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SECTION 5 RAILROAD LOCOMOTIVES

This section presents emissions estimates for the railroad locomotives source category,
including source description (5.1), geographical delineation (5.2), data and information
acquisition (5.3), operational profiles (5.4) the emissions estimation methodology (5.5), and
the emissions estimates (5.0).

5.1 Source Description

Railroad operations are typically described in terms of two different types of operation, line
haul and switching. Line haul refers to the movement of cargo over long distances (e.g.,
cross-country) and occurs within the Port as the initiation or termination of a line haul trip,
as cargo is either picked up for transport to destinations across the country or is dropped off
for shipment overseas. Switching refers to short movements of rail cars, such as in the
assembling and disassembling of trains at various locations in and around the Port, sorting
of the cars of inbound cargo trains into contiguous “fragments” for subsequent delivery to
terminals, and the short distance hauling of rail cargo within the Port. It is important to
recognize that “outbound” rail freight is cargo that has arrived on vessels and is being
shipped to locations across the U.S., whereas “inbound” rail freight is destined for shipment
out of the Port by vessel. This is contrary to the usual port terminology of cargo off-loaded
from vessels referred to as “inbound” and that loaded onto vessels as “outbound.”

Locomotives used for line haul operations are typically large, powerful engines of 3,000 to
4,000 hp or more, while switch engines are smaller, typically having 1,200 to 3,000 hp.
Figures 5.1 and 5.2 illustrate typical line haul and switching locomotives, respectively, in use
at the Port. The locomotives used in switching service have historically been older line haul
locomotives that have been converted to switch duty as newer line haul locomotives with
more horsepower have been added to the nation’s line haul fleet. The older switching
locomotives used at the Port, however, have been replaced by new, low-emitting
locomotives as part of an agreement among the Ports of Long Beach and Los Angeles and
the Pacific Harbor Line (PHL), owners/operators of the switchers. 'The replacement
locomotives were added to the PHL fleet starting in 2007, and by the early part of 2008 all of
the older locomotives had been permanently removed from service.

The Port is served by three railway companies:

» Butlington Northern and Santa Fe (BNSF)
» Union Pacific (UP)
» Pacific Harbor Line (PHL)
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These railroads primarily transport intermodal (containerized) freight, with lesser amounts of
dry bulk, liquid bulk, and car-load (box car) freight. PHL performs most of the switching
operations within the Port, while BNSF and UP provide line haul service to and from the
Port and also operate switching services at their off-port locations. The two railroads that
provide line haul service to the Port are termed Class 1 railroads, based on their relative size
and revenues. In addition, Metropolitan Stevedore conducts switching operations at the Pier

G bulk facility.

Figure 5.1: Typical Line Haul Locomotives
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5.2 Geographical Delineation

Figure 5.3 illustrates the rail track system serving both ports, and Figure 5.4 presents a
broader view of the major rail routes in the air basin that are used to move port-related
intermodal cargo. The specific activities included in this emissions inventory are movements
of cargo within Port boundaries, or directly to or from port-owned properties (such as
terminals and on-port rail yards). Rail movements of cargo that occur solely outside the
Port, such as switching at off-port rail yards, and movements that do not either initiate or
end at a Port property (such as east-bound line hauls that initiate in central Los Angeles
intermodal yards) are not included.

Figure 5.3: Port Area Rail Lines
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Figure 5.4: Air Basin Major Intermodal Rail Routes

T o

| — T To Barstow_~o=*" i
\ .‘,.' wonnn Alameda Corridor

======: BNSF Rail Line

------- UP Rail Line
=====x: |JP Rail Line

av¥a,
L4 Taa,

«*

Yay
"y
Tagunt

.,
-
-
.
.
.
.

Fa™ ™~
¥
’

Ge -
“+aSan Bernardino

Colton g3

Los Angeles; """ i s,

-

xst o . - .
PR Riverside @ e To Yuma

.,
Faa, . LREN
——y - LT N
. o eaEay
.0“...Il‘\.ﬂi 0..

S
Pamminun,d .
.

-

f

- LONG BEACH

The Green Port

Routes are approximate and intended for illustrative purposes only

5.3 Data and Information Acquisition

The locomotive section of the EI presents an estimate of emissions associated with Port-
related activities of the locomotives operating within the Port and outside the Port to the
boundary of the SOCAB. Information regarding these operations has been obtained from:

» Previous emissions studies
» Port cargo statistics
» Input from railroad operators
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PHL provided a description of their locomotive fleet, including their new locomotives that
have been placed into service as well as the old locomotives that have been phased out (but
were used to a limited extent in the early part of the year), and a record of the fuel used per
month in each of its locomotives. PHL has previously provided data in the form of files
downloaded from their older locomotives’ electronic event recorders. This allowed the
emission estimates to be “tailored” to the average duty cycle of PHL locomotives, which was
slightly different from the average switching duty cycle published by EPA. This information
has not been used with the new locomotives because their average duty cycle is likely to be
different from that of the older locomotives. Instead, emission factors representative of the
new engines' in-use emissions based on EPA's standard duty cycle have been used for the
new locomotives, based on the regulatory Tier level of the locomotive engine.

The line haul railway company operating the Intermodal Container Transfer Facility ICTTF),
which is on POLA property and operates as a joint powers authority of the Port of Long
Beach and POLA, also provided information on their switch engines, including
representative fuel usage. In addition, railroad personnel were interviewed for an overview
of their operations in the area. As stated previously, certain information related to line haul
locomotive fleets has been obtained from railroad companies’ Internet websites.
Additionally, terminal operators and Port departments have provided information on Port
rail operations that provides an additional level of understanding of overall line haul rail
operations.

Throughput information provided by the railroad companies to the Port was used to
estimate on-Port and off-Port rail activity. It should be noted that data collection is
particularly difficult with respect to estimating rail emissions associated with Port activities.
As a result, the rail data for locomotive operations associated with Port activities as
presented in the 2008 Port inventory is somewhat less refined and specific than the data for
other emission source categories. The Port continues to work with the railroads to further
enhance the accuracy of the port activity data on which the rail emissions inventory is based.

5.4 Operational Profiles

5.4.1 Rail System

The rail system is described below in terms of the activities that are undertaken by
locomotive operators. Specifically, descriptions are provided for the assembly of
outbound trains, the disassembly of inbound trains, and the performance of
switching operations, as well as a detailed listing of the activities of line haul and
switching operations.
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Outhound Trains

The assembly of outbound trains occurs in one of three ways. Container terminals
with sufficient track space build trains on-terminal, using rail cars that have remained
on site after the off-loading of inbound containers or those brought in by one of the
railroads.  Alternatively, containers can be trucked (drayed) to an off-terminal
transfer facility where the containers are transferred from truck chassis to railcars. A
third option is for the terminal to store individual railcars (e.g., tank cars, automobile
carriers, container cars) or build a partial train on-terminal, to be collected later by a
railroad (typically PHL) and moved to a rail yard with sufficient track to build an
entire train.

Within the Port, complete trains can be built at the Pier G Yard, the International
Transportation Service (ITS) terminal, the Hanjin terminal, and the Pier B Yard.
Trains are also built outside of the Port at the Mead Yard, the Watson Yard, the
Dolores Yard, and the Manuel Yard, and at locations within the POLA. If
containers that are to be transported by rail are not loaded onto railcars at the Port,
they are typically hauled by truck (drayed) to off-port locations operated by the line
haul railroads. The containers are loaded onto railcars at these locations.

Alameda Corridor

The Alameda Corridor is a 20-mile rail line running between the San Pedro Bay area
and downtown Los Angeles used by intermodal and other trains servicing the San
Pedro Bay Ports and other customers in the area. Running largely below grade, the
Alameda Corridor provides a more direct route between downtown Los Angeles and
the Port than the routes that had previously been used, shortening the travel distance
and eliminating many at-grade crossings (reducing traffic congestion). Figure 5.5
illustrates the route of the Alameda Corridor and the routes it has replaced.
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Figure 5.5: Alameda Corridor
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In-bound trains that carry cargo (or empty containers) that are all destined for the
same terminal are delivered directly to the terminal by the Class 1 railroad if the
receiving terminal has the track space to accommodate all of the cars at one time.
Trains carrying cargo that is bound for multiple terminals with one or both Ports are
staged by the Class 1 railroads at several locations, where they are broken up,
typically by PHL, and delivered to their destination terminals. Inbound trains are
also delivered to off-Port locations such as the Watson Yard, the Intermodal
Container Transfer Facility (ICTF) operated by UP, the Dolores Yard, and the
Manuel Yard. Of these locations, only the ICTF is included in the emission
estimates presented in this emissions inventory, because of its status as a joint
powers authority of the Port of Long Beach and the Port of Los Angeles. The ICTF
emissions are allocated between the Port and POLA based on the relative cargo
throughputs of the two Ports. This allocation is discussed further in subsection
5.5.1.

Switching

Switching locomotives deliver and pick up railcars transporting containers, liquid and
dry bulk materials, automobiles and general cargo to and from terminals at the Port.
Switching operations take place around the clock, seven days per week, although
weekend activity is generally lower than weekday or weeknight activity.

PHL is the primary switching railroad at the Port. PHL operations are organized
into scheduled shifts, each shift being dispatched to do specified tasks in shift-
specific areas. For example, there is a daily shift servicing the Toyota import
terminal and various other non-container terminals in the Port. Other shifts move
empty or laden container rail cars to and from container terminals. Much of the
work involves rearranging the order of railcars in a train to organize cars bound for
the same destinations (inbound or outbound) into contiguous segments of the train,
and to ensure proper train dynamics. Train dynamics can include, for example,
locating railcars carrying hazardous materials the appropriate minimum distance
from the locomotives, and properly distributing the train’s weight. Although there is
a defined schedule of shifts that perform the same basic tasks, there is little
consistency or predictability to the work performed during a given shift or at a
particular time.

Specific Activities
Locomotive activities of the Class 1 railway companies consist of:

» Delivering inbound trains (and/or empty railcars) to terminals or to the
nearby rail yards, using line haul locomotives.

» Picking up trains from the terminals or nearby rail yards and transporting
them to destinations across the country, using line haul locomotives.

» Breaking up inbound trains and sorting rail cars into contiguous fragments,
and delivering the fragments to terminals, using switch locomotives.

Port of Long Beach 47 December 2009



==

N
[ \;’ Port of
¢ LONG BEACH
" TheGreen Port . ..
2008 Air Emissions Inventory

Locomotive switching activities consist of:

» Breaking up inbound trains and sorting railcars into contiguous fragments,
and delivering the fragments to terminals.

» Delivering empty container rail cars to terminals.

» Delivering rail cars to non-container facilities, and removing previously
delivered rail cars. (For example, delivering full tank cars to a terminal that
ships product and removing empties, or delivering empty tank cars to a
terminal that receives product and removing full ones.)

» Rearranging full and empty railcars to facilitate loading by a terminal.

» Picking up outbound containers in less than full train configuration and
transporting them to a yard for assembly into full trains — to be transported
out of the Port by one of the line haul railroads.

5.4.2 Description of L.ocomotives and Trains

Locomotives operate differently from other types of mobile sources with respect to
how they transmit power from engine to wheels. While most mobile sources use a
physical coupling such as a transmission to transfer power from the engine to the
wheels, a locomotive’s engine turns a generator or alternator powering an electric
motor that, in turn, powers the locomotive’s wheels. The physical connection of a
typical mobile source means that the engine’s speed is dictated by the vehicle’s speed
through a fixed set of gear ratios, resulting in the highly transient operating
conditions (particularly engine speed and load) that characterize mobile source
operations. In contrast, the locomotive’s engine and drive system operate more
independently, such that the engine can be operated at a particular speed without
respect to the speed of the locomotive itself. This allows operation under more
steady-state load and speed conditions, and as a result locomotives have been
designed to operate in a series of discrete throttle settings called notches, ranging
from notch positions one through eight, plus an idle position.

Many locomotives also have a feature known as dynamic braking, in which the
electric drive engine operates as a generator to help slow the locomotive, with the
resistance-generated power being dissipated as heat. While the engine is not
generating motive power under dynamic braking, it is generating power to run
cooling fans, so this operating condition is somewhat different from idling. Switch
engines typically do not utilize dynamic braking.
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Line Haul 1 ocomotives

Line haul locomotives are operated in the Port by BNSF and UP. Because the
function of line haul locomotives is to transport freight to and from destinations
across the country, there is no readily identifiable “fleet” of line haul locomotives
that call on the Port other than the Class 1 railroads’ nation-wide fleets.

The characteristics of BNSF line haul locomotives operating within the Port were
estimated from a sampling of BNSF locomotives that called on the Port area in 2002
updated with information provided in 2007. The sample of locomotives, primarily
the 6-axle General Electric (GE) C44-9W (also known as Dash 9’s) has an average of
4,256 horsepower. The 2007 data confirmed that the Dash 9 is still the predominant
BNSF locomotive calling at the Port.

Basic specifications of UP locomotives were obtained from the railroad’s Internet
website.” The UP website lists approximately 7,825 line haul locomotives in the
company’s nation-wide fleet, with an average power rating of 3,710 horsepower.
Most of the locomotives are six-axle units, the remainder being 4-axle units. Six-axle
locomotives are generally more powerful than four-axle locomotives. Most of the
UP locomotives calling on the POLB are six-axle, 4,000-horsepower Electromotive
Division (EMD) SD70s.

Line haul locomotives are typically operated in groups of two to five units, with three
or four units being most common, depending on the power requirements of the
specific train being pulled and the horsepower capacities of available locomotives.
Thus, two higher-horsepower locomotives may be able to pull a train that would take
three units with lower power outputs. Locomotives operated in sets are connected
such that every engine in the set can be operated in unison by an engineer in one of
the locomotives.

Switching Locomotives

Most switching within the Port is conducted by PHL. Early in 2006, an agreement
was concluded among PHL, the Port, and the Port of Los Angeles whereby the two
ports helped fund the replacement of PHL’s locomotives with new locomotives
meeting Tier 2 locomotive emission standards. The locomotives purchased under
this agreement were delivered during 2007 and 2008, so early in 2008 the last of the
pre-Tier 2 locomotives were retired as the new locomotives were placed into service.
A total of 30 locomotives were used at some point during the year, including 8 of the
older locomotives, 16 new Tier 2 locomotives, and 6 additional new locomotives that
are powered by a set of three relatively small diesel engines and generators rather
than one large engine (known as a multi-genset switcher). These multi-genset units
emit most pollutants at less than Tier 2 emission levels.

 See: htp:/ | www.uprr.com.
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The Class 1 railroads also operate switch engines in and around the Port, primarily at
their switching yards outside of the Port.

Train Configuration

Container trains are the most common type of train operating at the Port. While
equipment configurations vary, these trains typically consist of up to 25 double-stack
railcars, each railcar consisting of five platforms capable of carrying up to four TEUs
of containerized cargo (e.g., most platforms can carry up to two 40-foot containers).
With this configuration the capacity of a train is 500 TEUs or about 278 containers
at an average ratio of 1.8 TEU/container. As a practical matter, not all platforms
carry four TEUs because not all platforms are double stacked with two 40-foot
containers; the current capacity or “density” is approximately 90% (meaning, for
example, a 25-car train would carry 500 TEUs x 90% = 450 TEUs).

In developing off-port line haul locomotive emission estimates, the following
assumptions were made regarding the typical make-up of trains traveling the
Alameda Corridor and beyond: 24 double-stack railcars, 90% density, for a capacity
of 432 TEUs or 240 containers (average). These assumptions are generally
consistent with information developed for the No Net Increase Task Force’s
evaluation of 2005 Alameda Corridor locomotive activities.” Consistent with 2007,
the estimated number of railcars per train has been maintained at 24, higher than the
23 assumed for the 2006 emissions inventory, based on the Alameda Corridor
Transportation Authority’s report that there were fewer trains running on the
Corridor but there were more containers per train."’ Average train capacity
assumptions for on-port emission estimates are lower based on reported container
throughput and weekly/annual train information provided by Port terminals. It is
assumed that the length and/or capacity of trains are adjusted in the off-port rail
yards prior to or after interstate travel to or from the Port, so the number of trains
entering and leaving the Port is higher than the number of trains traveling the
Alameda Corridor.

5.5 Methodology

The following section provides a description of the methods used to estimate emissions
from switching and line haul locomotives operating within the Port and in the SoOCAB.

% Personal communication, Art Goodwin, Alameda Corridor Transportation Authority, with Starcrest
Consulting Group, LLC, February 2005.

40 “Number of Trains Running on the Alameda Corridor”,

See: http:/ | www.acta.org/ corridor_performance_train_connts.him,
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Emissions have been estimated using the information provided by the railroads and the
terminals, and from published information sources such as the EPA’s Regulatory Support
Document (RSD) published as background to EPA’s locomotive rule-making process.*' For
on-Port switching operations, the fuel use information provided by the switching companies
has been used along with EPA and manufacturer information on emission rates. Off-Port
switching emissions have been estimated using 2005 fuel use data previously provided by the
railroad company operating the ICTF, scaled to the change in facility throughput between
2005 and 2008. For the limited line haul operations in the Port (arrivals and departures),
emission estimates have been based on schedule and throughput information provided by
the railroads and terminal operators and on EPA operational and emission factors. Off-Port
line haul emissions have been estimated using cargo movement information provided by the
line haul railroads, and weight and distance information developed for the 2005 emissions
inventory. A detailed explanation of emission calculation methods is presented below.

Different calculation methods were required because different types of information were
used for different activities. However, an attempt has been made to standardize the activity
measures used as the basis of calculations in order to develop consistent methodologies and
results.

5.5.1 Switching Emissions
Emissions from PHL’s on-port switching operations have been based on the

horsepower-hours of work represented by their reported locomotive fuel use,
throttle notch frequencies for their older locomotives, and emission factors from the
EPA documents cited above and from information published by the locomotive
manufacturers. The calculations estimate horsepower-hours (for each locomotive)
from fuel consumption in gallons per year and combine the horsepower-hour
estimates with emission factors in terms of mass of emissions per horsepower-hour.
Fuel usage is converted to horsepower-hours using an average value of 0.048 gallons
per horsepower-hour (from EPA, 1998):

Equation 5.1
gallons/year = horsepower-hours/year

gallons/horsepower-hour

The calculation of emissions from horsepower-hours uses the following equation.

E = hp-hrs x EF Equation 5.2
(453.59 g/1b x 2,000 1Ib/ton)
Where:
E = emissions, tons
hp-hrs = annual work, horsepower-hours
EF = emission factor, grams pollutant per horsepower-hour

#“ EPA Office of Mobile Sources, Locomotive Emission Standards Regulatory Support Document, Aptil 1998, revised.
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EPA in-use emission factors for Tier 2 locomotives were used for the 16 Tier 2
locomotives, and manufacturer’s published emission rates have been used for the 6
genset switchers, because the PHL throttle notch data is not specific to those
locomotives, which may have a different average duty cycle from the older units.
The genset locomotives each operate with three diesel engines originally certified to
EPA Tier 3 nonroad engine standards. Emission rates published by the locomotives’
manufacturer, National Railway Equipment Co. (NRE) have been used instead of
the Tier 3 nonroad standards because differences in duty cycle between nonroad and
locomotive operation make the nonroad standards less appropriate.

Previous inventories of Port emissions have detailed the methods used to estimate
emissions from PHL’s pre-Tier 2 fleet of locomotives. While these methods have
been used to estimate the 2008 emissions from those locomotives, they are not
described in the current document because these locomotives accounted for only 3%
of PHL’s operations in terms of fuel consumption over the year because they were
phased out in the early part of the year.

The EPA and NRE emission factors cover particulate, NO_, CO, and HC emissions.
SO, emission factors have been developed to reflect the use of 15 ppm ULSD using
a mass balance approach. The mass balance approach assumes that the sulfur (S) in
the fuel is converted to SO, and emitted during the combustion process. While the
mass balance approach calculates SO, specifically, it is used as a reasonable
approximation of SO,. The following example shows the calculation for throttle
notch position 1.

Equation 5.3

1528 x 3200gfuel x 0.048 gal fuel x 22 SO, = 0.005g SO,/hp-hr
1,000,000 g fuel gal fuel  hp-hr gSs

In this calculation, 15 ppm S is written as 15 grams S per million grams of fuel. The
value of 0.048 gals fuel/hp-hr is the average brake-specific fuel consumption derived
from EPA’s technical literature on locomotive emission factors®”. Two grams of SO,
is emitted for each gram of sulfur in the fuel because the atomic weight of sulfur is
32 while that of SO, is 64, meaning that the molecular weight of SO, is double that
of a molecule of sulfur.

42 EPA-420-F-09-025. Office of Transportation and Air Quality, April 2009. The EPA's published factor of
20.8 hp-ht/gal is equivalent to 0.048 gal/hp-ht (i.e., 1/20.8 hp-ht/gal = 0.048 gal/hp-hr).
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Greenhouse gas emission factors from EPA references” were used to estimate
emissions of greenhouse gases CO,, CH,, and N,O from all locomotives.
Additionally, all particulate emissions are assumed to be PM,, and DPM; PM,,
emissions have been estimated as 92% of PM,, emissions. Emission factors for all
switching locomotives, including those used for the off-port switching activity, are
listed in Tables 5.1 and 5.2.

Table 5.1: Switching Emission Factors, g/hp-hr

Fuel or Locomotive PMj PM,s DPM NO, SO, CO HC

Type
PHL Pre-Tier 2 Fleet 0.38 0.35 0.38 17.6 0.005 1.83 0.87
Off-Port Switchers 0.44 0.40 0.44 17.40 0.005 1.83 1.01
Tier 2 Locomotives 0.21 0.19 0.21 7.30 0.005 1.83 0.52
Genset Locomotives 0.05 0.05 0.05 3.37 0.005 1.51 0.04

Table 5.2: GHG Switching Emission Factors, g/hp-hr

Fuel or Locomotive CO, N,O CH,
Type

PHL Pre-Tier 2 Fleet 487 0.013 0.040

Off-Port Switchers 487 0.013 0.040

Tier 2 Locomotives 487 0.013 0.040

Genset Locomotives 487 0.013 0.040

# COz - Tables A-28 and A-306, page A-39, Annex 2 of the report (EPA #430-R-07-002, April 2007) entitled:
Inventory of U.S. Greenbouse Gas Emissions and Sinks: 1990-2005; CH4 and N>O - Table A 101, page A-120 in
Annex 3 of the same report.
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The activity measure used in the switching emission estimates is total horsepower-
hours of activity, derived from the locomotive-specific fuel use data provided by
PHL for the on-port switching, and an estimate of off-port switching fuel use
derived from information provided earlier by the railroad operating the off-dock rail
yard that is located on POLA property. For the off-dock rail yard, the reported 2005
fuel usage was multiplied by the ratio of 2008 to 2005 container throughput reported
by the railroad using the assumption that switching activity varies linearly with
container throughput and the following equation.

Equation 5.4

Fuel (2008) = Fuel (2005) x Throughput (2008)
Throughput (2005)

More specifically, the ratio of throughputs is 586,415/600,615 = 0.976 or a dectrease
of 2.4%.

As an example of how fuel use was used to estimate total hp-hrs, a total of 10,000
gallons of fuel per year would be divided by EPA's fuel use factor (noted above) of
0.048 gallons per hp-hr (gal/hp-ht) to produce an estimate of 208,333 hp-hrs:

Equation 5.5

10,000 gals/year = 208,333 hp-hrs/year
0.048 gal/hp-hr

This would be multiplied by the g/hp-hr emission factors to estimate the mass of
emissions over the year:

Equation 5.6

208,333 hp-hrs x 7.30 g/hp-hr = 1.4 tons/year
(453.59 g/1b x 2,000 1b/ton)

PHL operates within both the Port of Long Beach and the Port of Los Angeles.
While some of the shifts are focused on activities in only one of the ports, other
shifts may work in either or both ports depending upon the day’s needs for switching
services. Therefore, it is not possible to clearly designate which shifts operate solely
within the Port of Long Beach so a method was required for apportioning emissions
between the two ports. To do this, the previous baseline emissions inventory
evaluated the work shifts as to whether they are likely to work in either port
exclusively or in both ports. The result was a split of 31% within the Port of Long
Beach and 69% of activity within the Port of Los Angeles. The difference between
the two ports’ allocations is so great in part because almost all work shifts involve at
least some activity within PHL’s main yard located in the Port of Los Angeles.
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Rail cargo from both the Port of Long Beach and the Port of Los Angeles are
handled at the off-dock ICTF, and the complexities of the rail system are such that
apportionment of activity (and emissions) between the two ports is difficult. The
previous baseline emissions inventories used an allocation of 45% Port of Long
Beach and 55% Port of Los Angeles — this allocation has been maintained for the
current inventory because it still seems a reasonable assumption, given that the Port
of Long Beach’s overall TEU throughput represented about 45% of the two ports’
combined throughput in 2008. Regardless of apportionment, the sum of the two
ports’ emissions represents all of the estimated switching emissions from
locomotives operated at the ICTF.

5.5.2 Line Haul L.ocomotive Emissions

Emissions from line haul locomotives operating in the Port have been estimated on
an activity basis, i.e., estimates of the number and characteristics of locomotives that
arrive and depart with cargo. The information used in developing these estimates
has been obtained from the Port and Port terminals.

The number of locomotive trips in the Port was estimated by evaluating cargo
movements, percentage of cargo transported by rail and typical number of
locomotives per train, using a methodology similar to that used for the 2002 baseline
emissions inventory.  Emission factors have been taken from EPA’s RSD
documentation representing EPA’s projected 2008 nationwide fleet of line haul
locomotives, as shown in Table 5.3. The emission factors are presented in terms of
grams pet horsepowetr-hour (g/hp-hr) as listed in the RSD documentation. Table
5.4 lists the greenhouse gas emission factors from EPA reference™.

# CO; - Tables A-28 and A-306, page A-39, Annex 2 of the report (EPA #430-R-07-002, April 2007) entitled:
Inventory of U.S. Greenbouse Gas Emissions and Sinks: 1990-2005; CH4 and N>O - Table A 101, page A-120 in
Annex 3 of the same report.
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The SO, emission factor was estimated from assumed fuel sulfur content values
using the same mass balance equation as the switching locomotives calculation. For
line haul locomotives, which enter and leave California to pick up and deliver
transcontinental rail cargo and typically refuel while in the SOCAB, the calculations
are based on the use of 50% ULSD fuel from SoCAB refueling and 50% higher
sulfur (350 ppm) fuel from out-of-state sources. Table 5.4 lists the greenhouse gas
emission factors from the EPA®.

Table 5.3: Emission Factors for Line Haul Locomotives, g/hp-hr

PM;y, PM:s DPM NO;, SOy CO HC

EF, g/bhp-hr 025 023 025 813 0.06 128 043

Table 5.4: Emission Factors for Line Haul Locomotives, g/hp-hr

CO: N:;O CH,

EF,g/bhp-hr 487 0013 0.040

On-Port Line Haul Emissions

On-port line haul locomotive activity was estimated through an evaluation of the
amount of cargo reported by the terminals to be transported by rail and their
reported average or typical number of trains per week or per year. These numbers
were combined with assumptions regarding the number of locomotives, on average,
that are involved with on-port line haul railroad moves, and the average duration of
incoming and outgoing port trips. This approach is similar to that used in the 2002
baseline emissions inventory. The number of trains per year, locomotives per train,
and on-port hours per train were multiplied together to calculate total locomotive
hours per year. This activity information is summarized in Table 5.5. While most of
the rail cargo, and the basis for these estimates centers on container traffic, the local
switching railroad has reported that they prepare an average of one train per day of
cargo other than containers for transport out of the San Pedro Bay Ports area. It has
been assumed that a similar number of trains are inbound, and the total number has
been split between both ports. Therefore, the number of trains per year includes an
average of one non-container train every other day in each direction (for an annual
total of 366 additional trains for each port).

# COz - Tables A-28 and A-306, page A-39, Annex 2 of the report (EPA #430-R-07-002, April 2007) entitled:
Inventory of U.S. Greenbouse Gas Emissions and Sinks: 1990-2005; CH4 and N>O - Table A 101, page A-120 in
Annex 3 of the same report.
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Table 5.5: On-Port Line Haul Locomotive Activity

Activity Measure Inbound Outbound Totals
Trains per Year 3, 464 3,923 7,387
Locomotives per Train 3 3 N/A
Hours on Port per Trip 1.0 2.5 N/A
Locomotive Hours per Year 10,392 29,423 39,815

The average load factor for a typical line haul locomotive calling on the Port has
been estimated by multiplying the percentage of full power in each throttle notch
setting by the average percentage of line haul locomotive operating time in that
setting, as summarized in Table 5.6. Both of these sets of percentages are EPA
averages listed in the RSD documentation. This average load factor may be
overestimated because the throttle notch distribution is representative of nation-wide
operation; including time traveling uphill when the higher notch positions are most
often used. However, detailed throttle notch information has not been made
available to enable the development of a location-specific average load factor,
although the Port is actively working with the railroads to develop the needed
information for use in upcoming emission estimates.

Table 5.6: Estimated Average Load Factor

% of % of % Full Power
Notch Full Power Operating Time X
in Notch in Notch % Time
DB 2.1% 12.5% 0.3%
Idle 0.4% 38.0% 0.2%
1 5.0% 6.5% 0.3%
2 11.4% 6.5% 0.7%
3 23.5% 5.2% 1.2%
4 34.3% 4.4% 1.5%
5 48.1% 3.8% 1.8%
6 64.3% 3.9% 2.5%
7 86.6% 3.0% 2.6%
8 102.5% 16.2% 16.6%
Average line haul locomotive load factor: 28%
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The estimated number of locomotive hours for the Port was multiplied by an
average locomotive horsepower and the average load factor discussed above to
estimate the total number of horsepower-hours for the year:

Equation 5.7

39,815 locomotive hours/year x 4,000 horsepower/locomotive x 0.28
= 44.6 million horsepower-hours (rounded)

Emission estimates for on-port line haul locomotive activity were calculated by
multiplying this estimate of horsepower-hours by the emission factors listed in
Tables 5.3 and 5.4 in terms of g/hp-hr.

Out-of-Port Line Haul Ewmissions

Line haul locomotive activity between the Port and the air basin boundary has been
estimated through an evaluation of the amount of Port cargo transported by rail and
of average or typical train characteristics such as number of containers and number
of gross tons per train. In this way, estimates of gross tonnage and fuel usage have
been prepared, similar to the methodology used for the previous Port emissions
inventories.

Four components of locomotive activity were estimated to develop the off-port
emission estimates: number of trains, average weight of each train, distances traveled
within the South Coast Air Basin, and amount of fuel used per ton-mile of train
activity. Using the average train capacities discussed above (average 240 containers
per train) and the two San Pedro Bay Ports’ 2008 intermodal throughputs, the
average number of port-related trains was estimated to be 30 per day through the
Alameda Corridor* including non-container trains discussed above. The gross
weight (including locomotives, railcars, and freight) of a typical train was estimated to
be 5,784 tons, using the assumptions in Table 5.7. The distance assumptions are 21
miles for the Alameda Corridor and 84 miles between the north end of the Alameda
Corridor and the Air Basin boundary. The latter distance is an average of the east
and south routes taken by UP trains and the east route taken by most BNSF trains,
weighted by the percentage distribution of freight reported in previous emissions
inventories,"” as shown in Table 5.8.

Gross tons (in millions) were calculated by multiplying the number of trains by the
gross weight per train; for example in Table 5.9 this is illustrated by multiplying 4,972
trains per year by 5,784 tons per train (Table 5.7). The resulting 29 million gross ton
(MMGT) figure was multiplied by the distance of each rail travel segment to estimate
millions of gross ton-miles, also shown in Table 5.9. For the Alameda Corridor, this
is 29 MMGT multiplied by 21 miles, which equals 609 MMGT-miles. This table also

4 Overall Alameda Corridor traffic for 2008 was an average of 44 per day. This includes non-port-related
traffic; See: www.acta.org/ PDEF/ CorvidorTrainConnts.pdf.
47 Port of Long Beach Air Emissions Inventory - 2005. Starcrest Consulting Group, LLC. September 2007.
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shows the estimated total fuel usage, estimated by multiplying the MMGT-miles by
the average fuel consumption factor (gallons per thousand gross ton-miles) for the
two line haul railroads. This average was derived from information reported by the
railroads to the U.S. Surface Transportation Board in an annual report known as the
“R-1,”* the most recent of which, at the time of data collection, was for calendar
year 2007. Among the details in this report are the total gallons of diesel fuel used in
freight service and the total freight moved in thousand gross ton-miles. The total
fuel reported by both railroads was divided by the total gross ton-miles to derive an
average factor of 1,077 gallons of fuel per million gross ton-miles. Also listed in
Table 5.9 is the estimated total of out-of-port horsepower-hours, calculated by
dividing the fuel use by the fuel consumption factor of 0.048 gal/hp-hr. The
following examples illustrate the calculations underlying Table 5.9.

4,972 trains/year x 5,784 GT/train = 29 MMGT /year
29 MMGT/year x 21 miles = 609 MMGT-miles/year
609 MMGT-miles/year + 2,436 MMGT-miles/year = 3,045 MMGT-miles/year

3,045 MMGT-miles/year x 1,077 gals/MMGT-miles = 3.28 million gals/yeat

3.28 million gals/year / 0.048 gal/hp-hr = 68.3 million hp-hrs

Table 5.7: Assumptions for Gross Weight of Trains

Approx.
Train Component Weight Weight  Number Weight
1bs tons per train tons
Locomotive 420,000 210 4 840
Railcar (per double-stack platform) 40,000 20 120 2,400
Container 10.6 240 2,544
Total weight per train, gross tons 5,784

8 Class 1 Railroad Annnal Report R-1 to the Surface Transportation Board for the Year Ending Dec. 31, 2007 (Union
Pacific Railroad) and Class I Railroad Annnal Report R-1 to the Surface Transportation Board for the Year Ending Dec.
31, 2007 (BNSF Railway).
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Table 5.8: Train Travel Distance Assumptions

Miles Est. % of Miles x %
Freight
UP - LA east 84 36% 30
UP - LA south 91 10% 9
BNSF - LA east 82 54% 44

Weighted average distance, Central LA to Air Basin Boundary 84

Table 5.9: Gross Ton-Mile, Fuel Use, and Horsepower-hour Estimate

Trains MMGT Distance MMGT-miles

per year  per year miles per year
Alameda Corridor 4,972 29 21 609
Central LA to Air Basin Boundary 4,972 29 84 2,436
Million gross ton-miles 3,045
Estimated million gallons of fuel 3.28
Estimated million horsepower-hours 68.3

Emission estimates for out-of-port line haul locomotive activity were calculated by
multiplying this estimate of overall horsepower-hours by the emission factors in
terms of g/hp-hr.
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5.6 Emission Estimates

A summary of estimated emissions from locomotive operations related to the Port is
presented in Tables 5.10 and 5.11. These emissions include operations within the Port and
Port-related emissions outside the Port out to the boundary of the South Coast Air Basin.

Table 5.10: Port-Related Rail Estimated Emissions, tpy

PM,, PM,;, DPM NO, SO, CO HC

On-Port Emissions
Switching 1.1 1.0 1.1 39.8 0.0 9.8 2.6
Line Haul 13.3 12.2 13.3 432.0 3.2 68.0 22.8
On-Port Subtotal 14.4 13.2 14.4 471.8 3.2 77.8 25.4

Off-Port (Regional) Emissions

Switching 0.7 0.6 0.7 239 0.0 6.0 1.7
Line Haul 18.7 17.2 18.7 607.2 4.5 95.6 32.1
Off-Port Subtotal 19.4 17.8 19.4 631.0 4.5 101.6 33.8
Total 33.7 31.0 33.7 1,102.8 7.7 179.4 59.2

Table 5.11: Port-Related Rail GHG Estimated Emissions, metric tons per year

Cco, Cco, N,O CH,
Equivalent
On-Port Emissions
Switching 2,457.8 2433 0 0
Line Haul 23,757.8 23,523 1 2
On-Port Subtotal ~ 26,215.6  25,956.1 0.7 2.1
Off-Port (Regional) Emissions
Switching 1,461.8 1,447 0 0
Line Haul 33,395.6 33,065 1 3
Off-Port Subtotal ~ 34,857.4  34,512.3 0.9 2.8
Total 61,073.0  60,468.4 1.6 5.0
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The distribution of emissions is presented graphically in Figure 5.6. Approximately 56% of
the rail locomotive emissions are attributed to off-port emissions and 44% to on-port

emissions.

Figure 5.6: Port-Related Locomotive Operations Estimated Emissions
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