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San Luis Obispo County 
DECENTRALIZED TREATMENT 

1.0 INTRODUCTION 
The purpose of this technical memorandum (TM) is to address the alternative of 
decentralized treatment for the community of Los Osos and develop conceptual information 
to assist in determining the viability of implementation. The concept of decentralized 
treatment is to treat the wastewater closer to where it is generated, rather than collecting 
the wastewater and conveying it to one centralized location for treatment. In the 1970’s, 
regulatory agencies encouraged moving to centralized treatment for either single or multiple 
communities for the purpose of providing higher levels of treatment and improved water 
quality. However, where wastewater is reused near its source, the result of conveying 
wastewater away from the community to a centralized location is an increase in cost by 
having to return the treated water to the community for beneficial reuse. The increased 
interest in reuse in recent years has resulted in an increased interest in returning to 
decentralized treatment.  

This TM reviews general issues with decentralized treatment, including treatment 
technology, operations, neighbor impacts and costs. It also identifies some of the specific 
issues facing implementation of decentralized treatment in Los Osos.  

In June 2007, Lombardo Associates, Inc. (LAI) provided a conceptual-level proposal for a 
decentralized treatment alternative specific to Los Osos. In order to adequately compare 
this alternative to viable project alternatives (VPAs) identified in the project Fine Screening 
Analysis, LAI was retained to further detail its proposal. A summary of LAIs detailed 
proposal is provided in this TM. 

2.0 GENERAL ISSUES 
Decentralized treatment may be favorable for communities who wish to reduce the 
construction and annual energy costs associated with building a sewer and pumping 
wastewater to a central location. In a decentralized treatment system, wastewater is more 
easily distributed to residences for beneficial reuse close to where it is generated. However, 
there are several issues with decentralized treatment, including the ability to meet strict 
effluent quality limits and other regulations and potentially adverse neighbor impacts. In 
developed communities such as Los Osos, identifying sites sufficient in number and size to 
accommodate treatment facilities could also be difficult. By having to develop several sites, 
communities may lose the economy of scale for many aspects of centralized treatment, 
resulting in higher costs for some aspects of the project. 
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2.1 Treatment  

Technologies for decentralized wastewater treatment are often similar to those processes 
used for centralized treatment. Typical secondary treatment processes include activated 
sludge, attached growth and pond or land based processes. Because the footprint 
associated with these technologies scales roughly with flow (i.e., the greater the flow the 
larger the footprint), the total land required for a decentralized system would be similar to 
that of a centralized system. Recirculating media filters and other attached growth systems 
are often used for smaller cluster systems. In mostly built-out communities, treatment 
technologies with smaller footprints are favorable due to the constraints associated with 
siting a facility in an undeveloped lot.  

Depending on the regulatory requirements and reuse/disposal method to be used, higher 
levels of treatment may be required, such as filtration/disinfection for reuse or nitrogen 
removal for protection of the groundwater.  

2.1.1 Nitrogen Removal  

Because the upper aquifer in Los Osos is contaminated with nitrate, nitrogen removal will 
be one of the biggest issues for decentralized treatment in Los Osos. By themselves, most 
conventional treatment technologies for decentralized treatment are not able to consistently 
produce low effluent nitrogen levels (<7 mg/l). Technologies such as recirculating filters 
produce a nitrified effluent, where most of the organic nitrogen and ammonia have been 
converted to nitrate. An additional step, denitrification, is required to eliminate the nitrate. 
Denitrification is performed by heterotrophs (bacteria that require a carbon source) in an 
anoxic environment. Where the carbon source (BOD) has already been largely removed by 
aerobic processes, an additional carbon source must be added to the process.  

There are several anoxic filters that are capable of reducing nitrate to low levels due to an 
organic filter medium that provides additional carbon. For example, the NitrexTM system 
involves passing nitrified effluent through an organic filter medium that also provides the 
additional carbon source. The manufacturers claim that more than 95 percent of the nitrate 
is denitrified. At a 35-unit senior citizen’s complex located in Burford, Ontario, the NitrexTM 
system was installed in 1999 and has consistently allowed the development to attain the 
nitrate limit of 1.5 mg/L. No systems using NitrexTM filters that are as large as Los Osos 
have so far been implemented, according to one of the technology’s developers. Total 
nitrogen removal is strongly dependent on the nitrification step, since NitrexTM- will not 
remove organic or ammonia nitrogen, both of which will convert to nitrate after discharge to 
soils. 

If effluent is reused for irrigation, then some of the nitrogen will be taken up and used as 
fertilizer by growing plants. However, for this to represent a true removal, the plants need to 
be harvested (collected) and taken offsite, so the nitrogen is not reintroduced to the 
groundwater when they decompose. Where the irrigation is a park or golf course, this may 
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be standard practice with grass, however if the reuse is for residential irrigation, it is difficult 
to ensure proper removal is occurring. Additionally, nitrogen uptake is dependent on plant 
type and, therefore the uptake will be slower for residences where homeowners have slow 
growing plants or drought tolerant plants rather than lawns that are regularly mowed and 
cleared of clippings. For warm weather grasses such as Bermuda grass (Table 1) uptake is 
reduced in the winter when the plants become dormant although their ability to uptake 
nitrogen in the summer is high. Cool weather grasses such as Kentucky Bluegrass can 
continue to grow year-round in a climate lacking temperature extremes, such as Los Osos’, 
but their total ability to uptake nitrogen is less than warm weather grass’. Other plants such 
as trees or vegetables have much less of an ability to uptake nitrogen than grass, with more 
than 50 percent of applied nitrogen being lost to leaching (Pettygrove and Asano, 1985).  

The nitrogen uptake estimates for turf grass in Table 1 represent a best-case scenario for 
Los Osos, since many homes in the community have plants other than turf grass, or no 
landscaping at all. Wet weather increases downward transport of effluent during rainfall 
events, quickly moving nitrate beyond the range of plant roots. Sandy soils, like those 
underlying Los Osos, are particularly poor at retaining nitrate. Therefore, residential plant 
uptake cannot reliably remove enough nitrogen year-round from effluent to be protective of 
the groundwater if the effluent is not sufficiently denitrified. 
 
Table 1 Estimated Nitrogen Uptake by Warm and Cool Weather Grasses(1) 

Los Osos Wastewater Project Development 
San Luis Obispo County 

Grass type 

Range of 
Nitrogen 

Uptake, lbs/day 
- Summer(2) 

Range of 
Nitrogen 

Uptake, lbs/day 
- Winter(2) 

Range of 
Untreated 

Wastewater, 
lbs/day(3) 

Filter-
Treated 

Wastewater, 
lbs/day(4) 

Warm Weather Grass - 
Bermuda Grass 

680-1200 0 400-900 300 

Cool Weather Grass - 
Kentucky Bluegrass 

170 - 230 170 - 230 400-900 300 

Notes: 
(1) Crites et al., 2000. 
(2) Assuming 330 acres of irrigated land in the Los Osos Prohibition Zone (0.07 acres per 

home - approx half of the most common lot size). These are best-case scenarios, since 
much of Los Osos is landscaped with plants other than turf grass.  

(3) Assuming 0.02-0.048 lbs/day/person, population 18,428. 
(4) Assuming sand filter effluent concentration of 30 mg/L (Crites and Tchobanoglous, 

1998).  
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2.1.2 Septic Tank Use 

Most treatment technologies, and particularly attached growth reactors that are favored for 
small systems, would require primary-level pretreatment. This could consist of using onsite-
septic tanks and pumping the liquid effluent to a neighborhood treatment site. This 
alternative retains the on-lot impacts that are inherent in using a STEP sewer, such as 
septic tank replacement (assuming new tanks are required) and power issues. In addition, 
septic tank effluent is low in oxygen and in carbon, thereby making it necessary to aerate it 
to enable nitrification and add an external carbon source to achieve denitrification.  

2.2 Operational Issues 

Biological wastewater treatment processes are strongly dependent on the stability of 
influent flows and loads. A larger number of households connected to a decentralized 
system can help maintain process stability. In general, the larger the facilities, and 
correspondingly, the fewer in number the facilities in a given community, the more likely 
they will be able to reliably meet discharge requirements. 

Because decentralized systems are composed of multiple, unmanned treatment sites, 
automatic controls, sensors and alarms are a key component of this type of treatment. Due 
to the heavy reliance on automated components, back-up power would need to be provided 
at each site in the event of a power failure. Although decentralized systems are considered 
unmanned, operator attention is still required to regularly check on the decentralized 
facilities and do water quality monitoring.  

According to Title 22, for reuse applications, daily sampling of some effluent parameters 
such as coliform and continuous monitoring of turbidity in the effluent is required. The 
turbidity could be monitored and reported automatically but the coliform tests would need to 
be collected from each of the treatment facilities and sent to a lab, where the cost per 
analysis would be approximately $50 per sample. Additionally, due to the nitrate 
contamination of the upper aquifer, the waste discharge requirement may include an interim 
provision for weekly total nitrogen monitoring, until it is demonstrated after a specified 
period that the effluent is consistently low in nitrogen and sampling frequencies can be 
reduced to monthly or quarterly. The cost of a total nitrogen analysis is approximately $150 
per sample. These are just laboratory costs and do not include labor for collecting the 
samples of multiple treatment locations. All of these tests would have to be run on each of 
the treatment facilities, multiplying the project monitoring cost over those of centralized 
treatment by a factor of the number of facilities.  

Additionally, if subsurface drip irrigation at individual homes is selected as a reuse 
application, then an extensive on-lot network of drip irrigation systems will need to be 
installed and maintained. This could be the responsibility of either the homeowner or the 
utility. 
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2.3 Community Issues/Environmental Impacts 

Decentralized treatment necessitates the acquisition of multiple treatment sites in a 
community. Decentralized treatment offers potential construction and energy savings from 
siting a facility near the wastewater source (homes) as opposed to siting facilities out of 
town as is often favored for centralized systems. Therefore, several sites near developed 
areas need to be identified. These empty sites must have adequate area to site a treatment 
facility, and their location will affect the hydraulics of the system. While this can be planned 
into new developments, in existing communities, siting of the plants may provoke opposition 
from neighbors who fear aesthetic impacts from the plants. Additionally, odor control and 
impacts from maintenance personnel and sludge hauling truck traffic must be carefully 
considered.  

2.4 Costs 

While the costs for collection and effluent distribution of decentralized systems may be 
minimized compared to an analogous centralized system, the cost for treatment may be 
higher. In a typical treatment plant cost curve, the cost per MGD treated decreases with 
increasing flow. Figure 1, which shows the cost of construction for MBR/BNR plants 
(including headworks but excluding solids handling facilities), illustrates this for small-scale 
facilities. With decentralized treatment, this economy of scale is lost. However, this issue is 
mitigated if a less expensive treatment technology is selected that is suitable for smaller 
flows but would not be appropriate for a larger central treatment plant. Annual monitoring 
costs will be higher for a decentralized system with multiple facilities, as each site would 
have to be monitored independently to ensure compliance with regulations.  

3.0 LOS OSOS SPECIFIC ISSUES 
In addition to the general issues that are common to all communities contemplating 
installing a decentralized wastewater treatment system, Los Osos has specific 
characteristics that affect the viability of this option.  

3.1 Residential Reuse/Disposal 

As discussed in the Rough Screening Report and Fine Screening Report, the urban reuse 
demand for public sites (parks and schools) is insufficient for the volume of wastewater 
generated. Therefore, for Los Osos, the prime reuse/disposal for a decentralized system 
would be residential irrigation. While subsurface irrigation, or surface irrigation with Title 22-
complaint effluent, would be tenable during most of the year, during storm events neither 
would be practicable. Therefore, each facility would need to include storage, as well as 
possible access to additional drainfields to dispose of stored effluent after a storm event. 
One option that could be explored for such events is to install on each lot a switch 
automatically activated by a rainfall sensor to connect to the existing leachfields. It is not 
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Figure 1
COST CURVE FOR MBRs/BNRs

LOS OSOS WASTEWATER PROJECT DEVELOPMENT
SAN LUIS OBISPO COUNTY
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expected that a connection to the leachfields would add significantly to the cost of the 
project. 

In California, effluent reuse can be achieved with subsurface drip irrigation, or surface 
irrigation if the effluent is filtered to meet Title 22 standards. Each system would be subject 
to a Waste Discharge Requirement issued by the Regional Water Quality Control Board 
that would limit the concentration of contaminants in the effluent, receiving groundwater, or 
both. While a centralized system would only have one effluent sample tested on a monthly 
or quarterly basis, the owner of a decentralized system would have to test each facility, 
multiplying the monitoring costs by the number of facilities, as discussed in Section 2.2. 
Additionally, due to the distributed nature of the effluent disposal, more groundwater 
monitoring wells would likely have to be constructed than would be necessary for a 
centralized system. 

3.2 Seawater Intrusion 

Los Osos currently derives most of its drinking water from the lower aquifer underneath the 
town. The groundwater is being pumped out at approximately 460 acre feet yard (AFY) 
faster than it is being replenished, resulting in seawater intrusion. Collection of wastewater 
for decentralized treatment, as with centralized treatment, would reduce recharge to the 
upper aquifer and result in approximately 90 AFY of additional seawater intrusion into the 
lower aquifer, for a total of 550 AFY intrusion. If reuse distribution lines were connected to 
the existing leachfields then current conditions would be maintained. 

Disposal of locally treated wastewater through reuse by subsurface irrigation to individual 
residences would reduce pumping of the lower aquifer groundwater that is currently being 
used for irrigation. Irrigation represents approximately 930 of annual water use. Assuming 
the purveyors reconfigured their pumping to maximize the mitigation benefit of this 
reduction, and that public areas such as parks could be irrigated using upper aquifer water 
as outlined in the Fine Screening Analysis, this reuse could result in a maximum seawater 
intrusion mitigation of up to 510 AFY (i.e., 930 AFY x 0.55 mitigation factor), nearly 
balancing the groundwater basin at current conditions. Project implementation could begin 
with distribution lines connecting to existing leachfields, then joining up with subsurface 
irrigation systems as they were installed, going from a Level 1 project (minimal seawater 
intrusion mitigation) to nearly a Level 3 project (balanced water basin at existing population) 
over time. However, the actual realized benefit of this reuse would likely be somewhat less 
than the maximum benefit since some lots will have higher irrigation needs, especially 
during hot weather, than can be met with their reused wastewater and will need to 
supplement with potable water, and some homeowners may not comply with a request to 
use only recycled water for irrigation.  
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3.3 Siting 

Los Osos is a densely developed community. Most parcels have a street front width of 25 to 
50 feet, and a length of 100 to 125 feet. This small size is a constraint on the type of 
treatment facility that can be sited. Assuming two adjacent undeveloped parcels with a 
combined area of 0.3 acres, this land could site a sand filter/NitrexTM facility that treats the 
wastewater from approximately 150 homes.  

LAI’s Decentralized Wastewater Treatment Scenarios Technical Memorandum (see 
Appendix B) provides a more detailed review of potential treatment facility siting utilizing 
“paper streets” (areas identified as streets on parcel maps, but have not been built) to 
reduce the number of “undeveloped lots” required for treatment sites. Refer to Section 4.1 
of this TM for a summary of LAIs conceptual layout. 

3.4 Community Impacts 

In addition to restricting the technological options for the treatment facilities, the small lot 
size necessitates that treatment plants would be located closely adjacent to neighboring 
homes. This could provoke neighbor opposition to the project, for fears of aesthetic impacts 
and the resultant decrease in home value. Additionally, acquiring multiple sites requires 
purchasing them from property owners who may not be willing sellers. Exercising eminent 
domain to acquire the properties could be utilized, but at increased cost and time to the 
project. 

3.5 Regulatory Concerns 

ESHA (Environmentally Sensitive Habitat Area) is defined by the state Coastal Act and the 
County Local Coastal Program. These areas of biological sensitivity are mapped in each 
jurisdiction. In Los Osos, ESHA is defined by soil as everything that has Los Osos Dune 
Sands. This includes all of the land west of Los Osos Creek, bordered on the north and 
west by Morro Bay and bordered on the south by the first ridgeline, where the sand 
diminishes.  

Because in a decentralized scenario, all of the neighborhood plants would be located in 
town, they would need to go on ESHA. In total, the acreage that is ESHA-impacted is 
approximately 6 to 10 acres developed for treatment plant sites. The permitting constraints 
of developing several sites in ESHA could make this alternative unpermittable where an 
out-of-town (and out-of-ESHA) site is feasible. 

Gaining a permit from the Central Coast Regional Water Quality Control Board 
(CCRWQCB) to discharge to the groundwater basin in the Prohibition Zone may be another 
potential problem for decentralized systems. In CCRWQCB Resolution 83-13, “discharges 
from individual and community sewage disposal systems are prohibited in 
the…groundwater prohibition zone.” However, the CCRWQCB issued a permit for the 
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previous project for centralized discharge to leachfields at the Broderson site, which is 
within the prohibition zone, but whose geotechnical characteristics have been studied 
extensively. It is uncertain whether the CCRWQCB Regional Board would approve 
discharges to decentralized sites within the prohibition zone.  

3.6 Costs 

LAI’s Cost Estimates for Decentralized Scenarios Technical Memorandum (see 
Appendix B) provides capital cost estimates and O&M cost estimates for decentralized 
treatment alternatives. Refer to Section 4.2 of this TM for a summary of the cost estimates 
and a comparison to VPAs identified in the project Fine Screening Analysis. To date, 
project delays and interruptions have already increased the cost of implementation due to 
construction escalation and perceived contractor risk. Further delays to a decentralized 
system alternative due to neighbor opposition, multiple property owners being unwilling to 
sell, and permitting complications should be considered in conjunction with these cost 
estimates. 

4.0 LAI DECENTRALIZED TREATMENT PROPOSAL  
A conceptual-level proposal for a decentralized treatment alternative specific to Los Osos 
was provided by Lombardo Associates, Inc (LAI) as described in their June 8, 2007 letter to 
San Luis Obispo County (see Appendix A). The letter provided a conceptual-level 
description of the decentralized treatment alternative based on LAI having performed a 
“significant amount of preliminary engineering analysis” of the Los Osos Wastewater 
Project. Based on the benefits identified in the LAI proposal, the Los Osos project team 
believed that this alternative had merit for further consideration for the Los Osos 
Wastewater Project. However, the conceptual-level project description provided in the LAI 
letter needed more detail to provide a comparison to the VPAs identified in the Fine 
Screening Analysis.  

As a result, LAI was retained to further develop their proposal and address a list of issues 
identified by the Los Osos project team. Three resulting technical memoranda (see 
Appendix B) were prepared by LAI further detailing their proposal. A summary is provided 
below. 

4.1 Project Description 

LAI’s decentralized treatment proposal consists of two scenarios. Each scenario is broken 
down into two alternatives based on the disposal/reuse method. 

• Scenario 1 - Multiple Treatment Locations: This scenario involves creating seven 
sub-zones within the project area, each having its own treatment site. The potential 
treatment sites consist of paper streets and undeveloped lots. 
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– Alternative a - Residential Reuse & Disposal: This alternative for Scenario 1 
consists of reuse and disposal at individual properties via drip irrigation 
systems to be installed at each property. These systems would be used as 
disposal during times of no reuse, thereby eliminating the need for drain field 
sites. 

– Alternative b - Non-residential Reuse & Disposal: This alternative for 
Scenario 1 consists of non-residential reuse via drip irrigation systems and 
disposal via drains fields. Non-residential reuse sites would include schools, 
cemeteries, and farmland. Disposal sites would include paper streets and 
undeveloped lots. Disposal sites would be required as the capacity of non-
residential reuse sites is not sufficient for the wastewater flows produced. 

• Scenario 2 - Two Treatment Locations: This scenario involves using two treatment 
locations, one in Midtown (Tri-W site) and one in the northeast region of Los Osos 
near the Los Osos Middle School.  
– Alternative a - Residential Reuse & Disposal: This alternative for Scenario 2 

consists of reuse and disposal at individual properties similar to Scenario 1a. 
– Alternative b - Non-residential Reuse & Disposal: This alternative for 

Scenario 2 consists of non-residential reuse and disposal at locations similar 
to Scenario 1b. 

For a detailed description of these scenarios, refer to LAI’s Decentralized Wastewater 
Treatment Scenarios Technical Memorandum in Appendix B. 

4.2 Costs 

LAI has provided cost estimates for all scenarios of decentralized treatment in its Cost 
Estimates for Decentralized Scenarios Technical Memorandum (see Appendix B). In order 
to provide an equivalent comparison to the VPAs established in the Fine Screening 
Analysis, the basis for LAI’s estimates were updated by the Los Osos project team to be 
consistent with the Fine Screening Analysis. Refer to the August 25, 2008 project 
memorandum contained in Appendix C for details of how these costs were updated. 

Table 2 below provides a summary of the capital cost estimates for each decentralized 
treatment scenario. For a breakdown of costs, refer to the project memorandum contained 
in Appendix C. 

Table 3 below provides a summary of the O&M cost estimates for each decentralized 
treatment scenario. For a breakdown of costs, refer to the project memorandum contained 
in Appendix C. 
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Table 2 Decentralized Treatment Scenarios Range of Capital Costs, Millions(1) 

Los Osos Wastewater Project Development 
San Luis Obispo County 

 

Scenario 1a -   
Multiple 

Treatment 
Locations w/ 
Residential 

Reuse & 
Disposal 

Scenario 1b - 
Multiple 

Treatment 
Locations w/ 

Non-residential 
Reuse & 
Disposal 

Scenario 2a -   
Two Treatment 
Locations w/ 
Residential 

Reuse & 
Disposal 

Scenario 2b - 
Two Treatment 
Locations w/ 

Non-residential 
Reuse & 
Disposal 

Total Project 
Costs 

$216 - $240 $171 - $185 $214 - $238 $169 - $182 

Note: 
(1) Based on LAI’s Cost Estimates for Decentralized Scenarios Technical Memorandum 

(Appendix B) and updated by Los Osos project team per August 25, 2008 project 
memorandum (Appendix C) for comparison to VPAs from Fine Screening Analysis. 

 
Table 3 Decentralized Treatment Scenarios O&M Costs, Millions(1) 

Los Osos Wastewater Project Development 
San Luis Obispo County 

 

Scenario 1a -  
Multiple 

Treatment 
Locations w/ 
Residential 

Reuse & 
Disposal 

Scenario 1b - 
Multiple 

Treatment 
Locations w/ 

Non-residential 
Reuse & 
Disposal 

Scenario 2a -   
Two Treatment 
Locations w/ 
Residential 

Reuse & 
Disposal 

Scenario 2b - 
Two Treatment 
Locations w/ 

Non-residential 
Reuse & 
Disposal 

Total Annual O&M 
Cost 

$2.1 $1.9 $1.5 $1.3 

Note: 
(1) Based on LAI’s Cost Estimates for Decentralized Scenarios Technical Memorandum 

(Appendix B) and updated by Los Osos project team per August 25, 2008 project 
memorandum (Appendix C) for comparison to VPAs from Fine Screening Analysis. 

4.2.1 Comparison to Viable Project Alternatives 

Tables 4 and 5 below provide a summary of the capital cost estimates and O&M cost 
estimates for the VPAs from the Fine Screening Analysis. For a breakdown of costs, refer 
to the Fine Screening Analysis. 
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Table 4 Viable Project Alternatives Range of Capital Costs, Millions(1) 

Los Osos Wastewater Project Development 
San Luis Obispo County 
Seawater Intrusion 
Mitigation Level 1 

Seawater Intrusion 
Mitigation Level 2 

Seawater Intrusion 
Mitigation Level 3 

Tri-W 
Project Total 

Project 
Costs 90 AFY 140 AFY 190 AFY 240 AFY 550 AFY 600 AFY ~ 285 AFY 

STEP $135- 
$174 

$146- 
$181 

$144- 
$180 

$147-
$181 

$166-
$202 

$165-
$199 

N/A 

Gravity $153- 
$183 

$163- 
$187 

$161- 
$185 

$163-
$186 

$182-
$208 

$182-
$205 

$205- $219

Note: 
(1) Based on Viable Project Alternatives Fine Screening Analysis (August 2007). 
 
Table 5 Viable Project Alternatives Range of O&M Costs, Millions(1) 

Los Osos Wastewater Project Development 
San Luis Obispo County 
Seawater Intrusion 
Mitigation Level 1 

Seawater Intrusion 
Mitigation Level 2 

Seawater Intrusion 
Mitigation Level 3 

Tri-W 
Project Total 

Project 
Costs 90 AFY 140 AFY 190 AFY 240 AFY 550 AFY 600 AFY ~ 285 AFY 

STEP $1.4- 
$1.9 

$1.8- 
$3.0 

$2.0- 
$3.1 

$2.1-
$3.2 

$1.8-
$3.9 

$2.0-
$3.1 

N/A 

Gravity $1.1- 
$1.9 

$1.4- 
$2.9 

$1.6- 
$3.0 

$1.7-
$3.2 

$1.4-
$3.8 

$1.6-
$3.0 

$2.3-2.4 

Note: 
(1) Based on Viable Project Alternatives Fine Screening Analysis (August 2007). 

In comparing the cost estimates for the decentralized treatment alternatives with the VPAs 
from the Fine Screening Analysis, the following considerations and finding are noted: 

• Decentralized Treatment Scenarios 1b and 2b (non-residential reuse and disposal) 
appear to have the potential to provide Level 2 mitigation. A more detailed analysis 
is required to confirm actual mitigation benefits. 

• Capital cost estimate ranges for Decentralized Treatment Scenarios 1b and 2b 
appear to be within the range of costs for Level 2 mitigation VPAs from the Fine 
Screening Analysis. O&M cost estimate ranges for decentralized treatment appear 
to be slightly lower. 

• Decentralized Treatment Scenarios 1a and 2a (residential reuse) appear to have the 
potential to provide near Level 3 mitigation. In order to achieve Level 3 mitigation, 
these scenarios will likely require large storage facilities due to seasonal variability 
of irrigation demand and the essentially constant rate of wastewater generation. LAI 
has suggested exploring groundwater pumping (i.e., groundwater acts as a storage 
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facility) as an alternative storage method. Storage has not been included in the cost 
estimates for these scenarios, and a more detailed analysis is required for 
confirmation of the level of seawater intrusion mitigation benefits. 

• Capital cost estimate ranges for Decentralized Treatment Scenarios 1a and 2a 
appear to be higher than the capital cost estimate ranges for Level 3 mitigation 
VPAs from the Fine Screening Analysis. However, O&M cost estimate ranges for 
decentralized treatment appear to be slightly lower. 

• LAI has indicated that the alternative of “shared” or “centralized” septic tanks in lieu 
of “dedicated” septic tanks to each property can provide potential cost savings. The 
Fine Screen Analysis cost estimates are based on the County’s current direction 
that properties are to have “dedicated” septic tanks. Therefore, costs for a 
decentralized system should have the same basis for comparison purposes. Either 
a decentralized or centralized system will have the option to re-evaluate this 
assumption for cost reduction in the future. 

• LAI used a cost of $129 per linear foot for gravity sewers based on bid tabs for the 
previous project as the best available costs for local conditions. The decentralized 
system will have a slightly smaller average pipe size than the previous project 
(8-inch) and the average depth will likely be less than the previous project (8 feet). 
While the assumed unit price of $90 per linear foot in Section 7.1 of LAI’s Task 3 TM 
appears to overstate the potential savings, the County team will work to identify and 
further define the costs if this alternative moves forward to preliminary design. The 
goal of the analysis at this point is to encompass all project costs and the bid tab 
value of $129 per linear foot appears to be appropriate without documentation 
supporting a revised unit cost. 

• LAI has indicated that the decentralized treatment scenarios carry costs for Title 22 
compliant effluent and residential reuse (purple) piping that are not part of most of 
the VPAs from the Fine Screening Analysis. However, it is important to note that the 
benchmark for alternative comparison is based on seawater intrusion mitigation and 
not effluent quality levels. For example, from the Fine Screening Analysis, Level 3 
mitigation can be achieved without Title 22 compliant effluent and residential reuse 
through the use of leachfields and harvest wells at Broderson. 

4.3 Additional Conceptual Design Information on General and Los Osos 
Specific Issues 

The decentralized treatment proposal has other issues in addition to cost that should be 
evaluated for feasibility of implementation. This section outlines these issues.  
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4.3.1 Treatment Facility Siting 

The Los Osos project team has raised three concerns about locating multiple treatment 
plants throughout the community.  

• The NWRI Peer Review Report suggested that the WWTP project be located 
outside (to the east) of town because of significant community concerns with a 
WWTP being located in town (i.e., the Tri-W project). 

• The residents adjacent to the proposed treatment locations might vigorously oppose 
and delay the project (through the environmental review process) due to perceived 
disproportionate negative impacts associated with treatment plant construction and 
operation. 

• If the previous project efforts are any insight into the future, the Coastal Commission 
will likely not look favorably on multiple in-town treatment plants over an out-of-town 
option, which could have significant impact on the project costs and schedule. 

LAI has noted that resistance from adjacent residents and regulatory agencies will not be 
known until specific sites are presented as options for public comment and regulatory 
review. However, LAI has indicated that the proposed treatment facilities would be 
designed with features to try to minimize neighborhood impact including: 

• Treatment facilities would be predominately below grade to minimize visual and 
noise impacts. 

• Above grade portions of treatment facilities would be fenced and landscaped. 
Landscaping would include environmentally friendly project components (i.e., 
walking/bike paths, gardens, etc) to engender public acceptance in the interest of 
being a “good neighbor”.  

• The NitrexTM component of the system would be largely constructed below grade 
with the option of the NitrexTM filters taking the form of a constructed wetland. LAI 
has indicated that this feature can be landscaped for an additional $2 million in 
capital cost.   

• Emergency generators would be installed in acoustical enclosures or within a 
building with acoustical louvers to minimize noise associated with monthly 
exercising. 

• Odor control systems would be included. 

• Truck traffic to operate treatment facilities would be minimal. 
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4.3.2 Land Acquisition 

LAI’s proposal includes the use of vacant lots as treatment/disposal sites throughout the 
Los Osos community. However, it is unknown at this time whether these identified sites are 
those of willing sellers. Land acquisition for multiple sites may also be a lengthy and 
contentious process and could substantially increase the cost of the project.  

LAI has noted that difficulties with land acquisition cannot be addressed until specific sites 
are selected. LAI has recommended that the next step in implementing a decentralized 
system would be determining the sites that are most feasible to acquire. LAI has indicated 
that there are additional site options available to those identified in their proposal.  

The cost estimates for the decentralized treatment scenarios contain an allowance for land 
acquisition. 

4.3.3 Treatment Technology 

The LAI proposal consists of a combination of recirculating media filters (RMF) and the 
NitrexTM system as its proposed treatment technology. While the NitrexTM system can 
remove nearly all of the nitrate in its influent, total nitrogen removal depends on the 
nitrifying ability of the aerobic treatment step. LAI has indicated that all properly installed 
and operated RMF systems generally perform to the same level. However, specific RMF 
systems and nitrifying efficiencies were not included in the LAI proposal. 

4.3.4 Regulatory Concerns 

As is the case for all technologies being evaluated as part of the Los Osos Wastewater 
Project, regulatory approval for LAI’s proposed RMF and NitrexTM system is a critical 
consideration. LAI has indicated that the combination of RMF and the NitrexTM system has 
been approved in numerous locations nationwide with documented performance levels. 
However, there are no existing installations in California for a community of similar size to 
Los Osos. The CCRWQCB’s review of LAI’s proposed treatment technology, as well as the 
ability to discharge within the prohibition zone, is a critical consideration that would need to 
be resolved. 

LAI’s proposal for decentralized treatment consists of treatment plant siting within ESHA. 
The Los Osos project team has raised the concern that permitting constraints for 
developing several sites within ESHA could make implementation of the decentralized 
treatment alternative unfeasible. LAI has indicated that this matter can only be addressed 
by submittal to the Coastal Commission and obtaining their opinion. However, LAI believes 
that since the proposed wastewater system is predominately below grade, and for paper 
streets, an enhancement of land from current use, ESHA issues can be addressed in a 
positive manner. 
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4.3.5 Greenhouse Gas Emissions 

Greenhouse gas emissions are an important consideration when assessing the 
environmental benefits of a project. Offsetting/preventing release of greenhouse gases from 
the treatment process itself is more difficult with a decentralized system because septic 
tanks (anaerobic processes) release methane gases which have 23 times the greenhouse 
gas effect of carbon dioxide - the byproduct of aerobic treatment.  

Estimates of the net greenhouse gas effect for the proposed decentralized system have not 
been performed to date. However, septic tank emissions have been estimated in the 
Project Alternatives Greenhouse Gas Emissions Inventory (Carollo, June 2008) in 
Section 4.1 per the 2006 IPCC Guidelines for National GHG Inventories followed by the US 
EPA. LAI has noted their opinion that there is no consensus in the industry as to if and how 
much methane is released from septic tanks and suggests measurements from existing 
septic tanks be taken to quantify. LAI has also indicated that active ventilation and 
destruction is an option should this be an issue, although specific examples on a similar 
scale to Los Osos are not known and no references were provided.   

4.3.6 Disposal - Solids Handling 

For a decentralized treatment alternative, septic tanks at each household will still need to 
be pumped at regular intervals. LAI has indicated that the existing method of disposal 
(trucking out of the community) is assumed for their proposal and included in the O&M cost 
estimates. LAI conservatively estimates an increase of 10 percent to 20 percent of sludge 
production above the existing volume currently being disposed of from septic tanks. It has 
not been confirmed if the receiving facility can handle this excess sludge. LAI suggests land 
application as a potential alternative for evaluation. 

4.3.7 Project Delivery 

The LAI proposal cites that the potential for modularity in the implementation of a 
decentralized treatment is a possible benefit. The Los Osos project team has no further 
comment on this issue, since the County is best able to assess the pros and cons of 
administering separate contractor bidding and financing for each potential cluster system. 

4.3.8 References 

LAI references their website for a list of operating decentralized systems and agency/owner 
references.  Specific descriptions of the community and conditions with which these 
systems were installed, and costs for these projects were not summarized in the technical 
memoranda provided by LAI. 
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5.0 SUMMARY 
In general, decentralized treatment can be a cost effective alternative to centralized 
treatment due to reduced collection system construction and energy costs. However, for 
Los Osos, the savings from not having to provide out-of-town conveyance in a 
decentralized system appears to be offset by the increased costs of construction for 
treatment facilities and effluent distribution systems (especially for the residential reuse 
scenarios). The non-residential reuse/disposal scenarios for decentralized treatment 
(Scenarios 1b and 2b) appear to be within the range of costs compared to Level 2 
mitigation VPAs from the Fine Screening Analysis with lower annual O&M costs. The 
residential reuse/disposal scenarios for decentralized treatment (Scenarios 1a and 2a) have 
higher capital costs when compared to Level 3 mitigation VPAs from the Fine Screening 
Analysis, but slightly lower annual O&M costs.  

Issues remain that could impact the application of decentralized treatment in Los Osos. 
Because the entire town is on ESHA land, this alternative may be extremely difficult to 
permit. There could also be permitting problems due to discharging effluent in the 
Prohibition Zone. Neighbor impacts from siting treatment facilities on small lots next to 
occupied homes, and property owners’ willingness to sell could also be major stumbling 
blocks for project implementation. These risks could potentially lead to project delays, 
interruptions, and unforeseen compliance requirements that could increase the cost of 
implementation.  

6.0 REFERENCES 
Crites, Reed and Bastian, “Land Treatment Systems for Municipal and Industrial Wastes” 
McGraw-Hill, 2000. 

Crites and Tchbanoglous, “Small and Decentralized Wastewater Management Systems” 
McGraw-Hill, 1998. 

Pettygrove and Asano, “Irrigation with Reclaimed Municipal Wastewater - A Guidance 
Manual” Lewis Publishers, 1985.
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June 8, 2007 
 
 
 
Mr. Paavo Ogren, Deputy Director 
San Luis Obispo County  
Department of Public Works 
1050 Monterey Street 
San Luis Obispo, CA 93408  Re:   Los Osos Wastewater Project 
      Decentralized Wastewater Management Option 
 
Dear Mr. Ogren: 
 
Lombardo Associates, Inc. (LAI) has reviewed the Los Osos Wastewater Project Viable Project 
Alternatives Fine Screening Analysis prepared by Carollo Engineers, dated May 2007 along 
with many of the numerous reports on the wastewater and water resource issues in Los Osos.  
We are intimately familiar with the Los Osos wastewater situation as we proposed to assist the 
LOCSD with its engineering study in 2006 with the team of Professor George Tchobanoglous, 
Robert Jaques of Monterey County (who were both on the NWRI project review team) along 
with other national experts.  We have also contacted Carollo Engineers offering our services, as 
we are nationally recognized on decentralized wastewater systems and have over $200 million 
of project experience as the Engineer of Record on projects similar to Los Osos.  Based upon 
our extensive and detailed review of the May 2007 Alternatives Fine Screening Analysis and 
previous documents prepared under the County sponsored project, we note that there is no 
identification and evaluation of a Decentralized Wastewater Plan.  Based upon our investigation, 
it appears that a Decentralized Wastewater Plan is technically viable, economically competitive 
and environmentally very attractive, as compared to the other options that have been 
considered in the current and previous studies.   

The Decentralized Wastewater Management Option would serve all of the existing development 
and build-out, capable of producing reusable water complying with Title 22 standards and would 
address in a very positive manner (we believe solve) the water supply imbalance in Los Osos 
that has led to salt water intrusion and thereby endangering the community’s groundwater water 
supply.   

Based upon our review of existing development in Los Osos which included examining the 
aerial photos and lot sizes and performing a significant amount of preliminary engineering 
analysis, we are of the opinion that due to the large number of small lots, complete reliance on 
individual systems is not technically feasible.  Consequently it is our opinion 
that communal/cluster systems need to be the core of a Decentralized Wastewater 
Management Option.  An optimized Decentralized Wastewater Management Plan could be a 
combination of communal and individual systems, however for analytical simplicity we start by 
assuming all existing developed properties and build-out would be served by a complete 
wastewater collection, treatment and dispersal communal/neighborhood system.  Where use of 
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individual systems would be economically attractive would then be determined for the definition 
of the optimized Decentralized Wastewater Management Plan.  

At the conceptual level, the Decentralized Wastewater Option would consist of a number of 
communal wastewater systems that would total the wastewater design flow of 1.2+/- MGD with 
the following components: 

 Septic Tank Effluent Collection System – maximizing the use of gravity (i.e. STEG) and 
using pumps (STEP) when necessary 

 Recirculating Media Filters for Advanced Secondary Treatment 

 NitrexTM system for nitrogen removal – which could have emergent wetlands if desired, 
however not necessary for treatment 

 Disinfection with UV-Ozone that additionally addresses emerging contaminant issues 

 Dispersal by returning the treated wastewater to the individual properties generating 
wastewater, for drip/landscape irrigation.  Additional drainfields would be provided for 
“excess” treated effluent that is not disposed of via drip irrigation to individual wastewater 
generating properties.  Drip irrigation is a year round activity and not subject to seasonal 
issues associated with surface land application, i.e. spray irrigation.  Connection 
between communal systems for effluent dispersal would be used to address wastewater 
production-dispersal imbalances in any communal areas. 

We have examined the topography of Los Osos, depth to groundwater, soils, and existing 
development patterns and have concluded at this level of planning, that sufficient undeveloped 
land exists throughout the community to site the needed communal wastewater treatment 
facilities.  At each of the communal treatment sites, virtually all wastewater treatment facilities 
would be below ground.  With appropriate landscaping, the communal systems could be an 
open space amenity in the community.   

Operation and maintenance of these wastewater systems is simple, requiring little operator 
attention.  Our current comparable facilities operate with monthly visits – primarily to collect 
samples for performance monitoring.  Electrical needs are predominately to operate small 
pumps that operate intermittently.  No chemicals are needed.  There is little sludge production in 
the treatment system – significantly less than an activated sludge plant.  Odor issues are 
mitigated as there is no sludge processing and soil or carbon filters are used for air venting of 
treatment processes.  Our experience includes engineering a 0.9 MGD wastewater collection, 
treatment and dispersal system that has 11 sub-areas, some of which have multiple small cost-
effective pump stations to address serving properties in areas with flat and undulating terrain. 

The benefits of the Decentralized Option are: 

1. Cost competitive.  Some centralized wastewater systems costs are eliminated or traded 
for more productive/valued uses, such as: 

a. Elimination of force main to treatment plant 
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b. Dispersal system costs are traded for a water reuse/drip irrigation system that 
lowers property owners’ water supply costs and produces the highest saltwater 
intrusion mitigation level.  It is noted that landscape irrigation is a major water 
user in Los Osos, and, from what we can deduce, the major cause of saltwater 
intrusion. 

c. Centralized sludge treatment, usually a major source of odors and costs, is 
significantly diminished if not eliminated, as slightly more than septage pumping 
is necessary.  At 7,000 - 10,000+/- gpd of septage, simple subsurface land 
application or disposal at a centralized treatment site may be optimal.  For your 
information, I co-authored the US EPA Septage Design Manual. 

2. Modularity enables the project to be easily segmented and the individual total 
communal systems can be implemented quickly.  Due to the lower bonding 
requirements, it may be wise to bid communal systems separately and sequentially to 
attract a wider number of contractors, many of which may be local, and to increase 
construction competition.  Also, it may be desirable to have Proposition 218 votes on 
different communal areas.  We have experience on all of these, and other innovative 
approaches, including design-build-operate (DBO), in CA as well, approaches. Our 
DBO experiences include being the Chief Engineer for municipalities procuring the DBO 
service as well as being part of the proposing organization. 

3. Environmentally Benefits 

a. Low energy use 

b. No chemicals needed 

c. Working predominately within existing developed area, thereby eliminating 
impacts on new sites 

4. Community Acceptability – although we cannot speak for the community, we anticipate 
acceptance with this simple, passive and effective treatment system that solves the 
water supply challenge and reduces their property water supply costs. 

 
Although we have reviewed in detail the cost estimates in the Los Osos Wastewater Project 
Viable Project Alternatives Fine Screening Analysis and have prepared very conceptual 
economic comparison, the Decentralized Wastewater Option needs to be taken to the next level 
of analysis for full public comparison with the other options. 
 
For your information, LAI received the national ACEC Engineering Excellence Award for our 
innovative wastewater project that served 3,000 connections with a septic tank effluent system 
(combination STEG & STEP), recirculating media filter, constructed wetlands and UV 
disinfection.  We have engineered over 40 miles of septic tank effluent sewer systems in a 
number of states – which systems have been operating for over 20 years.  LAI is intimately 
familiar with Federal and State funding program requirements and protocols for similar projects 
as Los Osos, as many of our projects have been funded by the USEPA and various States.  I 
chaired the Water Environment Federation Small Community Committee, co-authored the 
upcoming WEF Alternative Sewers Manual and am author of many US EPA publications on 
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decentralized wastewater management issues. We have championed the use of the passive 
NitrexTM system, which produces Total Nitrogen levels < 5 mg/l, averaging 3 mg/l, in numerous 
applications throughout the US, including California installations, and Canada.  We recently 
prepared the Cluster (i.e. Communal) Wastewater Systems Planning Manual for a national 
USEPA funded project – available at our web site www.LombardoAssociates.com.   I have 
chaired and spoken at numerous WEFTEC workshops on decentralized wastewater systems, 
including the one scheduled for October 2007 in San  Diego, 
http://www.weftec.org/Education/Workshops/.   
 
 
We will welcome the opportunity to meet with you to discuss the Decentralized Approach and to 
discuss our assisting the County further develop a Los Osos Decentralized Option.  Attached for 
your information are representative reference letters that speak to our unique engineering 
expertise.  We have an office in the San Francisco Bay area.  
 
 
I look forward to hearing from you. 
 
 
Respectfully submitted, 

 
Pio S. Lombardo 
President 
 
cc:   Technical Advisory Committee 
 John Fouche 
 Rob Miller 
 Gail McPherson 

Lidia Holmes, Carollo Engineers 
Professor George Tchobanoglous 
Supervisor Bruce Gibson 



April 28, 2003 
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San Luis Obispo County 
APPENDIX C - SUMMARY OF COST ESTIMATES FOR 

DECENTRALIZED TREATMENT SCENARIOS PROJECT 
MEMORANDUM, CAROLLO ENGINEERS, AUGUST 25, 2008 



 
 
 

PROJECT MEMORANDUM 
 

Project Name: Los Osos Wastewater Project Development Date: 08/25/2008 

Client: County of San Luis Obispo  Project Number: 7630D.00 T03 

Prepared By: Karl Hadler 

Reviewed By: Lou Carella 

Subject: Summary of Cost Estimates for Decentralized Treatment Scenarios 

Distribution: County, Lydia Holmes, Todd Yamello, Lorien Fono 

 
Decentralized treatment scenarios in the community of Los Osos were developed by Lombardo 
Associates, Inc. (LAI). As part of the scope of work, the Cost Estimates for Decentralized Scenarios 
Technical Memorandum (LAI, August 2008) presented conceptual level costs for two scenarios: 
 
• Scenario 1 - Multiple (Seven) Treatment Locations Within Los Osos 
• Scenario 2 - Two Treatment Locations Within Los Osos. 
 
Each scenario included two effluent dispersal/ reuse options. One included residential reuse 
and drainfields. The other option included common drainfields only. 
 
Capital Cost Estimate 
 
Construction costs presented in Table 4-1 through 4-4 of the TM were modified to be consistent 
with the Fine Screening Analysis in order to develop an equivalent comparison to viable project 
alternatives. The modified tables are presented in Table 1 through 4 of this memorandum. 
Modifications from the LAI TM include: 
 
Collection System 
• Item No. 1 through 10 of the Collection System in Table 4-1 through 4-4 are not based on 

bid tab costs. Contractor overhead and profit and sales tax for these items were not included 
in the TM by LAI. The attached cost estimates include contractor overhead and profit and 
sales tax for these line items. 

 
Treatment System 
• While contractor overhead and profit and sales tax were included for Item No.1 through 4 of 

the Treatment System in Table 4-1 through 4-4, these costs were not applied to the 
treatment process contingency. These factors have been applied to the contingency in the 
attached cost estimates to be consistent with the Fine Screening Analysis. 

 
Dispersal/Reuse System 
• Drainfield/drip irrigation unit costs used in the LAI TM are not consistent with previous 

information developed which used a range of $2/sf to $5/sf. The high range of costs was not 
presented in the TM (Table 4-1 through 4-4) and documentation to justify using the low cost 
was not provided. The attached cost estimates include the range of costs ($2/sf to $5/sf) to 
correlate to previous estimates.  
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• Distribution force mains and laterals to the property in the Dispersal/Reuse System in Table 
4-1 through 4-4 are not based on bid tab costs. Contractor overhead and profit and sales 
tax for these items were not included in the LAI TM. The attached cost estimates include 
contractor overhead and profit and sales tax for these line items. 

 
Note that the modifications to include contractor overhead and profit on the items noted above 
added approximately $10 million to the scenarios with residential reuse and $5 million dollars to 
scenarios without residential reuse. This change impacted both the low range and high range 
costs. 
 
Including the high range cost for drip irrigation of $5/sf increased the high end cost estimate 
only for the residential reuse options by $13.3 million. The high end cost estimates assuming 
scenarios without residential reuse increased by $4.4 million due to this modification. 
 
Table 5 provides a summary of the costs developed in Table 1 through 4. In addition, 
permitting/mitigation costs, escalation and project costs are added to develop the total project 
cost estimate. These costs are identical to those used in Table 7.4 of the Fine Screening 
Analysis and included in other viable project alternatives.  
 
No documentation was provided by LAI as to why County project development costs would be 
significantly higher for decentralized treatment than viable project alternatives in the Fine 
Screening Analysis. Development of project costs is detailed in Appendix C of the Basis of Cost 
Memorandum (Carollo, May 2007). Project costs in the attached estimate have been reduced 
from the LAI TM to be consistent with the Fine Screening Analysis. This modification reduced 
the low range cost for scenarios with residential reuse by $3 to $8 million dollars. Low range 
costs for scenarios without residential reuse were reduced by $6 million. 
 
The cumulative impact of these changes results in almost no cost differential in the low range 
costs from the LAI memorandum. The high range costs are approximately $12 to $26 million 
higher than the LAI memorandum for scenarios without residential reuse and those with 
residential reuse, respectively. 
 
Operation and Maintenance Cost Estimate 
 
Table 6 provides a summary of the total annual operation and maintenance costs for the 
decentralized scenarios. Costs are identical to those presented in Table 5-1 through 5-5 of the 
LAI TM.  
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