge, related documents, tentative effluent limitations and special 
provisions, comments received, and other information are on file and may be inspected at the address 
above at any time between 8:45 a.m. and 5:00 p.m., Monday through Friday. Copying of documents 
may be arranged by calling 510-622-2300. 

F. Register of Interested Persons 

Any person interested in being placed on the mailing list for information regarding the WDRs and 
NPDES permit should contact the Regional Water Board, reference this facility, and provide a name, 
address, and phone number. 

G. Additional Information 

Requests for additional information or questions regarding this order should be directed to John 
Madigan at 510-622-2405 (e-mail at JMadigan@waterboards.ca.gov). 
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ATTACHMENT F-1 

Derivation of Technology-Based Effluent Limitations 
ConocoPhillips San Francisco Refinery 

References
1. 40 CFR 419, Subpart B – Cracking Subcategory, Effluent Limitation Guidelines and New Source 

Performance Standards for the Petroleum Refining Point Source Category 

2. Development Document for Effluent Limitations Guidelines and New Source Performance Standards 
for the Petroleum Refining Point Source Category, EPA/4401-82/014 (1982) 

3. Guide for the Application of Effluent Limitations Guidelines for the Petroleum Refining Industry, 
USEPA Office of Water Regulations and Standards (1985) 

4. ConocoPhillips, San Francisco Refinery, NPDES Application for Permit Renewal, NPDES Permit 
No. CA0005053 (March 4, 2010) 

5. Refinery Production Data from NPDES Application for Permit Renewal 

Background
Clean Water Act (CWA) section 301(b) and 40 CFR 122.44(a) require that permits include technology-
based effluent limitations based on several levels of control:

Best practicable treatment control technology (BPT) represents the average of the best performance 
by plants within an industrial category or subcategory. BPT standards apply to toxic, conventional, 
and non-conventional pollutants. Conventional pollutants include biochemical oxygen demand 
(BOD), total suspended solids (TSS), fecal coliform, pH, and oil and grease. 

Best available technology economically achievable (BAT) represents the best existing performance 
of treatment technologies that are economically achievable within an industrial point source 
category. BAT standards apply to toxic and non-conventional pollutants. 

Best conventional control technology (BCT) represents the control from existing industrial point 
sources of conventional pollutants. The BCT standard is established after considering the “cost 
reasonableness” of the relationship between the cost of attaining a reduction in effluent discharge 
and the benefits that would result, and also the cost effectiveness of additional industrial treatment 
beyond BPT. 

New source performance standards (NSPS) represent the best available demonstrated control 
technology standards for new sources. The intent of NSPS guidelines is to set limits that represent 
state-of-the-art treatment technology for new sources. 

The CWA requires USEPA to develop effluent limitations, guidelines, and standards for many source 
categories representing application of BPT, BAT, BCT, and NSPS. The discharge authorized by this 
Order must meet the minimum federal technology-based requirements based on the Effluent Limitations 
Guidelines (ELGs) for the Petroleum Refining Point Source Category (Cracking Subcategory) in 
40 CFR 419.20 et seq. Because the refinery was constructed prior to 1982, when USEPA established the 
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NSPS requirements, it is not subject to the NSPS requirements. It is, however, subject to the BPT, BAT, 
and BCT requirements. The most stringent of the BPT, BAT, and BCT limits apply. 

The Cracking Subcategory ELGs cover process wastewater, ballast water, contaminated runoff, and 
once-through cooling water. These terms are defined in 40 CFR 401.11(q) and 40 CFR 419.11:  

The term “process waste water” means any water that, during manufacturing or processing, comes 
into direct contact with, or results from the production or use of, any raw material, intermediate 
product, finished product, by-product, or waste product. 

The term “ballast” means the flow of water from a ship (e.g., cargo hold wash water). The ELGs 
cover ballast water that is treated along with refinery wastewater in the main treatment system. 

The term “runoff” means the flow of stormwater resulting from precipitation coming into contact 
with petroleum refinery property. The term “contaminated runoff” means runoff that comes into 
contact with any raw material, intermediate product, finished product, byproduct, or waste product 
located on petroleum refinery property. 

The term “once-through cooling water” means water used for the purpose of heat removal that does 
not come into direct contact with any raw material, intermediate product, or finished product. 

Many of the technology-based effluent limits in 40 CFR 419 Subpart B are based on the Discharger’s 
production rate. The Discharger’s current maximum production rate is 77,360 barrels per day (bbls/day). 

Limitations for Process Wastewater 
Process wastewater is discharged through Discharge Point 002. The ELGs include BPT, BAT, and BCT 
limits for process wastewater. The BPT limits cover 5-day BOD (BOD5), TSS, chemical oxygen 
demand (COD), oil and grease, phenolic compounds, ammonia, sulfide, total chromium, hexavalent 
chromium, and pH. The BAT and BCT limits are the same as the BPT limits, with three exceptions: the 
BAT limits for phenolic compounds, total chromium, and hexavalent chromium must be calculated 
separately to determine which limits are more stringent. 

To derive the BPT limits for process wastewaters, size factors and process factors are determined as 
follows. 

Size Factor. At a crude processing rate of 77,360 bbls/day, the size factor is 1.13 based on 
40 CFR 419.22(b)(1), 40 CFR 419.23(b)(1), and 40 CFR 419.24(b)(1). 

Process Factor. At a crude processing rate of 77,360 bbls/day, the process factor is 1.89 based on 
40 CFR 419.22(b), 40 CFR 419.23(b), and 40 CFR 419.24(b). The process factor is based on a 
processing configuration of 13.5, as calculated below. 

As shown by example in 40 CFR 419.42(b)(3), the processing configuration is the sum of the individual 
processing configurations for each of several processes based on each process feedstock rate (called 
“capacity” in 40 CFR 419.42(b)(3)). The processes included in the calculation include crude, cracking 
and coking, lube, and asphalt processes. These processes correspond to the process groups listed within 
the Guide for the Application of Effluent Limitations Guidelines for the Petroleum Refining Industry 
(page 19). The Discharger does not report lube or asphalt processes, so lube processes are not 
considered in determining process factors. Each feedstock rate is multiplied by the process to feedstock 
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ratio (called “capacity relative to the throughput” in 40 CFR 419.42(b)(3)) and a weight factor specified 
for each process to determine the “processing configuration” for each process. Table F-1A sets forth the 
calculations based on a throughput of 77,360 bbls/day. 

Table F-1A. Processing Configurations 

Process
Process Feedstock Rate 

(“Capacity”) 
(x 1,000 bbls/day)

Process/Feedstock Ratio 
(“Capacity relative to 

throughput”) 

Weight 
Factor

Processing 
Configuration 

Crude     
Atm. Dist. 94.66 1.22   
Vac. Dist. 54.22 0.70   
Desalt. 31.78 0.41   

Total 180.65 2.34 1 2.34 
Cracking and 
Coking

    

Hydrocracking 51.75 0.67   
Coking 25.45 0.33   
Hydrotreating 66.69 0.86   

Total 143.89 1.86 6 11.16 
Lube -- -- 13 0 
Asphalt -- -- 12 0 
Total Refinery Processing Configuration 13.50 

 
 
Based on the size factor of 1.13 and the process factor of 1.89, the following table shows the derivation 
of the BPT limits at a production rate of 77,360 bbls/day. In addition to these limits, the ELGs specify as 
a BPT limit that the pH be within 6.0 and 9.0. 

Table F-1B. BPT Limitations for Process Wastewaters 
Preliminary Effluent 
Limitation Factor [1] Effluent Limitation [2]

Max 
Daily 

Avg 
Monthly 

Size 
Factor

Process 
Factor

Feed
Stock
Rate Max Daily 

Avg 
Monthly 

BOD5 9.9 5.5 1.13 1.89 77.36 1,636 909 
TSS 6.9 4.4 1.13 1.89 77.36 1,140 727 
COD 74.0 38.4 1.13 1.89 77.36 12,226 6,344 
Oil & 
Grease 

3.0 1.6 1.13 1.89 77.36 496 264 

Phenolics 
(4AAP) 

0.074 0.036 1.13 1.89 77.36 12.2 5.9 

Ammonia 
(as N) 

6.6 3.0 1.13 1.89 77.36 1,090 496 

Sulfide 0.065 0.029 1.13 1.89 77.36 10.7 4.8 
Total 
Chromium 0.15 0.088 1.13 1.89 77.36 25 15 

Hexavalent 
Chromium 0.012 0.0056 1.13 1.89 77.36 2.0 0.9 
[1] From 40 CFR 419.22(a) (pounds per 1000 bbls of feedstock) 
[2] Pounds per day (lbs/day) 
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Because the BAT limits for phenolic compounds, total chromium, and hexavalent chromium are 
different than the BPT limits, they must be calculated separately to determine whether they are more 
stringent. The limits are based on feedstock rates for several processes multiplied by effluent limitation 
factors. The processes include crude, cracking and coking, lube, and reforming and alkylation, which 
correspond to the processes identified in the Guide for the Application of Effluent Limitations Guidelines 
for the Petroleum Refining Industry (page 20). The table below shows the feedstock rates for these 
processes. 

Table F-1C. Feedstock Rates for Determining BAT Limitations 
Process Feedstock Rate

Crude  
Atmospheric Distillation 94.66 
Vacuum Distillation 54.22 
Desalting 31.78 

Total 180.66 

Cracking and Coking  
Hydrocracking 51.75 
Delayed Coking 25.45 
Hydrotreating 66.69 

Total 143.89 

Lube

Total --

Reforming and Alkylation   
Catalytic Reforming 29.40 

Total 29.40 

 
 
The following table shows the derivation of the BAT limits for phenolic compounds, total chromium, 
and hexavalent chromium based on the total feedstock rates above. 

Table F-1D. BAT Limitations for Process Wastewater (Phenolic Compounds, Total 
Chromium, and Hexavalent Chromium) 

Preliminary Effluent 
Limits Factor [a]

Effluent Limits 
(pounds/day)

Pollutant 
Max  
Daily 

Avg 
Monthly 

Feedstock
Rate Max 

Daily 
Avg 

Monthly 

Phenolic Compounds      
Crude 0.013 0.0030 180.66 2.35 0.54 
Cracking and Coking 0.147 0.036 143.89 21.15 5.18 
Reforming and Alkylation 0.132 0.032 29.40 3.88 0.94 

Limit (Sum) -- -- -- 27.38 6.66 

Total Chromium      
Crude 0.011 0.004 180.66 1.99 0.72 
Cracking and Coking 0.119 0.041 143.89 17.12 5.90 
Reforming and Alkylation 0.107 0.037 29.40 3.15 1.09 

Limit (Sum) -- -- -- 22.26 7.71 
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Preliminary Effluent 
Limits Factor [a]

Effluent Limits 
(pounds/day)

Pollutant 
Max  
Daily 

Avg 
Monthly 

Feedstock
Rate Max 

Daily 
Avg 

Monthly 
Hexavalent Chromium 

Crude 0.0007 0.0003 180.66 0.13 0.05 
Cracking and Coking 0.0076 0.0034 143.89 1.09 0.49 
Reforming and Alkylation 0.0069 0.0031 29.40 0.20 0.09 

Limit (Sum) -- -- -- 1.42 0.63 
[1] From 40 CFR 419.22(a) (pounds per 1000 bbls of feedstock) 

 
 
Based on these calculations, for total chromium and hexavalent chromium, the BAT limits are more 
stringent than the BPT limits. Therefore, the following table presents the technology-based effluent 
limits for process wastewater at the refinery. With the exception of pH, these limits are expressed in 
units of pounds per day. 

Table F-1E.  Summary of Technology-Based Process Wastewater Effluent Limitations 
Effluent Limits [1],[2]

Pollutant 
Max Daily Avg Monthly 

BOD5 1,636 909 
TSS 1,140 727 
COD 12,227 6,344 
Oil & Grease 496 264 
Phenolics (4AAP) 12.2 5.9 
Ammonia (as N) 1,090 496 
Sulfide 10.7 4.8 
Total Cr 22.26[3] 7.71[3] 

Hex Cr 1.42[3] 0.63[3] 

pH 6.0 – 9.0 pH units 
[1] Units are lbs/day, except for pH 
[2] All technology-based limits for process wastewaters are based on BPT unless otherwise noted. 
[3] Based on BAT. 

 
 
Limitations for Ballast Water 

Ballast water is discharged through Discharge Point 002. The ELGs include BPT, BAT, and BCT limits 
for ballast water at 40 CFR 419.22(c), 419.23(d), and 419.24(c). These ELGs refer to those at 40 CFR 
419.12(c), 419.13(d), and 419.14(c). The BPT limits cover BOD5, TSS, COD, oil and grease, and pH. 
The BAT and BCT limits are the same as the BPT limits. 

Because ballast water is discharged through the same outfall as process wastewater, these limits provide 
an additional allocation that may be applied to the process wastewater limits when ballast water is 
treated with process wastewater. The process wastewater limits are mass-based, and the additional 
allocation is the mass equal to the ballast water flow times the concentration-based limits in the table 
below.  
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Table F-1F. Additional Ballast Water Allocations for Discharge Point 002 
Pollutant Units Max Daily Average Monthly

BOD 48 26 
TSS 33 21 
COD 470 240 
Oil and Grease 

mg/L 

15 8 
pH s.u. 6.0 – 9.0 

 
 
Limitations for Contaminated Runoff Commingled with Process Wastewater 

Contaminated runoff is discharged through Discharge Point 002 along with process wastewater. The 
ELGs include BPT, BAT, and BCT limits for contaminated runoff commingled with process wastewater 
at 40 CFR 419.22(e)(2), 419.23(f)(2), and 419.24(e)(2). The BPT limits cover BOD5, TSS, COD, oil and 
grease, phenolic compounds, total chromium, hexavalent chromium, and pH. The BAT and BCT limits 
are the same as the BPT limits, with the exception of total chromium. The BAT limits for total 
chromium are more stringent. 

Because contaminated runoff is discharged through the same outfall as process wastewater, these limits 
provide an additional allocation that may be applied to the process wastewater limits when contaminated 
runoff is treated with process wastewater. The process wastewater limits are mass-based, and the 
additional allocation is the mass equal to the contaminated runoff water flow times the concentration-
based limits in the table below.  

Table F-1G. Additional Contaminated Runoff Allocations for Discharge Point 002 
Pollutant Units Max Daily[1] Average Monthly[1]

BOD 48 26 
TSS 33 21 
COD 360 180 
Oil and Grease 15 8 
Phenolic Compounds 0.35 0.17 
Total Chromium 0.60 0.21 
Hexavalent Chromium 

mg/L 

0.062 0.028 
pH s.u. 6.0 – 9.0 

[1] All effluent limits reflect BPT requirements except limits for total chromium, which reflect BAT 
requirements. 

 
 
Limitations for Contaminated Runoff NOT Commingled with Process Wastewater 

Contaminated runoff is discharged through Discharge Point 004. This runoff is not discharged with 
process wastewater. The ELGs include BPT, BAT, and BCT limits for contaminated runoff not 
commingled with process wastewater at 40 CFR 419.22(e)(1), 419.23(f)(1), and 419.24(e)(1). The BPT 
limits, listed in the table below, cover total organic carbon and oil and grease. The BAT and BCT limits 
are the same as the BPT limits.  
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Table F-1H. Contaminated Runoff Limitations for Discharge Point 004 
Pollutant Units Single Grab or Composite Sample

Total Organic Carbon 110 
Oil and Grease 

mg/L 
15 

 
 
Limitations for Once-Through Cooling Water 

Once-through cooling water is discharged through Discharge Point 003. The ELGs include limits for 
once-through cooling water based on BPT and BAT. The ELGs found at 40 CFR 419.22(d) and 
419.23(e) cover only total organic carbon, which may not exceed 5 mg/L.  
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
SAN FRANCISCO BAY REGION 

H  
REGIONAL STANDARD PROVISIONS, AND MONITORING AND

REPORTING REQUIREMENTS  
(SUPPLEMENT TO ATTACHMENT D) 

FOR

NPDES WASTEWATER DISCHARGE PERMITS 
 
 
APPLICABILITY

This document applies to dischargers covered by a National Pollutant Discharge Elimination System 
(NPDES) permit. This document does not apply to Municipal Separate Storm Sewer System (MS4) 
NPDES permits.  

The purpose of this document is to supplement the requirements of Attachment D, Standard 
Provisions. The requirements in this supplemental document are designed to ensure permit compliance 
through preventative planning, monitoring, recordkeeping, and reporting. In addition, this document 
requires proper characterization of issues as they arise, and timely and full responses to problems 
encountered. To provide clarity on which sections of Attachment D this document supplements, this 
document is arranged in the same format as Attachment D. 

I. STANDARD PROVISIONS - PERMIT COMPLIANCE 

A. Duty to Comply 

Not Supplemented 

B. Need to Halt or Reduce Activity Not a Defense 

Not Supplemented 

C. Duty to Mitigate 

This supplements I.C. of Standard Provisions (Attachment D) 

1. Contingency Plan

The Discharger shall maintain a Contingency Plan as originally required by Regional Water 
Board Resolution 74-10 and as prudent in accordance with current municipal facility 
emergency planning. The Contingency Plan shall describe procedures to ensure that 
existing facilities remain in, or are rapidly returned to, operation in the event of a process 
failure or emergency incident, such as employee strike, strike by suppliers of chemicals or 
maintenance services, power outage, vandalism, earthquake, or fire. The Discharger may 
combine the Contingency Plan and Spill Prevention Plan into one document. Discharge in 
violation of the permit where the Discharger has failed to develop and implement a 
Contingency Plan as described below will be the basis for considering the discharge a 
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willful and negligent violation of the permit pursuant to California Water Code Section 
13387. The Contingency Plan shall, at a minimum, contain the provisions of a. through g. 
below. 

a. Provision of personnel for continued operation and maintenance of sewerage facilities 
during employee strikes or strikes against contractors providing services. 

b. Maintenance of adequate chemicals or other supplies and spare parts necessary for 
continued operations of sewerage facilities.  

c. Provisions of emergency standby power. 

d. Protection against vandalism. 

e. Expeditious action to repair failures of, or damage to, equipment and sewer lines. 

f. Report of spills and discharges of untreated or inadequately treated wastes, including 
measures taken to clean up the effects of such discharges. 

g. Programs for maintenance, replacement, and surveillance of physical condition of 
equipment, facilities, and sewer lines. 

2. Spill Prevention Plan

The Discharger shall maintain a Spill Prevention Plan to prevent accidental discharges and 
minimize the effects of such events. The Spill Prevention Plan shall: 

a. Identify the possible sources of accidental discharge, untreated or partially treated waste 
bypass, and polluted drainage; 

b. Evaluate the effectiveness of present facilities and procedures, and state when they 
became operational; and 

c. Predict the effectiveness of the proposed facilities and procedures, and provide an 
implementation schedule containing interim and final dates when they will be 
constructed, implemented, or operational.  

This Regional Water Board, after review of the Contingency and Spill Prevention Plans or 
their updated revisions, may establish conditions it deems necessary to control accidental 
discharges and to minimize the effects of such events. Such conditions may be incorporated 
as part of the permit upon notice to the Discharger. 

D. Proper Operation & Maintenance 

This supplements I.D of Standard Provisions (Attachment D) 

1. Operation and Maintenance (O&M) Manual

The Discharger shall maintain an O&M Manual to provide the plant and regulatory 
personnel with a source of information describing all equipment, recommended operational 
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strategies, process control monitoring, and maintenance activities. To remain a useful and 
relevant document, the O&M Manual shall be kept updated to reflect significant changes in 
treatment facility equipment and operational practices. The O&M Manual shall be 
maintained in usable condition and be available for reference and use by all relevant 
personnel and Regional Water Board staff.

2. Wastewater Facilities Status Report

The Discharger shall regularly review, revise, or update, as necessary, its Wastewater 
Facilities Status Report. This report shall document how the Discharger operates and 
maintains its wastewater collection, treatment, and disposal facilities to ensure that all 
facilities are adequately staffed, supervised, financed, operated, maintained, repaired, and 
upgraded as necessary to provide adequate and reliable transport, treatment, and disposal of 
all wastewater from both existing and planned future wastewater sources under the 
Discharger's service responsibilities.

3. Proper Supervision and Operation of Publicly Owned Treatment Works (POTWs) 

POTWs shall be supervised and operated by persons possessing certificates of appropriate 
grade pursuant to Division 4, Chapter 14, Title 23 of the California Code of Regulations.

E. Property Rights 

Not Supplemented 

F. Inspection and Entry 

Not Supplemented 

G. Bypass 

Not Supplemented 

H. Upset 

Not Supplemented 

I. Other 

This section is an addition to Standard Provisions (Attachment D) 

1. Neither the treatment nor the discharge of pollutants shall create pollution, contamination, or 
nuisance as defined by California Water Code Section 13050. 

2. Collection, treatment, storage, and disposal systems shall be operated in a manner that 
precludes public contact with wastewater, except in cases where excluding the public is 
infeasible, such as private property. If public contact with wastewater could reasonably 
occur on public property, warning signs shall be posted.
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3. If the Discharger submits a timely and complete Report of Waste Discharge for permit 
reissuance, this permit continues in force and effect until a new permit is issued or the 
Regional Water Board rescinds the permit.

J. Stormwater 

This section is an addition to Standard Provisions (Attachment D) 

These provisions apply to facilities that do not direct all stormwater flows from the facility to the 
wastewater treatment plant headworks.

1. Stormwater Pollution Prevention Plan (SWPP Plan)  

The SWPP Plan shall be designed in accordance with good engineering practices and shall 
address the following objectives: 

a. To identify pollutant sources that may affect the quality of stormwater discharges; and 

b. To identify, assign, and implement control measures and management practices to 
reduce pollutants in stormwater discharges. 

The SWPP Plan may be combined with the existing Spill Prevention Plan as required in 
accordance with Section C.2. The SWPP Plan shall be retained on-site and made available 
upon request of a representative of the Regional Water Board. 

2. Source Identification 

The SWPP Plan shall provide a description of potential sources that may be expected to add 
significant quantities of pollutants to stormwater discharges, or may result in non-
stormwater discharges from the facility. The SWPP Plan shall include, at a minimum, the 
following items: 

a. A topographical map (or other acceptable map if a topographical map is unavailable), 
extending one-quarter mile beyond the property boundaries of the facility, showing the 
wastewater treatment facility process areas, surface water bodies (including springs and 
wells), and discharge point(s) where the facility’s stormwater discharges to a municipal 
storm drain system or other points of discharge to waters of the State. The requirements 
of this paragraph may be included in the site map required under the following 
paragraph if appropriate. 

b. A site map showing the following: 

(1) Stormwater conveyance, drainage, and discharge structures; 

(2) An outline of the stormwater drainage areas for each stormwater discharge point; 

(3) Paved areas and buildings; 

(4) Areas of actual or potential pollutant contact with stormwater or release to 
stormwater, including but not limited to outdoor storage and process areas; material 
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loading, unloading, and access areas; and waste treatment, storage, and disposal 
areas; 

(5) Location of existing stormwater structural control measures (i.e., berms, coverings, 
etc.); 

(6) Surface water locations, including springs and wetlands; and 

(7) Vehicle service areas. 

c. A narrative description of the following: 

(1) Wastewater treatment process activity areas; 

(2) Materials, equipment, and vehicle management practices employed to minimize 
contact of significant materials of concern with stormwater discharges; 

(3) Material storage, loading, unloading, and access areas; 

(4) Existing structural and non-structural control measures (if any) to reduce pollutants 
in stormwater discharges; and 

(5) Methods of on-site storage and disposal of significant materials. 

d. A list of pollutants that have a reasonable potential to be present in stormwater 
discharges in significant quantities. 

3. Stormwater Management Controls 

The SWPP Plan shall describe the stormwater management controls appropriate for the 
facility and a time schedule for fully implementing such controls. The appropriateness and 
priorities of controls in the SWPP Plan shall reflect identified potential sources of 
pollutants. The description of stormwater management controls to be implemented shall 
include, as appropriate: 

a. Stormwater pollution prevention personnel 

Identify specific individuals (and job titles) that are responsible for developing, 
implementing, and reviewing the SWPP Plan. 

b. Good housekeeping 

Good housekeeping requires the maintenance of clean, orderly facility areas that 
discharge stormwater. Material handling areas shall be inspected and cleaned to reduce 
the potential for pollutants to enter the storm drain conveyance system. 

c. Spill prevention and response 

Identify areas where significant materials can spill into or otherwise enter stormwater 
conveyance systems and their accompanying drainage points. Specific material 
handling procedures, storage requirements, and cleanup equipment and procedures shall 

Exhibit 24



REVISED TENTATIVE ORDER No. R2-2010-0054 
 

Attachment G  G-8 
Regional Standard Provisions, and Monitoring and Reporting Requirements  

be identified, as appropriate. The necessary equipment to implement a cleanup shall be 
available, and personnel shall be trained in proper response, containment, and cleanup 
of spills. Internal reporting procedures for spills of significant materials shall be 
established. 

d. Source control 

Source controls include, for example, elimination or reduction of the use of toxic 
pollutants, covering of pollutant source areas, sweeping of paved areas, containment of 
potential pollutants, labeling of all storm drain inlets with “No Dumping” signs, 
isolation or separation of industrial and non-industrial pollutant sources so that runoff 
from these areas does not mix, etc. 

e. Stormwater management practices 

Stormwater management practices are practices other than those that control the sources 
of pollutants. Such practices include treatment or conveyance structures, such as drop 
inlets, channels, retention and detention basins, treatment vaults, infiltration galleries, 
filters, oil/water separators, etc. Based on assessment of the potential of various sources 
to contribute pollutants to stormwater discharges in significant quantities, additional 
stormwater management practices to remove pollutants from stormwater discharges 
shall be implemented and design criteria shall be described. 

f. Sediment and erosion control 

Measures to minimize erosion around the stormwater drainage and discharge points, 
such as riprap, revegetation, slope stabilization, etc., shall be described. 

g. Employee training 

Employee training programs shall inform all personnel responsible for implementing 
the SWPP Plan. Training shall address spill response, good housekeeping, and material 
management practices. New employee and refresher training schedules shall be 
identified. 

h. Inspections 

All inspections shall be done by trained personnel. Material handling areas shall be 
inspected for evidence of, or the potential for, pollutants entering stormwater 
discharges. A tracking or follow up procedure shall be used to ensure appropriate 
response has been taken in response to an inspection. Inspections and maintenance 
activities shall be documented and recorded. Inspection records shall be retained for 
five years. 

i. Records 

A tracking and follow-up procedure shall be described to ensure that adequate response 
and corrective actions have been taken in response to inspections. 

4. Annual Verification of SWPP Plan  
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An annual facility inspection shall be conducted to verify that all elements of the SWPP 
Plan are accurate and up-to-date. The results of this review shall be reported in the Annual 
Report to the Regional Water Board described in Section V.C.f. 

K. Biosolids Management 

This section is an addition to Standard Provisions (Attachment D) 

Biosolids must meet the following requirements prior to land application. The Discharger must 
either demonstrate compliance or, if it sends the biosolids to another party for further treatment or 
distribution, must give the recipient the information necessary to ensure compliance. 

1. Exceptional quality biosolids meet the pollutant concentration limits in Table III of 40 CFR 
Part 503.13, Class A pathogen limits, and one of the vector attraction reduction 
requirements in 503.33(b)(1)-(b)(8). Such biosolids do not have to be tracked further for 
compliance with general requirements (503.12) and management practices (503.14). 

2. Biosolids used for agricultural land, forest, or reclamation shall meet the pollutant limits in 
Table I (ceiling concentrations) and Table II or Table III (cumulative loadings or pollutant 
concentration limits) of 503.13. They shall also meet the general requirements (503.12) and 
management practices (503.14) (if not exceptional quality biosolids) for Class A or Class B 
pathogen levels with associated access restrictions (503.32) and one of the 10 vector 
attraction reduction requirements in 503.33(b)(1)-(b)(10). 

3. Biosolids used for lawn or home gardens must meet exceptional quality biosolids limits. 

4. Biosolids sold or given away in a bag or other container must meet the pollutant limits in 
either Table III or Table IV (pollutant concentration limits or annual pollutant loading rate 
limits) of 503.13. If Table IV is used, a label or information sheet must be attached to the 
biosolids packing that explains Table IV (see 503.14). The biosolids must also meet the 
Class A pathogen limits and one of the vector attraction reduction requirements in 
503.33(b)(1)-(b)(8). 

II. STANDARD PROVISIONS – PERMIT ACTION

Not Supplemented 

III. STANDARD PROVISIONS – MONITORING

A. Sampling and Analyses 

This section is a supplement to III.A and III.B of Standard Provisions (Attachment D) 

1. Use of Certified Laboratories 

Water and waste analyses shall be performed by a laboratory certified for these analyses in 
accordance with California Water Code Section 13176. 

2. Use of Appropriate Minimum Levels 
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Table C lists the suggested analytical methods for the 126 priority pollutants and other toxic 
pollutants that should be used, unless a particular method or minimum level (ML) is 
required in the MRP. 

For priority pollutant monitoring, when there is more than one ML value for a given 
substance, the Discharger may select any one of the analytical methods cited in Table C for 
compliance determination, or any other method described in 40 CFR part 136 or approved 
by USEPA (such as the 1600 series) if authorized by the Regional Water Board. However, 
the ML must be below the effluent limitation and water quality objective. If no ML value is 
below the effluent limitation and water quality objective, then the method must achieve an 
ML no greater than the lowest ML value indicated in Table C. All monitoring instruments 
and equipment shall be properly calibrated and maintained to ensure accuracy of 
measurements.  

3. Frequency of Monitoring 

The minimum schedule of sampling analysis is specified in the MRP portion of the permit. 

a. Timing of Sample Collection 

(1) The Discharger shall collect samples of influent on varying days selected at random 
and shall not include any plant recirculation or other sidestream wastes, unless 
otherwise stipulated by the MRP.  

(2) The Discharger shall collect samples of effluent on days coincident with influent 
sampling unless otherwise stipulated by the MRP or the Executive Officer. The 
Executive Officer may approve an alternative sampling plan if it is demonstrated to 
be representative of plant discharge flow and in compliance with all other permit 
requirements. 

(3) The Discharger shall collect grab samples of effluent during periods of day-time 
maximum peak effluent flows (or peak flows through secondary treatment units for 
facilities that recycle effluent flows). 

(4) Effluent sampling for conventional pollutants shall occur on at least one day of any 
multiple-day bioassay test the MRP requires. During the course of the test, on at 
least one day, the Discharger shall collect and retain samples of the discharge. In the 
event a bioassay test does not comply with permit limits, the Discharger shall 
analyze these retained samples for pollutants that could be toxic to aquatic life and 
for which it has effluent limits.  

(a). The Discharger shall perform bioassay tests on final effluent samples; when 
chlorine is used for disinfection, bioassay tests shall be performed on effluent 
after chlorination-dechlorination; and 

(b) The Discharger shall analyze for total ammonia nitrogen and calculate the 
amount of un-ionized ammonia whenever test results fail to meet the percent 
survival specified in the permit. 

b. Conditions Triggering Accelerated Monitoring 
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(1) If the results from two consecutive samples of a constituent monitored in a 30-day 
period exceed the monthly average limit for any parameter (or if the required 
sampling frequency is once per month and the monthly sample exceeds the monthly 
average limit), the Discharger shall, within 24 hours after the results are received, 
increase its sampling frequency to daily until the results from the additional 
sampling show that the parameter is in compliance with the monthly average limit. 

(2) If any maximum daily limit is exceeded, the Discharger shall increase its sampling 
frequency to daily within 24 hours after the results are received that indicate the 
exceedance of the maximum daily limit until two samples collected on consecutive 
days show compliance with the maximum daily limit. 

(3) If final or intermediate results of an acute bioassay test indicate a violation or
threatened violation (e.g., the percentage of surviving test organisms of any single 
acute bioassay test is less than 70 percent), the Discharger shall initiate a new test as 
soon as practical, and the Discharger shall investigate the cause of the mortalities 
and report its findings in the next self monitoring report (SMR).

(4) The Discharger shall calibrate chlorine residual analyzers against grab samples as 
frequently as necessary to maintain accurate control and reliable operation. If an 
effluent violation is detected, the Discharger shall collect grab samples at least every 
30 minutes until compliance with the limit is achieved, unless the Discharger 
monitors chlorine residual continuously. In such cases, the Discharger shall continue 
to conduct continuous monitoring as required by its permit. 

(5) When a bypass occurs (except one subject to provision III.A.3.b.6 below), the 
Discharger shall monitor flows and collect samples on a daily basis for all 
constituents at affected discharge points that have effluent limits for the duration of 
the bypass (including acute toxicity using static renewals), except chronic toxicity, 
unless otherwise stipulated by the MRP.  

(6) Unless otherwise stipulated by the MRP, when a bypass approved pursuant to 
Attachment D, Standard Provisions, Sections I.G.2 or I.G.4, occurs, the Discharger 
shall monitor flows and, using appropriate procedures as specified in the MRP, 
collect and retain samples for affected discharge points on a daily basis for the 
duration of the bypass. The Discharger shall analyze for total suspended solids 
(TSS) using 24-hour composites (or more frequent increments) and for bacteria 
indicators with effluent limits using grab samples. If TSS exceeds 45 mg/L in any 
composite sample, the Discharger shall also analyze the retained samples for that 
discharge for all other constituents that have effluent limits, except oil and grease, 
mercury, dioxin-TEQ, and acute and chronic toxicity. Additionally, at least once 
each year, the Discharger shall analyze the retained samples for one approved 
bypass discharge event for all other constituents that have effluent limits, except oil 
and grease, mercury, dioxin-TEQ, and acute and chronic toxicity. This monitoring 
shall be in addition to the minimum monitoring specified in the MRP. 

c. Stormwater Monitoring  
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The requirements of this section only apply to facilities that are not covered by an 
NPDES permit for stormwater discharges and where not all site storm drainage from 
process areas (i.e., areas of the treatment facility where chemicals or wastewater could 
come in contact with stormwater) is directed to the headworks. For stormwater not 
directed to the headworks during the wet season (October 1 to April 30), the Discharger 
shall: 

(1) Conduct visual observations of the stormwater discharge locations during daylight 
hours at least once per month during a storm event that produces significant 
stormwater discharge to observe the presence of floating and suspended materials, 
oil and grease, discoloration, turbidity, and odor, etc. 

(2) Measure (or estimate) the total volume of stormwater discharge, collect grab 
samples of stormwater discharge from at least two storm events that produce 
significant stormwater discharge, and analyze the samples for oil and grease, pH, 
TSS, and specific conductance. 

The grab samples shall be taken during the first 30 minutes of the discharge. If 
collection of the grab samples during the first 30 minutes is impracticable, grab 
samples may be taken during the first hour of the discharge, and the Discharger 
shall explain in the Annual Report why the grab sample(s) could not be taken in the 
first 30 minutes. 

(3) Testing for the presence of non-stormwater discharges shall be conducted no less 
than twice during the dry season (May 1 to September 30) at all stormwater 
discharge locations. Tests may include visual observations of flows, stains, sludges, 
odors, and other abnormal conditions; dye tests; TV line surveys; or analysis and 
validation of accurate piping schematics. Records shall be maintained describing the 
method used, date of testing, locations observed, and test results. 

(4) Samples shall be collected from all locations where stormwater is discharged. 
Samples shall represent the quality and quantity of stormwater discharged from the 
facility. If a facility discharges stormwater at multiple locations, the Discharger may 
sample a reduced number of locations if it establishes and documents through the 
monitoring program that stormwater discharges from different locations are 
substantially identical. 

(5) Records of all stormwater monitoring information and copies of all reports required 
by the permit shall be retained for a period of at least three years from the date of 
sample, observation, or report.  

d. Receiving Water Monitoring 

The requirements of this section only apply when the MRP requires receiving water 
sampling. 

(1) Receiving water samples shall be collected on days coincident with effluent 
sampling for conventional pollutants. 
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(2) Receiving water samples shall be collected at each station on each sampling day 
during the period within one hour following low slack water. Where sampling 
during lower slack water is impractical, sampling shall be performed during higher 
slack water. Samples shall be collected within the discharge plume and down 
current of the discharge point so as to be representative, unless otherwise stipulated 
in the MRP. 

(3) Samples shall be collected within one foot of the surface of the receiving water, 
unless otherwise stipulated in the MRP.

B. Biosolids Monitoring 

This section supplements III.B of Standard Provisions (Attachment D) 

When biosolids are sent to a landfill, sent to a surface disposal site, or applied to land as a soil amendment, 
they must be monitored as follows: 

1. Biosolids Monitoring Frequency 

Biosolids disposal must be monitored at the following frequency: 

Metric tons biosolids/365 days Frequency 
0-290 Once per year 
290-1500 Quarterly 
1500-15,000 Six times per year 
Over 15,000 Once per month 
(Metric tons are on a dry weight basis)  

 
2. Biosolids Pollutants to Monitor 

Biosolids shall be monitored for the following constituents: 

Land Application: arsenic, cadmium, copper, mercury, molybdenum, nickel, lead, 
selenium, and zinc 

Municipal Landfill: Paint filter test (pursuant to 40 CFR 258) 

Biosolids-only Landfill or Surface Disposal Site (if no liner and leachate system): 
arsenic, chromium, and nickel 

C. Standard Observations 

This section is an addition to III of Standard Provisions (Attachment D) 

1. Receiving Water Observations 

The requirements of this section only apply when the MRP requires standard observations 
of the receiving water. Standard observations shall include the following: 
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a. Floating and suspended materials (e.g., oil, grease, algae, and other macroscopic 
particulate matter): presence or absence, source, and size of affected area. 

b. Discoloration and turbidity: description of color, source, and size of affected area. 

c. Odor: presence or absence, characterization, source, distance of travel, and wind 
direction. 

d. Beneficial water use: presence of water-associated waterfowl or wildlife, fisherpeople, 
and other recreational activities in the vicinity of each sampling station. 

e. Hydrographic condition: time and height of corrected high and low tides (corrected to 
nearest National Oceanic and Atmospheric Administration location for the sampling 
date and time of sample collection). 

f. Weather conditions: 

(1) Air temperature; and 

(2) Total precipitation during the five days prior to observation. 

2. Wastewater Effluent Observations 

The requirements of this section only apply when the MRP requires wastewater effluent 
standard observations. Standard observations shall include the following: 

a. Floating and suspended material of wastewater origin (e.g., oil, grease, algae, and other 
macroscopic particulate matter): presence or absence. 

b. Odor: presence or absence, characterization, source, distance of travel, and wind 
direction. 

3. Beach and Shoreline Observations 

The requirements of this section only apply when the MRP requires beach and shoreline 
standard observations. Standard observations shall include the following: 

a. Material of wastewater origin: presence or absence, description of material, estimated 
size of affected area, and source. 

b. Beneficial use: estimate number of people participating in recreational water contact, 
non-water contact, or fishing activities.  

4. Land Retention or Disposal Area Observations 

The requirements of this section only apply to facilities with on-site surface impoundments 
or disposal areas that are in use. This section applies to both liquid and solid wastes, 
whether confined or unconfined. The Discharger shall conduct the following for each 
impoundment: 

a. Determine the amount of freeboard at the lowest point of dikes confining liquid wastes. 
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b. Report evidence of leaching liquid from area of confinement and estimated size of 
affected area. Show affected area on a sketch and volume of flow (e.g., gallons per 
minute [gpm]). 

c. Regarding odor, describe presence or absence, characterization, source, distance of 
travel, and wind direction. 

d. Estimate number of waterfowl and other water-associated birds in the disposal area and 
vicinity. 

5. Periphery of Waste Treatment and/or Disposal Facilities Observations 

The requirements of this section only apply when the MRP specifies periphery standard 
observations. Standard observations shall include the following: 

a. Odor: presence or absence, characterization, source, and distance of travel. 

b. Weather conditions: wind direction and estimated velocity.

IV. STANDARD PROVISIONS – RECORDS

A. Records to be Maintained 

This supplements IV.A of Standard Provisions (Attachment D) 

The Discharger shall maintain records in a manner and at a location (e.g., wastewater treatment 
plant or Discharger offices) such that the records are accessible to Regional Water Board staff. 
The minimum period of retention specified in Section IV, Records, of the Federal Standard 
Provisions shall be extended during the course of any unresolved litigation regarding the subject 
discharge, or when requested by the Regional Water Board or Regional Administrator of USEPA, 
Region IX. 

A copy of the permit shall be maintained at the discharge facility and be available at all times to 
operating personnel. 

B. Records of monitoring information shall include 

This supplements IV.B of Standard Provision (Attachment D) 

1. Analytical Information

Records shall include analytical method detection limits, minimum levels, reporting levels, 
and related quantification parameters.  

2. Flow Monitoring Data 

For all required flow monitoring (e.g., influent and effluent flows), the additional records 
shall include the following, unless otherwise stipulated by the MRP: 

a. Total volume for each day; and 

Exhibit 24



REVISED TENTATIVE ORDER No. R2-2010-0054 
 

Attachment G  G-16 
Regional Standard Provisions, and Monitoring and Reporting Requirements  

b. Maximum, minimum, and average daily flows for each calendar month. 

3. Wastewater Treatment Process Solids 

a. For each treatment unit process that involves solids removal from the wastewater 
stream, records shall include the following:  

(1) Total volume or mass of solids removed from each collection unit (e.g., grit, 
skimmings, undigested biosolids, or combination) for each calendar month or other 
time period as appropriate, but not to exceed annually; and  

(2) Final disposition of such solids (e.g., landfill, other subsequent treatment unit).  

b. For final dewatered biosolids from the treatment plant as a whole, records shall include 
the following:  

(1) Total volume or mass of dewatered biosolids for each calendar month; 

(2) Solids content of the dewatered biosolids; and 

(3) Final disposition of dewatered biosolids (disposal location and disposal method). 

4. Disinfection Process 

For the disinfection process, these additional records shall be maintained documenting 
process operation and performance: 

a. For bacteriological analyses:  

(1) Wastewater flow rate at the time of sample collection; and 

(2) Required statistical parameters for cumulative bacterial values (e.g., moving median 
or geometric mean for the number of samples or sampling period identified in this 
Order).  

b. For the chlorination process, when chlorine is used for disinfection, at least daily 
average values for the following:  

(1) Chlorine residual of treated wastewater as it enters the contact basin (mg/L); 

(2) Chlorine dosage (kg/day); and 

(3) Dechlorination chemical dosage (kg/day). 

5. Treatment Process Bypasses 

A chronological log of all treatment process bypasses, including wet weather blending, 
shall include the following: 

a. Identification of the treatment process bypassed; 
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b. Dates and times of bypass beginning and end; 

c. Total bypass duration; 

d. Estimated total bypass volume; and  

e. Description of, or reference to other reports describing, the bypass event, the cause, the 
corrective actions taken (except for wet weather blending that is in compliance with 
permit conditions), and any additional monitoring conducted. 

6. Treatment Facility Overflows 

This section applies to records for overflows at the treatment facility. This includes the 
headworks and all units and appurtenances downstream. The Discharger shall retain a 
chronological log of overflows at the treatment facility and records supporting the 
information provided in section V.E.2. 

C. Claims of Confidentiality – Not Supplemented 

V. STANDARD PROVISIONS – REPORTING

A. Duty to Provide Information 

Not Supplemented 

B. Signatory and Certification Requirements 

Not Supplemented 

C. Monitoring Reports 

This section supplements V.C of Standard Provisions (Attachment D) 

1. Self Monitoring Reports 

For each reporting period established in the MRP, the Discharger shall submit an SMR to 
the Regional Water Board in accordance with the requirements listed in this document and 
at the frequency the MRP specifies. The purpose of the SMR is to document treatment 
performance, effluent quality, and compliance with the waste discharge requirements of this 
Order. 

a. Transmittal letter 

Each SMR shall be submitted with a transmittal letter. This letter shall include the 
following:  

(1) Identification of all violations of effluent limits or other waste discharge 
requirements found during the reporting period; 

(2) Details regarding violations: parameters, magnitude, test results, frequency, and 
dates; 
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(3) Causes of violations; 

(4) Discussion of corrective actions taken or planned to resolve violations and prevent 
recurrences, and dates or time schedule of action implementation (if previous 
reports have been submitted that address corrective actions, reference to the earlier 
reports is satisfactory); 

(5) Data invalidation (Data should not be submitted in an SMR if it does not meet 
quality assurance/quality control standards. However, if the Discharger wishes to 
invalidate any measurement after it was submitted in an SMR, a letter shall identify 
the measurement suspected to be invalid and state the Discharger’s intent to submit, 
within 60 days, a formal request to invalidate the measurement. This request shall 
include the original measurement in question, the reason for invalidating the 
measurement, all relevant documentation that supports invalidation [e.g., laboratory 
sheet, log entry, test results, etc.], and discussion of the corrective actions taken or 
planned [with a time schedule for completion] to prevent recurrence of the sampling 
or measurement problem.); 

(6)  If the Discharger blends, the letter shall describe the duration of blending events and 
certify whether blended effluent was in compliance with the conditions for 
blending; and 

(7)  Signature (The transmittal letter shall be signed according to Section V.B of this 
Order, Attachment D – Standard Provisions.). 

b. Compliance evaluation summary 

Each report shall include a compliance evaluation summary. This summary shall 
include each parameter for which the permit specifies effluent limits, the number of 
samples taken during the monitoring period, and the number of samples that exceed 
applicable effluent limits.  

c. Results of analyses and observations 

(1) Tabulations of all required analyses and observations, including parameter, date, 
time, sample station, type of sample, test result, method detection limit, method 
minimum level, and method reporting level, if applicable, signed by the laboratory 
director or other responsible official.  

(2) When determining compliance with an average monthly effluent limitation and 
more than one sample result is available in a month, the Discharger shall compute 
the arithmetic mean unless the data set contains one or more reported determinations 
of detected but not quantified (DNQ) or nondetect (ND). In those cases, the 
Discharger shall compute the median in place of the arithmetic mean in accordance 
with the following procedure: 

(a) The data set shall be ranked from low to high, reported ND determinations 
lowest, DNQ determinations next, followed by quantified values (if any). The 
order of the individual ND or DNQ determinations is unimportant. 
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(b) The median value of the data set shall be determined. If the data set has an odd 
number of data points, then the median is the middle value. If the data set has an 
even number of data points, then the median is the average of the two values 
around the middle unless one or both of the points are ND or DNQ, in which 
case the median value shall be the lower of the two data points where DNQ is 
lower than a value and ND is lower than DNQ. 

If a sample result, or the arithmetic mean or median of multiple sample results, 
is below the reporting limit, and there is evidence that the priority pollutant is 
present in the effluent above an effluent limitation and the Discharger conducts a 
Pollutant Minimization Program, the Discharger shall not be deemed out of 
compliance. 

(3) Dioxin-TEQ Reporting:  The Discharger shall report for each dioxin and furan 
congener the analytical results of effluent monitoring, including the quantifiable 
limit (reporting level), the method detection limit, and the measured concentration. 
The Discharger shall report all measured values of individual congeners, including 
data qualifiers. When calculating dioxin-TEQ, the Discharger shall set congener 
concentrations below the minimum levels (ML) to zero. The Discharger shall 
calculate and report dioxin-TEQs using the following formula, where the MLs, 
toxicity equivalency factors (TEFs), and bioaccumulation equivalency factors 
(BEFs) are as provided in Table A: 

Dioxin-TEQ =  (Cx  x TEFx  x BEFx) 

where: Cx = measured or estimated concentration of congener x 
 TEFx = toxicity equivalency factor for congener x 
 BEFx = bioaccumulation equivalency factor for congener x

Table A 

Minimum Levels, Toxicity Equivalency Factors,  
and Bioaccumulation Equivalency Factors 

 

Dioxin or Furan 
Congener

Minimum
Level
(pg/L)

1998 Toxicity 
Equivalency

Factor
(TEF)

Bioaccumulation 
Equivalency

Factor
(BEF)

2,3,7,8-TCDD 10 1.0 1.0 
1,2,3,7,8-PeCDD 50 1.0 0.9 
1,2,3,4,7,8-HxCDD 50 0.1 0.3 
1,2,3,6,7,8-HxCDD 50 0.1 0.1 
1,2,3,7,8,9-HxCDD 50 0.1 0.1 
1,2,3,4,6,7,8-HpCDD 50 0.01 0.05 
OCDD 100 0.0001 0.01 
2,3,7,8-TCDF 10 0.1 0.8 
1,2,3,7,8-PeCDF 50 0.05 0.2 
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2,3,4,7,8-PeCDF 50 0.5 1.6 
1,2,3,4,7,8-HxCDF 50 0.1 0.08 
1,2,3,6,7,8-HxCDF 50 0.1 0.2 
1,2,3,7,8,9-HxCDF 50 0.1 0.6 
2,3,4,6,7,8-HxCDF 50 0.1 0.7 
1,2,3,4,6,7,8-HpCDF 50 0.01 0.01 
1,2,3,4,7,8,9-HpCDF 50 0.01 0.4 
OCDF 100 0.0001 0.02 

 
d. Data reporting for results not yet available 

The Discharger shall make all reasonable efforts to obtain analytical data for required 
parameter sampling in a timely manner. Certain analyses require additional time to 
complete analytical processes and report results. For cases where required monitoring 
parameters require additional time to complete analytical processes and reports, and 
results are not available in time to be included in the SMR for the subject monitoring 
period, the Discharger shall describe such circumstances in the SMR and include the 
data for these parameters and relevant discussions of any observed exceedances in the 
next SMR due after the results are available. 

e. Flow data  

The Discharger shall provide flow data tabulation pursuant to Section IV.B.2. 

f. Annual self monitoring report requirements 

By the date specified in the MRP, the Discharger shall submit an annual report to the 
Regional Water Board covering the previous calendar year. The report shall contain the 
following: 

(1) Annual compliance summary table of treatment plant performance, including 
documentation of any blending events;  

(2) Comprehensive discussion of treatment plant performance and compliance with the 
permit (This discussion shall include any corrective actions taken or planned, such 
as changes to facility equipment or operation practices that may be needed to 
achieve compliance, and any other actions taken or planned that are intended to 
improve performance and reliability of the Discharger’s wastewater collection, 
treatment, or disposal practices.); 

(3) Both tabular and graphical summaries of the monitoring data for the previous year if 
parameters are monitored at a frequency of monthly or greater;  

(4) List of approved analyses, including the following: 

(a) List of analyses for which the Discharger is certified; 
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(b) List of analyses performed for the Discharger by a separate certified laboratory 
(copies of reports signed by the laboratory director of that laboratory shall not be 
submitted but be retained onsite); and 

(c) List of “waived” analyses, as approved; 

(5) Plan view drawing or map showing the Discharger’s facility, flow routing, and 
sampling and observation station locations; 

(6) Results of annual facility inspection to verify that all elements of the SWPP Plan are 
accurate and up to date (only required if the Discharger does not route all 
stormwater to the headworks of its wastewater treatment plant); and 

(7) Results of facility report reviews (The Discharger shall regularly review, revise, and 
update, as necessary, the O&M Manual, the Contingency Plan, the Spill Prevention 
Plan, and Wastewater Facilities Status Report so that these documents remain useful 
and relevant to current practices. At a minimum, reviews shall be conducted 
annually. The Discharger shall include, in each Annual Report, a description or 
summary of review and evaluation procedures, recommended or planned actions, 
and an estimated time schedule for implementing these actions. The Discharger 
shall complete changes to these documents to ensure they are up-to-date.). 

g. Report submittal 

The Discharger shall submit SMRs to: 
California Regional Water Quality Control Board  
San Francisco Bay Region  
1515 Clay Street, Suite 1400 
Oakland, CA 94612 
Attn: NPDES Wastewater Division 

h. Reporting data in electronic format 

The Discharger has the option to submit all monitoring results in an electronic reporting 
format approved by the Executive Officer. If the Discharger chooses to submit SMRs 
electronically, the following shall apply: 

(1)  Reporting Method: The Discharger shall submit SMRs electronically via a process 
approved by the Executive Officer (see, for example, the letter dated December 17, 
1999, “Official Implementation of Electronic Reporting System [ERS]” and the 
progress report letter dated December 17, 2000). 

(2) Monthly or Quarterly Reporting Requirements: For each reporting period (monthly 
or quarterly as specified in the MRP), the Discharger shall submit an electronic 
SMR to the Regional Water Board in accordance with the provisions of Section 
V.C.1.a-e, except for requirements under Section V.C.1.c(1) where ERS does not 
have fields for dischargers to input certain information (e.g., sample time). 
However, until USEPA approves the electronic signature or other signature 
technologies, Dischargers that use ERS shall submit a hard copy of the original 
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transmittal letter, an ERS printout of the data sheet, and a violation report (a receipt 
of the electronic transmittal shall be retained by the Discharger). This electronic 
SMR submittal suffices for the signed tabulations specified under Section 
V.C.1.c(1). 

(3) Annual Reporting Requirements: Dischargers who have submitted data using the 
ERS for at least one calendar year are exempt from submitting the portion of the 
annual report required under Section V.C.1.f(1) and (3). 

D. Compliance Schedules 

Not supplemented 

E. Twenty-Four Hour Reporting 

This section supplements V.E of Standard Provision (Attachment D) 

1. Spill of Oil or Other Hazardous Material Reports 

a. Within 24 hours of becoming aware of a spill of oil or other hazardous material that is 
not contained onsite and completely cleaned up, the Discharger shall report by 
telephone to the Regional Water Board at (510) 622-2369.  

b. The Discharger shall also report such spills to the State Office of Emergency Services 
[telephone (800) 852-7550] only when the spills are in accordance with applicable 
reporting quantities for hazardous materials. 

c. The Discharger shall submit a written report to the Regional Water Board within five 
working days following telephone notification unless directed otherwise by Regional 
Water Board staff. A report submitted electronically is acceptable. The written report 
shall include the following: 

(1)  Date and time of spill, and duration if known; 

(2)  Location of spill (street address or description of location); 

(3) Nature of material spilled; 

(4) Quantity of material involved; 

(5)  Receiving water body affected, if any; 

(6) Cause of spill; 

(7) Estimated size of affected area; 

(8) Observed impacts to receiving waters (e.g., oil sheen, fish kill, water discoloration);  

(9) Corrective actions taken to contain, minimize, or clean up the spill; 

(10) Future corrective actions planned to be taken to prevent recurrence, and schedule of 
implementation; and 
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(11) Persons or agencies notified.

2. Unauthorized Discharges from Municipal Wastewater Treatment Plants1

The following requirements apply to municipal wastewater treatment plants that experience 
an unauthorized discharge at their treatment facilities and are consistent with and supercede 
requirements imposed on the Discharger by the Executive Officer by letter of May 1, 2008, 
issued pursuant to California Water Code Section 13383. 

a. Two (2)-Hour Notification  

For any unauthorized discharges that result in a discharge to a drainage channel or a 
surface water, the Discharger shall, as soon as possible, but not later than two (2) hours 
after becoming aware of the discharge, notify the State Office of Emergency Services 
(telephone 800-852-7550), the local health officers or directors of environmental health 
with jurisdiction over the affected water bodies, and the Regional Water Board. The 
notification to the Regional Water Board shall be via the Regional Water Board’s online 
reporting system at www.wbers.net, and shall include the following: 

(1) Incident description and cause; 

(2)  Location of threatened or involved waterway(s) or storm drains; 

(3) Date and time the unauthorized discharge started; 

(4)  Estimated quantity and duration of the unauthorized discharge (to the extent 
known), and the estimated amount recovered; 

(5)  Level of treatment prior to discharge (e.g., raw wastewater, primary treated, 
undisinfected secondary treated, and so on); and 

(6)  Identity of the person reporting the unauthorized discharge. 

b. 24-hour Certification 

Within 24 hours, the Discharger shall certify to the Regional Water Board, at 
www.wbers.net, that the State Office of Emergency Services and the local health officers 
or directors of environmental health with jurisdiction over the affected water bodies 
have been notified of the unauthorized discharge. 

c. 5-Day Written Report 

Within five business days, the Discharger shall submit a written report, via the Regional 
Water Board’s online reporting system at www.wbers.net, that includes, in addition to 
the information required above, the following: 

                                                 
1  California Code of Regulations, Title 23, Section 2250(b), defines an unauthorized discharge to be a discharge, not regulated by waste 

discharge requirements, of treated, partially treated, or untreated wastewater resulting from the intentional or unintentional diversion of 
wastewater from a collection, treatment or disposal system. 
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(1) Methods used to delineate the geographical extent of the unauthorized discharge 
within receiving waters; 

(2) Efforts implemented to minimize public exposure to the unauthorized discharge; 

(3) Visual observations of the impacts (if any) noted in the receiving waters (e.g., fish 
kill, discoloration of water) and the extent of sampling if conducted; 

(4) Corrective measures taken to minimize the impact of the unauthorized discharge; 

(5) Measures to be taken to minimize the chances of a similar unauthorized discharge 
occurring in the future; 

(6) Summary of Spill Prevention Plan or O&M Manual modifications to be made, if 
necessary, to minimize the chances of future unauthorized discharges; and 

(7) Quantity and duration of the unauthorized discharge, and the amount recovered. 

d. Communication Protocol  

To clarify the multiple levels of notification, certification, and reporting, the current 
communication requirements for unauthorized discharges from municipal wastewater 
treatment plants are summarized in Table B that follows. 

Table B 
 

Summary of Communication Requirements for Unauthorized Discharges1 from  
Municipal Wastewater Treatment Plants 

Discharger is 
required to: 

Agency Receiving 
Information

Time frame Method for Contact 

California Emergency 
Management Agency 
(Cal EMA) 

As soon as possible, but not later than 2
hours after becoming aware of the 
unauthorized discharge. 

Telephone – (800) 852-
7550 (obtain a control 
number from Cal EMA) 

Local health 
department 

As soon as possible, but not later than 2
hours after becoming aware of the 
unauthorized discharge. 

Depends on local health 
department 1. Notify 

Regional Water Board 
As soon as possible, but not later than 2
hours after becoming aware of the 
unauthorized discharge. 

Electronic2 
www.wbers.net 

2. Certify Regional Water Board As soon as possible, but not later than Electronic3 

                                                 
1 California Code of Regulations, Title 23, Section 2250(b), defines an unauthorized discharge to be a discharge, not regulated by waste 

discharge requirements, of treated, partially treated, or untreated wastewater resulting from the intentional or unintentional diversion of 
wastewater from a collection, treatment or disposal system. 

 
2  In the event that the Discharger is unable to provide online notification within 2 hours of becoming aware of an unauthorized 

discharge, it shall phone the Regional Water Board’s spill hotline at (510) 622-2369 and convey the same information contained in the 
notification form. In addition, within 3 business days of becoming aware of the unauthorized discharge, the Discharger shall enter the 
notification information into the Regional Water Board’s online system in electronic format. 

 
3  In most instances, the 2-hour notification will also satisfy 24-hour certification requirements. This is because the notification form 

includes fields for documenting that OES and the local health department have been contacted. In other words, if the Discharger is able 
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24 hours after becoming aware of the 
unauthorized discharge. 

www.wbers.net 

3. Report Regional Water Board Within 5 business days of becoming 
aware of the unauthorized discharge. 

Electronic4 
www.wbers.net 

F. Planned Changes  

Not supplemented 

G. Anticipated Noncompliance 

Not supplemented 

H. Other Noncompliance 

Not supplemented 

I. Other Information 

Not supplemented 

VI. STANDARD PROVISIONS – ENFORCEMENT

Not Supplemented 

VII. ADDITIONAL PROVISIONS – NOTIFICATION LEVELS

Not Supplemented 

VIII. DEFINITIONS 

This section is an addition to Standard Provisions (Attachment D) 

More definitions can be found in Attachment A of this NPDES Permit.  

1. Arithmetic Calculations 

a. Geometric mean is the antilog of the log mean or the back-transformed mean of the 
logarithmically transformed variables, which is equivalent to the multiplication of the 
antilogarithms. The geometric mean can be calculated with either of the following 
equations: 

                                                                                                                                                                       
to complete all the fields in the notification form within 2 hours, certification requirements are also satisfied. In the event that the 
Discharger is unable to provide online certification within 24 hours of becoming aware of an unauthorized discharge, it shall phone the 
Regional Water Board’s spill hotline at (510) 622-2369 and convey the same information contained in the certification form. In 
addition, within 3 business days of becoming aware of the unauthorized discharge, the Discharger shall enter the certification 
information into the Regional Water Board’s online system in electronic format. 

 
4  If the Discharger cannot satisfy the 5-day reporting requirements via the Regional Water Board’s online reporting system, it shall 

submit a written report (preferably electronically in pdf) to the appropriate Regional Water Board case manager. In cases where the 
Discharger cannot satisfy the 5-day reporting requirements via the online reporting system, it must still complete the Regional Water 
Board’s online reporting requirements within 15 calendar days of becoming aware of the unauthorized discharge.  
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Geometric Mean 
N

i
iCLog

N
Anti

1

1log  

or 

Geometric Mean  = (C1*C2*…*CN)1/N 

Where “N” is the number of data points for the period analyzed and “C” is the 
concentration for each of the “N” data points. 

b. Mass emission rate is obtained from the following calculation for any calendar day: 

Mass emission rate (lb/day) = 
N

i
iiCQ

N 1

345.8   

Mass emission rate (kg/day) = 
N

i
iiCQ

N 1

785.3  

In which “N” is the number of samples analyzed in any calendar day and “Qi” and “Ci” are 
the flow rate (MGD) and the constituent concentration (mg/L) associated with each of the 
“N” grab samples that may be taken in any calendar day. If a composite sample is taken, 
“Ci” is the concentration measured in the composite sample and “Qi” is the average flow 
rate occurring during the period over which the samples are composited. The daily 
concentration of a constituent measured over any calendar day shall be determined from the 
flow-weighted average of the same constituent in the combined waste streams as follows: 

Cd = Average daily concentration = 
N

i
ii

t

CQ
Q 1

1  

In which “N” is the number of component waste streams and “Q” and “C” are the flow rate 
(MGD) and the constituent concentration (mg/L) associated with each of the “N” waste 
streams. “Qt” is the total flow rate of the combined waste streams. 

c. Maximum allowable mass emission rate, whether for a 24-hour, weekly 7-day, monthly 
30-day, or 6-month period, is a limitation expressed as a daily rate determined with the 
formulas in the paragraph above, using the effluent concentration limit specified in the 
permit for the period and the specified allowable flow. 

d. POTW removal efficiency is the ratio of pollutants removed by the treatment facilities to 
pollutants entering the treatment facilities (expressed as a percentage). The Discharger shall 
determine removal efficiencies using monthly averages (by calendar month unless 
otherwise specified) of pollutant concentration of influent and effluent samples collected at 
about the same time and using the following equation (or its equivalent): 

Removal Efficiency (%) = 100  [1-(Effluent Concentration/Influent Concentration)] 

2. Biosolids means the solids, semi-liquid suspensions of solids, residues, screenings, grit, scum, and 
precipitates separated from or created in wastewater by the unit processes of a treatment system. It 
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also includes, but is not limited to, all supernatant, filtrate, centrate, decantate, and thickener 
overflow and underflow in the solids handling parts of the wastewater treatment system. 

3. Blending is the practice of recombining wastewater that has been biologically treated with 
wastewater that has bypassed around biological treatment units. 

4. Bottom sediment sample is (1) a separate grab sample taken at each sampling station for the 
determination of selected physical-chemical parameters, or (2) four grab samples collected from 
different locations in the immediate vicinity of a sampling station while the boat is anchored and 
analyzed separately for macroinvertebrates. 

5. Composite sample is a sample composed of individual grab samples collected manually or by an 
automatic sampling device on the basis of time or flow as specified in the MRP. For flow-based 
composites, the proportion of each grab sample included in the composite sample shall be within 
plus or minus five percent (+/-5%) of the representative flow rate of the waste stream being 
measured at the time of grab sample collection. Alternatively, equal volume grab samples may be 
individually analyzed with the flow-weighted average calculated by averaging flow-weighted 
ratios of each grab sample analytical result. Grab samples comprising time-based composite 
samples shall be collected at intervals not greater than those specified in the MRP. The quantity of 
each grab sample comprising a time-based composite sample shall be a set of flow proportional 
volumes as specified in the MRP. If a particular time-based or flow-based composite sampling 
protocol is not specified in the MRP, the Discharger shall determine and implement the most 
representative sampling protocol for the given parameter subject to Executive Officer approval. 

6. Depth-integrated sample is defined as a water or waste sample collected by allowing a sampling 
device to fill during a vertical traverse in the waste or receiving water body being sampled. The 
Discharger shall collect depth-integrated samples in such a manner that the collected sample will 
be representative of the waste or water body at that sampling point. 

7. Flow sample is an accurate measurement of the average daily flow volume using a properly 
calibrated and maintained flow measuring device. 

8. Grab sample is an individual sample collected in a short period of time not exceeding 15 minutes. 
Grab samples represent only the condition that exists at the time the wastewater is collected. 

9. Initial dilution is the process that results in the rapid and irreversible turbulent mixing of 
wastewater with receiving water around the point of discharge. 

10. Overflow is the intentional or unintentional spilling or forcing out of untreated or partially treated 
wastes from a transport system (e.g., through manholes, at pump stations, and at collection points) 
upstream from the treatment plant headworks or from any part of a treatment plant facility. 

11. Priority pollutants are those constituents referred to in 40 CFR Part 122 as promulgated in the 
Federal Register, Vol. 65, No. 97, Thursday, May 18, 2000, also known as the California Toxics 
Rule, the presence or discharge of which could reasonably be expected to interfere with 
maintaining designated uses. 

12. Stormwater means stormwater runoff, snow melt runoff, and surface runoff and drainage. It 
excludes infiltration and runoff from agricultural land. 
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13. Toxic pollutant means any pollutant listed as toxic under federal Clean Water Act section 
307(a)(1) or under 40 CFR 401.15.  

14. Untreated waste is raw wastewater. 

15, Waste, waste discharge, discharge of waste, and discharge are used interchangeably in the permit. 
The requirements of the permit apply to the entire volume of water, and the material therein, that is 
disposed of to surface and ground waters of the State of California. 

Table C 

List of Monitoring Parameters and Analytical Methods 
 
CTR
No.

Pollutant/Parameter Analytical 
Method5

Minimum Levels6

( g/l)

GC GCMS LC Color FAA GFAA ICP ICP 

MS

SPGFAA HYD

RIDE

CVAA DCP

1. Antimony 204.2     10 5 50 0.5 5 0.5  1000 

2. Arsenic 206.3    20  2 10 2 2 1  1000 

3. Beryllium      20 0.5 2 0.5 1   1000 

4. Cadmium 200 or 213     10 0.5 10 0.25 0.5   1000 

5a. Chromium (III) SM 3500             

5b. Chromium (VI) SM 3500    10 5       1000 

 Chromium (total)7 SM 3500     50 2 10 0.5 1   1000 

6. Copper 200.9     25 5 10 0.5 2   1000 

7. Lead 200.9     20 5 5 0.5 2   10,000

8. Mercury 1631  
(note)8 

            

9. Nickel  249.2     50 5 20 1 5   1000 

10. Selenium  200.8 or 
SM 3114B 

or C 

     5 10 2 5 1  1000 

11. Silver  272.2     10 1 10 0.25 2   1000 

12. Thallium 279.2     10 2 10 1 5   1000 

13. Zinc 200 or 289     20  20 1 10    

14. Cyanide  SM 4500 
CN- C or I 

   5         

15. Asbestos (only required for 
dischargers to MUN waters)9 

0100.2 10             

                                                 
5  The suggested method is the USEPA Method unless otherwise specified (SM = Standard Methods). The Discharger may use another 

USEPA-approved or recognized method if that method has a level of quantification below the applicable water quality objective. 
Where no method is suggested, the Discharger has the discretion to use any standard method. 

6  Minimum levels are from the State Implementation Policy. They are the concentration of the lowest calibration standard for that 
technique based on a survey of contract laboratories. Laboratory techniques are defined as follows: GC = Gas Chromatography; 
GCMS = Gas Chromatography/Mass Spectrometry; LC = High Pressure Liquid Chromatography; Color = Colorimetric; FAA = Flame 
Atomic Absorption; GFAA = Graphite Furnace Atomic Absorption; ICP = Inductively Coupled Plasma; ICPMS = Inductively 
Coupled Plasma/Mass Spectrometry; SPGFAA = Stabilized Platform Graphite Furnace Atomic Absorption (i.e., USEPA 200.9); 
Hydride = Gaseous Hydride Atomic Absorption; CVAA = Cold Vapor Atomic Absorption; DCP = Direct Current Plasma. 

7  Analysis for total chromium may be substituted for analysis of chromium (III) and chromium (VI) if the concentration measured is 
below the lowest hexavalent chromium criterion (11 ug/l). 

8  The Discharger shall use ultra-clean sampling (USEPA Method 1669) and ultra-clean analytical methods (USEPA 
Method 1631) for mercury monitoring. The minimum level for mercury is 2 ng/l (or 0.002 ug/l). 

9  MUN = Municipal and Domestic Supply. This designation, if applicable, is in the Findings of the permit. 
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CTR
No.

Pollutant/Parameter Analytical 
Method5

Minimum Levels6

( g/l)

   GC GCMS LC Color FAA GFAA ICP ICP 

MS

SPGFAA HYD 

RIDE

CVAA DCP 

16. 2,3,7,8-TCDD and 17 
congeners (Dioxin) 

1613             

17. Acrolein 603 2.0 5           

18. Acrylonitrile 603 2.0 2           

19. Benzene  602 0.5 2           

33. Ethylbenzene 602 0.5 2           

39. Toluene 602 0.5 2           

20. Bromoform 601 0.5 2           

21. Carbon Tetrachloride 601 0.5 2           

22. Chlorobenzene 601 0.5 2           

23. Chlorodibromomethane 601 0.5 2           

24. Chloroethane 601 0.5 2           

25. 2-Chloroethylvinyl Ether 601 1 1           

26. Chloroform 601 0.5 2           

75. 1,2-Dichlorobenzene 601 0.5 2           

76. 1,3-Dichlorobenzene 601 0.5 2           

77. 1,4-Dichlorobenzene 601 0.5 2           

27. Dichlorobromomethane 601 0.5 2           

28. 1,1-Dichloroethane 601 0.5 1           

29. 1,2-Dichloroethane 601 0.5 2           

30. 1,1-Dichloroethylene or  
1,1-Dichloroethene 

601 0.5 2           

31. 1,2-Dichloropropane 601 0.5 1           

32. 1,3-Dichloropropylene or  
1,3-Dichloropropene 

601 0.5 2           

34. Methyl Bromide or 
Bromomethane 

601 1.0 2           

35. Methyl Chloride or 
Chloromethane 

601 0.5 2           

36. Methylene Chloride or 
Dichlorormethane 

601 0.5 2           

37. 1,1,2,2-Tetrachloroethane 601 0.5 1           

38. Tetrachloroethylene 601 0.5 2           

40. 1,2-Trans-Dichloroethylene 601 0.5 1           

41. 1,1,1-Trichloroethane 601 0.5 2           

42. 1,1,2-Trichloroethane 601 0.5 2           

43. Trichloroethene 601 0.5 2           

44. Vinyl Chloride 601 0.5 2           

45. 2-Chlorophenol 604 2 5           

46. 2,4-Dichlorophenol  604 1 5           

47. 2,4-Dimethylphenol 604 1 2           

48. 2-Methyl-4,6-Dinitrophenol or 
Dinitro-2-methylphenol 

604 10 5           

49. 2,4-Dinitrophenol 604 5 5           

50. 2-Nitrophenol 604  10           

                                                                                                                                                                       
10  Determination of Asbestos Structures over 10 [micrometers] in Length in Drinking Water Using MCE Filters, USEPA 600/R-94-134, 

June 1994. 
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CTR
No.

Pollutant/Parameter Analytical 
Method5

Minimum Levels6

( g/l)

   GC GCMS LC Color FAA GFAA ICP ICP 

MS

SPGFAA HYD 

RIDE

CVAA DCP 

51. 4-Nitrophenol 604 5 10           

52. 3-Methyl-4-Chlorophenol 604 5 1           

53. Pentachlorophenol  604 1 5           

54. Phenol 604 1 1  50         

55. 2,4,6-Trichlorophenol 604 10 10           

56. Acenaphthene 610 HPLC 1 1 0.5          

57. Acenaphthylene 610 HPLC  10 0.2          

58. Anthracene 610 HPLC  10 2          

60. Benzo(a)Anthracene or 1,2 
Benzanthracene 

610 HPLC 10 5           

61. Benzo(a)Pyrene 610 HPLC  10 2          

62. Benzo(b)Fluoranthene or 3,4 
Benzofluoranthene 

610 HPLC  10 10          

63. Benzo(ghi)Perylene 610 HPLC  5 0.1          

64. Benzo(k)Fluoranthene 610 HPLC  10 2          

74. Dibenzo(a,h)Anthracene 610 HPLC  10 0.1          

86. Fluoranthene 610 HPLC 10 1 0.05          

87. Fluorene 610 HPLC  10 0.1          

92. Indeno(1,2,3-cd) Pyrene 610 HPLC  10 0.05          

100. Pyrene 610 HPLC  10 0.05          

68. Bis(2-Ethylhexyl)Phthalate 606 or 625 10 5           

70. Butylbenzyl Phthalate 606 or 625 10 10           

79. Diethyl Phthalate 606 or 625 10 2           

80. Dimethyl Phthalate 606 or 625 10 2           

81. Di-n-Butyl Phthalate 606 or 625  10           

84. Di-n-Octyl Phthalate 606 or 625  10           

59. Benzidine 625  5           

65. Bis(2-Chloroethoxy)Methane 625  5           

66. Bis(2-Chloroethyl)Ether 625 10 1           

67. Bis(2-Chloroisopropyl)Ether 625 10 2           

69. 4-Bromophenyl Phenyl Ether 625 10 5           

71. 2-Chloronaphthalene 625  10           

72. 4-Chlorophenyl Phenyl Ether 625  5           

73. Chrysene 625  10 5          

78. 3,3’-Dichlorobenzidine 625  5           

82. 2,4-Dinitrotoluene 625 10 5           

83. 2,6-Dinitrotoluene 625  5           

85. 1,2-Diphenylhydrazine (note)11 625  1           

88. Hexachlorobenzene 625 5 1           

89. Hexachlorobutadiene 625 5 1           

90. Hexachlorocyclopentadiene 625 5 5           

91. Hexachloroethane 625 5 1           

93. Isophorone 625 10 1           

94. Naphthalene 625 10 1 0.2          

                                                 
11  Measurement for 1,2-Diphenylhydrazine may use azobenzene as a screen: if azobenzene is measured at >1 ug/l, then the Discharger 

shall analyze for 1,2-Diphenylhydrazine. 
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CTR
No.

Pollutant/Parameter Analytical 
Method5

Minimum Levels6

( g/l)

   GC GCMS LC Color FAA GFAA ICP ICP 

MS

SPGFAA HYD 

RIDE

CVAA DCP 

95. Nitrobenzene 625 10 1           

96. N-Nitrosodimethylamine 625 10 5           

97. N-Nitrosodi-n-Propylamine 625 10 5           

98. N-Nitrosodiphenylamine 625 10 1           

99. Phenanthrene 625  5 0.05          

101. 1,2,4-Trichlorobenzene 625 1 5           

102. Aldrin 608 0.005            

103. -BHC 608 0.01            

104. -BHC  608 0.005            

105. -BHC (Lindane) 608 0.02            

106. -BHC 608 0.005            

107. Chlordane 608 0.1            

108. 4,4’-DDT 608 0.01            

109. 4,4’-DDE 608 0.05            

110. 4,4’-DDD 608 0.05            

111. Dieldrin 608 0.01            

112. Endosulfan (alpha) 608 0.02            

113. Endosulfan (beta)  608 0.01            

114. Endosulfan Sulfate 608 0.05            

115. Endrin  608 0.01            

116. Endrin Aldehyde  608 0.01            

117. Heptachlor 608 0.01            

118. Heptachlor Epoxide 608 0.01            

119-
125 

PCBs: Aroclors 1016, 1221, 
1232, 1242, 1248, 1254, 1260 

608 0.5            

126. Toxaphene 608 0.5            
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Direct Measurement of Fugitive Emissions of Hydrocarbons
from a Refinery

Allan K. Chambers and Melvin Strosher
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Tony Wootton, Jan Moncrieff, and Philip McCready
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ABSTRACT
Refineries are a source of emissions of volatile hydrocar-
bons that contribute to the formation of smog and ozone.
Fugitive emissions of hydrocarbons are difficult to mea-
sure and quantify. Currently these emissions are esti-
mated based on standard emission factors for the type and
use of equipment installed. Differential absorption light
detection and ranging (DIAL) can remotely measure con-
centration profiles of hydrocarbons in the atmosphere up
to several hundred meters from the instrument. When
combined with wind speed and direction, downwind ver-
tical DIAL scans can be used to calculate mass fluxes of the
measured gas leaving the site. Using a mobile DIAL unit,
a survey was completed at a Canadian refinery to quantify
fugitive emissions of methane, C2� hydrocarbons, and
benzene and to apportion the hydrocarbon emissions to
the various areas of the refinery. Refinery fugitive emis-
sions as measured with DIAL during this demonstration
study were 1240 kg/hr of C2� hydrocarbons, 300 kg/hr of
methane, and 5 kg/hr of benzene. Storage tanks ac-
counted for over 50% of the total emissions of C2� hy-
drocarbons and benzene. The coker area and cooling tow-
ers were also significant sources. The C2� hydrocarbons
emissions measured during the demonstration amounted
to 0.17% of the mass of the refinery hydrocarbon
throughput for that period. If the same loss were repeated
throughout the year, the lost product would represent a
value of US$3.1 million/yr (assuming US$40/bbl). The
DIAL-measured hourly emissions of C2� hydrocarbons
were 15 times higher than the emission factor estimates
and gave a different perspective on which areas of the

refinery were the main source of emissions. Methods,
such as DIAL, that can directly measure fugitive emissions
would improve the effectiveness of efforts to reduce emis-
sions, quantify the reduction in emissions, and improve
the accuracy of emissions data that are reported to regu-
lators and the public.

INTRODUCTION
Refineries and other hydrocarbon processing facilities are
a potential source of hydrocarbon emissions to the atmo-
sphere. Emissions of methane (CH4) are a concern be-
cause of a greenhouse gas potential 21 times that of car-
bon dioxide. Emissions of hydrocarbons larger than
ethane are a concern for their potential to contribute to
smog and ozone formation. Certain volatile hydrocar-
bons, such as benzene, are genotoxic and carcinogenic.1,2

These concerns are reflected in Canadian government
requirements to annually report site emissions of CH4,
volatile organic hydrocarbons, and criteria air contami-
nants (CACs).

Emissions can occur from point sources, such as
stacks or vents, or from widely dispersed sources such
drains, leaking valves, and fittings. Emissions from point
sources can often be quantified with in-stack concentra-
tion and flow rate instrumentation. Emissions from leak-
ing equipment and uncontained vents or unknown
sources, generally known as fugitive emissions, have been
difficult or impractical to measure. The current practice
for most refineries is to estimate fugitive emissions.

Fugitive emissions of VOCs from refineries are esti-
mated using emission factor methods developed by the
American Petroleum Institute (API) and the U.S. Environ-
mental Protection Agency (EPA). Emissions are estimated
based on installed equipment, operating parameters, and
a standard emission factor for the equipment. As an ex-
ample, the volatile organic compound (VOC) emissions
from a tank are estimated from emissions factors on the
basis of tank size, seal type, material in the tank, the rate
of material transfer through the tank, and other parame-
ters. Fugitive emissions from leaking valves, flanges, and
pipe fittings are often estimated from “sniffing” measure-
ments using EPA Method 21 and correlation equations
developed to estimate leak rates from the Method 21
screening value measurements.3 The variability of
Method 21 results is high, with tests demonstrating that

IMPLICATIONS
DIAL technology can be used to map and quantify fugitive
emissions of hydrocarbons from large industrial sites. Di-
rect measurement provides a more realistic view than emis-
sion factor estimates of the amount and value of product
lost to fugitive emissions and provides information to im-
prove the focus and effectiveness of emissions reduction
efforts. Direct measurement of fugitive emissions would
lead to improved accuracy of reporting to regulators, im-
proved assessment of efforts to reduce fugitive emissions
of hydrocarbons and their impacts on air quality, and more
accurate database information for air quality model
development.
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the mass emission calculated from the Method 21 screen-
ing value for a leak can vary by several orders of magni-
tude from the actual mass emissions.4 In a large, complex
refinery, the application of Method 21 can be labor inten-
sive and costly. A significant number of potential leak
sources may be difficult or unsafe to access and will not be
included in the Method 21 survey.

Government regulators in Canada recognize that
more accurate inventory numbers are essential for assess-
ing emission trends and performance and that direct mea-
surement would improve accuracy of fugitive emission
data. Along with other methods, Environment Canada
has worked with industry to demonstrate the use of dif-
ferential absorption light detection and ranging (DIAL) as
one method to directly measure fugitive emissions. The
DIAL method was used in previous studies in Canada
from 2003 to 2005 to measure fugitive emissions of hy-
drocarbons from natural gas processing facilities and to
measure the combustion efficiency of three flares.5,6

OBJECTIVE OF THIS PROJECT
The objectives of this project were:

(1) To evaluate DIAL as a method to directly measure
the quantity of fugitive emissions of CH4, C2�

hydrocarbons, and benzene from a Canadian re-
finery;

(2) To apportion the measured fugitive emissions to
various areas of the plant; and

(3) To compare the DIAL-measured rate of fugitive
emissions with the emission rates calculated us-
ing estimation methods.

To perform this project, a mobile DIAL unit owned and
operated by Spectrasyne Ltd., U.K., was shipped to Can-
ada during the summer of 2005. The following describes
the DIAL method for measuring fugitive emissions and
the results of the refinery survey.

EXPERIMENTAL METHOD
DIAL

DIAL is a laser-based optical method that can measure the
concentration of a gas species at a remote point in the
atmosphere. One configuration of the DIAL method uses
a pulsed tunable laser operating at two discrete wave-
lengths, one strongly absorbed by the gas species of inter-
est and one weakly absorbed. A system of mirrors and
lenses is used to direct the laser pulses toward the target
gas volume and to collect light backscattered from parti-
cles and aerosols in the atmosphere. The pulse time and
light absorption information from the return signals en-
ables calculation of a gas concentration distribution along
the length of the light path. This DIAL configuration is
unique and different from other open-path optical meth-
ods in its ability to measure the changes in gas concen-
tration along the length of the line of sight and in its lack
of a requirement for a remote reflector or solid target.
Because the DIAL method has its own light source, mea-
surements can be collected day or night and in a wide
range of weather conditions. The unique capabilities of
the DIAL method enable a detailed mapping of air pollut-
ant emissions from industrial sites.7

The Spectrasyne Mobile DIAL Unit
Spectrasyne Ltd., U.K., has operated a mobile DIAL unit
for the purpose of fugitive emissions surveys at oil and
chemical facilities since 1988 (as part of BP Research) and
since 1992 as an independent company. During the pe-
riod from 1978 to 1988, the Spectrasyne team (then BP
Research) was part of a collaborative United Kingdom
Department of Trade and Industry/Oil Industry program
to design, develop, and commercialize DIAL technology.
Commercialization was achieved in 1992 when the BP
Research commercial DIAL system was sold via a manage-
ment buyout to Spectrasyne Ltd. The Spectrasyne DIAL
comprises two DIAL laser sets, along with the required
power generation and cooling, all contained in a 12-m
long mobile unit. Once set up at a site, the mobile DIAL
unit can be easily moved around the site, with approxi-
mately 15 min of setup time required after a move.

The Spectrasyne mobile DIAL consists of two parallel
systems based on two high-energy (1.4 J), 10-Hz pulsed
Nd:YAG pumped dye lasers. Tunable ultraviolet (UV) and
visible radiation is generated in one of the laser sets by
selective use of frequency doubling and tripling crystals.
Tunable infrared (IR) radiation is generated in the second
laser with an injection seeded Nd:YAG by means of a
unique IR source assembly. The output beams from both
laser systems are directed by means of a mirror steering
system that rotates in two planes. The return signal con-
sists of light backscattered from aerosols and particulates
in the atmosphere. This light, which returns along the
same path as the outgoing laser pulses, is collected in a
Cassegrain-type receiving telescope and delivered to the
appropriate detector through a multidichroic, beam split-
ting, collimating and focusing system.

To collect, store, handle, and process the DIAL signals
from the two parallel DIAL systems, a high-speed data
communication network was developed that now runs in
parallel with a unique PC-based software package. Using
the data analysis suite of the package, preliminary con-
centration profiles and mass emission results can be pro-
duced in near real time by the DIAL operators with im-
mediate feedback to plant personnel. On several
occasions in European surveys, this has enabled rapid
location of leaks and other problems that were dealt with
in very short time frames, followed by additional DIAL
measurements to confirm the effectiveness of repairs.

For each gas to be analyzed, the selection of appro-
priate wavelengths for both the absorbing and nonab-
sorbing features is critical to avoid interference from other
gases, such as water vapor, and to provide sufficient sen-
sitivity. Some gases of interest that have been measured
with the Spectrasyne DIAL system include CH4, ethane,
benzene, 1,3-butadiene, sulfur dioxide (SO2), toluene, xy-
lenes, and nitric oxide. The range, sensitivity, and detec-
tion limit vary depending on gas species and atmospheric
conditions. For example, concentrations of benzene
down to 0.5 parts per billion (ppb) and concentrations of
CH4 and alkanes down to 50 ppb can often be measured
several hundred meters remote from the DIAL unit.

For this project, the mobile DIAL unit was set up to
measure CH4 and C2� hydrocarbons in the IR range and
benzene in the UV range. The concentration of CH4 and
benzene were measured directly, with a known molecular
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weight used to calculate mass per unit volume from the
volume concentration output of the DIAL. The wave-
length used for the C2� measurements is a “mixed” wave-
length that is absorbed by several low–molecular-weight
alkane hydrocarbons from ethane (C2) upwards. The con-
tent of the mix of hydrocarbons was determined by col-
lection and analysis of a gas sample from the emissions
plume. After initial DIAL scans to locate the plume, sor-
bant tube sampling sets were deployed at an appropriate
distance and height above ground in the DIAL scan plane
to collect 3-hr average gas samples in the emission plume.
These gas samples were later analyzed by gas chromato-
graph-flame ionization detection (GC-FID) to determine
the identity and relative amounts of hydrocarbon species
in the emissions plume to characterize the C2� hydrocar-
bon mix. In the remainder of this paper, this mixed com-
pound measured quantity is referred to as C2� hydrocarbons.

Wind speed and direction measurements are required
to derive a mass emissions rate from the two-dimensional
DIAL concentration profiles. The Spectrasyne DIAL unit
was equipped with a telescopic meteorological mast op-
erated at a height of 14.5 m to record the free air wind
speed, direction, humidity, and temperature during each
DIAL scan. Further meteorological measurements were
also collected from portable remote meteorological sta-
tions placed near the scan plane and operated at various
heights. The accuracy of wind measurements is an impor-
tant component in the derivation of emission mass fluxes
from the DIAL measurements of concentrations.

Using the DIAL Method for Fugitive Emissions
Surveys

The protocols for the DIAL measurements required the
DIAL truck to be located approximately 50 m from the
closest area to be measured and approximately orthogo-
nal to the wind direction. The laser beams were then
directed along a plane downwind of the target areas and
scanned upwards to encompass the complete emission
plume from the target area. The measured concentration
profiles throughout the plume, the wind speed and direc-
tion information, and the molecular weight of the gas
measured were combined to calculate a mass emission
rate for each scan. A typical vertical scan of gas concen-
tration profiles in a plane 500 m long by 50 m high
required 5–7 min of data collection time. For most scans,
the IR and UV DIAL systems were operated simulta-
neously to collect data on two gas species or mixtures
during each scan. Figure 1 is a schematic illustrating how
the DIAL method would be applied to measure hydrocar-
bon emissions from a set of tanks.

Previous DIAL surveys performed by Spectrasyne Ltd.
in Europe have demonstrated that emissions from areas of
oil and gas industry plants can vary in response to oper-
ational and/or meteorological changes. For this reason,
the procedure adopted by Spectrasyne was to measure
each target area for 2 or 3 hr and to return to the area on
at least one other occasion on a different day. This pro-
vided an indication of the emission stability of an area
and the impact of operational and meteorological
changes. On the basis of the concentration and wind
speed measurements of each DIAL scan and the time

between repeat scans, a time-weighted mean flux rate was
calculated from the repeat scan data, as in eq 1.

Time Weighted Mean �

�
i � 1

k

�ti � fi �

�
i � 1

k

ti

(1)

where ti is the length of scan in minutes, fi is the corre-
sponding flux calculated for each scan, and k is the num-
ber of scans.

An important component of the DIAL measurements
is the subtraction of background concentrations or up-
wind sources if present. Background concentration of
CH4 was determined at the site by measuring in “clean
air” either above the scan line or to the upwind side. A
constant background concentration of CH4 was indicated
by a continuous rise in column content with distance
from the DIAL unit. The column content of CH4 in this
measurement was then used as a baseline for the in-scan
measurements. Background readings were taken at the
end of the first scan at each new location of the DIAL unit
and intermittently during the time at that location. In
addition, the portion before and after the CH4 plume was
analyzed to determine the background for each scan line,
with CH4 increases above that background used for the
calculation of CH4 emissions. At locations without upwind
sources, the DIAL measured background CH4 concentra-
tion over the entire 2-week survey had a mean of 2.84 parts
per million (ppm) with a standard deviation of 0.34 ppm.

Depending on wind direction, there were potential
upwind hydrocarbon sources outside of the refinery sur-
veyed. In these situations, DIAL measurements both up-
wind and downwind of the area of interest were collected
to determine emissions from the targeted part of the re-
finery. Upwind measurements were collected within 2 hr
of the time of the downwind measurements to minimize
the possible effect of wind changes.

Validation of the DIAL Method of Measuring
Mass Flux

The Spectrasyne DIAL method for measuring mass emis-
sions has been validated using sources of known mass flux
in several studies in Europe and two studies in Alberta.
DIAL mass flux measurements in the European validation
studies ranged from �5 to �15% compared with the
known emissions source. In independent validation

Figure 1. Schematic of DIAL system measuring emissions.
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study, monitored by the Conservation of Clean Air and
Water in Europe, Spectrasyne collected DIAL scans of
hydrocarbon emissions over a 4-hr period 36 m down-
wind of a barge loading gasoline. The DIAL measurements
of total emissions over the 4-hr period were 390 kg, as
compared with 435 kg determined from the gas displaced
and gas composition measurements in the tank vent, a
difference of 10%.8

Two validation studies were completed in Alberta
that compared the mass flux of a gas as determined from
DIAL measurements to the mass flux determined from
in-stack measurements of gas concentration and flow rate.
One source was a SO2 plume from a tail gas incinerator
stack at a gas processing facility5 whereas the other was a
nitric oxide (NO) plume from a gas turbine power plant.9
Table 1 summarizes the results of these two studies. The
DIAL measured flux rate was within �11 to �1% of the
flux rate determined by in-stack monitoring, demonstrat-
ing the accuracy of the DIAL method for measuring emis-
sions mass flux.

OVERVIEW OF FIELD TEST PROGRAM
The Canadian refinery selected for the DIAL survey of
fugitive emissions produces a variety of products, includ-
ing gasoline, diesel, and jet fuel. During the period of the
survey, the refinery operated near a full capacity of ap-
proximately 140,000 bbl/day. Most hydrocarbon-contam-
inated wastewater was collected and deep-well injected
for disposal, with only minimal wastewater treatment
on-site. Waste process gases were collected and recom-
pressed for use as fuel gas on the site, minimizing the use
of the process flare. Neither the wastewater treatment area
nor the process flare was included in this DIAL survey.
These two areas could be significant sources of hydrocar-
bon emissions at other refineries and DIAL is capable of
measuring emissions from these types of sources.

The Spectrasyne Ltd. team performed a total of 10
days of DIAL surveys at the refinery site over two periods
in late August and mid-September of 2005. During the
survey, the DIAL unit operated from 32 different positions
to optimize the coverage of the refinery and the ability to
allocate emissions to separate areas in the refinery. The
location of the DIAL unit was often selected based on
wind direction to minimize sources upwind of the area
being surveyed. Complex areas, such as multiple-tank
storage areas, were visited several times to perform sur-
veys under different wind directions and speeds. Major
areas surveyed to determine fugitive emissions included:

• Four major separate areas of tank storage for
crude feed and liquid products;

• An area for storage of propane and butane in
pressurized tanks;

• An on-site delayed coker, a coker black water
storage pond, and a vacuum unit;

• Cooling towers; and
• Three separate processing areas for fractionation

and upgrading.
Adjacent to the site but not part of the refinery operation
were other potential sources of hydrocarbons, such as
storage tanks and product transfer facilities.

During the survey period, the wind was primarily
from the northwest or the west, with some days of wind
from the south or east. Evening lows ranged from 6 to
19 °C, whereas daytime highs ranged from to 8 to 28 °C
with a mix of sunny and rainy days. Wind speeds ranged
from 4 to 34 km/hr during the survey.

RESULTS OF DIAL REFINERY SURVEY
The following summarizes the results of the DIAL mea-
surements of emissions of CH4, C2� hydrocarbons, and
benzene at the refinery. The upper limit of DIAL scans
included in mass flux calculations was indicated by a
decrease in emissions to below the detection limit above
the physical height of the process plant or tanks being
surveyed. Sources of emissions that were included in the
DIAL scans include leaking valves and fittings, pressure
relief valves venting to atmosphere, compressor packing
vents, tank vents, cooling towers, instrumentation vents,
and emissions from contaminated water sewers. The DIAL
scans at this refinery did not include any measurements
to determine emissions from combustion source stacks or
flare stacks.

On the basis of previous validation studies of DIAL
surveys on known sources, the reported time weighted
mean average emissions have an estimated error of �5 to
�15% of actual emissions at the time of measurement.

Emissions of CH4

The results of the CH4 emissions measurements are sum-
marized in Table 2. The reported CH4 emissions were
adjusted online to remove the contribution of a back-
ground CH4 concentration around the plant.

Total site emissions of CH4 measured with the DIAL
were 300 kg/hr. The areas of the refinery with the highest
emissions of CH4 were:

• The coker area, including the vacuum unit and
the coker water pond (41.7% of the total CH4

emissions);
• Process area A (15.8%); and
• Process area C (14.9%).
The single largest source of CH4 emissions was from

the delayed coker area. Any efforts to reduce emissions of
CH4 should focus on this area. The second highest source
of CH4 was the process plant area.

Figures 2 and 3 are example DIAL scans of CH4 emis-
sions from process area A where a variable emission
source was located. The CH4 emissions shown in Figure 3
are approximately 40 kg/hr higher than the emissions
from the scan in Figure 2. The source of this variable CH4

emission appeared to be located in the saturated gas plant
area at approximately 25 m above ground level.

Table 1. Comparison of DIAL-measured mass flux with stack monitoring.

Species
Stack Monitor

(kg/hr)
DIAL

(kg/hr)
Difference

(%)

SO2 (plume from a Claus
plant tail gas incinerator)

340 304 �11

NO (plume from a natural gas
turbine power plant)

66.5 67.1 �1
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Emissions of C2� Hydrocarbons
The results of the C2� hydrocarbon emissions measure-
ments are summarized in Table 3. DIAL measurements
beyond and above the measurement scan plane were
checked for background concentrations of C2� hydrocar-
bons. Where significant surrounding background levels of
C2� were measured, either upwind DIAL scans were made
to quantify the upwind source or the area was resurveyed
during a wind direction that avoided the upwind source.

Total site emissions of C2� hydrocarbons measured
with the DIAL were 1240 kg/hr. The areas of the refinery
with highest emissions of C2� hydrocarbons were:

• The final product tanks (22.4% of total C2� emis-
sions);

• The coker area, including the vacuum unit and
the coker water pond (17.1%); and

• The cooling towers (13.3%).
As a group, tankage at the refinery was the source of
approximately 50% of the fugitive emissions of C2� hy-
drocarbons. The cooling towers, an unexpected source of
hydrocarbon emissions, were the source of 13.3% of the
total site C2� emissions. All three major process areas
combined were responsible for 18.6% of C2� emissions.

Gas sampling and analysis from the emission plumes
were completed to examine the hydrocarbons present in

the plume and to determine a representative molecular
weight of the C2� hydrocarbons measured by the DIAL.
The C2� hydrocarbons present varied from different areas
around the site. The mean molecular weight was generally
in the C4 to C6 carbon number range.

Emissions of Benzene
The results of the benzene emissions measurements are
summarized in Table 4. DIAL measurements around and
above the main measurement scan plane were collected
to check for upwind/background concentrations of ben-
zene. In all cases these were found to be insignificant,
indicating no notable upwind benzene sources during the
measurements.

Total site emissions of benzene measured with the
DIAL were 5 kg/hr. The areas of the refinery with the
highest emissions of benzene were:

• The coker area, including the vacuum unit and
coker water pond (26% of total benzene emissions);

• The final product tanks (26%); and
• The crude feed tanks (14%).

The single largest source of benzene emissions was the
delayed coker area, with the final product tanks, as a
group, emitting a similar amount. Efforts to reduce emis-
sions of benzene should focus on the coker area and the

Figure 2. CH4 concentrations—process area A, low emission (35.3
kg/hr).

Figure 3. CH4 concentrations—process area A, high emission (75.8
kg/hr).

Table 2. Summary of refinery site emissions of CH4.

Area
Range of Individual Scans

(kg/hr)
CH4 Emissions Time-Weighted Mean

(kg/hr)
Portion of Total Site Emissions

(%)

Coker � vacuum unit 50.7–196 125a 41.7
Process area A 22.9–75.8 47.3 15.8
Process area B 9.5–27.6 17.9 6.0
Process area C 22.8–60 44.8 14.9
Cooling towers 15.1–29.1 26.1 8.7
Tanks—crude feed 16.6–21.4 18.4 6.1
Tanks—intermediate and final products – Not measured Not measured
New tank farm 16.4–34.9 20.6 6.9
Propane, butane storage – Not measured Not measured
Site total 300

Notes: aCoker area emissions are average of drilling and nondrilling emissions.
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final product tanks. On a whole, tankage was the source of
64% of the benzene emissions from the site whereas pro-
cess plant areas, other than the coker area, were the source
of less than 10% of the benzene emissions.

Varying Emissions from the Delayed Coker Area
The coker area was the largest source of CH4 and benzene
emissions and one of the largest sources of C2� emissions.
The coker area DIAL measurements were broken into
three main component sections: the delayed coker, the
holding pond containing discharge water from the coker,
and a vacuum unit. The delayed coker consisted of two
parallel units that alternated between an operation cycle
and a discharge cycle. During the discharge cycle, the
coke was removed from one of the units by drilling with
water jets. The coke was discharged directly into rail cars
for transportation off-site. Water was separated into an
open holding pond for cleaning and reuse.

Emissions of C2� hydrocarbons were measured with
the DIAL during both the coke discharge phase and dur-
ing the steam purge phase after the discharged coker had
been resealed. Throughout the measurements, one coker
was sealed and in operation. Table 5 summarizes the
difference in time-weighted mean emissions of C2� from
the delayed cokers and the associated water pond while
one coker is being drilled and after this unit was sealed
and undergoing steam purging. The C2� emissions from

the coker and water pond were 298 kg/hr during drilling
while coke was being dumped, as compared with 114
kg/hr when the coker was sealed for operation. Variations
in emissions from cokers may be linked to the various
operations within the coker cycle.

Emissions from Storage Tanks
On the basis of the DIAL measurements, the storage tanks
at the refinery were the source of approximately 50% of
the C2� emissions and over 60% of the benzene emissions
from the refinery. Spectrasyne’s DIAL measurements of
tanks in Europe indicate that emissions from tanks can
vary significantly based on tank size and design, liquid
properties, tank maintenance, tank level, wind speed, and
whether the tank is filling, stable, or emptying.

Wind speed can have a significant effect on tank
emissions, particularly for floating roof tanks. Table 6
summarizes the effect of wind speed on the DIAL-mea-
sured C2� hydrocarbon emissions on 11 tanks that were
located together in the final products tank farm at the
Canadian refinery. With an increase in wind speed, from
a range during measurements of 7–15 km/hr to a range of
24–34 km/hr, the total emissions from this set of tanks
increased by a factor of 4. This difference in emissions
may not all be attributed to wind speed but may also
include effects such as differing tank levels and level
movements. In this DIAL demonstration project, there

Table 4. Summary of refinery site emissions of benzene.

Area
Range of Individual Scans

(kg/hr)
Benzene Emissions Time-Weighted Mean

(kg/hr)
Portion of Total Site Emissions

(%)

Coker � vacuum unit 0.33–1.72 1.3a 26
Process area A 0.01–0.41 0.1 2
Process area B 0.01–0.37 0.1 2
Process area C 0.12–0.53 0.3 6
Cooling towers – Not measured Not measured
Tanks—crude feed 0.58–0.81 0.7 14
Tanks—intermediate product 0.4–0.67 0.6 12
Tanks—final product 0.36–3.06 1.3 26
New tank farm 0.42–0.66 0.6 12
Site total 5.0

Notes: aCoker area emissions are average of drilling and nondrilling emissions.

Table 3. Summary of refinery site emissions of C2� hydrocarbons.

Area
Range of Individual Scans

(kg/hr)
C2� Emissions Time-Weighted Mean

(kg/hr)
Portion of Total Site Emissions

(%)

Coker � vacuum unit 77.4–369 211a 17.1
Process area A 25.3–224 105 8.5
Process area B 20.6–94.7 57 4.6
Process area C 36.3–111 68 5.5
Cooling towers 57.0–220 164 13.3
Tanks–crude feed 115–170 141 11.4
Tanks–intermediate product 32.8–80.9 69 5.6
Tanks–final product 98.5–516 277 22.4
New tank farm 46.3–150 137 11.1
Propane, butane storage 5.4–9.1 7 0.6
Site total 1236

Notes: aCoker area emissions are average of drilling and nondrilling emissions.
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was insufficient survey time available to measure all of the
tanks under different wind speed conditions and different
conditions of tank levels and level movement. In Europe,
the protocol for Spectrasyne DIAL measurements is that
all areas should be visited at least two to three times on
different days and under different conditions (where ap-
propriate) so that the range of emissions from each area
can be gauged. In many cases where emission variations
are seen (e.g., from crude storage tanks) separate, com-
plete tank filling and emptying cycles are characterized
with DIAL and measurements are taken under different
wind speed regimes, preferably bracketing the annual av-
erage wind speed for the site, to provide a fuller emissions
picture.

The data in Table 6 highlights a caution required
when estimating yearly hydrocarbon emissions from the
tanks using the relatively short term measurements of
emissions over a limited range of wind speeds for each
tank. The average historical annual wind speed for the
Canadian refinery location was 12.1 km/hr (3.36 m/sec).
During the DIAL measurements of tanks at the refinery,
wind speeds covered a wide range, from 5.8 to 34 km/hr
(1.6–9.5 m/sec). Without a full DIAL survey covering a
range of wind and tank operating conditions it would be
difficult to gauge the variability of tank emissions likely to
be encountered over the year at the refinery.

Spectrasyne has performed around 57 DIAL measure-
ment surveys of hydrocarbon emissions from storage
tanks at refineries, chemical plants, and transfer facilities
in Europe and seven detailed cycle and wind effect studies
of individual tanks or small groups of tanks. Figure 4
includes some of the data from the European studies.
Emissions from single tanks ranged from under 10 kg/hr
to over 250 kg/hr in these studies. The highest hydrocar-
bon emission from any single tank at the Canadian refin-
ery was 92 kg/hr. The majority of the tanks at the Cana-
dian refinery had emissions below 40 kg/hr, less than the
median of the tanks shown in Figure 4. Also illustrated in
Figure 4 is the significant effect of wind speed on emis-
sions from floating roof tanks, with emissions increasing
with increasing wind speed.

COMPARISON OF DIAL-MEASURED FUGITIVES
AND EMISSION FACTOR ESTIMATES
The refinery chosen for this demonstration DIAL survey
was required to measure and control fugitive emissions in
accordance with the “Environmental Code of Practice for
the Measurement and Control of Fugitive VOC Emissions
from Equipment Leaks,” published by the Canadian
Council of Ministers of the Environment (CCME). This
code includes leak measurement and control practices
based on EPA Method 21. The refinery also followed the
“Environmental Guidelines for Controlling Emissions of
Volatile Organic Compounds from Aboveground Storage
Tanks,” also published by the CCME. The refinery was
required to annually submit measured emissions of VOCs
and other CACs or estimated emissions if measurements
were not available or possible.

To estimate its annual fugitive emissions of VOCs and
benzene, the refinery followed the code of practice devel-
oped by the Canadian Petroleum Products Institute
(CPPI). Fugitive emissions estimates from the process area
were developed using EPA Method 21 measurements and
correlation equations to estimate leak rates from screen-
ing value measurements and using emission factor esti-
mates for inaccessible equipment. Emissions from the
storage tanks were estimated using EPA TANKS software.
These methods were the basis of the refinery’s estimate of
VOCs and benzene emissions as reported to the Canadian
National Pollutant Release Inventory (NPRI).

The estimates of fugitive emissions of VOCs and ben-
zene submitted to the NPRI for 2004 were estimates of
total annual emissions for the refinery calculated using
emission factor methods. DIAL demonstration measure-
ments of fugitive emissions at each section of the refinery
were typically a time-weighted average of at least 1 hr
of DIAL scans. To make some comparison between the
DIAL-measured hourly fugitive emissions and the estimated

Table 5. Emissions of C2� hydrocarbons from the delayed coker area.

Coker C2� Emission
(kg/hr)

Coker Pond C2� Emissions
(kg/hr)

Vacuum Unit Emissions
(kg/hr)

Total C2� Emissions
(kg/hr)

During drilling (range of individual scans) 134 (60.8–230) 164 (87.7–235) 7.0 (0.7–18.4) 305 (136–369)
During steam purging (range of individual scans) 64.2 (37.2–112) 50.2 (35.7–77) 4.2 (0.6–8.6) 118 (77.4–198)
Average 211

Table 6. Effect of wind speed on emissions from a group of 11 tanks.

Wind Speed
C2� Emissions

(kg/hr)
Benzene Emission

(kg/hr)

Low wind (7–15 km/hr) 71.6 0.3
High wind (24–34 km/hr) 284 1.3 Figure 4. Variation of emissions from light distillate floating roof

tanks in Europe.
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annual total fugitive emissions as submitted to the NPRI,
the NPRI figures were divided by the number of opera-
tional hours in a year using the following assumptions:

• The refinery operated continuously at full
throughput for 48 weeks of the year (8064 hr);

• C2� hydrocarbon emissions as measured by DIAL
represent VOC emissions as defined by NPRI;

• There were no refinery upsets or venting during
the DIAL measurement period that would have
affected emissions;

• DIAL demonstration tank emission measure-
ments represent annual average wind speed con-
ditions, tank levels, and tank level changes for
the refinery; and

• The average of coker emissions during DIAL mea-
surements while drilling and not drilling repre-
sent average annual coker area emissions.

During the period of the DIAL measurements the refinery
was operating at full throughput and there were no sig-
nificant upsets in the plant operation or hydrocarbon
spills.

A detailed breakdown of the emissions estimates by
refinery area was not available for this study so the emis-
sions estimates and DIAL measurements were compared
based on the broad groupings required for NPRI reporting.
The categories and the methods used by the refinery to
develop emissions values were as follows:

(1) Stack or point release: combination of direct mea-
surements with in-stack monitors, periodic stack
measurement, and emission factors suitable for
combustion sources.

(2) Storage or handling: emissions estimates from
storage tanks based on the EPA TANKS procedures
as recommended by CPPI.

(3) Fugitive releases: based on EPA Method 21 plant
specific leak rate screening value correlation
equations, applied per the CCME VOC Code of
Practice.10

(4) Spills: calculated volumes of inadvertent or acci-
dental releases.

(5) Other nonpoint releases: no emissions were re-
ported in this category.

Emissions from point sources, such as flares or stacks from
combustion equipment, or spills were not measured dur-
ing the DIAL survey.

Comparison of C2� Emissions Measurement and
Estimates

Table 7 compares the DIAL measurements of C2� hydro-
carbon fugitive emissions from the process plant and stor-
age tank areas with the estimated VOC emissions reported
to the NPRI for 2004. The DIAL measurement of C2�

hydrocarbons does not directly correspond to the Cana-
dian Environmental Protection Act definition of VOCs,
defined as VOCs that participate in atmospheric photo-
chemical reactions. The gas samples collected from hy-
drocarbon emission plumes at the refinery gave informa-
tion on the relative difference between VOCs and the
DIAL C2� measurement. The compounds included in the
DIAL C2� hydrocarbons measurement did not include all
of the species defined as VOCs by NPRI.

Using the assumptions detailed above, the C2� emis-
sions measured with the DIAL method were approxi-
mately 15 times the amount of estimated VOC emissions
and the relative proportions of various areas of the plant
were different from the estimates. On the basis of the
DIAL measurements, the storage tanks were the source of
approximately 50% of storage and fugitive emission re-
leases of C2� hydrocarbons at the site. This compares to
the estimation method results that the storage tanks emis-
sions were approximately 27% of storage plus fugitive
releases.

Assuming a value of US$40/bbl (US$314/t), the an-
nual fugitive losses of C2� hydrocarbons as measured
during the demonstration DIAL survey represented a
value on the order of US$3.1 million/yr.

Comparison of Benzene Emissions Measurements
and Estimates

Table 8 compares the DIAL measurements of benzene
fugitive emissions from the process plant and storage
areas with the estimated emissions reported to the NPRI
for 2004.

The benzene emissions measured with the DIAL
method were approximately 19 times the amount esti-
mated using emission factor methods. The DIAL measure-
ments indicated that the storage tanks were the source of
approximately 63% of storage plus fugitive releases of
benzene as compared with the estimation method results
that the tanks were a source of only 12.5% of storage plus
fugitive releases. The emissions from the storage tanks
would vary with wind speed and other factors. Thus, the
annual emissions of benzene from storage tanks may be
significantly different from the levels measured during
the DIAL demonstration survey.

Table 7. Comparison of VOC estimates and DIAL measurements.

Emission Estimates Based
on NPRI Report 2004a

(kg/hr)

DIAL C2�

Measurements
(kg/hr)

Stack or point release 12 Not measured
Storage or handling 19 631b

Fugitive releases 50.5 605
Spills 1.4 Not measured
Total 82.9 1236

Notes: aAnnual emissions estimates divided by 8064 operating hours; bTank
emissions may vary with wind speed and other factors.

Table 8. Comparison of estimated and measured benzene emissions.

Emission Estimates Based
on NPRI Report 2004a

(kg/hr)

DIAL Benzene
Measurements

(kg/hr)

Stack or point release 0.005 Not measured
Storage or handling 0.0328 3.2b

Fugitive releases 0.229 1.8
Spills 0.0076 Not measured
Total 0.2747 5.0

Notes: aAnnual emissions estimates divided by 8064 operating hours; bTank
emissions may vary with wind speed and other factors.
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Although the measured emissions of benzene were
significantly higher than the estimates, the ambient con-
centrations measured from gas samples collected at the
refinery during this study were well below Alberta ambi-
ent air quality guidelines. The highest benzene concen-
tration measured was 1.48 ppb (4.7 ug/m3) for an air
sample collected from the hydrocarbon plume coming
from the final product tanks. The Alberta ambient air
quality guideline for benzene is a 1-hr average concentra-
tion of 9 ppb.

Comparison of CH4 Emission Measurement and
Estimates

The refinery reported estimated 2004 greenhouse gas
(GHG) emissions to Environment Canada under GHG
reporting by major emitters. The reported GHG com-
pounds included carbon dioxide (CO2), CH4, nitrous ox-
ide (N2O), and hydrofluorocarbons (HFCs) with contribu-
tions estimated from three main sources: stationary fuel
combustion, industrial processes, and fugitive emissions.
In the public report of GHG emissions for 2004, a break-
down of GHG contribution by compounds was given but
no information on sources was included. Thus the fugi-
tive emissions of CH4 measured by DIAL were compared
with total CH4 emissions from all sources as reported by
the refinery.

The reported CH4 emissions were estimated by the
refinery on the basis of total fuel consumption multiplied
by a factor that estimated CH4 emissions resulting from
fuel combustion. The refinery did not estimate fugitive
emissions of CH4 because they were assumed to be negli-
gible relative to other GHG emissions.

The overall estimated CH4 emissions reported by the
refinery for 2004 were 258 t CH4/yr or approximately 32
kg/hr. Fugitive CH4 emissions as measured by the DIAL
method were equivalent to 300 kg/hr, or about 9 times
the estimate of total CH4 emissions from all sources as
reported by the refinery.

According to current estimation methodologies, fugi-
tive emissions of CH4 are typically not considered to be a
major source of GHG emissions in a refinery operation.
On the basis of the DIAL measurements of CH4 emissions,
the GHG equivalent CO2 emissions due to fugitive emis-
sions of CH4 were a much larger contributor to GHG
emissions than reported by the refinery, but were still less
than 5% of the total GHG emissions for the refinery. The
major source of GHG emissions at this refinery was CO2

emissions from combustion equipment on the site.

Comparing Canadian Refinery Emissions with
European Refineries

To the authors’ knowledge, this project was the first DIAL
fugitive emissions survey performed on a refinery in
North America. Spectrasyne Ltd. (and pre-1992 as BP Re-
search) has performed a commercial DIAL service includ-
ing measurement of refinery fugitive emissions for over
19 yr in Europe. Figure 5 is a summary of the results of the
initial DIAL survey at 16 European refineries. In Figure 5,
fugitive emissions of C2� hydrocarbons are expressed as a
percentage of refinery throughput on a mass basis.

On a mass basis, the measured fugitive emissions of
C2� hydrocarbons from the Canadian refinery were

equivalent to 0.17% of plant throughput at the time of
the emissions measurements. This falls near the median
of the range of C2� hydrocarbon emissions from 0.05 to
0.7% of throughput that was measured at the refineries in
Europe.

Several refineries in Europe have had successive DIAL
surveys of fugitive emissions over a period of years. The
information available from these surveys has enabled the
refineries to focus emissions reduction in the areas with
the largest potential impact. One example that is in the
public domain is the Preem refinery in Sweden, with DIAL
surveys of emissions in 1988, 1989, 1992, 1995, and
1999.11 In the first survey of 1988, hydrocarbon emissions
equivalent to 0.36% of throughput were measured, with
approximately 57% from the process area and 40% from
the tanks. By focusing leak reduction efforts on the pro-
cess area, the refinery reduced hydrocarbon emissions by
40% between 1988 and 1989. From 1989 on, emissions
from the feed and product tanks were also reduced. By the
1999 DIAL survey, the improvements in the refinery had
reduced hydrocarbon emissions by 84% from the initial
DIAL survey in 1988. The impetus for these improve-
ments came largely from the initial DIAL measurements
that indicated actual losses of hydrocarbon were several
times the emissions estimated using emission factor
methods.

CONCLUSIONS AND RECOMMENDATIONS
The mobile DIAL unit, as operated by Spectrasyne Ltd.,
was an effective method for quantifying fugitive emis-
sions of hydrocarbons from the Canadian refinery and for
apportioning these emissions to various areas of the re-
finery. The total fugitive emissions as measured with DIAL
during a 10-day survey period were 1240 kg/hr of C2�

hydrocarbons (nonaromatic hydrocarbons ethane and
larger), 300 kg/hr of CH4, and 5 kg/hr of benzene. The
fugitive emissions of C2� hydrocarbons were equivalent
to 0.17% of refinery throughput by mass during the DIAL
demonstration measurement period. Assuming that these
emissions continued at the same rate for a 12-month
period, lost revenue attributable to these emissions could
be on the order of $3.2 million/yr. Emissions from storage
tanks accounted for over 50% of the total site fugitive
emissions of both C2� hydrocarbons and benzene. Other
large sources of emissions included the delayed coker area
and the cooling towers.

Figure 5. Canadian refinery emissions relative to DIAL refinery
surveys in Europe.
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The DIAL measurements enabled a more realistic
evaluation of the main sources of fugitive emissions than
the information from the emission factor estimation
methods typically used by industry. For this refinery, on
the basis of the DIAL demonstration period measure-
ments, the measured emissions of C2� hydrocarbons were
15 times the amount of VOC emissions estimated using
emission factor methods. The DIAL measurements also
gave a different perspective on the relative contribution
to emissions of the various areas within the refinery. On
the basis of the DIAL measurements, efforts to reduce
fugitive emissions at the Canadian refinery should focus
on the coker area, the crude feed tanks, and the final
product tanks.

Direct measurement of fugitive emissions is recom-
mended as a way to improve the efficiency and effective-
ness of leak repair and to quantify reductions in fugitive
emissions as a result of improved leak detection and re-
pair. A program of measurements is recommended to
better understand storage tank emissions and how they
vary with wind speed, material stored, tank level, and
other factors. Measurement of fugitive emissions over a
longer period of time and a range of refinery conditions
would help to better understand the variability of fugitive
emissions, the difference between direct measurements
and emission factor estimates, and methods to calculate
annual refinery emissions from short-term emissions
measurement data. Direct measurement of fugitive emis-
sions would also lead to improved accuracy of reporting
to regulators, improved assessment of efforts to reduce
fugitive emissions of hydrocarbons and their impacts on
air quality, and more accurate database information for
air quality model development.
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