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Dear Reader:

This Executive Summary presents findings of the Multi-Agency Benchmarking

Project, a collaborative effort among seven large West Coast wastewater utilities.

Initiated in 1997 and now in its second phase, the project was launched by three

utilities a few years earlier (the Tri-Agency Benchmarking Project). Both phases

had similar goals: to identify common work areas among utilities in the wastewater

treatment business, develop tools to compare functions and costs, collect comparative

data, and analyze the results.

The challenges were daunting. Each agency conducts its business with its own set

of local conditions, regulations, politics, organizational strategies, and natural

resource constraints. In recognition of these differences, tools to identify and

categorize common functions had to be developed before any data could be gathered.

This step was critical to producing cost data that could be meaningfully compared

across the spectrum of participating agencies. Now that the data has been collected

and analysis is under way, participants can begin to examine how they do business

in new and enlightened ways.

This summary focuses on the project’s findings. To help you better understand the

findings, more background about the Multi-Agency Benchmarking Project and its

goals is included in the introduction following this letter. An explanation of the

methodology used and a profile of each participating agency are included as

appendixes.

We, the project Steering Committee, feel it is safe to say that everyone involved in

this project benefited far beyond their initial expectations. Individual agencies are

understandably studying their own performance as reflected in these findings, but

other benefits arose from the benchmarking process itself. Participants in the

information-sharing process formed valuable relationships with colleagues and

counterparts at other participating agencies, a byproduct that holds real promise

for future collaborations.

Our thanks to all the participants in the Multi-Agency Benchmarking Project, now

entering its third year. We hope you enjoy reading the results of our work.

Sincerely,
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Introduction

 

Since its formal introduction as a business practice in the 1950s, 
benchmarking has become an increasingly useful tool for both 
private and public sector organizations. There are now many 
types and ways to conduct benchmarking, but all of them arise 
from the same motivation: to improve an organization’s per-
formance.
Using the Water Environment Federation’s definition, bench-
marking is “the systematic process of searching for the best 
practices, innovative ideas, and highly effective operating pro-
cedures that lead to superior performance, and then applying 
those practices, ideas, and procedures to enhance the perfor-
mance of one’s own organization.” 

 

A Short History of the Multi-Agency 
Benchmarking Project

 

The Multi-Agency Benchmarking Project is a collaborative effort among 
seven West Coast wastewater utilities to compare their processes, perfor-
mance, and costs. Recognizing the mutual benefits that could emerge, 
these seven participants agreed to share cost information in an effort to 
pursue some meaningful comparisons and ultimately create efficiencies 
for the ratepaying public.

The seven agencies that participated in the project include:

• Central Contra Costa Sanitary District (CCCSD)

 

Benchmarking is the 
systematic process of 
searching for the best 
practices, innovative 
ideas, and highly 
effective operating 
procedures that lead to 
superior performance.
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• City of Los Angeles, Bureau of Sanitation 
(CLABS)

• City of Portland, Bureau of Environmental Ser-
vices (CPBES)

• East Bay Municipal Utility District (EBMUD)

• King County Department of Natural Resources 
(KCDNR)

• Orange County Sanitation District (OCSD)

• Sacramento Regional County Sanitation Dis-
trict (SRCSD)

The benchmarking effort has been conducted in 
two phases, and this Executive Summary presents 
the findings of the second phase. In the first phase, 

three participating agencies (EBMUD, OCSD

 

1

 

, and 
SRCSD) performed detailed benchmarking analy-
ses to accurately and completely compare their re-
spective operating costs. The three agencies, 
collectively known as the Tri-Agencies, developed a 
methodology to collect and compare operational 
costs between plants with different configurations, 
thus addressing one of the largest challenges faced 
by the wastewater treatment industry in bench-
marking and comparative analysis.

The second phase, launched in mid-1997, expanded 
the project to include four more wastewater agen-
cies (CCCSD, CLABS, CPBES, and KCDNR), 
which provided a more comprehensive collection 
of cost data. The Multi-Agencies collaborated to ex-
pand and refine the work done in the first phase of 
the project, allowing the participants to share infor-
mation with confidence in the collection methodol-
ogy used.

 

Why This Project Was 
Launched

 

By collecting and studying process and perfor-
mance information, the participants intended to 
improve their own business practices, thereby re-
ducing costs, gaining efficiencies, and ultimately 
improving service delivery to ratepayers. Secondary 
goals were to develop and foster open communica-
tions among participating agencies, leading to an 
ongoing commitment to exchange information 
among participants. 

 

How the Work Was 
Accomplished

 

T

 

he participating agencies agreed on five shared 

functions for intensive study: 

• Operations and maintenance;

• Engineering;

• Administration;

• Source control; and

• Laboratory.

A Work Group for each area of study was designat-
ed, recognizing that there would be some overlap 
among the areas. A Steering Committee (consisting 
of one person from each agency plus a lead or coor-
dinator from each of the five Work Groups) was 
formed to oversee and direct the project. A consult-
ant was retained to develop a database and assist the 
engineering and operations and maintenance Work 
Groups.

The first step for each Work Group was to collabo-
rate on a tool or template that would allow each 
agency to account for its costs and business activi-
ties within a common framework, thus enabling 
across-the-board comparisons to be made more 
easily. Each agency was responsible for ensuring 
that all costs were accounted for in the data collec-
tion process.

The participants proceeded to perform both perfor-
mance and process benchmarking. 

 

Performance 
benchmarking

 

 is the development of cost data for 
comparison purposes among the participants. 

 

Pro-
cess benchmarking

 

 is a more subjective, analytical 
analysis of how each agency does business.

For consistency and accuracy, the cost data used in 
performance benchmarking was divided into five 
cost centers: operations, maintenance, technical 
support (including laboratory and source control), 
administration/general, and other non-wastewater 
treatment operating costs. Work Groups also con-
ducted process benchmarking in the five functional 
areas noted above. 

The Work Group reports, and selected findings 
from those reports presented in this Executive 
Summary, help shed light on differences in costs re-
vealed by the performance benchmarking effort. 
Linking the two efforts provides context for under-
standing apparent differences in how agencies per-
formed. It also helps provide direction for agencies 
to develop strategies for improving some practices.

See 

 

Appendix A

 

 for more details about methodolo-
gy, including sample tools used in performance and 
process benchmarking. 

 

1.  In the first phase of this study, OCSD operated under the name 
ÒCounty Sanitation Districts of Orange County.Ó
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Understanding Benchmarking 
Data

 

Raw data without context is rarely a meaningful 
measure, and the data in this report is no exception. 
Each agency’s performance is aided and con-
strained by its unique operating environment, in-
cluding factors that may not be apparent in the 
data. The limits set by state and federal regulations 
on the kind and level of wastewater treatment an 
agency performs, for example, are one of the most 
important parameters within those differing envi-
ronments, and over which individual agencies have 
no control. (Individual permit limits are discussed 
in the agency profiles in 

 

Appendix B

 

.)

Other factors that can cause an agency’s perfor-
mance to compare favorably or unfavorably include 
differences in local regulations; organizational au-
tonomy (some agencies pay overhead costs to a 
larger, umbrella organization); public involvement 
and mitigation programs; local prevailing costs for 
labor, power, chemicals, services, and parts; and 
participation in preventive, research, and innova-
tive programs.

No cost data in this report refers to any of the par-
ticipating agencies by name, but instead uses a letter 
designation for each agency whenever cost infor-
mation is presented. This is in keeping with stan-
dard benchmarking practice and in consideration 
of the sensitive data presented here. 

 

How to Use This Executive 
Summary

 

The information in 

 

General Findings

 

 presents some 
common findings that apply to all areas studied. 
Some of this information was presented earlier in 
the Multi-Agency Benchmarking Project Technical 
Memorandum, published in January 1999.

Immediately following, each of the five Work 
Groups presents select findings from their bench-
marking efforts. The findings are preceded by de-
tails about each Work Group’s individual 
methodology, and in some cases include specific 
recommendations. Some Work Groups included 
exhibits and figures in their report to support their 
findings.

The final section of the Executive Summary, 

 

Recom-
mendations for Future Phases of This Project, 

 

recom-
mends future benchmarking activities based on the 
experience of participants in phases one and two of 
the project.

 

Appendix A

 

 includes more details about the meth-

odology used to accomplish the work. 

 

Appendix B

 

 
contains an in-depth organizational profile provid-
ed by each participating agency

 

. Appendix C

 

 is a list 
of project participants.

 

For Additional Information

 

Complete reports for each Work Group are avail-
able from Work Group or participating agency 
leads (see 

 

Appendix C

 

). 

Other publications that may be of interest include:

•

 

Multi-Agency Benchmarking Project Technical 
Memorandum

 

, published January 1999. 

•

 

Tri-Agency Benchmarking Project Executive 
Summary

 

, published April 1997. 

•

 

Benchmarking Wastewater Operations—Collec-
tion, Treatment, and Biosolids Management

 

, 
Water Environment Research Foundation, 
1997.

•

 

Benchmarking: The Search for Industry Best 
Practices that Lead to Superior Performance

 

, 
Camp, 1989.

•

 

Water Environment & Technology

 

, Vol. 11, No. 
7, July 1999, pp. 24—39.
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General Findings

 

This Executive Summary contains selected findings from each 
of the five Work Groups (Operations and Maintenance, Engi-
neering, Administration, Source Control, and Laboratory). 
Some general findings, however, were shared by all five Work 
Groups, or do not fit neatly into the purview of any single 
group. These findings are captured here, followed by summaies 
of the individual Work Group reports. Those summaries are 
followed by some recommendations for future phases of the 
Multi-Agency Benchmarking Project. 

 

Assessing Overall “Lessons Learned”

 

•

 

The value of exchanging information can’t be overemphasized. 

 

Par-
ticipants receive valuable information for making process improve-
ments during tours and meetings at various plant sites and extensive 
discussions about agency practices. Sharing experiences enables par-
ticipants to learn from others’ mistakes and avoid duplication of effort. 
While not wholly unexpected, the opportunity to exchange informa-
tion proved to be one of the most valuable aspects of the project. Agen-
cies interested in ways to compare performance with their peers could 
consider less formal arrangements to achieve the same goal. 

•

 

Understanding how external factors influence data is critical. 

 

All of 
the participants are affected in varying degrees by factors outside their 
immediate control. The lowest cost agency for any process, for exam-

 

The opportunity to 
exchange 
information proved 
to be one of the 
most valuable 
aspects of the 
project.



 

Executive Summary

 

6

 

Multi-Agency Benchmarking Project

 

ple, frequently enjoys a unique operational en-
vironment not available to others.

•

 

Good communications can improve perfor-
mance. 

 

Employees at agencies with clear and 
deliberate communications policies have more 
information about their agency’s goals and ini-
tiatives, and consequently are better able to 
support those goals and initiatives. 

•

 

Keep up with power deregulation issues. 

 

Par-
ticipants agreed that staying informed about 
potential changes in the electrical power indus-
try is necessary to manage options and fully 
benefit from the trend toward deregulation.

•

 

Continue benchmarking efforts. 

 

Participants 
in the Multi-Agency Benchmarking Project rec-
ommend benchmarking as one of the best ave-
nues available to improve business practices 
and achieve superior performance. Continued 
benchmarking will measure changes and note 
trends resulting from improvements to opti-
mize performance.

 

Calculating Costs of 
Wastewater Treatment 

 

One of the first goals of the study was to compare 
total costs for wastewater treatment among partici-
pants. Collection system costs were not studied in 
this phase of the project and were not included as a 
component of the cost to treat wastewater.

In FY 1997, the average operating cost among par-
ticipants to treat wastewater was $729 per million 
gallons treated, with costs ranging from $530 to 
$976 per million gallons (Figure 1). Figure 2 shows 
the average distribution of these costs by cost center 
among all agencies.

The total cost to treat wastewater includes these 
components:

•

 

Administration and general costs

 

. This cate-
gory includes the costs for overall utility man-
agement and clerical functions, human 
resources, legal services, training, employee 
benefits (including sick leave, vacation, and 
holiday pay), and similar functions.

Figure 1. Comparison of Treatment Costs per Million Gallons Treated
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•

 

Operations and maintenance costs.

 

 All costs 
associated with operating and maintaining a 
wastewater treatment plant, including all unit 
processes, plant clerical support, and other 
functions such as landscape maintenance, are 
included here.

•

 

Laboratory costs

 

. The cost for laboratory ser-
vices includes monitoring, research, and labo-
ratory administration.

•

 

Source control costs

 

. This category includes 
the costs for core pretreatment programs, pol-
lution prevention, and rate development and 
implementation.

•

 

Technical support costs

 

. Permit administra-
tion, regulatory compliance, research and de-
velopment, and documentation are included as 
technical support costs.

 

Analyzing Accounting Practices

 

Some of the participants in the Multi-Agency 
Benchmarking Study use accounting systems that 
do not directly allocate costs to unit processes, mak-
ing allocation of past expenditures more difficult. 
Some participants modified their existing systems 

to match the cost-collection template so that re-
quests for this type of information could be accom-
modated more efficiently. 

The participants identified these general findings 
and recommendations about accounting practices: 

•

 

Develop or modify accounting or financial in-
formation systems.

 

 Agencies should make nec-
essary changes to use activity-based budgeting 
and tracking. Costs should continue to be 
tracked so staff can analyze how actions affect 
operational costs.

•

 

Analyze cost process data. 

 

Cost collection data 
and the associated graphs and charts are signif-
icant benefits of the project. Participants should 
compare costs and question any differences. In-
vestigating significant differences could im-
prove operating practices and procedures. 
Initial efforts should focus on the largest cost 
centers because they offer the greatest potential 
for cost savings.

•

 

Low cost does not necessarily correlate to high 
efficiency. 

 

Cost is driven by many factors, in-

Figure 2. Distribution of Treatment Costs
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cluding site constraints, policy decisions, and 
regulatory requirements.

•

 

Detailed tracking and allocation of costs is ad-
vantageous. 

 

Some participating agencies can 
track and allocate all of their costs to specific 
cost centers, and can distinguish costs for core 
activities from costs for non-core activities. Be-
ing able to do so allows these agencies to more 
clearly evaluate the budget impacts of provid-
ing value-added services to customers, and to 
set policies accordingly. 

•

 

Careful tracking of resources is beneficial. 

 

Some participating agencies focus more on 
tracking and delineating resources, both inter-
nal and external, than others. Discussions and 
data tend to indicate agencies that track re-
sources are in better control of them. Those 
agencies use such mechanisms as internal ser-
vice agreements between departments, for ex-
ample, and external agreements that clearly 
assign and allocate responsibilities between the 
agency and the contractor.

 

Improving Labor-Management 
Relations

 

Some participants in the project successfully im-
proved labor-management relations in the follow-
ing areas:

• Creative compensation packages. Some par-
ticipants have added innovations such as skill-
based pay and gainsharing programs to their 
compensation packages. In addition to reward-
ing employees who improve their skills, partic-
ipating agencies may benefit by being able to 
operate more efficiently with a smaller, better-
trained workforce.

• Alternative dispute resolution practices. In-
novations such as joint labor-management 
committees increase collaboration and cooper-
ation. These practices can lead to improved de-
cision making and better labor-management 
relations.

Striving to Improve Efficiency
All of the participants are either implementing or 
evaluating ways to be more efficient, including:

• Restructuring. Several participating agencies 
are now undergoing restructuring efforts to in-
crease efficiency and decrease costs. These ef-
forts include embarking on multi-year 
restructuring plans, changing business practic-
es, and adopting targeted reductions. The re-

sults of these restructuring efforts are not 
reflected in this phase of the project but should 
be evident in future phases.

• New technologies. Keeping current with new 
technologies and practices is challenging but 
critical. Some of the participating agencies con-
tinually track and evaluate new technologies 
and business practices to determine their cost 
effectiveness.

• Joint studies. Joint studies among agencies, as 
well as in collaboration with environmental or-
ganizations such as the Water Environment Re-
search Federation, enable participants to share 
the work and cost of evaluating alternative 
technologies and practices. 
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Operations and 
Maintenance 
Work Group

The operations and maintenance (O&M) of wastewater treat-
ment facilities supports wastewater utilities’ key mission. As 
shown in Figure 2, in FY 1997 each participating agency spent 
about 50 percent of its operating budget on plant O&M. Thus 
an agency’s ability to improve O&M business practices should 
provide an exceptional opportunity for savings. 
With that in mind, the O&M Work Group developed tools to 
effectively compare costs (performance benchmarking) and 
identify distinguishing factors and practices that strongly influ-
ence costs (process benchmarking). Linking business practices 
to cost is important in determining why one agency is more 
cost effective than others, and assists in the identification of 
best practices. The significant findings of the O&M Work 
Group are summarized here, as well as recommendations to 
improve O&M efficiencies and for future benchmarking ef-
forts.

Methodology
The O&M Work Group developed a detailed data collection template to 
generate comparable costs (performance benchmarking). Regular meet-
ings were held to refine the template and review cost allocations. Costs 
were allocated to the level of detail for which an agency provided informa-
tion. Costs were normalized on the basis of process flow, tons of biochem-

An agency’s ability 
to improve O&M 
business practices 
should provide an 
exceptional 
opportunity for 
savings.
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ical oxygen demand (BOD) removed, and other 
appropriate factors to make reasonable cost com-
parisons. Staffing levels, expressed as FTEs, were 
tracked in the template as a separate cost factor, 
along with energy, chemicals, materials, contracts, 
and miscellaneous. Maintenance cost factors in-
cluded predictive maintenance, preventive mainte-
nance, repair, parts, and miscellaneous. Only 
operating budget expenditures were used to com-
pare costs in this O&M report; capital budget costs 
were not included.

Each agency completed 14 separate process bench-
marking surveys, developed by the Work Group to 
collect detailed information on specific business 
practices. The subjects ranged from new technology 
development, automation, and information man-
agement to predictive maintenance, off-shift staff-
ing, labor-management relationships, and 
biosolids.

O&M subcommittee meetings were routinely held 
at participating agencies’ plant sites. Facilities tours 
during meetings of the O&M Work Group’s sub-
committees also provided a first-hand opportunity 
to learn about a facility’s specific, and sometimes 
unique, O&M practices. These meetings were es-
sential to developing comparable costs, under-
standing how work practices influence costs, and 
identifying “best practices.”

Total O&M Costs and FTE 
Summary
Figure 3 presents total O&M costs and FTEs for 
each agency, normalized for influent flow volume, 
mass of BOD removed, and mass of total suspended 
solids (TSS) removed. Total O&M costs for the sev-
en participating agencies averaged $367 per million 
gallons of influent flow, $478 per ton of BOD re-
moved, and $418 per ton of TSS removed. Total 
O&M FTEs averaged 3.1 FTEs per billion gallons of 
influent flow, 2.06 FTEs per million pounds of BOD 
removed, and 1.79 FTEs per million pounds of TSS 
removed. The data, when compared against actual 
flow volumes, suggests economies of scale; that is, 
the higher-flow agencies tend to have lower nor-
malized costs and staffing levels.

Figure 4 shows total O&M costs, divided between 
operations and maintenance activities, for each 
agency. Operations costs included direct operations 
labor as well as most non-FTE costs, such as energy 
and chemicals. Maintenance costs basically includ-
ed maintenance labor and parts. Operations costs 
accounted for two-thirds of the total O&M costs, 

while operations FTEs accounted for half of all 
O&M FTEs, on average. Operations costs, as a per-
centage of total O&M costs, ranged from 57 percent 
to 80 percent. Operations FTEs, as a percentage of 
total O&M FTEs, tended to fall into two bands: ei-
ther between 40 and 45 percent or between 55 and 
65 percent.

The two participating agencies with the highest 
cost-per-million-gallons and FTEs-per-million-
gallons had distinguishing circumstances that af-
fected staffing levels and costs (see Figure 4, F and 
G). The participating agency with the highest per-
centage of operations FTEs among the participating 
agencies had a relatively high number of FTEs part-
ly due to a union contract that prohibited any re-
duction in represented staff until the next contract 
negotiation. The other agency utilizes several so-
phisticated, high-technology processes that de-
mand highly skilled O&M staff. The sophistication 
of the technology also suggests higher maintenance 
costs for repair and replacement. In fact, this agency 
had more maintenance staff than operations staff.

Significant Findings
O&M costs are strongly influenced by labor costs. 
Labor and staff costs constitute the largest compo-
nent in O&M costs; other cost factors include ener-
gy, chemicals, materials, and contracts. This is true 
for most unit processes but not all (for example, 
secondary treatment). The influence of staffing on 
overall costs is apparent in Figure 3, which shows 
that the agencies with the highest total O&M cost 
per million gallons also had the highest FTEs per 
billion gallons. Various factors drive the number 
and cost of O&M staff, such as degree of automa-
tion, complexity of facilities, and labor contract 
provisions. 

Most agencies find that increased levels of automa-
tion reduce operations staffing requirements, there-
by reducing operations costs. Those participating 
agencies with the greatest workforce flexibility had 
the lowest maintenance costs in this study. Cross 
training all staff in the lower-level skills within each 
work unit can greatly decrease “waiting time” and 
equipment downtime, thereby decreasing labor 
costs. Greater collaboration between labor and 
management develops stronger relationships to 
better manage change and improve the workplace. 
Some agencies use novel business practices, such as 
gainsharing and skill-based pay, to involve employ-
ees in the “success” of an agency. All the agencies are 
working with staff to develop business practices that 
reduce overall costs by utilizing labor more effi-
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ciently. (Note: Costs associated with benefits and 
indirect labor expenses are not included in the 
O&M Work Group template; they are included in 
the Administration Work Group template.)

Recommendations to improve efficiency and re-
duce labor and staff costs include the following:

• Efficient staffing. Develop and implement re-
invention plans that most efficiently utilize 
agency staff (for example, job progression, skill-

based pay, cross-organizational teams, and off-
shift staffing).

• Training. Invest and commit to programs that 
provide safety training, technical training, cross 
training, and business and cultural training.

• Automation. Increased automation should re-
duce operational staffing requirements. The ef-
fectiveness of increased automation must be 
weighed against the additional maintenance 
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staff required. Hot backups should be installed 
to back up computer systems at critical facili-
ties.

• Flexibility. Agencies with the greatest work-
force flexibility realize the lowest maintenance 
costs. Maintenance work should be coordinat-
ed across all crafts and with operations to make 
the best use of equipment downtime.

Power costs are the second largest cost factor 
within total O&M costs. Costs can best be managed 
by accessing and producing cheaper energy, using 
more efficient equipment, and utilizing designs that 
require less energy. All the participating agencies 
have slightly different approaches to managing en-
ergy at their facilities, depending upon energy costs 
and demands, regulatory requirements, treatment 
processes, technology, and unique conditions. The 
different approaches vary from using purchased gas 
to generate 100 percent of the energy needed onsite 
to 100-percent reliance on offsite electricity with di-
gester gas sales to gas utilities. These different ap-
proaches and conditions make it difficult to 
accurately compare efficiencies and effectiveness, 

except between specific generation facilities.

Onsite generation is a reliable, low-cost source of 
power. It is especially cost effective for facilities with 
high power rates. Agencies that generate all (or 
nearly all) of their power requirements onsite using 
digester gas (and supplemental natural gas) to run 
steam turbines had the lowest energy costs among 
the participants. Internal combustion co-genera-
tion is less reliable and requires considerably more 
maintenance. Some facilities sell digester gas to 
neighboring power-generation facilities and pur-
chase power at wholesale prices. Deregulation of the 
energy market should help most of the agencies re-
duce their energy costs into the early 21st century.

Many factors that influence energy costs are diffi-
cult to manage. For example, colder wastewater re-
quires less energy to aerate. A facility that depends 
largely on gravity for conveyance will have lower 
energy demands than systems that require pump-
ing. And power costs tend to be driven by regional 
power rates. Even with all these uncontrollable in-
fluences, facilities can improve their energy usage 
by using more energy-efficient equipment and op-

Figure 4. Comparing Operations and Maintenance 
Costs and FTEs
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erating equipment at its optimum range. Specific 
actions include taking facilities offline, using vari-
able frequency drives, minimizing equipment oper-
ation during peak hours, negotiating power costs, 
and designing facilities to minimize energy con-
sumption.

On average, secondary treatment uses more energy 
than any other process. Thus, efforts to reduce en-
ergy used in secondary treatment and lower unit-
power costs can achieve significant savings. Agen-
cies with air-activated sludge have reduced their en-
ergy costs significantly by installing high-efficiency 
blowers and fine-bubble diffusers. Also, surface 
mixers are more efficient than submerged turbines 
for mixing and aerating pure-oxygen activated-
sludge systems.

Recommendations for using power more efficiently 
and reducing costs include the following:

• Diffusers and blowers. For air-activated 
sludge, install fine-bubble diffusers and, where 
blowers are used, install high-efficiency blowers 
with inlet and outlet guide vanes.

• Facilities. Change the number of in-service 
units to match the flow and load conditions. 
Facilities that are designed to operate in wet-
weather conditions realize costs savings when 
some systems and/or processes are not operated 
in dry weather.

• Steam turbine technology. Use steam turbine 
technology for power generation; it is more re-
liable and requires lower maintenance than in-
ternal combustion, engine-driven technology.

• Gravity. Whenever possible, use gravity for 
conveyance to and within the treatment plants.

• Competitive bids. Encourage competition with 
multiple bidders for energy sources.

Residuals processing and handling account for 
nearly 39 percent, on average, of all O&M costs. 
Residuals processing and handling includes sludge 
thickening, digestion, dewatering, haul and applica-
tion, incineration, and grit and screenings disposal. 
The proportion of the O&M budget dedicated to re-
siduals processing and handling has increased at 
participating agencies over the past years. This in-
crease is due to lower costs in liquids processing and 
higher costs in residuals processing, handling, and 
management. Liquids processing costs have 
dropped due to more energy-efficient equipment 
(such as fine-bubble diffusers) and more efficient 
operation due to automation. Residuals costs at the 
participating agencies have increased primarily due 

to higher biosolids reuse costs, a function of haul 
and application costs, and new regulations and pol-
icies. The higher reuse costs, in turn, have triggered 
higher dewatering costs to produce a drier biosolids 
product. Also, odor control costs for residuals pro-
cessing and handling are higher than those incurred 
for liquids processing.

Figure 5 presents residuals costs for the seven par-
ticipating agencies normalized for tons of raw dry 
solids produced. Residuals processing costs vary 
considerably between the agencies, ranging from 
$47 to $188 per dry ton of raw sludge or solids, with 
an average of $119. The agency in this study with 
the lowest residual costs uses digested sludge la-
goons and onsite disposal; it plans to retrofit exist-
ing dedicated land disposal areas with clay liners 
and continue its practice of onsite disposal. The 
participating agency with the highest residual costs 
also had the highest dewatering costs (due to high 
polymer demands) and highest reuse costs. Inter-
estingly, the agency that utilized incineration did 
not have the highest reuse cost.

The seven participating agencies have tried various 
approaches both inside and outside the treatment 
facility to reduce overall residuals costs. To gather 
information on these approaches, a process bench-
marking survey on biosolids was completed by each 
agency. One agency experienced a 30-percent de-
crease in biosolids reuse costs when multiple bid-
ders competed for the contract. Two agencies have 
installed high-solids centrifuges to produce drier 
biosolids. Some agencies claim that adding ferric 
chloride before primary treatment reduces the dry 
tons and wet tons of biosolids hauled, and provides 
odor control. Two agencies use ferric chloride and 
have lower residuals costs than most of the other 
participating agencies. One agency eliminated a 
composting program that was extremely costly and 
inefficient to operate and maintain. Another agency 
will convert from centrifuge thickening to gravity 
belt thickening to reduce costs. Several agencies use 
biosolids storage hoppers to allow multiple hauling 
contracts. 

Regulations, policy, and public perception have a 
major impact on biosolids disposal and reuse. Ef-
forts to reduce residuals costs and, most notably, re-
use costs, must be weighed against the risks 
inherent in such dynamic environments. Land use 
issues, especially in California, may have a strong 
impact on disposal and reuse of biosolids in the 
near future. The site where two participating agen-
cies apply the majority of their biosolids, just passed 
legislation to ban all land application of Class B bio-
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solids in three years. Another agency operates under 
a settlement agreement to reduce biosolids truck 
trips to five per day, which has increased operating 
costs. Actively participating in outreach programs 
and nurturing long-term relationships with con-
tractors, users, regulators, and the public has helped 
the participating agencies manage some of these is-
sues.

Recommendations for managing residuals more ef-
ficiently and cost effectively include the following:

• Competitive bids. Seek competitive bids from 
multiple bidders to reduce biosolids hauling 
and application costs. Install biosolids storage 
capacity to take advantage of multiple haulers.

• Diversity. Plan diverse biosolids disposal and 
reuse programs; alternative reuse methods 
must balance risk with cost to provide a safe, ac-
ceptable alternative to current methods.

• Change. Future approaches for biosolids pro-
cessing and reuse will need to consider costs, 
regulations and permitting, technology, mar-
kets, and marketing. These may be in a constant 
state of flux as these issues interrelate. The abil-
ity to effectively manage change may provide 
both program reliability and competitive cost 
control.

• Class A biosolids. The generation of Class A 
biosolids opens up more ultimate reuse or dis-
posal options and may decrease hauling costs in 
exchange for higher capital and processing 
costs. Continue to evaluate the potential mar-
kets for, and the costs and benefits associated 
with, Class A biosolids. 

• Collaboration. Be active and work together to 
develop new regulations affecting the wastewa-
ter industry.
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• Outreach. Promote long-term relationships 
with contractors, regulators, farmers, and the 
public. Participate actively in outreach pro-
grams that market biosolids and educate the 
public.

• Inspections. Offsite inspections using in-house 
staff have identified potential problems and 
compliance issues and prevented violations. 
These inspections also reduce the possibility 
that contractors “filter” or “block” informa-
tion.

Secondary treatment accounts for about 16 per-
cent of all O&M costs on average, is the highest en-
ergy use of any process, and is one of the higher 
cost processes in the treatment plant. In this study, 
secondary treatment costs averaged $50 per million 
gallons of secondary flow and $117 per ton of sec-
ondary BOD removed (the range is from $80 to 
$144 per ton). The cost to produce and/or transfer 
oxygen into wastewater is the largest cost factor. 
Agencies with air-activated sludge have reduced 
their energy costs significantly by installing high-ef-
ficiency blowers and fine-bubble diffusers. Agencies 
with pure oxygen systems have reduced costs by re-
negotiating oxygen production contracts, convert-
ing to surface mixers, and cycling mixer operation. 
A limited turndown capability on an oxygen pro-
duction facility can limit savings in energy costs. 
Pure oxygen systems, in general, are more expen-
sive to operate than air systems because of the ener-
gy required to produce oxygen and maintain the 
oxygen generation plant. Oxygen plant selection 
has often been predicated on land use and air emis-
sions restrictions. Trickling filters are significantly 
less expensive to operate than either air- or oxygen-
activated sludge. However, trickling filters need a 
considerable footprint and do not routinely meet 
30/30 discharge permit limits; only one facility in 
the study uses trickling filters.

Other factors also have an impact on secondary 
costs and performance. Two agencies use enhanced 
primary sedimentation (that is, ferric chloride and 
polymer addition) to decrease secondary loads, and 
thus aeration costs. Because of their NPDES per-
mits (60 mg/L SS and 100 mg/L BOD), these agen-
cies also have the advantage of providing secondary 
treatment to only part of their influent flow. (One 
of the two agencies will provide 100-percent sec-
ondary treatment by year-end 1999.) Aeration costs 
are also relatively low because none of the permits 
require ammonia reduction or nitrogen removal. In 
fact, all of the facilities use a common approach: 
avoid nitrification. Aeration costs and oxygen pro-

duction costs would substantially increase (and 
could potentially double) if a facility were required 
to nitrify. 

Recommendations to improve efficiency and re-
duce costs include the following:

• Energy-efficient equipment. Convert to high-
efficiency blowers and equipment to reduce en-
ergy costs.

• Surface aerators. Use surface aerators for pure 
oxygen dissolution to help decrease energy us-
age.

• Onsite oxygen generation. If operating a high-
purity-oxygen activated-sludge process, evalu-
ate the cost of generating the oxygen onsite us-
ing plant staff.

• Clarifiers. Design secondary clarifiers with 
some reserve capacity to provide operational 
stability. (The clarifiers should be 18 to 20 feet 
deep, and operate at an overflow rate of 400 to 
600 gpd per square foot.)

• Membrane technology. Evaluate membrane 
technology in lieu of secondary clarifiers.

Chemical addition in the plant influent (such as 
ferric chloride) has multiple benefits, and may 
substantially reduce overall operating costs. Ferric 
chloride and anionic polymer addition for en-
hanced primary treatment have significantly re-
duced total operating costs at two of the 
participating agencies and offset the cost of the 
chemicals. The major savings using advanced pri-
mary treatment has been the capital cost savings in 
reduced secondary treatment costs. One agency 
that implemented advanced primary treatment had 
a 25 percent decrease in BOD to secondary treat-
ment, and was able to shut down 25 percent of its 
secondary facilities.

Ferric chloride and anionic polymer can signifi-
cantly increase primary solids removal, which re-
duces both secondary aeration costs and secondary 
sludge production. Residuals processing and han-
dling costs, even with the additional chemical 
sludge, also appear to be lowered due to the greater 
proportion of primary to secondary sludge (prima-
ry sludge digests and dewaters better than second-
ary sludge). These agencies have minimal 
expenditures for additional solids-stream odor con-
trol.

The overall reduction in operating costs easily off-
sets the cost of chemicals. In fact, primary treatment 
costs (per dry ton of SS removed) with chemicals 
are similar to costs without chemicals because of the 
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additional solids removed. One agency, which adds 
ferric chloride without polymer, has not experi-
enced the benefits that the two agencies that use fer-
ric chloride and anionic polymer addition have 
enjoyed. It appears that some polymer addition is 
necessary to obtain the enhanced primary removal 
benefits. Other agencies have attempted enhanced 
primary treatment with other chemicals, such as al-
um. Their success has varied because of high wet-
weather flows and low-alkalinity water.

Recommendations related to chemical addition in-
clude the following:

• Pilot studies. Other agencies should perform 
pilot studies to determine if chemical addition 
can be an effective process for reducing overall 
operating costs, even on a seasonal basis.

• WERF. Provide joint agency input to Water 
Environment Research Foundation projects to 
research process optimization efforts.

Disinfection and dechlorination costs vary greatly 
due to NPDES permit requirements, safety con-
cerns, and product cost. Disinfection and dechlori-
nation costs primarily depend on NPDES permit 
requirements and secondarily on product cost. Per-
mit requirements vary widely among the participat-
ing agencies, ranging from a stringent 23 per 100ml 
total coliform and 0.018 mg/L chlorine residual to 
permits that do not require disinfection. Less strin-
gent disinfection requirements are often tied to 
more aggressive receiving water monitoring re-
quirements, such as extensive ocean monitoring 
programs.

Chlorine and sulfur dioxide are very economical. 
However, safety and regulatory concerns (including 
EPA’s Process Safety Management) have compelled 
several agencies to convert to the more expensive 
hypochlorite/sodium bisulfite or ultraviolet (UV). 
Product cost also varies among agencies. Two agen-
cies pay almost twice as much for bulk chlorine as 
does another agency in the study; that agency signif-
icantly lowered its cost for bulk chlorine by bidding 
jointly with other public agencies.

Disinfection and dechlorination costs equal 3 to 
5 percent of total O&M costs for most of the agen-
cies. For the two agencies with very stringent permit 
requirements, however, these costs account for 13 
and 15 percent respectively of their total O&M 
costs. The highest cost agency in the study ($78 per 
million gallons) has subsequently reduced its disin-
fection and dechlorination costs by renegotiating its 
permit. Also, effective automation and instrumen-
tation are necessary to minimize the amount of dis-

infectant used and thus lower the amount of 
dechlorinating agent required. The participants will 
continue to improve automation as technology im-
proves. 

Recommendations include the following:

• Instrumentation. Continue to invest in instru-
mentation to improve chemical dosing and re-
duce overall operating costs.

• Permit conditions. Actively work with permit-
ting agencies to renegotiate permit conditions 
that protect receiving water quality but reduce 
disinfection and dechlorination requirements.

• Chemicals. The use of chlorine and sulfur diox-
ide must be balanced against the safety, public 
perception, and risk management issues associ-
ated with storing and handling these chemicals.

• Purchasing. Encourage market competition 
for bulk purchase of chemicals by promoting 
multiple bidders and using joint contracts.

Standardizing equipment and systems can lower 
operation and maintenance costs. The ability to 
standardize equipment types has the potential to 
significantly reduce O&M costs by reducing inven-
tories and parts costs and simplifying the procure-
ment process. Additional savings in training and 
inventory management can result from reducing 
the number and types of systems and equipment 
used. However, the procurement laws and policies 
within which public agencies must operate limit 
that potential.

All of the agencies must follow state purchasing 
laws that require competitive bidding and open 
competition to ensure the lowest possible purchase 
price. Such laws make efforts to standardize more 
difficult, even when proven experience suggests cer-
tain products have inferior quality or a higher life-
cycle cost. In addition, some agencies are clearly 
more restricted than others by specific local re-
quirements; that is, by requirements imposed by lo-
cal jurisdictions or economic development 
programs.

The prequalification process, though it does not al-
low for sole source purchasing, can provide more 
avenues to ensure that new equipment can meet re-
liability and performance standards. Because the 
successful integration of new equipment or facilities 
depends on purchasing specific equipment or tech-
nology, sole source purchasing can often be justi-
fied with the approval of appropriate management, 
purchasing personnel, or governing body.

Standardization of equipment and systems alone 
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may not reduce overall costs. Specific equipment 
and systems (that is, brands and manufacturers) 
must be evaluated within a specific application 
based on operating and capital costs. 

Recommendations include the following:

• Standardization. Work within the current pur-
chasing policies and laws to maximize the op-
portunities to standardize equipment and 
systems.

• Asset management. Implement asset manage-
ment programs that incorporate life cycle re-
placement, equipment criticality, spare parts 
inventory, standardization, and purchasing.

• Outreach. Work with other agencies to educate 
policymakers and lawmakers on the benefits of 
standardization.

The agencies with the lowest maintenance costs in 
the study have dedicated staff to plan preventive 
and corrective maintenance work, and perform 
the highest percentage of preventive maintenance. 
Reactive maintenance is more expensive than 
planned maintenance because it often includes ad-
ditional costs for overtime and priority shipping of 
parts, materials, and services; it may also increase 
the risk of discharge permit violations. Thus an effi-
cient, cost-effective maintenance program should 
perform more planned maintenance than reactive 
maintenance. To that end, a dedicated maintenance 
planning effort should reduce reactive and emer-
gency maintenance work, and increase the amount 
of planned maintenance that is performed.

The lower-cost participating agencies in the study 
make use of dedicated maintenance staff to provide 
job planning and schedule preventive maintenance. 
They coordinate seasonal or exceptional work with 
all maintenance disciplines (as well as operations) 
to provide maximum use of equipment downtime 
and system outages. In most cases, a craft-level lead 
staff is responsible for day-to-day activities of indi-
vidual maintenance personnel and for managing 
the work order backlog. An effective maintenance 
planner should have a high degree of technical 
knowledge or trade experience to adequately serve 
the needs of the maintenance disciplines. Scheduled 
maintenance activities should also reduce the costs 
associated with purchasing and storing inventory. 
Predictive maintenance technologies or tools, such 
as vibration analysis and infrared sensors, will fur-
ther help planning efforts by forecasting failure and 
identifying causes of failure while equipment is in 
operation. Best maintenance practices will place the 
highest priority on preventive maintenance tasks. 

However, based on established criteria, such as pro-
cess criticality or safety related concerns, certain 
corrective maintenance activities will take priority 
over preventive maintenance activities. Figure 6 
shows how the participating agencies distributed 
their maintenance workload between the various 
types of maintenance.

Specific recommendations for maintenance prac-
tices include the following:

• Staffing. Dedicate maintenance staff to plan 
preventive maintenance and repairs to equip-
ment, using criticality as a measure to establish 
priorities among equipment. 

• Asset management. Implement asset manage-
ment programs that incorporate life cycle re-
placement, equipment criticality, spare parts 
inventory, standardization, and purchasing.

• Preventive maintenance. Assign the highest 
priority to preventive maintenance activities.

Optimization efforts should focus on the higher 
cost processes, such as secondary treatment and 
biosolids reuse, and the primary cost centers for 
energy and chemicals. The seven participating 
agencies are continually trying to improve efficien-
cy and cut costs at their facilities by studying alter-
native equipment, systems, and operating schemes. 
These optimization efforts are usually more focused 
on the higher cost processes because those processes 
hold the greatest potential for savings. In fact, most 
of the focus has been on the secondary treatment 
process, residuals processing and handling, energy, 
and chemical purchasing. Most of the agencies have 
significantly reduced secondary aeration costs by 
installing more energy-efficient equipment, such as 
fine-bubble diffusers. Many of the agencies have 
significantly reduced biosolids hauling costs by en-
couraging multiple hauling contract bidders. In 
fact, more of the studies or demonstration facilities 
are focused on solids handling facilities. 

For many processes or systems, a benefit analysis 
can focus primarily on the unit process. However, 
for most alternatives, optimization efforts should 
be evaluated based on plantwide impacts. For ex-
ample, the benefits of enhanced primary sedimen-
tation are truly realized in the secondary treatment 
process and residuals processing. Another example 
is dewatering, where performance can have a signif-
icant impact on biosolids hauling costs and the oth-
er plant facilities due to recycle streams. Any 
analysis of new equipment, including new facilities, 
should be based on life cycle costs, including main-
tenance.
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Recommendations for Further 
Study
The O&M Work Group recommends that future 
phases of the benchmarking project include the fol-
lowing:

• Annual updates. Update benchmarking data 
annually; longer-term trends will provide a 
stronger database from which to reliably evalu-
ate data and the effectiveness of optimization 
efforts.

• Tools. Continue to refine the benchmarking 
tools. Refine the process benchmarking surveys 
and analysis, and develop tools to assess the ef-
fects of changes implemented as a result of this 
study.

• Templates. Modify and improve templates for 
future years to include other areas such as col-
lection systems, water reclamation, and so on.

• Additional processes. Commit adequate time 
to unit processes not fully analyzed in this phase 

of the study, such as odor control, water recla-
mation and conservation, tertiary treatment, 
information technology, labor-management 
relations, and capital projects and O&M.

• Definitions. Develop standard and uniform 
definitions for maintenance activities among 
the participants, such as wrench-on-bolt time, 
planned maintenance, predictive maintenance, 
reactive maintenance, preventive maintenance, 
and so on.

• Standards. Establish maintenance standards 
for optimum efficiency, such as ratio of preven-
tive to breakdown work.

• Financial management. Implement O&M-
friendly financial management systems consis-
tent with O&M templates.

• Participating agencies. Expand the number of 
agencies participating in the Multi-Agency 
Benchmarking Project by targeting agencies 
with similar capacities.
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Engineering 
Work Group

The Engineering Work Group selected 72 capital program en-
gineering projects for inclusion in its study. 

Methodology
The Work Group divided projects into two types: collection system 
projects or treatment plant projects. Only projects designed, constructed, 
and completed within the last 10 years were included.

Surveys were used to collect process benchmarking data in 12 areas, in-
cluding:

• Capital improvement program development.

• Partnership and dispute resolution.

• Customer identification.

• Document management.

• Authority levels.

• Change order processing.

• Consultant procurement.

• Staffing.

• Construction contract approval.

• Project management.

• Alternative capital project delivery methods.

• Inspection duties.

Some agencies 
improve efficiency by 
preparing tight 
scopes of work within 
their consultant 
agreements and 
aggressively 
managing projects to 
prevent changes in 
the scopes of work.
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Challenges in Comparing 
Engineering Data
When comparing data, the Engineering Work 
Group tried to account for different labor rates, hir-
ing requirements, decision making practices, and 
project types among the participating agencies. 

• To normalize regional labor rate differences for 
both in-house staff and consultants, the Work 
Group compared project construction costs to 
the total hours spent by both in-house staff and 
consultants for each of the projects studied.

• The Work Group recognized that some of the 
participating agencies operate with no minori-
ty/woman-owned business enterprise goals and 
requirements.

• The staff at some participating agencies receive 
more authority from their umbrella governing 
board for capital projects than other agencies. 
These agencies also tend to have a culture that 
supports timely decision making at relatively 
low levels in the organization.

• Some agencies tend to have more repetitive 
projects, which helps lead to lower costs. These 
agencies also have less formal project manage-
ment procedures, although the Work Group 
found consistent filing systems among partici-
pants.

Selected Engineering Work 
Group Findings
• Change orders. Change orders in some agen-

cies are regularly deferred to future contracts 
and only nondiscretionary change orders are 
completed. The percentage of change orders 
varies widely for both collection system projects 
and treatment plant projects as well as within 
individual agencies, indicating that change or-
der percentages may be affected more by the 
specifics of a project than by a particular man-
agement approach. Some agencies also experi-
ence lower markups on change orders because 
they include a limit on markups in their con-
tract specifications.

• Consultants. Some agencies use streamlined 
processes for consultant procurement, particu-
larly for smaller projects. The Work Group’s 
findings indicate that as construction costs in-
crease, the participating agencies tend to use 
more outside consultant hours than in-house 
staff hours. This approach to efficiency may be 

taken to help an agency avoid major staffing 
fluctuations.

• Scope control. Some agencies improve efficien-
cy by preparing tight scopes of work within 
their consultant agreements and aggressively 
managing projects to prevent changes in the 
scopes of work. This approach also applies to 
managing changes during construction.

• Staffing. Some agencies try to account for staff 
hours by linking all staff hours directly to as-
signed capital projects, but also use overhead 
charge codes for work not attributed directly to 
projects.

• Effect of design costs on change orders. The 
Work Group studied graphs of design costs ver-
sus construction costs as related to change or-
der percentage, and found them relatively flat. 
This indicates that spending more on design 
does not necessarily reduce the percentage of 
change orders. Change orders related only to 
design issues were not categorized in the Work 
Group template, so no accurate correlation can 
be drawn between the design effort expended 
and the value of design-related changes.

Recommendations for Further 
Study
The Work Group recommends additional study to 
determine whether deferral of change orders to fu-
ture contracts is more efficient in the long run than 
incorporating changes with work in progress.
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Administration 
Work Group

The Administration Work Group was assigned the task of col-
lecting the administration and general costs not specifically 
identified in any of the other templates. 

Methodology
The Work Group’s first task was to develop its template and definitions to 
ensure the closest possible cost comparisons. The administration template 
includes the traditional administrative categories of management, human 
resources, safety, training, legal, security, clerical, accounting, finance, 
communications, travel, rents and leases, insurance, and general overhead. 
All benefits including medical, retirement, sick leave, holiday, vacation, 
and any other kinds of leave were collected in this template. Collecting the 
benefit time in this template allowed the other Work Groups to include 
just direct labor in their templates, thereby providing more accurate com-
parisons between agencies. See Figure 7 for a comparative graph of benefit 
and administration costs.

Once the administration template was completed, the group performed 
performance benchmarking by assigning all relevant operating dollars to 
the template. Three rounds of collecting, comparing, evaluating, and refin-
ing data were held. Data was normalized by plant flow. Identifying and as-
signing the costs to the template proved to be somewhat more difficult for 
this group than anticipated, due to differences in organizational structure 
and accounting systems and methods. For this reason, the Administration 
Work Group, perhaps more than any other Work Group in the study, 

Though the 
participants’ 
administrative 
departments have 
similar responsi-
bilities, differences in 
organizational 
structure, financial 
information systems, 
and business pro-
cedures all have a 
significant impact on 
the distribution of 
costs.
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found the process benchmarking and general dis-
cussions significantly more valuable than studying 
the numbers in the performance benchmarking 
phase of the project.

While performance benchmarking covered all gen-
eral administrative areas, process benchmarking ef-
forts focused on the basic support functions 
common to all agencies that significantly impact the 
day-to-day wastewater treatment business—the 
people and financial support systems. Payroll, pur-
chasing, accounts payable, financial information 
systems, budgeting, training, rates and revenue, 
bond rating, and reserves were all included. Surveys 
were developed and information collected to iden-
tify some very practical “best practices” that could 
be adopted by other agencies to improve service and 
cost effectiveness.

A feature unique to this group is that of control. 
Unlike other Work Groups whose members are di-
rectly in charge of the business being studied, un-
derstood, and improved (such as the Operations 
and Maintenance Work Group), the Administra-
tion Work Group members did not possess that 
kind of authority. As a result, the group focused pri-

marily on documenting costs and practices, provid-
ing linkages to the responsible parties in the 
agencies, and highlighting some practical, potential 
business improvements.

Findings and Conclusions
The Administration Work Group found the overall 
normalized administrative costs were fairly similar 
for the participating agencies, but the cost distribu-
tion among the various functional areas differed. 
Though the participants’ administrative depart-
ments have similar responsibilities, differences in 
organizational structure, financial information sys-
tems, and business procedures all have a significant 
impact on the distribution of costs. For example, 
some agencies reflect more of their costs in “over-
head” than others, attributable either to how servic-
es are obtained (internal or external) or how costs 
are collected within their accounting systems. 

Factors unique to each of the agencies also contrib-
uted to differences in some of the data. One exam-
ple is the ability of some agencies to bill customers 
using the tax rolls, a practice that appears to be very 
cost effective in comparison to agencies that must 
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contract for monthly billing services from within 
their agencies. Other examples are administrative 
building ownership versus leasing, and the variance 
in security requirements at different locations. 
Evolving business practices resulting from the in-
creasingly widespread use of computers appeared to 
have an impact by lowering general clerical costs. 
Also, clerical costs ranked low for some agencies be-
cause specialized clerical support costs were collect-
ed under the corresponding functional area, such as 
accounting, maintenance, or training.

The Work Group reached other comparative con-
clusions. The cost of providing benefits ranked 
highest for all but one of the agencies. Communica-
tions costs ranked fairly high (fourth or above, out 
of 14 costs compared) for all but one of the agen-
cies. This category included support for manage-
ment information systems, public information, and 
internal and external communication. Travel and 
conference costs ranked low (12th or below, out of 
14 compared) for all of the agencies. Though train-
ing costs ranked in the top half for all agencies, the 
Work Group generally felt that greater understand-
ing is needed about how training needs are identi-
fied, attendees are selected, and training translates 
into improved skills or work habits. 

Most agencies track staff time very carefully, espe-
cially on capital projects, and are researching elec-
tronic methods and systems to improve efficiency 
and accuracy. Nearly every agency was either in the 
process or preparing to install a new payroll or full 
financial information system. Tracking staffing 
costs is clearly an area of major concern, activity, 
and expenditure for all participants.

Recommendations
Based on its review of administration performance 
and process benchmarking information, the Ad-
ministration Work Group recommends these best 
practices:

Purchasing and accounts payable
• Use credit cards for routine purchasing. Three 

agencies already utilize credit cards, and several 
others are investigating this possibility. In-
creased simplicity, efficiency, timeliness, flexi-
bility for purchasers, and reduced accounting 
costs are realized by eliminating many of the 
steps and much of the paperwork usually re-
quired to purchase items and process pay-
ments.

• Set goals for discounts and, if possible, penal-
ties for not meeting those goals. Nearly all 
groups reported problems with timeliness of 
payments and subsequent problems with ven-
dors. Participants sited establishing goals for 
the percentage of early payment discounts as 
the one successful strategy that addressed this 
problem. Another agency uses a cross team that 
publishes monthly reports on the discount 
amounts achieved.

• Ensure accounting staff dedicated to wastewa-
ter are assigned. For improved access and com-
munication with the purchasing and accounts 
payable groups, having purchasing and ac-
counting staff dedicated to wastewater proved 
beneficial for quick troubleshooting as well as 
addressing ongoing issues.

Payroll
• One-time entry to feed all information sys-

tems. While no agency participating in the 
project now has one-time entry, all consider 
this a goal. All participating agencies are now in 
the process of implementing, or will soon be 
implementing, new payroll systems.

• Strongly consider tying payroll systems to the 
benchmarking template. Several participating 
agencies have already tied their systems to the 
benchmarking template; others are considering 
it. Given that all participating agencies are im-
plementing new payroll systems, the opportu-
nity is immediate. 

Internal service level agreements
• Secure written agreement with centralized 

support services to spell out the work to be 
performed, by whom, the expected perfor-
mance measurements, and important mile-
stones. Not every agency used this technique, 
but those who did reported improved service 
and communication and recommend it.

Budgeting
 The Administration Work Group’s basic concern is 
that there is too much non-value-added work in the 
budget process. Some recommendations include:

• Encourage multi-year rather than annual 
budgeting. Most Work Group members felt 
that there are usually few significant changes 
from one year to the next, and therefore raised 
questions about the level of value in annual ex-
ercises.
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• Level of budget detail. Questions were also 
raised about the level of budget detail and 
amount of time spent tracking and reporting. 

Areas for Further Study
The Work Group considered these areas fruitful to 
pursue in greater detail in future phases of the 
project:

Inventory and warehousing
• Geographical and organizational location rela-

tive to the plants.

• Staffing levels.

• Inventory levels.

• General business practices.

Billing procedures and costs
• How to improve service and lower costs.

Training
• Coordinating and tracking.

• Assessment and selection.

• Tying to workplace; personal improvement.

Capital vs. Operating Costs
 Every Work Group discussed how to define and as-
sign costs to capital vs. operating budgets. The Ad-
ministration Work Group was asked to address this 
during the next phase of the project. 
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Source Control 
Work Group

Any publicly owned treatment works with a design flow of 
5 mgd that receives pollutants from industrial users is required 
by federal regulations to develop and implement a pretreat-
ment, or source control, program. Source control programs 
control discharges of wastewater from nondomestic sources 
into a public sewer system to protect people, the environment, 
and the treatment works from harmful discharges.
The minimum requirements for a source control program are 
detailed in the Code of Federal Regulations and are an enforce-
able condition of a discharge permit. Minimum requirements 
include legal authority, sufficient funding, local discharge lim-
its, permits or other control mechanisms, procedures to sample 
and analyze discharges, an enforcement response plan, and 
procedures to identify industrial users. The federal government 
grants some latitude about how each of the program require-
ments is achieved, but the basic program elements must be in 
place.
An agency’s NPDES permit may contain added requirements 
such as program reporting, special studies, or development of a 
pollution prevention program. Once approved, a program 
must be fully and effectively implemented at all times and can-
not be modified without approval from the appropriate over-
sight agency. A significant change in source control program 
resources would be considered a modification of the program.

The cost of source 
control activities may 
be offset by the 
avoided costs for 
repairing damaged 
sewer lines, adding 
treatment equipment, 
increasing the use of 
treatment chemicals, 
recycling and 
disposing of 
biosolids, or adding 
air pollution control 
equipment.
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Source control activities represent a small percent 
of most agencies’ budgets (approximately 4 to 5 
percent), with most of those costs being for labor. 
Many source control programs are at least partially 
funded by user fees assessed on the industrial dis-
chargers. The cost of source control activities may 
be offset by the avoided costs for repairing damaged 
sewer lines, adding treatment equipment, increas-
ing the use of treatment chemicals, recycling and 
disposing of biosolids, or adding air pollution con-
trol equipment. 

Challenges in Comparing 
Source Control Data
The cost of a source control program depends on 
many variables, including the policies of the region-
al US EPA office and the state oversight agency, the 
types and number of industries in the service area, 
the percent of flow from industrial sources, and the 
agency’s NPDES permit requirements. In addition, 
discretionary activities (such as collection system 
sampling and pollution prevention) and policy 
choices (such as the type and vigor of enforcement 
actions) contribute to a program’s cost. 

These activities result in programs that are substan-
tially different in scope and emphasis, making per-
formance benchmarking difficult to assess in all but 
qualitative terms. Therefore, performance bench-
marking for source control is best used to measure 
improvements in an agency’s own performance 
from year to year rather than to assess differences 
among agencies. 

Identifying Non-Traditional vs. 
Core Program Areas
All the source control programs represented in this 
study include the traditional elements of a pretreat-
ment program required by federal pretreatment 
regulations. In addition, some programs have addi-
tional responsibilities related to user service charges 
and implementation of nontraditional source re-
duction or pollution prevention programs that tar-
get commercial or residential sectors. The Source 
Control Work Group recognized these differences 
in program scopes among participants and estab-
lished a separate process to evaluate a subset of the 
traditional or “core” pretreatment program. This 
“core” area consisted of permitting, inspection, 
sampling, enforcement, and septage hauling pro-
grams, plus the special studies, administration, data 
management, reporting, and other activities sup-
porting these elements. The Work Group could dis-
cern actual differences in program performance 

more easily by examining the core pretreatment 
program data. 

Selected Source Control Work 
Group Findings
Cost of Total Source Control Program vs. 
Core Pretreatment Program
 Figure 8 shows the resources spent by the agencies 
on both total source control and core pretreatment 
programs. The Work Group found more variability 
among the costs for the total source control pro-
grams than the costs for the core pretreatment pro-
grams. The highest cost agency (C) for the core 
pretreatment program was not the highest cost 
agency (A) for total source control. Some of the 
change in ranking between total source control pro-
gram and core pretreatment program can be ac-
counted for by policy decisions on whether to 
regulate small dischargers (non-significant indus-
trial users, or non-SIUs) through the core pretreat-
ment program or through a pollution prevention 
program. Agency C permits, inspects, and samples 
non-SIUs through its core pretreatment program, 
while other agencies control small dischargers 
through their pollution prevention programs. 
Agency A, the highest cost source control program 
in the study, drops to fourth in terms of dollars 
spent on its core pretreatment program. Agency A 
administers a large, mandated pollution-preven-
tion program that includes issuing pollution pre-
vention permits, and develops and implements the 
agency’s wastewater rate and charges. Agency B, the 
second-highest-cost agency for total source control 
costs, drops to fifth in cost for the core pretreatment 
program. Agency B’s large pollution prevention 
program is part of its local hazardous waste man-
agement program rather than part of its pretreat-
ment program. Agency F, which expends the fewest 
dollars on core pretreatment, has a program that fo-
cuses on large dischargers, has few local limits, and 
performs limited permitting and inspection of non-
SIUs.

Issuing Permits
Two significantly different ways to issue industrial 
user permits were found among the participating 
agencies: issuing one permit per industrial facility, 
resulting in one permit with multiple sampling 
points; or issuing one permit per sampling site, re-
sulting in multiple permits per facility. This differ-
ence complicated interpretation of several 
benchmarking measurements.



Source Control Work Group

SEPTEMBER 1999 27

The number of SIU permits and the number of cat-
egorical (federally regulated) permits per FTE are 
shown in Figure 9. Both local and federal categori-
cal permits show a considerable range among the 
agencies, from a high of 172 local permits per FTE 
to a low of 32 local permits per FTE, and from a 
high of 160 categorical permits per FTE to a low of 
28 categorical permits per FTE. Agencies C and D 
issue a permit to each sample site; agencies B, E, and 
F issue only one permit per facility no matter how 
many sample sites. Agency A follows a philosophy 
that lies somewhere in between those two ap-
proaches. The situation is further complicated by 
differing philosophies toward combining wast-
estreams into single sample sites; some agencies en-
courage dischargers to combine wastestreams and 
others discourage combining them. 

A large facility with many sampling sites requires 
more effort to permit than a small facility with a sin-
gle sample site, regardless of whether or not one 
permit or multiple permits are issued. Reviewing 
files and regulations, visiting the site, consulting 
with the company representatives, making deci-
sions on permit limits, and developing a fact sheet 

constitute the majority of the work. Producing the 
permit document is a relatively small portion, espe-
cially using an automated process. 

Agency F, with 32 local SIU permits and 28 categor-
ical permits per FTE, attributes its low number of 
permits per FTE to its philosophy of focusing on the 
large dischargers. Agency D, with 172 local SIU per-
mits per FTE, issues permits to a number of compa-
nies for rate implementation purposes only. 

Agency A attributes its higher number of categori-
cal permits compared to local permits per FTE (160 
compared to 91) to the fact that all its categorical 
permits are the same category; discharge less than 
10,000 gpd; occupy only one building, each with 
one sample site; and are stable companies. Differ-
ences in timekeeping also account for some of the 
differences in Agency A’s numbers for both local 
SIU and categorical permits. Agency A recorded 
time spent on pollution prevention and rate imple-
mentation under those respective categories in the 
template rather than the “permit” category. Since 
time spent on pollution prevention and rate imple-
mentation is an integral part of permit processing 
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and helps bring a company into compliance, this 
appears to reduce the amount of core permitting 
activities. Agency B, which also has an extensive 
pollution prevention program, focuses on smaller 
companies that do not have permits. As a result, the 
pollution prevention effort does not reduce permit 
processing time. Agencies C and D include some 
pollution prevention efforts in their permits and 
charge that time to permit processing rather than 
pollution prevention. 

Inspection and Sampling
The Work Group found significant differences in 
how agencies organized the work of inspecting and 
sampling, but no further comparisons could be 
made because agencies count inspection and sam-
pling events differently. The Work Group deter-
mined that further analysis of these activities could 
highlight some best practices that could reduce 
some agencies’ labor requirements.

Figure 10 shows the normalized data for the num-
ber of inspection and sampling events per FTE. In 
this graph, these two activities were combined be-
cause some agencies could not differentiate be-

tween time spent on inspection activities and time 
spent on sampling events. Two factors were calcu-
lated, one for categorical (federally regulated IUs) 
and one for local SIUs. In analyzing this graph, the 
Work Group identified differences in a number of 
areas:

• Definition of inspection. The lowest cost agen-
cies, A and B, include all types of field visits as 
inspections, including visits to verify that IUs 
under enforcement have installed pretreatment 
equipment and taken follow-up corrective ac-
tions. The remaining four agencies included 
only field visits that were full and complete in-
spections. 

• Sites and facilities with multiple discharge 
points. Agencies C and D included inspections 
at a facility with multiple regulated sample 
points as multiple inspections. Agencies B, E, 
and F included inspections at a facility with 
multiple regulated sample points as one inspec-
tion. Agency A utilized a combination of both 
approaches.

• Inspection teams. Agency C utilized teams of 
two inspectors to perform inspection and sam-
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pling. Agency E utilized teams for sampling and 
single individuals for inspections. All other par-
ticipants generally utilize individuals, not 
teams, to conduct inspections and sampling. 
Agency C utilizes teams of two inspectors to 
perform inspection and sampling. 

• Surcharge sampling. Agencies C and E per-
form surcharge sampling separately from com-
pliance sampling. Agencies A, B, and D perform 
surcharge sampling at the same time as sam-
pling for local and federally regulated pollut-
ants, and consider the visit to be one sampling 
event. For the other agencies, surcharge sam-
pling and compliance sampling occurred at dif-
ferent times and therefore counts as separate 
sampling events. Agency F relies on surcharge 
self-monitoring and does not perform sur-
charge sampling. 

• Number of grab samples.  Agencies B, D, and F 
collected four grab samples each for CN and to-
tal toxic organics. Agencies A, C and E collected 
only one grab sample each for CN. Although 
taking four grab samples to determine compli-
ance is more time consuming, it may be neces-

sary to ensure that violations will be upheld in 
court.

• Duration of inspection. Agencies D and F con-
duct inspections that may sometimes require 
an additional day or days to complete, and con-
sider them as one inspection event. 

• Inspection and sampling.  Agencies A and C 
perform inspections and IU sampling during 
the same site visit. Agencies B, D, E, and F per-
form inspections and sampling separately, at 
different times. Agencies D and F utilize the 
same staff to perform inspection and sampling; 
however, inspection and sampling are done at 
different times. At Agency B, inspections and 
sampling are performed by different job classes. 
At Agency E, sampling and inspection activities 
are performed by different job classes assigned 
to different divisions. 

Because of the many factors affecting normalizing 
the inspection and sampling results, it was difficult 
to isolate whether inspections and sampling per-
formed at different times, by different job classes, or 
by contracting with another division created effi-
ciencies/inefficiencies or cost savings/increases. The 
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Work Group recommends further evaluating these 
areas in future benchmarking efforts as part of a 
more detailed process analysis.

Enforcement Actions
 Differences in policies and procedures for pH en-
forcement, reporting violations, and compounds 
that do not affect the treatment plant led to signifi-
cant differences in the number of enforcement ac-
tions per permit.

Figure 11 shows the number of enforcement actions 
per permit for both categorical (federally regulated 
companies) and local SIUs. The Work Group found 
that the number varied from 0.3 per permit to 2.1 
per permit. The group chose the number of en-
forcement actions per permit for comparison be-
cause the industrial compliance rate can 
significantly affect effort expended in all areas of a 
source control program. (The number of enforce-
ment actions is directly related to the number of vi-
olations.) Companies out of compliance require 
more inspections, more sampling, and more time. 

With the exception of Agency D, the resources ap-
plied to enforcement, when normalized for the 

number of permits, were nearly identical for cate-
gorical and local SIUs. This indicates that the differ-
ences can be explained by factors other than 
industrial classification. Agency D indicated that it 
directs relatively little enforcement effort towards 
its local SIUs because they are included in the pro-
gram primarily for rate purposes.

Several agencies indicated that violation rates, and 
therefore enforcement actions, have decreased over 
time. Firm and consistent enforcement was identi-
fied as the primary reason for the reduced number 
of violations. A significant percentage of violations 
for two of the agencies with the highest number of 
enforcement actions per permit were for pH viola-
tions. Differences in pH monitoring and enforce-
ment procedures rather than actual differences in 
compliance are probably the cause. Participating 
agencies have received differing interpretations of 
the rules about pH enforcement from federal and 
state EPA contacts. The highest-ranked agency in-
dicated that the majority of its reported enforce-
ment actions were for low-level warning notices; 
the data does not reflect the resources spent per en-
forcement action. Another participating agency in-

Figure 11. Number of Enforcement Actions per Permit

Categorical Local SIU

0.5

1.3

2.1

0.6

1.3

0.3

0.7

1.7

0.01

0.8

0.26

0.4

0

0.5

1

1.5

2

2.5

A B C D E F

E
nf

or
ce

m
en

t a
ct

io
ns

 p
er

 p
er

m
it

Participating agencies



Source Control Work Group

SEPTEMBER 1999 31

dicated that it feels reporting violations are reduced 
by giving IUs telephone reminders of upcoming 
due dates. Another agency indicated that violations 
other than exceeding limits were not reflected in 
their data because that information was not includ-
ed in their information management system. 

One possible source of error in the data is the fun-
damental difference in definitions of what consti-
tutes a separate facility for the permitting purposes 
discussed above.

Administration
The percentage of program FTEs spent on adminis-
trative activities was similar for all participants but 
the relative amount of time spent in the different 
types of administrative activities varied. The per-
centage of time spent on administrative activities 
ranged from 30 percent to 44 percent. Administra-
tive activities include program planning and ad-
ministration, clerical, reporting, data management, 
and supervision. With the possible exception of 
data management, differences between agencies 
may be attributed to organizational structure, 
amount of employee involvement, oversight of out-
side jurisdictional service areas, and how accurately 
time was allocated in the template. Time reported 
by high-level administrative FTEs (of any type) may 
reflect a decision to record time as administrative 
versus distributing it among specific projects. In the 
area of data management, however, the lowest-cost 
agency was the only agency with an integrated com-
prehensive data management system, indicating 
possible efficiencies. 

Conclusions 
Given the substantial differences in scope and em-
phasis among the participating source control pro-
grams, the Source Control Work Group did not 
identify a set of best management practices, during 
this phase of the study, against which participants 
could compare their own practices and make im-
provements. However, a few general conclusions 
were drawn about possible staffing efficiencies for 
inspection and sampling procedures. Further as-
sessment by each agency is necessary in order to de-
termine the individual benefits of these practices.

• Some agencies collect samples for surcharge 
and compliance separately. They may improve 
efficiency by concurrent sampling so that only 
one trip meets both needs.

• Some agencies use teams rather than single in-
dividuals to perform inspections and/or sam-

pling, and may be able to use their resources 
more effectively by using individuals instead.

• Some agencies combine sampling and inspec-
tion events, which may increase efficiency.

• Some agencies rely more on company self-
monitoring and less on agency monitoring, 
which may lead to reduced costs. In addition to 
the above general conclusions, each agency was 
able to identify at least one individual area to 
evaluate further for program efficiency im-
provements. During the next year, participating 
agencies will review the following areas:

Recommendations for 
Further Study
Based on this year’s experience, the Source Control 
Work Group recommends that future benchmark-
ing efforts focus on process benchmarking and a de-
tailed, task-oriented analysis. Staff should be 
involved in task-focused workshops to identify the 
differences in programs and potential labor savings 
arrangements. In addition to having a smaller bud-

Agency A Upgrade data management sys-
tems to include a higher degree 
of integration and automation.

Agency B Update IU inventory through a 
comprehensive survey and final-
ize a data management system.

Agency C Evaluate sampling and inspec-
tion functions to improve effi-
ciency, revamp the data 
management system, and evalu-
ate methods to improve the per-
mitting process.

Agency D Evaluate time-keeping records 
to determine if under-reporting 
occurred in enforcement, per-
mitting, batch discharge inspec-
tion, and certification areas.

Agency E Finalize a new data management 
system, evaluate sampling poli-
cies and efficiencies, evaluate the 
influence of new local limits on 
violation frequency, and imple-
ment a time-keeping system.

Agency F Evaluate inspection process and 
data management system to im-
prove efficiency.
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get than other cost centers, the typical Source Con-
trol program budget is also more heavily dominated 
by salaries. A detailed task-oriented approach is 
necessary to evaluate labor practice efficiencies. The 
Work Group feels that attention to these work prac-
tices and a focus on these tasks are the keys to find-
ing cost reductions and identifying best 
management practices. 
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Laboratory 
Work Group

The Laboratory Work Group included participants from the 
seven agencies in the Multi-Agency Benchmarking Project, 
plus the City of San Jose and the Massachusetts Water Resourc-
es Authority. (The City of Phoenix, a participant in the early 
phases of the Laboratory Work Group’s efforts, withdrew be-
fore contributing any data; however, it is likely they will rejoin 
during the project’s next phase.)
In addition to providing data for the laboratory section in the 
overall project template, the Laboratory Work Group’s goals 
included:

• Improving functional laboratory operation and identifying 
best practices;

• Minimizing costs and maximizing efficiencies;

• Developing a model to compare costs for individual analy-
ses and components of the wastewater treatment process; 
and

• Developing a model to compare and track future changes.

Optimal, cost-
effective use of 
laboratory resources 
is a collaborative 
process between 
laboratories and their 
customers.
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The major work products of the group included:

• A process benchmarking survey;

• A table comparing staffing, salaries, benefits, 
workload, and lab organization; 

• Extensive budget, cost per test, time per test, 
tests per year, and productivity comparison da-
ta; and

• Data for the laboratory portion of the overall 
project template.

Methodology
The Work Group adopted a two-pronged approach 
to the performance benchmarking phase: collect 
data for the overall project template, and develop a 
cost model to compare cost per test, numbers of 
tests, and time per test data.

Template
The Work Group focused on expenditures for lab-
oratory analyses of wastewater treatment functions. 
Expenditures were clearly defined as analytical and 
related support activities in the template defini-
tions. The Work Group organized the laboratory 
portion of the template into the following major 
categories:

• Supervision;

• Clerical support;

• Discretionary laboratory support for treatment 
plant operations;

• Compliance, regulatory, and required monitor-
ing;

• Source control monitoring;

• Analytical method development;

• Non-required, non-source-control collection-
system monitoring; and

• Laboratory Information Management System 
(LIMS) support for laboratory operations.

Cost Model
The expanded 10-agency Work Group developed a 
cost model to generate a cost-per-test spreadsheet 
based on overhead-burdened hourly rates and esti-
mated times per test. A major focus of the cost-per-
test effort was to ensure that the laboratories began 
with comparable budgets by clearly defining which 
expenditures to include in the model. The cost-per-
test model included capital equipment depreciation 
and laboratory support for non-wastewater pro-
grams, whereas the overall project template did not.

Process Benchmarking
Early in the benchmarking process, the Laboratory 
Work Group established an extensive list of process 
benchmarking questions in the following catego-
ries:

• Human resources;

• Support systems;

• Planning;

• Data management;

• Analytical work;

• Safety and waste management; and

• Quality improvement.

The results were summarized in a table format to fa-
cilitate comparison, and this information helped 
laboratory managers identify best practices at each 
of the laboratories. The best practices fell into the 
following four categories:

• Workload management;

• Customer service;

• Employee development and morale; and

• Staffing strategies.

General Findings
When costs are compared, two components appear 
to contribute to differences in data among agencies: 
1) the scope of work requested, and 2) laboratory 
efficiency when performing the work. The number 
and type of analyses requested by customers have 
the most impact on the analytical cost, and cost is 
influenced to a lesser extent by the cost of an indi-
vidual analysis. Therefore, only a small percentage 
of the cost differences among agencies for a given 
template category can be explained on the basis of 
cost-per-test differences.

The Work Group performed one interlaboratory 
comparison on total laboratory expenditures versus 
flow-normalized laboratory expenditures, as shown 
in Figure 12. The bars in Figure 12 represent the to-
tal annual laboratory expenditure for each agency 
and expenditures normalized by annual flow. In 
general, the gap between total expenditures and 
flow-normalized expenditures narrows as annual 
flow increases. These data demonstrate the econo-
my-of-scale factor that is achieved by larger sys-
tems.

Cost Model Findings
The Work Group calculated a “productivity metric” 
for each analytical area (biology, microbiology, or-
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ganic chemistry, metals chemistry, and convention-
al chemistry). The comparison of these numbers 
formed the basis of a discussion about factors that 
either positively or negatively affect productivity. 
Laboratory managers also shared information 
about those best practices that, in their experience, 
successfully addressed efficiency, customer service, 
data quality, and cost effectiveness. The following 
list of key findings were identified in these discus-
sions:

• Keeping the cost per test to a minimum is 
mostly a function of optimizing batch size and 
efficiently using laboratory capacity. Batch 
size affects the cost per test because a predefined 
number of quality control (QC) samples are re-
quired at a fixed rate per analytical batch. For 
example, if there are 20 samples in an analytical 
batch and the QC rate is 5 percent, then one set 
of QC samples is required for those 20 samples. 
Depending on the analytical method used, the 
QC set may include several different samples 
such as matrix spikes, duplicates, blanks, and 
standard reference materials. The same set of 
QC samples is required whether the batch size 

is one sample or 20 samples, so the cost per in-
dividual test is lowest when batch sizes are at the 
maximum.

• The Work Group identified several fixed costs 
associated with maintaining instrumentation 
and other aspects of the laboratory in analyzing 
utilization of lab capacity. If laboratory capacity 
is under utilized, costs are spread across fewer 
samples and the cost per analysis increases. 
Conversely, the cost per analysis decreases as 
the percent of laboratory capacity utilization 
increases.

• Laboratory analysts can streamline analytical 
procedures by using the most efficient methods 
and instrumentation, using process flow analy-
sis to improve sample processing, and investi-
gating ways to reduce reruns associated with 
problems such as QC failure. Minimizing the 
cost per test, however, is mostly a function of 
optimizing batch size and efficiently utilizing 
laboratory capacity.

• It is critical for laboratories to work closely to 
schedule workloads efficiently. The best way 
for laboratories to achieve the cost reductions 

Figure 12. Total Laboratory Costs vs. Costs per mgy
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associated with optimizing batch size and effi-
ciently using laboratory capacity is to work 
closely with customers on scheduling. This is 
particularly important for samples with short 
holding times that provide less flexibility for 
batching. One example of a scheduling best 
practice is the agency that established a policy 
giving its laboratory the right of first refusal for 
all agency lab work.

• It is critical for laboratories to work closely 
with their customers to develop cost-effective 
sampling and analysis plans that address data 
quality objectives. In addition to doing things 
right, it is important that laboratories do the 
right things. The wise use of laboratory resourc-
es requires that laboratories work closely with 
customers to ensure the labs are doing the ap-
propriate analyses that best meet their custom-
ers’ project needs and data quality objectives.

• Flexible staffing strategies help laboratories 
respond to workload fluctuations. Once 
workflow has been leveled as much as possible 
by improving scheduling with customers, the 
laboratory can work internally to improve its 
ability to deal efficiently with peaks and valleys 
in the workload. A laboratory with cross-
trained staff, who can shift from areas with less 
work to areas with workload peaks, provides 
greatest flexibility.

• Laboratories that appeared more efficient 
from the data often were those with higher 
levels of automation. In addition to faster 
throughput and higher levels of productivity, 
laboratory automation can improve laboratory 
accuracy and precision.

• The variety of analyses offered, complexity of 
analyses and matrices, extent of QC and re-
porting requirements, and detection limit re-
quirements affect laboratory efficiency and 
productivity. Lab managers reported that pro-
ductivity and efficiency decreased as analytical 
complexity and the variety of services offered 
increased. The most efficient laboratory for or-
ganic chemistry analyses, for example, con-
ducts only three different analyses (the highest 
number of analyses among participants was 
39). The Work Group observed that other com-
plexities, such as very low detection-limit re-
quirements or difficult matrices, also lowered 
productivity.

• Tools such as customer surveys, customer ad-
visory committees, staff surveys, project man-

agement systems, and job progression help 
laboratories improve customer service and 
employee morale. Labs with customer advisory 
committees, for example, reported that they 
help customers work with the lab to balance 
workloads and set priorities. They also found it 
beneficial for customers to hear other custom-
ers’ perspectives, recognize conflicting inter-
ests, and increase their understanding of lab 
decisions. Some participants reported that cus-
tomer surveys helped identify and focus on is-
sues that are important to their customers. 
Project management systems help improve co-
ordination between the laboratory and its cus-
tomers, which is important in optimizing 
utilization of laboratory capacity and develop-
ing good sampling and analysis plans. In addi-
tion to improving employee retention and 
morale, participants reported that job progres-
sion systems helped laboratories improve their 
flexibility to respond to workload fluctuations 
by increasing cross-training.

Areas for Further Study
Participating laboratory managers agreed it is im-
portant to continue to collect data in future years to 
monitor trends, evaluate the success of efficiency 
measures, and periodically share information with 
each other. They also agreed it is important to work 
with customers to explain agency differences in an-
alyzing costs associated with wastewater treatment 
operations and monitoring programs. Laboratories 
also need to continue to strengthen their relation-
ships with customers; optimal, cost-effective use of 
laboratory resources is a collaborative process be-
tween laboratories and their customers.
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Recommendations 
for Future Phases 
of This Project

With the completion of this phase of the project, participants in 
the original Tri-Agency Benchmarking Project now have sever-
al years of data from which to draw in making comparisons that 
lead to improved practices. All participants will need to collect 
data over several years to reap the full benefits of the Multi-
Agency Benchmarking Project and to begin tracking changes 
implemented as a result of this effort.
The Multi-Agency Benchmarking Project Steering Committee 
recommends the following actions in the next phase of this 
project:

• Continue the work of the four new work groups. The 
Work Groups that were formed this year (Engineering, Ad-
ministration, Source Control, and Laboratory) should con-
tinue with their work next year. Newly formed Work 
Groups required about a one-year learning curve before the 
full benefit of their work was realized.

• Consider creating additional work groups. Additional 
Work Groups might include:

– Capital projects and O&M. This group’s mission would 
be to concentrate on the effects of capital improvements

Participants will need 
to collect data over 
several years to reap 
the full benefits of the 
Multi-Agency 
Benchmarking 
Project and to begin 
tracking changes 
implemented as a 
result of this effort.
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 on facility operating costs and determine 
ways to incorporate life-cycle cost analysis 
in capital planning. The group could also 
examine the costs of capital improvement 
(planning, predesign, design, construction, 
and asset replacement) and ways to contain 
those costs. Finally, the group could look at 
ways to promote closer working relation-
ships between engineering and operations.

- Labor-management relations. A Work 
Group could be formed to address labor-
management relations as an issue that 
affects the entire organization, rather than 
solely as an O&M issue.

- Odor control and air quality issues. Odor 
control and air quality are complicated 
issues because their source cannot be 
traced to a single process (that is, treat-
ment takes place at different locations 
throughout the plant). In addition, other 
processes are affected by odor control pro-
cesses. 

- Environmental compliance.

- Information technology.

- Training.

- Research and development.

• Discuss potential new revenue streams. The 
Steering Committee recommends researching 
how other municipal agencies generate revenue 
and whether any of those methods could be 
used by participants in the Multi-Agency 
Benchmarking Study.

• Consider tracking costs by plant. Participants 
at agencies with more than one treatment plant 
could benefit by determining whether it is ben-
eficial to track costs by plant. If the indications 
are that it is indeed beneficial to do so, partici-
pants could then establish an accurate method 
of allocating shared overhead costs between the 
plants.

• Continue to refine benchmarking tools. The 
Multi-Agencies should work together to im-
prove existing benchmarking tools and create 
new ones to make accurate comparisons.

- Modify existing tools. Refine the process 
benchmarking surveys and analysis to 
reflect “lessons learned” from this phase of 
the project.

- Develop new tools. Develop tools to assess 
the effects of decisions made by participat-
ing agencies to change or modify business 
practices based on findings from this 
project.

• Begin tracking trends. The next phase of the 
project will allow the participants to compare 
data between fiscal years and track the effects of 
recently implemented changes.

• Conduct benchmarking with privately oper-
ated utilities. Comparisons with privately 
owned utilities may reveal additional ways that 
participants could cut costs and operate more 
efficiently.

• Conduct benchmarking with non-wastewater 
businesses. Many functions such as informa-
tion systems, telecommunications, fleet main-
tenance, accounting, training, and building 
maintenance can be benchmarked with non-
wastewater businesses, both public and private. 
The Multi-Agency Benchmarking Project par-
ticipants should identify, compare, and poten-
tially emulate those companies recognized for 
superior performance in these areas.

• Standardize reporting methods. This phase of 
the project underestimated the amount of time 
and effort required to document and present 
findings. Establishing a standard report struc-
ture and production model will help partici-
pants in future phases compile and present 
their findings.
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Appendix A

Benchmarking 
Project 
Methodology

This appendix provides information about the approaches and 
methods used in the Multi-Agency Benchmarking Project.

• For information about the project’s history, goals, and ob-
jectives, see the Introduction.

• For details about the participating agencies, see Appendix B.

Managing the Project
Organization
Participants in the Multi-Agency Benchmarking Project included a Lead 
Agency, a Steering Committee, a Project Coordinator, five Work Groups, 
contributing staff from each of the seven participating agencies, and an 
outside consultant. At the outset of the project, all seven agencies collabo-
rated on and agreed to a Memorandum of Understanding (MOU) that 
outlined the roles and responsibilities for participants.

The Lead Agency was responsible for managing the overall project, resolv-
ing issues related to the MOU and the consultant’s contract, coordinating 
information flow among participants, facilitating meetings, tracking deci-
sions, and maintaining the project’s master database. The role of lead 
agency rotates among the participating agencies, alternating with each suc-
cessive phase of the project. EBMUD was the lead agency during this phase 
of the project.

The 12-member Steering Committee consisted of one lead from each 
agency who was responsible for that agency’s timely cooperation through-
out the project, and the leads from each of the five Work Groups. The 
Steering Committee assisted the lead agency by overseeing and directing 
the project and ensuring that the needs of each participating agency were 
met. The committee managed budget issues and provided direction to 
contributors from each participating agency. Steering Committee mem-
bers met regularly to discuss the status and direction of the project.

The Project Coordinator facilitated meetings and communication among 

“I’ve learned more 
about our business 
from this project than 
I have from any other 
work during my 
career.”

— Bill Burwell, East Section 
Manager, KCDNR
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agencies, tracked decisions, and maintained the 
master database.

The Work Groups met regularly to develop and re-
fine the template; collect, organize, and analyze the 
process and performance data associated with each 
cost center; and determine best practices when pos-
sible. In some cases (such as the Operations and 
Maintenance Work Group), a work group analyzed 
more than one cost center. In other cases, the Steer-
ing Committee created auxiliary Work Groups to 
examine specific areas within more complex cost 
centers so that more meaningful comparisons could 
be made. Participants in the Work Groups were or-
ganized so that those most familiar with a specific 
business or treatment processes were asked to de-
fine the process and then collect and analyze infor-
mation about it. This helped ensure that the proper 
individuals received the most benefit from informa-
tion gained during the collection process and subse-
quent discussions.

An outside consultant assisted the project by pro-
viding project management, developing the data-
base, collating and analyzing data collected by 
individual agencies, overseeing project subconsult-
ants, and assisting with the production of a Techni-
cal Memorandum (published January 1999) and 
the O&M and Engineering reports.

Approach
The participants in the Multi-Agency Benchmark-
ing Project recognized the inherent challenges of a 
project to collect and analyze information from dis-
parate agencies. Their first step was to develop and 
agree to a set of tools that would allow the partici-
pants to collect and compare cost and process infor-
mation in a meaningful way. To accomplish this 
step, many discussions took place about which spe-
cific costs should be selected for comparison and 
what basis for comparison would be used.

From those discussions, four distinct project ele-
ments emerged:

• Resolve to communicate openly throughout 
the data collection and analysis process.

• Develop a template for data collection and 
management. Using a basic template devel-
oped during an earlier phase of the project, the 
agencies refined the template they would use to 
collect data. With this new template, partici-
pants gathered data to form a database, per-
formed data analysis, and developed a plan for 
data presentation.

• Conduct performance benchmarking. (Per-
formance benchmarking is the development of 
cost data for across-the-board comparisons.) 
Each agency collected and analyzed its costs for 
providing wastewater treatment operations 
during FY 1997.

• Conduct process benchmarking. (Process 
benchmarking is a more subjective, analytical 
analysis of how each agency does business.) 
Each agency provided a description of the 
methodology it used to run all aspects of its op-
erations.

A more detailed discussion of these elements fol-
lows.

Developing the Tools
Communication
Participants identified early in the project that 
open, honest, and candid communication would be 
critical to its success. They agreed to meet regularly 
to discuss data collection methods, differences in 
business operations, and areas for improvements 
identified by each agency. Discussions about how to 
distribute costs helped identify alternative ways to 
account for all costs, perform work, and optimize 
systems.

Data Collection Template
One of the first and most important objectives for 
the project participants was to develop a common 
framework for comparing the many facets of man-
aging and operating a wastewater treatment agency. 
To help define and categorize the processes that 
drive costs, participants agreed to use a common 
data collection template. 

During the development of the template, partici-
pants borrowed heavily from work done on a tem-
plate during the first phase of the project by 
participants in the Tri-Agency Benchmarking 
Project. With the template in place, participants 
collected data, compiled a database, and began to 
organize the data in a meaningful way.

Template. The template divided all costs into nine 
major categories. During this phase of the project, 
only costs in the following categories were collected 
and compared:

• Operations.

• Maintenance.

• Technical support (including laboratory and 
source control).
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• Administration/general.

• Capital program.

The template was designed to visually represent all 
the functional areas that comprise a wastewater 
treatment agency. Each item was strictly defined so 
that multiple users could assign costs consistently 
among the categories. The template is provided in 
Exhibit A-1, which begins on page A-7.

Database. A database, developed using Microsoft 
Access software, was designed as both a data collec-
tion tool and for data presentation after analysis. 
The structure of the cost collection database was 
based on the data collection template described 
above. Each agency received a blank database and 
was responsible for providing data at an appropri-
ate level of detail for their agency.

The database provided for seven levels of detail. 
(Not all cost centers, however, required that level of 
detail.) Costs were subdivided as far as each agen-
cy’s accounting system would allow, with some 
agencies able to provide very detailed information 
on a specific area or a specific unit process. The da-
tabase allows participants to generate bar graphs 
that compare an agency’s performance for a specific 
parameter against the other participating agencies’ 
performances.

The Engineering Work Group developed a separate 
database to account for its cost collection and anal-
ysis. That database used scatter-plot graphs with 
trend lines to show average costs for each agency 
and the average of all agencies for capital projects 
from $100,000 to $100,000,000. The scatter plots al-
lowed the participating agencies to compare costs 
for a wide range of projects without requiring the 
agencies to submit costs for projects of any specific 
or predetermined size.

Data Analysis. Raw data was entered into a project 
master database (except for the Engineering data). 
The master database was designed to accept sets of 
raw data from individual agencies, normalize them, 
and then provide comparative tables and graphs. 
The master database was capable of accepting many 
normalization factors to accommodate the many 
kinds of analyses participants wanted from the data.

Normalization factors are a necessary component 
of the benchmarking process. Such factors help 
provide meaningful data comparisons by reconcil-
ing or “normalizing” differences among agencies, 
primarily by providing a common basis of measure-
ment for comparison purposes. 

An example is recalculating data based on a com-
mon unit of measurement such as cost per mgd of 
treated wastewater, rather than using unqualified, 
raw cost figures. Cost is affected by many factors, 
including size of a facility. Dividing the amount of 
wastewater treated normalizes the data to allow 
straight comparisons between figures. 

Appropriate normalization values vary with the 
type of analysis and type of data desired. Many of 
the treatment plant processes, for example, can be 
normalized based on flow. Laboratory costs, how-
ever, may be more meaningful if normalized by the 
number of analyses performed. Influent character-
istics may make some processes more or less effec-
tive at one plant than another. See Constraints for 
more information about why data must be normal-
ized.

Data Presentation. In keeping with a generally ac-
cepted benchmarking practice, the reports in this 
Executive Summary do not link comparative cost 
data to agencies by name. Letters are used to repre-
sent each agency whenever cost information is pre-
sented.

The bar graphs in this report generated by the Work 
Groups generally present cost data for a given pa-
rameter from lowest-cost agency to highest-cost 
agency (Agency A through Agency G). Because the 
lowest- and highest-cost agency changes from one 
graph to another, no single agency is represented 
consistently by a single letter.

Performance Benchmarking
All agencies agreed to provide data for FY 1997. 
Each agency gathered data on its expenditures and 
allocated all costs according to the categories in the 
template. Despite the inevitable discrepancies that 
arose from sharing a common tool to account for all 
costs, each agency made every effort to account for 
all ratepayer dollars spent.

Work Groups then began meeting regularly to de-
termine how to analyze the cost data to produce the 
most accurate comparisons. When the template did 
not truly capture or reflect the reality of partici-
pants’ cost allocations, it was revised accordingly.

To verify the accuracy of their data, the agencies 
compared the cost data submitted with actual ex-
penditures. Verification of data also occurred when 
individual Work Groups met to compare costs, 
which promoted more discussion about different 
ways that participating agencies performed work or 
allocated costs. All data submitted was examined to 
determine performance “trouble spots” and to 
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identify those areas best suited for process bench-
marking and discussions about best practices.

Process Benchmarking
Examining data gathered in the performance 
benchmarking effort within the context of informa-
tion gathered in the process benchmarking effort 
helps illuminate why one agency appears more 
cost-effective than another in a particular area. 
This, in turn, helps participants determine best 
management practices.

To collect process benchmarking information, each 
Work Group designed a detailed process area sur-
vey, concentrating on the most important aspects of 
its cost centers. An agency representative from each 
Work Group collected information about their 
agency, usually by assigning specific questions to 
knowledgeable and appropriate colleagues, and re-
ported back to the group.

Survey results were summarized in tabular format 
to make it easier to compare agency responses to 
survey questions. The compiled responses were ex-
tensively analyzed and discussed where cost perfor-
mance data indicated wide variations in costs to 
better understand those differences and to develop 
best practices. Exhibit A-2, which begins on page A-
19, presents a sample compilation of participant re-
sponses to survey questions developed by the Ad-
ministration Work Group about payroll practices.

Understanding the Data
Constraints
The Multi-Agency Benchmarking Project database 
allows for quick, progressively more detailed com-
parisons between agencies’ cost center data. How-
ever, data alone cannot adequately account for the 
differences in treatment processes, regulatory re-
quirements, political environments, and discretion-
ary programs among the participating agencies. 
Care must be taken not to draw conclusions with-
out considering the myriad underlying factors.

To illustrate this point, compare the participating 
agencies’ permit requirements in Appendix B, 
Table B-2. Differences in permit requirements will 
impact the level of treatment an agency provides 
and its overall treatment cost. Other factors that 
may render generalizations about costs include in-
fluent characteristics (which may make some pro-
cesses more or less effective at one plant than 
another), the type and age of equipment installed at 
each facility, and regional differences in the cost of 
living.

Similarly, long-range benefits are not immediately 
apparent from raw data. The data for an agency 
with an active public involvement program to mit-
igate dissent on planned projects might only reflect 
that the program increases the overall cost of treat-
ment, while failing to account for the potential sav-
ings such a program might recover later. Likewise, 
an agency’s approach to reclaiming wastewater or 
recycling biosolids will vary depending on local and 
state politics and regulations. These programs un-
doubtedly contribute to the overall cost of treat-
ment, but may deliver long-term benefits to a 
community (such as reducing potable water needs) 
or an agency (in the form of research and develop-
ment for future endeavors). 

Benefits
In addition to the ability to compare normalized 
data among the seven participating agencies, the 
collection and analysis of the data yielded further 
benefits to the participants. As a result of this study:

• Regular Steering Committee and Work Group 
meetings provided a venue to discuss differenc-
es in cost allocations, business operations, and 
data collection methods. These discussions 
helped participants identify alternative ways to 
distribute costs, perform work, optimize sys-
tems, and pursue areas for improvement.

• Future research efforts among participants can 
be more feasible and cost-effective because the 
costs as well as the benefits can be distributed 
among participants. Subsets of participants can 
collaborate in evaluating potential treatment 
and practice options of mutual interest.

• Participants now have the data and, perhaps 
more importantly, the appropriate interagency 
contacts to explore a proposed treatment or or-
ganizational alternative in use at another par-
ticipating agency.

• The database allows an agency to make multi-
ple-year comparisons, track its own cost trends, 
and evaluate cost-saving measures.

• The tools developed, particularly the database, 
will allow more agencies to be added to the 
project in the future and comparisons of nor-
malized cost data to be performed more rapid-
ly.
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Exhibits
• Exhibit A-1: Multi-Agency Benchmarking Data 

Collection Template

• Exhibit A-2: Administration Work Group—
Sample Process Benchmarking Survey Ques-
tions (Payroll Function) 
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Exhibit A-1. Multi-Agency Benchmarking Data 
Collection Template

NOTE
See the full Work Group reports for template category definitions.
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Multi-Agency Benchmarking Study

TEMPLATE
SUMMARY BREAKDOWN OF FUNCTIONAL AREAS IN A

WASTEWATER TREATMENT PLANT

Phase II   FY 1997

REV 8.0  3/25/98

Look for FUNCTIONAL AREA DESCRIPTIONS/ DEFINITIONS,  REV 10.0
to compliment this Template Diagram

(For now, please refer to the slightly out-dated Revision 9.0  9/18/98.)
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See Page 4-bSee Page 4-a

See Page 5

C
Collections

G
Energy

Systems

See Page 3

H
Offsetting
Revenues

See Page 2

Final

FY97

Wastewater
Department/Agency

Z
Other

Non-wastewater
Operating Costs

B
Capital Program

w:\Proc_Ops\Bench_PM\PrfrmncB\Template\DataTemplate.vsd
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See Page 3

A
Laboratory

C  Technical
    Support

B  Source
    Control

See Page 6-cSee Page 6-bSee Page 6-a
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Multi-Agency Template
Administration/General Section
Breakdown of Functional Areas

A
Administration/

General

1
Management

2
Human

Resources

3
Security

4
Legal

E
Warehouse/

Inventory

A
Purchasing

B
Accounting

C
Finance

D
Office of
Mgmt &
Budget

A. Labor   B. Other

6  Accounting/
     Finance

Page 2

F
Payroll

1.  FIS

2. MIS

A
Management
Information

System

B    Public
  Information
       Office

10
Employee
Benefits

9
Communication

E  Technical
    Support

    Functions

A  Training
Program

B     Ops.
Functions

C    Mntc.
Functions

C   Internal &
External

Communication

D   Admin/
      Other

Functions

5     Safety
Administration &

Management

7    Clerical 8   Training

12
Rents and

Leases

Final

FY97

11
Travel &

Conference

A. Labor

B. Other

H   Other

A
Routine

Administrative
Items

B
Lawsuit

Settlements
Court Cases

G
      Safety

13
Overhead
(General)

14
Other

F    Travel
Sessions D   Customer

Service

A  Labor
(General)

B  Labor
(Relations)

C  Work
Redesign

G
Other

1. Labor

2. Inventory 2  Source
Control
Training

1
  Laboratory
    Training

3  Technical
Support
Training

1. Labor

2. Other

1. Labor

2. Other

1. Labor

2. Other

A. Labor   B. Other

1. Labor   2. Other

1. Labor

2. Other

A. Labor   B. Other

1. Labor

2. Other

1. Labor

2. Other

1. Labor

2. Other

1. Labor

2. Other

1. Labor

2. Other

1. Labor

2. Other

3. Other

1. Labor
2. Other

1. Labor
2. Other

1. Labor
2. Other

1. Labor
2. Other

1. Labor
2. Other

1. Labor
2. Other

a. Labor
b. Other

a. Labor
b. Other

a. Labor
b. Other

1. Labor

2. Other

a. Labor
b. Other
a. Labor
b. Other

1. Labor 2. Other

A. Labor   B. Other

w:\Proc_Ops\Bench_PM\PrfrmncB\Template\DataTemplate.vsd
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a. Labor
b. Other

1. Telephone/Telecommunications

2. Internet

3. Radios

a. Labor
b. Other
a. Labor
b. Other
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G
Energy Systems

2
Turbine

Technologies

3
Other

Systems

Multi-Agency Template
Cogeneration Section

Breakdown of Functional Areas

Page 3

Final

FY97

A
Maintenance

B
Operations

C
Technical
Support

D
Supervision/
Management

E
Administration

F
Not Used

G
Other

H
Agency Offsetting

Revenues

1
Offsetting
Revenues

A
Maintenance

B
Operations

C
Technical
Support

D
Supervision/
Management

E
Administration

F
Not Used

G
Other

2
Energy

Revenue

4
Clerical
Support

1
Cogeneration

A
Maintenance

B
Operations

C
Technical
Support

D
Supervision/
Management

E
Administratio

n

F
Not Used

G
Other

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

1. Instrumentation 1. Instrumentation

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

1. Instrumentation

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

2. Mechanical

3. Electrical

2. Mechanical

3. Electrical

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

2. Mechanical

3. Electrical

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

a. Predictive
b. Preventive
    Maintenance
c. Repair
d. Parts
e. Other

w:\Proc_Ops\Bench_PM\PrfrmncB\Template\DataTemplate.vsd
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Multi-Agency Template
Maintenance Section

Breakdown of Functional Areas

Page 4-a

C
Preliminary

1
Plant

2
Other

A
Supervision

B
Influent
Pumps

D
Primary

2     Oxygen
Reactor Basins

6   Oxygen
Plant

H  Liquid Stream
Odor Control

F
Residuals

1
Screenings

3     Sludge
Thickening

6
Digestion

9
Other

G
Disinfection

J  Auxiliaries/
      Utilities

K  Automated
    Control System

1. Instrumentation  2. Mechanical     3. Electrical

E
Secondary

M
Maintenance

L   Tertiary
     Treatment/
     Reclamation

4   Fixed Film
       Reactors

7    Other
   Secondary
    Process

5 Secondary
Clarifiers

I   Effluent Pumps/
Outfall

M   CMMS

b   WAS
Thickening

a  Primary
Sludge

Thickening

Final

FY97

5
Residual
 Stream
   Odor
 Control

3  Aeration
     Basins

1   Influent
    Pumping

3
Clerical
Support

N   Water Reclamation/
     Conservation

See Page 4-B

2
Grit

4
Scum

7
Dewatering

8      Biosolids
 Disposal/Reuse

a. Predictive
b. Preventive

c. Repair

d. Parts
e. Other

a. Predictive
b. Preventive

c. Repair

d. Parts
e. Other

a. Predictive
b. Preventive

c. Repair

d. Parts
e. Other

NOTE:
All except M.2, M.3, and M.1.A same
subdivision as M.1.B

w:\Proc_Ops\Bench_PM\PrfrmncB\Template\DataTemplate.vsd
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Multi-Agency Template
Maintenance Section

Breakdown of Functional Areas

M
Maintenance

Page 4-b

1
Plant

A
Buildings &

Grounds

B
HVAC

D
Miscellaneous

2
Other

Final

FY97

C
Fleet Services

1  Auto/Fleet

2  Cranes/heavy equipment
    and portable generators

3  Equip. rental for general use

4  Other

3
Clerical
Support

See Page 4-a

1
       Facilities

2   Public Parks
     and Grounds

Note:  M.2.A.1.b & c and M.2.A.2.a, b & c
           Same subdivisions as M.2.A.1.a

a. Janitorial
b. Landscaping
c. Painting

1. Labor
2. Contracts
3. Materials
4. Utilities
5. Other

a. Janitorial
b. Landscaping
c. Painting

1. Labor
2. Supplies
3. Other

a. Labor
b. Supplies
c. Other

a. Labor
b. Supplies
c. Other

a. Labor
b. Supplies
c. Other

1. Labor
2. Supplies
3. Other

a. Labor
b. Supplies
c. Other

w:\Proc_Ops\Bench_PM\PrfrmncB\Template\DataTemplate.vsd
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Multi-Agency Template
Operations Section

Breakdown of Functional Areas

B Influent
Pumps

C
Preliminary
Treatment

E
Secondary
Treatment

G
Disinfection

H   Liquid
Stream Odor

Control

I    Effluent
Pumps/Outfall

J   Auxiliaries/
Utilities

Page 5

2   Grit
3  Sludge
    Thickening

4   Scum

b  WAS
Thickening

6  Digestion 7  Dewatering
8  Disposal/

Reuse

6  Oxygen
Plant

9  Other1  Screenings

K  Automated
Control

Systems

L   Tertiary
Treatment/

Reclamation

1     Plant 2     Other

A
Supervision

D
Primary

5 Secondary
Clarifiers

2  Oxygen
 Reactor Basins

4  Fixed
    Film
 Reactors

7    Other
Secondary

  Processes

O   Operations

F
Residuals

a  Primary
Sludge

Thickening

Final

FY97

5  Residual
    Stream Odor
    Control

3
   Aeration
     Basins

1
  Influent
 Pumping

3
Clerical Support

N    Water
Reclamation/
Conservation

M   Not Used

a. Labor (general)

b. Chemicals
c. Energy
d. Contracts
e. Inspection/Site Administration
f. Hauling (In-house) - Labor
g. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

a. Labor
b. Energy
c. Chemicals
d. Materials
e. Other

Note: O.1.E.1-6
          Same as O.1.E.7

a. Labor
b. Chemicals
c. Energy
d. Disposal
e. Other

a. Labor
b. Chemicals
c. Energy
d. Disposal
e. Other

a. Labor
b. Chemicals
c. Energy
d. Disposal

a. Labor
b. Chemicals
c. Energy
d. Other

1. Labor
2. Chemicals
3. Energy
4. Other

1. Labor
2. Chemicals
3. Energy
4. Other

a. Labor
b. Chemicals
c. Energy
d. Other

a. Labor

c. Energy

b. Chemicals
c. Energy

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

A. Labor
B. Energy
C. Chemicals
D. Materials
E. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other
1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other
1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

1. Labor
2. Energy
3. Chemicals
4. Materials
5. Other

b. Chemicals

d. Other

e. Other

a. Labor

d. Other
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Multi-Agency Template
Technical Support Section

Breakdown of Functional Areas

T      Technical
Support

1   Operations

A
Laboratory

3   Discretionary
Lab Support

5
Source Control

6     Research
Special

Projects/Other

1 Supervision

a   Liquids b Residuals

1  Preliminary

2  Primary

3  Secondary

4  Tertiary Treatment/
    Reclamation

5  Disinfection/
    Dechlor

6  Other

1  Thickening

a  WAS

b  Primary

2  Digestion

3  Dewatering

4  Compliance
    Monitoring

a  Required
    Monitoring

1  Liquids

a  Influent

b  Effluent

2  Biosolids

3  Air

4  Receiving
Water

b  Special
Programs
& Projects

B   Source
     Control

C   Tech
      Support

See Page 6-c

Page 6-a

4  Other

7
 Not Used

8
Other

c
Other

2 Clerical
c   Air/Odor d   Other

See Page 6-b

Final

FY97
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Multi-Agency Template
Technical Support Section

Breakdown of Functional Areas

T      Technical
Support

1   Operations

A  Laboratory

a.  Routine
    Administrative Items

B   Source
     Control

C   Tech
      Support

See Page 6-c

Page 6-b

b.   Management and
     Supervision

c.   Permits

d. Inspection &
    Sampling

e.   System Sampling

2.   Pollution Prevention 3.   Industrial Rates

a. Rate
    Development

b. Rate
 Implementation

l. Clerical

m. Other

Final

FY97

1.  Categorical
Related Activities

3.  Non-SIU

1. Categorical
Related Activities

2.  Local SIU

3.  Non-SIU

k. Data Management

f.  Enforcement
      Activities

1.  Categorical
Related Activities

3. Non-SIU

g.  Program Reporting

h. Septage Hauler
      Program

i. Special Studies

j. User Inventory

2.  Local SIU

2.  Local SIU

See Page 6-a

1. Core Pretreatment
Program

w:\Proc_Ops\Bench_PM\PrfrmncB\Template\DataTemplate.vsd
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Multi-Agency Template
Technical Support Section

Breakdown of Functional Areas

T      Technical
Support

1   Operations
Program

A
Lab

B   Source
     Control

C   Tech.
Support

See 6-a

Page 6-c

Final

FY97

See 6-b

1   Supervision

2   Regulatory Compliance

a   Liquids

b   Solids

c   Receiving Waters

d   Air

e   Other

3   Permits

a   NPDES

b   Air

c   Other

4   Research & Development

5   Documentation

6   Non-Capital Improvements

7   Process Support

a   Liquids

b   Solids

c   Other

11  Other

a  Labor
b  Other
c  Planning (Non-Capital)
d  Offsite/Offsite Odor

1   Mandated

2   Voluntary

1. Legis. Monitoring

2. OSHA, Fire, Other

1   Permit Mtc.

2   Fees

3   Pending
Litigation/Fines

NOTE: T.1.C.3.b Same as T.1.C.3.a

8   Computer System Support

a  Automated
    Control System

b  Document
    Management
    System

c  Other

10  Clerical Support

9   Technical Support

a  Connection
    Fee / Permits

b  Plan Reviews

c  Other
1  Right-of-Way
2  Agent Issues
3  Grants and Contracts

1  Labor

2  Other

1  Labor

2  Other

1  Labor

2  Other

a  Labor
b  Other
a  Labor
b  Other

1  Labor
2  Other

1  Labor
2  Other

1  Labor
2  Other

a  Labor
b  Other

a  Labor
b  Other

a  Labor
b  Other
a  Labor
b  Other

a  Labor
b  Other

1  Labor
2  Other

a  Labor
b  Other

a  Labor
b  Other

a  Labor
b  Other

1  Labor
2  Other

1  Labor
2  Other

1  Labor
2  Other
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Exhibit A-2. Example of Table Used to Summarize Participant 
Responses to Process Benchmarking Survey Questions 

(Payroll Function)

NOTE
See the full Work Group reports for complete process surveys and responses.
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Administration Work Group Process Benchmarking Survey:  Payroll Summary
Topic CCCSD CLABS CPBES EBMUD KCDNR OCSD SRCSD

1. Is payroll
function
contracted
out?

No No No No No No No

2. Number of
checks issued
monthly

Number of
Employees

Pay cycle

Number of
payroll staff

295*

295*

Monthly

1.25

5,000+/-

2,500+/-

Biweekly

16

326

163

Biweekly

1.5

628

314

Biweekly

1

600

300

Biweekly

1.5

570

285

Biweekly

2

640

320

Biweekly

2

3. Software
system

In-house
integrated HR-
payroll system

Automated
timeslip data
entry system,
Faxmasters/
Teleform

PortlandÕs own
pc-based
system that is d-
base program.

PeopleSoft
Human
Resources
Management
System

Currently
converting to
PeopleSoft

Separate payroll
system soon to
integrate with
JD Edwards FIS

Had separate
system, have
since
implemented
SAP

4. Time and
labor info
single or
double entry

Double Double 1/99 new
system to allow
direct employee
input into
system

Double VariesÑMainsa
ver to payroll
direct for
maintenance
staff on work
orders only

Double Double

5. Timekeeping:
manual or
electronic?

Employee
manual; payroll
tech keys

Manual by
employees;
central payroll
enters data

Employees
manual; pay-roll
clerk keys in
color-coded
timeslips

Manual by
employee; IS
clerk enters data
into system

Employee
manual; data
tech enters into
system

Employees
manual; tech
enters into
system.

Electronic at
plant; manual in
county.

6. Other payroll
services
charged to
employee?

No No No No No, but
contemplating

No No

7. How are
employee pay
status
changes
entered into
and monitored
in system?

HR generates
and enters into
system; payroll
reviews each
check for
obvious errors.

Entry by Per-
sonnel section
to controller.
Monitor written
notice from
controller to Bur.
payroll

Extensive cross-
checking;
please see
survey for
complete info.

Internal pro-
gram controls,
plus significant
manual over-
sight; please
see survey for
complete info.

Written notice
sent, but no
monitoring
reports.

Written notice;
HR makes
changes;
employees
check own.

Written notice;
clerk enters
status changes;
not on check;
must ask payroll
clerk.

*CCCSD has shown whole agency, while others have shown treatment plants only.
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Administration Work Group Process Benchmarking Survey: Purchasing/Accounts Payable
Topic CCCSD CLABS CPBES EBMUD KCDNR OCSD

1. Type of
financial
software

HTE, an integrated
system of key
modules:
accounting,
purchasing,
inventory,
personnel and
permits.

SNIMS,
CLAMMS,FMIS,

MMS and TSO  --
all are mainframe
based program
systems. Currently
moving to
centralized  city
system.

IBIS (Integrated
Business Info
Systems)

MMIS (Materials
Management &
Invoicing System)

In process of

Implementing
PeopleSoft FIS.

IBIS currently. SAP
to be implemented
by 2000.

JD Edwards

2. Purchasing/
receiving
authority
centralized or
decentralized

Single purpose
district; centralized
at head-quarters
building next to
plant.

Decentralized at
plant to capture
discounts and to
negotiate lower
prices.

Centralized
downtown with a
plant node.
Requisitions are
linked to line item
budgets.

Centralized policy,
some decentralized
items, e.g. Credit
Card Program.

Mixture of
centralized and
decentralizedÑbuy
ers at  plants for
some items; large
contracts
downtown. AP
centralized
downtown.

Special district.
Resources located
at plants.

3. Authority
signing levels

Supes:  $10K

Mgrs:  $100K

Supes:  $10K

Mgrs:  $30K

Varies by Work
GroupÑ

$5K as general
limit??

Plant Supes:  $7.5K

Div mgrs:  $25K

GM staff Dirs:
$50K

GM:  $100K

Supe/author
signers:  $10K

Plant Mgr:  $25K

WTD Mgr:  $100K

Div Mgr:  $25K

Dept Mgr-$50K

GM:  $100K

4. Discount
policy;
streamlining
efforts; dollars
saved

Blanket POÕs, credit
cards, direct office
supply purchasing,
take discounts
when possible.

Cross team meets
regularly, publish
monthly discount
reports.

Credit cards used,
internet research
and CD-ROM
catalogues, 5 day
turn on invoices.

PeopleSoft will use
automated vendor \
catalogue, save 39
in- house process
days.  Credit cards.

Implementing credit
cards; on-line
purchasing,
receiving, and
approving.

On-line order
approval

5. Inventory
control:
Recorded/
charged with
barcode or
other
electronic
system

Items issued
through MIS system
with barcode scan
to charge to
approp. O & M
accounts

Not included on
survey

In a barcode Beta
test, integrate with
IBIS for vendor
payment

Survey says
"nothing brief here!"
Call Les Martin
(510) 987-7700

Future=bar code to
process area of
plant.

6. Inventory size $925,000 Not included on
survey

$550,000; $330,000
yr turnover 3300+
line items

$3.9M
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Appendix B

Benchmarking Project 
Participants

Appendix B provides “at a glance” comparisons and complete 
narrative descriptions of the agencies participating in this phase 
of the Multi-Agency Benchmarking Project. This information 
may be useful in understanding underlying factors that influ-
ence each agency’s processes and performance, particularly 
since each agency conducts its business with its own set of local 
conditions, regulations, politics, organizational strategies, and 
natural resource constraints.
To quickly compare the agencies, refer to Tables B-1, B-2, and 
B-3, beginning on page B-2. These tables list general agency in-
formation, effluent permit limits, and installed treatment pro-
cesses, respectively, for each agency. Complete narrative 
descriptions begin on page B-5. All information applies to FY 
1997, unless otherwise noted.

Each agency 
conducts its business 
with its own set of 
local conditions, 
regulations, politics, 
organizational 
strategies, and 
natural resource 
constraints.
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Table B-1. General Agency Information

Table B-2. FY 1997 Effluent Permit Limits

Agency
Number of

Wastewater Plants

FY-1997
Avg Annual Influent

Flow Rate (mgd)

Governing
Organization

CCCSD 1 49 Special District

CLABS 4 444 City of Los Angeles

CPBES 2
1

85
2

City of Portland

EBMUD 1 77 Special District

KCDNR 2 200 King County

OCSD 2 244 Special District

SRCSD 1 152 Special District

1 Although CPBES operates two treatment plants, the Benchmarking Project focused on the larger of the two, Columbia Boulevard.
2 Reflects 1997 influent flow for Columbia Boulevard Wastewater Treatment Plant only.

Coliform
(MPN/100 ml)3

Agency Plant
BOD1

(mg/L)
TSS2

(mg/L)

Cl2

Residual
(mg/L)

Total Fecal

CCCSD     25
4

30 0.0
5

N/A
6

200

Hyperion 30 30 0.84
5

1,000 200

Tillman 20 15 0.1
7

2.2
8

N/A

Terminal Island 15 15 0.1
7

1,000 200

CLABS

LA-Glendale 20 15 0.1
7

2.2
8

N/A

CPBES Columbia Boulevard 30 30 1.0
5

N/A 200

EBMUD 30 30 0.0
5

240
9

N/A

East Treatment Plant 30 30 0.66
10

N/A 200KCDNR

West Treatment Plant 30 30 0.216
10

N/A 200

Plant 1 100 60 0.001 N/A N/AOCSD

Plant 2 100 60 0.001 N/A N/A

SRCSD 30 30 0.018
11

23
12

N/A

1 Biochemical oxygen demand (5-day), milligrams per liter Ð monthly average
2 Total suspended solids, milligrams per liter Ð monthly average
3 Coliform count, most probable number (MPN) per 100 milliliters Ð monthly average
4 Value is for carbonaceous biochemical oxygen demand, milligrams per liter Ð monthly average
5 Instantaneous maximum
6 Not applicable
7 Daily maximum
8 7Ðday moving median
9 Most recent permit limitation is 500 fecal coliform
10 Monthly average
11 Daily average (monthly average is 0.011 mg/L)
12 Monthly median
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Table B-3. Treatment Processes Installed at Participating Agencies

Preliminary
/Primary

Treatment Secondary Treatment Residuals Handling Other Plant Processes Misc.

Agency Flow
1
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CCCSD 49 • • • • • • • • • • • • • • • • • • • • • • • • •

CLABS, Hyperion 355
2 • • • • • • • • • • • • • • • • • • • • • • • •

CLABS, Tillman 67 • • • • • • • • • • • • • • • •

CLABS, Terminal Is. 16 • • • • • • • • • • • • • • • • • • • •

CLABS, LA-Glendale 20 • • • • • • • • • • • • • • •

CPBES, Col. Blvd. 85 • • • • • • • • • • • • • • • • • • • • • • •

EBMUD 77 • • • • • • • • • • • • • • • • • • • • • • • •

KCDNR, East 79 • • • • • • • • • • • • • • • • • • • • • • • •

KCDNR, West 121 • • • • • • • • • • • • • • • • • • • • • • • • • • • •

OCSD, Plant 1 89 • • • • • • • • • • • • • • • • • • • • • • •

OCSD, Plant 2 155 • • • • • • • • • • • • • • • • • • • • • • •

SRCSD 152 • • • • • • • • • • • • • • • • • • • • •

1
Average annual flow in mgd for FY 1997

2
Wastewater flows through the CLABS Hyperion Plant include 14 mgd residual flows discharged from the Tillman and L.A.-Glendale plants. These discharge flows are reflected in the flow listed here for Hyperion. Thus,
although the total of all CLABS flows in this table is 458 mgd, actual flow through the system net of residuals is 444 mgd (458 mgd Ð 14 mgd = 444 mgd), as indicated in Table B-1. Likewise, the net flow for Hyperion is
341 mgd (355 mgd Ð 14 mgd = 341 mgd).
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Central Contra Costa 
Sanitary District (CCCSD)

Central Contra Costa Sanitary District (CCCSD) is an indepen-
dent special district that collects, treats, disposes, and reclaims 
wastewater for nearly half of Contra Costa County’s popula-
tion. The District owns and maintains almost 1,400 miles of 
sewer pipeline, ranging in size from 6 inches to 120 inches in di-
ameter, and 20 sewage pumping stations. The treatment plant, 
located in unincorporated Martinez, is permitted to treat and 
discharge 45 million gallons of wastewater to Suisun Bay (aver-
age dry-weather limit). The average annual influent flow for FY 
1997 was 49 mgd and the average dry-weather flow was 
38.5 mgd. Central San currently produces 1 to 2 mgd of high-
quality recycled water for treatment plant landscaping and pro-
cesses as well as for landscape irrigation customers located adja-
cent to its treatment plant and in Pleasant Hill. 

Agency History
In the early 1940s, central Contra Costa County was predominantly a com-
munity of farms and orchards. The post-war growth of San Francisco and 
East Bay communities spilled over into Contra Costa County. At the time, 
most of the County depended on individually owned septic tanks. That sit-
uation, plus the area’s impervious adobe soils, combined to produce pol-
luted conditions considered by state health authorities to be among the 
worst in California. Public support for a sewage collection and disposal 
system was overwhelming, as demonstrated by the successful general elec-
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tion in 1946 that created the Central Contra Costa 
Sanitary District. The District’s first action, selling 
$2.4 million in general obligation bonds, financed 
construction of trunk sewers, pumping stations, 
and a treatment plant. By 1948, the 4.5-mgd prima-
ry treatment plant with 150 acres of oxidation 
ponds was operational. 

The District completed construction of an 11-mgd 
treatment plant in 1959. The District expanded the 
primary treatment facilities and replaced the oxida-
tion ponds with digesters for biosolids processing 
and a 72-inch-diameter, four-mile-long outfall 
pipeline to Suisun Bay. Two additional treatment 
plant expansions increased the plant capacity to 21 
mgd in 1965 and 30 mgd in 1968. By 1986, the treat-
ment plant was upgraded with secondary treatment 
capabilities and a capacity of 45 mgd. The District 
also constructed a water recycling facility as part of 
a joint project with the Contra Costa Water District. 
More recent treatment plant improvements include 
the 1995 headworks expansion to boost the plant’s 
intake capacity to 260 mgd during peak wet-weath-
er events, the 1995 start-up of a cogeneration facili-
ty that saves the District about $1 million a year in 
energy costs, and the 1996 construction of the larg-
est ultraviolet disinfection facility in the US.

CCCSD has been frequently recognized by organi-
zations such as the US EPA and the Association of 
Metropolitan Sewerage Agencies for outstanding 
operations, maintenance, and pretreatment accom-
plishments.

 

Service Area Description

 

As shown in Figure B-1, CCCSD serves a 135-
square-mile area generally located about 30 miles 
east of San Francisco. The District includes about 
291,000 residents of the communities of Alamo, 
Danville, Lafayette, Martinez, Moraga, Orinda, 
Pacheco, Pleasant Hill, San Ramon, and Walnut 
Creek. The District also treats wastewater for an ad-
ditional 126,000 residents of the Concord-Clayton 
area under a 1974 contract with the City of Con-
cord. About 82 percent of the District’s customers 
are residential. The remaining 18 percent are pri-
marily commercial, office, and institutional cus-
tomers, with less than 1 percent industrial.

The topography of the District ranges from steep 
hillsides to flat valleys. On the hillsides, the soils are 
often shallow and prone to sliding. Clay soils are 
common in the valleys. Several active faults are lo-
cated in or near the District 

 

Organizational Overview

 

CCCSD is governed by a five-member, publicly 
elected Board of Directors. The District has about 
255 regular employees, all under the administrative 
direction of an appointed General Manager and 
management staff. Figure B-2 presents an organiza-
tional chart for the district. 

 

Permit Information

 

The treatment plant’s NPDES permit limits for FY 
1997 are indicated in Table B-4.

 

Source Control

 

The District’s Source Control program began in the 
mid-1970s and was enhanced in 1981 to provide 
CCCSD with enforcement authority. CCCSD’s ser-
vice area includes about 4,500 commercial and in-
dustrial accounts. These accounts include a wide 
variety of facility types. Acme Landfill, a solid and 
hazardous waste landfill undergoing closure and 
discharging leachate, is the District’s most signifi-
cant industrial user in terms of discharge volume 

Parameter Limit

Total BOD and TSS 85% removal

BOD 25 mg/L, monthly avg.

40 mg/L, weekly avg.

TSS 30 mg/L, monthly avg.

45 mg/L, weekly avg.

pH 6 to 9

Fecal 200 mpn/100 ml,
30 day log mean

400 mpn/100 ml,
10% of samples

Settleable matter 0.1 ml/L/hr, monthly
average

0.2 ml/L/hr, maximum

Oil and grease 10 mg/L, monthly avg.

20 mg/L, daily max.

Chlorine residual 0.0 mg/L

Acute toxicity 90% survival in
11 samples

The permit also limits six selected organics and 11

metals/inorganics.

Table B-4. CCCSD Permit Limits
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and potential pollutant loading. This industrial fa-
cility operates under a permit contract. Other facil-
ities under permit include manufacturers, research 
and development labs, hospitals, large newspaper 
publishers, radiator shops, and a variety of other in-
dustrial and commercial facilities. Other groups of 
commercial users are not under permit but are sig-
nificant in terms of number of facilities and types of 
pollutants generated and potentially discharged to 

the District’s collection system. These include vehi-
cle service facilities, restaurants, dry cleaners, photo 
processors, and medical, dental, and veterinary of-
fices. 

Source Control also administers the treatment 
plant’s trucked-in waste program. Types of trucked 
waste approved for disposal at the District include 
septic tank pumpings, portable toilet waste, restau-
rant grease interceptor waste, and a variety of wastes 
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Figure B-1. CCCSD Service Area
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allowed under Special Discharge Permits. 

The District relies on a comprehensive pollution 
prevention program to complement the diligent 
implementation of the traditional pretreatment 
program and to achieve cost-effective control of 
pollutant sources from both domestic and nondo-
mestic users. The District focuses its pollution pre-
vention program efforts by identifying pollutants of 
concern so that priorities can be set. The District is 
not in violation of any standard regarding these pol-
lutants but wants to be proactive to avoid any po-
tential problems in the future. The following are 
current “Priority A” pollutants of concern:

• Copper. Copper has been tentatively identified 
as a possible cause of episodic chronic toxicity 
to Echinoderm and if copper sources are not 
controlled it may impact biosolids ash quality 
(in terms of the California hazardous waste cri-
teria/waste extraction test).

• Pesticides. Periodic acute toxicity of the Dis-
trict’s effluent to Ceriodaphnia dubia has been 
linked to the presence of two organophosphate 
pesticides (diazinon and chlorpyrifos) at low 
concentrations in the plant effluent.

• Cyanide. Plant effluent quality intermittently 
exceeds 10 mg/L, due to production of cyanide 

Administrative
Department

40 staff

Plant Operations
Department

90 staff

Collection Systems
Department

41 staff

Engineering Department,
Environmental Services

Division
34 staff

Central Contra Costa
County Sanitation

District
Board

5 staff

Lab
9 staff

Engineering
Department, Capital

Projects Division
35 staff

Plant Administration
and Operations

Division
43 staff

Maintenance and
Pumping Stations

47 staff

Maintenance
4 staff

Machine Shop
3 staff

Mechanical
10 staff

Electrical Shop
4 staff

Building and
Grounds

10 staff

Instrument Shop
6 staff

Figure B-2. Organization of Wastewater Treatment Functions at CCCSD
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by the biosolids incineration process. The 
10 mg/L effluent quality standard is a possible 
future standard. The present plant effluent lim-
it is 25 mg/L and has not been exceeded.

Significant elements of the pollution prevention 
program include development of best management 
practices for commercial users; an Integrated Pest 
Management (IPM) Partnership Pilot Program 
with the University of California Cooperative Ex-
tension Master Gardeners and the City of Palo Alto; 
an IPM demonstration garden; successful imple-
mentation of an areawide ban on the sale of copper 
sulfate root killer; participation in the Bay Area Pol-
lution Prevention Group; and an extensive public 
education program for students, the general public, 
and businesses to inform them about how to reduce 
toxic discharges.

The District also teamed with the adjacent Moun-
tain View Sanitary District to build and operate a 
permanent household hazardous waste (HHW) 
collection facility adjacent to CCCSD’s treatment 
plant. The HHW Collection Facility functions as an 
integral component of the source control program 
by providing a viable solution for residents and 
small businesses to properly handle HHW so that it 
is not being dumped down drains, into creeks, or in 
the garbage. The facility opened to the public on 
October 25, 1997. This facility also serves the resi-
dents and eligible small businesses in the central 
Contra Costa County area by providing a reliable 
and economical option to properly manage hazard-
ous wastes. The facility’s first 14 months of opera-
tion have been very successful, based on 
participation by residential customers, volume of 
waste processed, and stakeholder feedback received. 
Additionally, the facility received statewide recogni-
tion by earning Cal EPA’s “Best New HHW Collec-
tion Program” award in March 1998. 

In 1998, CCCSD entered into a contractual agree-
ment with the Contra Costa Clean Water Program 
to combine inspections for both pretreatment and 
illicit discharge (stormwater) programs. The focus 
of these inspections was permitted industries, vehi-
cle service facilities, and restaurants, and in re-
sponse to complaints. CCCSD performs 
comprehensive inspections covering pretreatment, 
stormwater, and pollution prevention program ele-
ments whenever feasible.

The District’s Source Control and Pollution Pre-
vention Groups are staffed by a Source Control Pro-
gram superintendent and a Pollution Prevention 
Program superintendent who report to the Engi-

neering Department’s Environmental Services Di-
vision manager. These two groups are staffed with 
one senior Source Control inspector, four Source 
Control inspectors, a Source Control coordinator 
for administrative support, a HHW supervisor, se-
nior HHW technician, and a HHW technician. In 
recognition of its outstanding Source Control pro-
gram, CCCSD received a 1998 US EPA Pretreat-
ment Program Excellence Award (21-50 SIU 
category). 

Process Control/Laboratory 
Operations
A 6,400-square-foot, full-service laboratory is locat-
ed at the District’s treatment plant. The laboratory 
is certified by the California Departments of Health 
and Fish and Game for various types of water and 
wastewater analyses. Major laboratory instrumen-
tation includes graphite furnace and flame AAs, 
GC/MS, a cold-vapor-mercury analyzer, HPLC, gel 
permeation chromatography, and an automated 
organic extraction and concentration system. All 
laboratory data handling is automated through a 
Laboratory Information Management System 
(LIMS).

Staffing includes a laboratory superintendent, one 
senior chemist, six chemists, and one co-op stu-
dent. Clerical support is provided by the adminis-
trative section of the Plant Operations Department. 
The laboratory has six discrete work groups that in-
clude Microbiology, Wet Chemistry, Metals, Or-
ganic Chemistry, Toxicology (Bioassay), and 
Quality Assurance/Quality Control (QA/QC). The 
laboratory facility includes a superintendent’s of-
fice, a senior chemist’s office, analytical testing areas 
(biology, conventional chemistry, metals, and or-
ganics), a sample receiving area, a common prepa-
ration room, chemical storage, and office space for 
the chemists.

The laboratory’s workload can be divided into the 
following areas:

• Wastewater operations support accounts for 72 
percent of the overall laboratory workload. Of 
that amount, 20 percent is for special studies 
and 52 percent is related to compliance moni-
toring.

• Source Control, Collection System Operations, 
and Engineering support account for about 8 
percent of the overall laboratory workload.

• Supervision and data management account for 
20 percent of the laboratory workload.
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About 9 percent of the FY 1997 laboratory budget 
covered analytical costs for work subcontracted to 
outside laboratories.

Financial Information
In FY 1997, the District’s operating budget was 
$28,339,406 and its capital budget was $44,894,000. 
Plant and equipment assets totaled $452,213,294 
($344,640,746 net of depreciation).

Sources of FY 1997 operating revenues, in descend-
ing order, were sewer service charges (in-District 
and City of Concord), interest income, other ser-
vice charges, stormwater program, lease rental in-
come, side sewer inspections, industrial permit fees, 
and septic tank dumping. The annual residential 
sewer service charge was (and continues to be) 
$188, of which $153 went to operating revenues.

Sources of FY 1997 capital revenues, in descending 
order, were ad valorem property taxes, sewer service 
charges ($35 per residential unit), facilities capacity 
fee (connection fee), reimbursements from other 
agencies (such as the City of Concord), interest on 
investments, miscellaneous income, annexation 
charges, and pumped zone fee. The facilities capac-
ity fee was (and continues to be) $2,572 per residen-
tial unit. 

Treatment System and Process 
Descriptions
CCCSD’s treatment plant site encompasses about 
324 acres of land near the intersection of State 
Highway 4 and Interstate 680 in unincorporated 
Martinez. Included in that acreage are about 
95 acres of buffer zone land located east and west of 
the treatment facilities and the District’s headquar-
ters building. North of the plant is a now-closed liq-
uid-toxic-waste evaporation pond site and Acme 
Landfill. To the east is a Tosco oil refinery. To the 
south is State Highway 4, Buchanan Field Airport, 
and several mobile home parks. To the west is the 
County Animal Shelter (being purchased by the 
District for additional buffer land), County Public 
Works corporation yard, a cemetery, and a residen-
tial neighborhood.

Treatment processes utilized at the CCCSD plant 
consist of screening, primary sedimentation, bio-
logical activated sludge, secondary clarification, and 
disinfection.

Wastewater entering the treatment plant head-
works is dosed with hydrogen peroxide for odor 
control. The wastewater then passes through bar 
screens to remove rags, branches, and large floating 

debris. This debris is ground and returned to the 
wastewater treatment process. The wastewater con-
tinues to the preaeration tanks where sand and silt 
(grit) that have infiltrated the collection system are 
removed. In primary treatment, about 50 percent 
of the solids and 35 percent of the organics are re-
moved from the wastewater and pumped to a cen-
trifuge for dewatering. The primary sedimentation 
tanks also remove floatable scum, which is then 
thickened. Both the thickened scum and the prima-
ry solids are then incinerated (see section on Biosol-
ids Management).

Primary treated wastewater is pumped to secondary 
aeration tanks where bacteria biologically break 
down and feed off organic matter in the wastewater. 
The wastewater then travels to clarifiers where the 
bacteria (activated sludge) sinks to the bottom of 
the tank. A portion of the settled activated sludge is 
thickened via flotation thickeners, then is combined 
with primary solids and lime to assist in dewatering 
with centrifuges before being incinerated (see sec-
tion on Biosolids Management). The remaining 
portion returns through the aeration process to 
maintain a proper balance of bacteria. The second-
ary effluent decanted from the clarifiers has 95 per-
cent of the impurities removed. Ultraviolet light is 
then used to disinfect the clarified effluent by dis-
abling the reproductive capabilities of the remain-
ing pathogens. This completes the secondary 
treatment process.

Heat recovered from the burning biosolids is used 
to produce steam in a waste-heat boiler. The steam 
is piped to a turbine which drives the blower that 
produces air for the secondary aeration tanks. Aug-
menting the waste-heat boiler is steam from an on-
site cogeneration facility. This facility consists of 
one 3,300 kilowatt gas-fueled turbine electrical gen-
erator and a heat recovery steam boiler. In addition 
to producing process steam, the natural-gas-burn-
ing cogeneration facility provides 90 percent of the 
electricity needed to run the treatment plant.

Most of the treated effluent is discharged to Suisun 
Bay through a 72-inch-diameter submerged diffus-
er located about 1,600 feet offshore at a depth of 
about 24 feet below mean low water. The rest un-
dergoes more treatment at a filter plant so it can be 
recycled and reused.

The treatment plant includes a series of holding ba-
sins for temporary storage of wet-weather flows in 
excess of the plant’s capacity. These basins are used 
when necessary to store influent flows in excess of 
the treatment plant capacity. Excess wastewater is 
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routed from these basins to the plant when capacity 
becomes available in the treatment units. The com-
bined volume of these holding basins is 140 million 
gallons. For extremely rare, severe wet-weather 
events, the basins can become full and excess waste-
water may then be discharged via Pacheco Slough 
and Walnut Creek to Suisun Bay.

Given the proximity of residential and commercial 
development to the treatment plant, odor control is 
a high priority. In addition to adding hydrogen per-
oxide to the influent before it enters the headworks, 
numerous scrubbing towers clean foul air collected 
at the plant during primary treatment, biosolids 
thickening, and dewatering.

Biosolids Management
The primary scum, solids, and secondary-thickened 
waste-activated biosolids are combined and incin-
erated in one of two 11-hearth furnaces (one oper-
ating, one on standby). The furnaces are fueled by 
methane gas from the nearby Acme Landfill or nat-
ural gas. Incineration reduces 200 tons of wet bio-
solids to 10 tons of dry ash each day. The ash is 
disposed of at a landfill or reused as a soil amend-
ment or building material. 
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City of Los Angeles 
Bureau of Sanitation 
(CLABS)

The City of Los Angeles is the second largest city in the US, with 
a population of more than 3.6 million (1997). Los Angeles is the 
principal city of a metropolitan region stretching from the City 
of San Buenaventura to the north, the City of San Clemente to 
the south, and the City of San Bernardino to the east.
The City of Los Angeles owns and operates a regional wastewa-
ter collection, treatment, and disposal system that serves an 
area of about 600 square miles. The system has two distinct ser-
vice areas: the Hyperion System and the Terminal Island Sys-
tem. The total average daily flow during FY 1997 was 450 mgd 
with a system capacity of 550 mgd. The system consists of more 
than 6,500 miles of sewers and interceptors, four treatment 
plants, and various other facilities.
Table B-5 on the next page shows the average flows and treat-
ment capacities for the four plants and two service areas during 
FY 1997.)
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Agency History

 

In 1980, a consent decree was negotiated with fed-
eral, state, and City officials that established a com-
pliance schedule for systematically upgrading the 
degree of treatment provided at the Hyperion 
Treatment Plant (HTP). The consent decree was 
subsequently modified and approved in 1985 and 
again in 1987. Milestones in the amended consent 
decree included terminating sludge discharge to the 
Pacific Ocean by the end of 1987, operating the Hy-
perion Energy Recovery System (HERS) by mid-
1989, and establishing several interim effluent lim-
its that coincided with phased treatment improve-
ments at HTP.

On the basis of a performance evaluation conduct-
ed in 1990, the EPA determined that the City was 
not in complete technical compliance with the fed-
eral pretreatment program regarding industrial 
waste discharges, and was therefore in violation of 
its NPDES permits. In 1990, the EPA issued an ad-
ministrative order requiring the City to modify the 
structure of its pretreatment program for City dis-
chargers and the agencies receiving City services by 

contract. The administrative order established a 
compliance schedule that extended from August 
1990 to August 1993. The program was restructured 
to meet all federal requirements, but EPA has not 
yet lifted the administrative order. (It is expected to 
be lifted by September 1999.

 

Service Area Description

 

The City operates four wastewater treatment plants 
that receive flows from two service areas (Figure B-
3). The central, western, eastern, and northern areas 
of the City are tributary to a coastal plant, the Hy-
perion Treatment Plant, and to two inland plants 
along the Los Angeles River, the Tillman Water 
Reclamation Plant and the Los Angeles

 

−

 

Glendale 
Water Reclamation Plant. The southern harbor 
area of Los Angeles is tributary to the Terminal Is-
land Treatment Plant. The two service areas are re-
ferred to as the Hyperion System and the Terminal 
Island System. 

The City’s wastewater service area is determined by 
natural drainage patterns and does not generally 
conform to political boundaries. Because of the 

Facility
Year

Commissioned

Current
Capacity

(mgd)
Average

Flow (mgd)

Future Design
Capacity

(mgd)

Hyperion
System

Hyperion
Treatment
Plant

1923 420 348 450

LA-Glendale
Treatment
Plant

1976 20 20 20

Tillman
Treatment
Plant

1984 80 65 80

Hyperion
System Totals 520 433 550

Terminal Is
System

Terminal Is.
Treatment
Plant

1935 30 17 30

Combined
System Totals 550 450 580

Table B-5. CLABS System Flows and Treatment Capacities
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economics associated with gravity flow, parts of the 
City are served by other agencies and, likewise, the 

City provides wastewater services for other com-
munities and adjacent areas. The City serves 28 

Hyperion
Treatment

Plant

Tillman Water
Reclamation

Plant

Los Angeles-Glendale
Water Reclamation

Plant

Terminal Island
Treatment Plant

City of Los Angeles
wastewater treatment
service area

L E G E N D

Burbank

Los Angeles

Long BeachLos Angeles
Harbor

San
Pedro

Harbor
City

San Pedro
Bay

Santa Monica
Bay

Pacif ic
Ocean

Los Angeles River

Oregon

Washington

California

Pacific
Ocean

CLABS

Figure B-3. CLABS Service Area
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such adjoining areas by contract. The Los Angeles 
County Sanitation District serves areas within the 
City limits that drain towards its Carson Treatment 
Plant.

The City’s wastewater collection and conveyance 
system consists of more than 6,500 miles of sewers, 
more than 100,000 maintenance holes, 54 wastewa-
ter pumping plants, and other miscellaneous facili-
ties. Forty percent of the sewers have been in service 
for 50 years or more, with the oldest pipes installed 
about 100 years ago. The five main interceptor sew-
ers in the Hyperion System are the Central Outfall 
Sewer (COS), the North Outfall Sewer (NOS), the 
North Central Outfall Sewer (NCOS), the Coastal 

Interceptor Sewer (CIS), and the North Outfall Re-
lief Sewer (NORS).

The City has 34 pumping plants in the Hyperion 
System and 20 pumping plants in the Terminal Is-
land System. The pumping plants are designed with 
redundancy in the form of standby pumps and 
power supplies. In case of failure, some plants are 
provided with storage retention basins or emergen-
cy bypass lines.

Organizational Overview
The organization chart for the City of Los Angeles 
and its Bureau of Sanitation are shown in 
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Figure B-4. Organization of the City of Los Angeles Government
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Figures B-4 and B-5, respectively. The governing 
body consists of the Mayor, who is Chief Executive 
of the City, and a 15-member full-time City Coun-
cil, which is the legislative body. The Mayor and the 
City Council, as well as the City Controller and City 
Attorney, are elected officials.

The Department of Public Works consists of a 

Board of Public Works, seven Bureaus, and other 
special offices. The Board of Public Works is a five-
member board of commissioners who oversee the 
operation of these seven bureaus: Accounting, Con-
tract Administration, Engineering, Management-
Employee Services, Sanitation, Street Lighting, and 
Street Maintenance.

City of Los Angeles
Department of Public Works

Bureau of Sanitation
Director

2,739 staff

Assistant
Director II

Integrated
Solid Waste
Management

Administration
Division

62 staff

Technical Services
Assistant Director I
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Solid Waste
Management

Assistant Director I
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Solid Resources
Collection

859 staff

Solid Resource
Disposal and
Engineering

98 staff

Tillman Water
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Wastewater
Engineering Services
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Figure B-5. Organization of the City of Los Angeles Bureau of 
Sanitation
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Permit Information

 

The City’s wastewater operations are subject to reg-
ulatory requirements relating to the federal Clean 
Water Act. To comply with federally mandated ef-
fluent quality and disposal criteria, the City must 
operate its wastewater treatment facilities according 
to discharge limitations and reporting require-
ments set forth in its NPDES discharge permits. At 
the present time, all wastewater treatment plants are 
substantially meeting the requirements of their in-
dividual NPDES permits, which are summarized in 
Table B-6.

 

Source Control

 

To comply with other federal regulations concern-
ing the discharge of waste materials into the sewer 
system, the City must administer and enforce in-
dustrial pretreatment standards on users of the sys-
tem. The City has had an industrial waste program 
in place since the early 1940s. 

The Industrial Waste Management Division (IW-
MD) of the Bureau of Sanitation is currently re-
sponsible for administration of the City of Los 
Angeles’ pretreatment program. The objectives of 
the program include protecting the publicly owned 
treatment works, preventing regulated toxic waste-
water constituents from passing through to receiv-
ing waters and recovered biosolids, protecting 
operating and maintenance personnel, and ensur-
ing the health and safety of the public. To meet 
these objectives, the program focuses on regulating 
industrial users (IUs) of the publicly owned treat-
ment works. In FY 1997, more than 6,600 IUs were 
permitted to discharge to the sewer. Of these, 280 
were significant industrial users (SIUs), 183 of 
which were subject to federal categorical standards. 
The success of the pretreatment program is exem-

plified by the 88-percent reduction in heavy metals 
in the treatment plants’ influent over the past 20 
years and the 100-percent beneficial reuse of recov-
ered biosolids.

The program is managed through many functional 
elements, including inventory, permitting, inspec-
tion and sampling, enforcement, local limits, con-
tracting jurisdictions, information systems 
development, and reporting. Other IWMD respon-
sibilities include revenue and surcharge billing, 
hauled septage waste, and pollution prevention. In 
additional, each contract agency is required to per-
mit and monitor all industries within its service ar-
ea.

The IWMD staffing level for FY 1997 was 109. The 
division is organized into three sections: engineer-
ing (civil, chemical, mechanical: 28 staff), inspec-
tion (industrial waste inspectors: 67 staff), and 
administration (administrative/clerical: 14 staff).

 

Process Control/Laboratory 
Operations

 

The Environmental Monitoring Division (EMD) of 
the Bureau of Sanitation provides quality environ-
mental data and assessment in support of the Bu-
reau’s activities. The division is organized into five 
sections (Biology, Chemistry, Industrial Waste, 
Process Control, and Technical Support) and three 
groups (QA/QC, Laboratory Information Manage-
ment System, and Legal Reporting).

The staffing level for the division was about 115 in 
FY 1997, of which 104 were dedicated to wastewater 
activities and 11 to non-wastewater activities. The 
division staff consists of laboratory managers, su-
pervisors, chemists, water biologists, water micro-
biologists, and laboratory technicians. The division 
occupies about 53,000 square feet of laboratory 

Coliform
(MPN/100 ml)

Treatment
Plant

BOD1

(mg/L)
TSS2

(mg/L)

Cl2

Residual
(mg/L) Total Fecal

Hyperion 30 30 0.84
1

1,000 200

Tillman 20 15 0.1
2

2.2
3

N/A

Terminal Is. 15 15 0.1
2

1,000 200

LA-Glendale 20 15 0.1
2

2.2
3

N/A
1 Instantaneous maximum
2 Daily maximum
3 7-day moving median

Table B-6. CLABS Permit Limits
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space in 10 buildings located at the four treatment 
plants. The main laboratory is located at the Hype-
rion Wastewater Treatment Plant. All laboratories 
within the division, except the air laboratory, are ac-
credited by the California Department of Health 
Services through its Environmental Laboratory Ac-
creditation Program. The air laboratory is certified 
by the Air Quality Management District Laboratory 
Approval Program.

Analytical capabilities of the EMD include conven-
tional chemistry, microbiology, aquatic toxicology, 
organics, metals, air testing, and marine biology. 
The EMD provides support for treatment plant 
processes, NPDES permit compliance, source con-
trol, landfill operations, the sewer collection system, 
receiving water monitoring programs, and capital 
improvement projects. In addition to providing an-
alytical services, the division is also responsible for 
preparing plant NPDES permit reports and annual 
assessment reports on receiving waters, providing 
consultation on environmental compliance and 
regulatory issues, and participating in the activities 
of various engineering project planning teams.

The EMD has an annual operating budget of $9.16 
million, which includes salaries, contractual servic-
es, laboratory supplies and expenses, and equip-
ment. Most of the division’s resources support the 
wastewater program. Within the wastewater pro-
gram, 73 percent of laboratory work is dedicated to 
complying with the NPDES permit requirements 
for the four treatment plants and source control. 
The remaining resources of the division are used by 
the Bureau to provide the best possible waste man-
agement services to the public while protecting the 
air, land, and water of the City of Los Angeles.

Financial Information
The wastewater program’s operating budget for FY 
1997 was $187,691,876; the capital budget was 
$289,528,000; and the budget expenditure for debt 
service was $125,689,000. The total value of waste-
water fixed assets in 1997 was $2,811,535,000.

The City recovers the cost of the wastewater sys-
tem’s operations and maintenance and a portion of 
major capital expenditures through six types of user 
fees, plus federal Clean Water Grants, interest earn-
ings, and miscellaneous revenues. The six user fees 
currently imposed by the City are: 

• Sewer service charge.

• Industrial waste surcharge, inspection and con-
trol fees, and significant industrial user fees.

• Sewerage facilities charge.

• Industrial waste permit application fees.

• Service charges to the contract agencies.

• Miscellaneous fees: bonded sewer fee, cesspool 
vehicle permits, sewer tap fees, and other mis-
cellaneous revenue sources.

The remaining capital expenditures are funded by 
wastewater revenue bonds.

All revenues derived from the six user fees are (pur-
suant to the municipal code of the City) deposited 
into the Sewer Construction and Maintenance 
Fund and used only for sewer and sewage related 
purposes, including but not limited to industrial 
waste control and water reclamation purposes. All 
interest earnings on money held in the Sewer Con-
struction and Maintenance Fund are retained in the 
fund. The methodology for developing the fee 
schedules for the above charges is governed by the 
municipal code and conforms with rules set forth 
by the State Water Resources Control Board 
(SWRCB), acting on behalf of the US EPA.

Treatment System and Process 
Descriptions
Hyperion Treatment Plant
The Hyperion Treatment Plant (HTP), designed for 
an average flow of 450 mgd, treats an average dry-
weather flow of about 348 mgd. HTP has a total 
wet-weather flow capacity of 850 mgd. HTP pro-
vides primary treatment for all influent flow and 
secondary treatment for about 175 mgd, utilizing 
the activated sludge process.

Most effluent is discharged to the Santa Monica Bay 
through a five-mile ocean outfall. Nearly 50 mgd of 
secondary effluent is recycled onsite or pumped to 
a nearby water reclamation plant owned by a local 
water district.

Biogas from Hyperion is transported by pipeline to 
the Department of Water and Power’s Scattergood 
Power Plant.

Tillman and Los Angeles-Glendale Water 
Reclamation Plants
The Tillman Water Reclamation Plant is designed 
to provide tertiary treatment for an average dry-
weather flow of 80 mgd and a peak wet-weather 
flow of 160 mgd. Nearly 29 mgd of tertiary effluent 
from the plant is reused locally. The balance is dis-
charged into the Los Angeles River.

The Los Angeles-Glendale Water Reclamation 
Plant is designed to provide tertiary treatment for 
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an average dry-weather flow of 20 mgd and a peak 
wet-weather flow of 30 mgd. The biosolids pro-
duced by the two water reclamation plants are re-
turned to the interceptor system for treatment at 
HTP. About 3.8 mgd of tertiary effluent is reused 
locally. The remaining effluent is discharged into 
the Los Angeles River.

Terminal Island Service Area and Treatment 
Plant
The service area for Terminal Island Treatment 
Plant consists of the harbor area of the City, located 
about 20 miles south of downtown Los Angeles. 
The area includes the communities of Wilmington 
and San Pedro, Terminal Island, and a portion of 
Harbor City. Being geographically isolated from the 
rest of the City, the area requires a separate collec-
tion, treatment, and disposal system.

Tertiary effluent from the Terminal Island plant is 
discharged into Los Angeles Harbor, but is suitable 
for beneficial reuse. The facility generates electricity 
onsite from a portion of its biogas.

Biosolids Management
The City stopped discharging sewage sludge into 
the ocean in November 1987. The Hyperion and 
Terminal Island treatment plants contain onsite 
biosolids handling facilities (digesters and centri-
fuges). Solids from the Tillman and Los Angeles−
Glendale Water Reclamation Plants are returned to 
sewers and processed at Hyperion.

The Bureau of Sanitation has developed a diversi-
fied program for disposing and reusing biosolids. 
Stabilized and dewatered biosolids are recycled as a 
high-quality soil amendment for landscaping, ap-
plied to agricultural land, used as landfill cover, and 
trucked for disposal in landfills.
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City of Portland 
Bureau of Environmental 
Services (CPBES)

The City of Portland, the largest city in Oregon, is located on 
the south shore of the lower Columbia River and straddles the 
lower Willamette River. The City of Portland Bureau of Envi-
ronmental Services (CPBES) is a municipal agency that in-
cludes programs for stormwater management; wastewater 
collection and treatment; protection, enhancement and resto-
ration of natural waterways; and solid waste collection and re-
cycling services. CPBES also designs and installs sewers, 
monitors residential and industrial wastewater discharges to 
sewers, streams, and rivers, and regulates solid waste collection 
and recycling services for Portland residents.
CPBES operates two wastewater treatment plants with a com-
bined average dry-weather flow capacity of 108 mgd and aver-
age dry-weather flows of 86 mgd.

Agency History 
Before 1947, Portland discharged its wastewater and stormwater flows di-
rectly into the Willamette River and Columbia Slough, utilizing more than 
60 outfalls. Over time, discharge from these outfalls severely impacted the 
area’s waterways. Dissolved oxygen levels of zero were common in the Wil-
lamette River during summer months.

In 1947, Portland embarked on an aggressive capital improvement pro-
gram to restore water quality and allow beneficial uses of the area’s water-
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ways. The program was dedicated to the diversion, 
collection, and treatment of wastewater in a com-
bined sewer system. Portland designed a system 
that would intercept the entire sanitary portion of 
the combined sewage and transport it to a new 
treatment plant. After constructing these first inter-
cepting lines and a primary treatment plant on Co-

lumbia Boulevard in north Portland, the City began 
treating its wastewater. Today these large intercep-
tors, generally paralleling the Willamette River to 
the east and west and extending along the south side 
of the Columbia Slough, are the sewer system’s ma-
jor sewage-carrying conduits. 

In 1952, construction of the first phase of the Co-

Figure B-6. CPBES Service Area
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lumbia Boulevard Wastewater Treatment Plant 
(CBWTP) was completed, a major element of the 
1947 program. Other major milestones included 
construction of the Tryon Creek Wastewater Treat-
ment Plant (TCWTP) in 1965 and expanding the 
CBWTP to a secondary treatment plant in 1974. 
Further improvement in water quality should be re-
alized with the construction of wet-weather treat-
ment facilities at CBWTP by the end of 2000. 

Service Area Description
The CPBES service area boundary (see Figure B-6, 
preceding page) covers about 94,000 acres (28,000 
acres are served by a combined sewer system and 
66,000 acres by a separate sanitary sewer system). 
The service area is located on both sides of the Wil-
lamette River, extending about 20 miles south of its 
confluence with the Columbia River. The area gen-
erally is bounded on the west by low-lying hills par-
alleling the Willamette River, by other service areas 
serving the City’s metropolitan area to the south, by 
the City of Gresham to the east, and by the Colum-
bia River to the north.

Water consumption records indicate that 58 per-
cent of the total dry-weather flow originates from 
combined sewer service areas; the remaining 42 
percent originates from separated sewer service ar-
eas. 

The sewer system serves about 144,787 residential 
customers and 12,844 commercial customers with-
in Portland, as well as customers served via whole-
sale contracts with other municipal agencies 
adjacent to Portland (notably Lake Oswego). The 
system serves a “population equivalent” of 931,212.

Portland’s sewerage system consists of a network of 
more than 2,280 miles of collection system piping 
(about 940 miles of sanitary, 850 miles of com-
bined, and 490 miles of storm), ranging in diameter 
from 4 to 144 inches; 95 pump stations; and the two 
sewage treatment plants.

CPBES owns, operates, and maintains the sanitary 
and stormwater collection and transport systems 
within its boundaries. The drainage area served by 
these systems encompasses about 85,000 acres. 
Portland also provides sanitary sewer service to 
about 9,000 acres outside Portland’s corporate lim-
its. CPBES provides sanitary sewer service to about 
500,000 people, numerous commercial and indus-
trial facilities, and several wholesale contract cus-
tomers located adjacent to Portland.

Organizational Overview
The City of Portland is a home-rule charter city that 
operates under a modified commission form of 
government. The Charter provides for five nonpar-
tisan elected councilmembers, called Commission-
ers, including the Mayor.

The Mayor is the formal representative of the City, 
and is responsible for assigning each of the commis-
sioners to manage one of five departments: Finance 
and Administration, Public Affairs, Public Safety, 
Public Utilities, and Public Works. The Mayor tra-
ditionally serves as the Commissioner of Finance 
and Administration and can reassign the other 
commissioners at any time. Following a recent as-
signment change by the Mayor, CPBES currently 
resides in the portfolio of the Commissioner of 
Public Affairs.

CPBES is organized into five operating groups that 
report to the Office of the Director (see Figure B-7). 
The Office of the Director provides policy direction 
to all CPBES programs, coordinates activities of the 
five CPBES operating groups (see following list), 
provides CPBES accounting, budgeting, computer, 
facilities management, financial, and human re-
sources services, and ensures timely and appropri-
ate response to the public, ratepayers, and 
regulatory agencies. The Office of the Director also 
includes public information, public involvement, 
intergovernmental relations, and a business oppor-
tunities program for minority/women/emerging 
businesses.

• Engineering Services Group. Consolidates 
most CPBES engineering activities under the 
direction of the Chief Engineer. The group pro-
vides engineering services to support the 
CPBES’ capital improvement program and City 
development goals.

• Systems Development Group. Keeps the 
CPBES Public Facilities Plan current, ensures 
that planning efforts incorporate all applicable 
regulatory conditions, and evaluates CPBES 
programs and projects for compliance with en-
vironmental regulations. 

• CIP Management Group. Administers the de-
velopment and implementation of the CPBES 
capital improvement program. This group 
manages the design and construction of capital 
projects for the sanitary and stormwater collec-
tion and treatment systems, and ensures im-
provements meet all state requirements for 
Portland’s CSO program.
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Treatment Plant
4 staff

Engineering
Support

6 staff

Business Services
1 staff

Collection System
Engineering

3 staff
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Figure B-7. Organization of Wastewater Treatment Functions at CPBES



City of Portland Bureau of Environmental Services (CPBES)

SEPTEMBER 1999 B-25

• Industrial and Solid Waste Group. Has lead 
responsibility for the source control program 
and provides environmental investigation, 
monitoring, environmental compliance, and 
enforcement support to other CPBES pro-
grams. The group manages Portland’s com-
mercial recycling programs, franchised 
residential solid waste systems, and environ-
mental remediation activities. 

• Wastewater Group. Responsible for the man-
agement, operation, and maintenance of the 
system’s two wastewater treatment plants, col-
lection system pipelines for stormwater and 
wastewater, collection system pump stations, 
drainage maintenance, and related structures.

Permit Information
CPBES’ two treatment plants are activated sludge, 
secondary treatment plants with capacities to treat 
100 mgd (CBWTP) and 8 mgd (TCWTP). Under 
Oregon state law, a NPDES permit is required to 
discharge treated effluent from each treatment 
plant. Oregon’s Department of Environmental 
Quality (DEQ) is delegated to preside over the NP-
DES permitting program and ensure that CPBES is 
in compliance with all federal and state provisions 
pertaining to discharge from the treatment plants. 
CPBES permit limits are summarized in Table B-7.

Source Control
The CPBES Industrial Source Control Division (IS-
CD) implements various source control programs 
to protect the local environment from harmful sub-
stances discharged by industrial and commercial 
users. The ISCD has three operating sections and is 
staffed by a division manager, three section supervi-
sors, 16 environmental technicians, and one ad-
ministrative staff.

The Industrial Permitting Section administers the 

core pretreatment program for 76 significant indus-
trial (Class P-1) users, 57 major (Class P-2) facili-
ties, and 10 minor (Class P-3) dischargers. In 
addition, permits have been issued to 36 Class P-4 
industrial sources that do not discharge to the City’s 
sewerage system; but which, due to their process 
and category, have potential to discharge industrial 
wastewater. The work performed by this section is 
required by CPBES’ NPDES permit. Portland has 
controlled industrial sources by a source control 
program since 1974 and has reduced harmful pol-
lutants discharged to its facilities from industrial 
sources by 90 percent. 

The Industrial Stormwater Section administers 
CPBES’ NPDES industrial stormwater program. 
The purpose of the program is to monitor and con-
trol stormwater runoff from 150 permitted indus-
trial facilities to CPBES’ separate storm sewer 
system. The program is implemented through a 
partnership agreement with DEQ. 

The Industrial Projects Section implements the al-
ternative discharge control program to reduce pol-
lutant discharges to the CPBES sewer system from 
nonpermitted commercial and industrial sources. 
This section also operates the high-strength sur-
charge program to appropriately assess treatment 
charges for industrial users, maintains the industri-
al user survey and building plan review process, and 
handles batch discharge requests.

The ISCD receives support services from the Envi-
ronmental Compliance and Environmental Moni-
toring and Investigations Divisions. The former 
provides legal assistance for major enforcement ac-
tions, responds to pollution complaints and spill 
episodes, traces slug loads discovered upon entering 
the treatment plants, and handles the septage haul-
ing and disposal program. The latter provides all 
sampling and testing services required by the ISCD 
on a “work order” basis.

Treatment Plant NPDES Permit Total Residual Chlorine

Tryon Creek Wastewater
Treatment Plant (TCWTP)

30/30 wet months; 20/20 dry
months

1.7 mg/L daily/0.7 mg/L
monthly

Columbia Boulevard
Wastewater Treatment Plant
(CBWTP)

30/30 Total residual chlorine not to
exceed 1.0 mg/L*

*Limit for total residual chlorine is based on continuous monitoring; any excursion beyond 1.0 mg/L requires CPBES to provide

written documentation of the excursion in a monthly monitoring report. The written documentation is required to provide a

detailed explanation for the excursion. If CPBES can show that the excursion did not result in a stream condition that exceeds

the water quality standard for chlorine, then the excursion is not considered a violation of the permit.

Table B-7. CPBES Permit Limits
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Process Control/Laboratory 
Operations
The City of Portland’s Water Pollution Control 
Laboratory (WPCL) is a full-service analytical labo-
ratory that provides water quality analyses for 
CPBES’ water quality programs. The laboratory is 
located about three miles from the CBWTP and oc-
cupies about 11,000 square feet of a 37,000-square-
foot building. Included in the laboratory are analyt-
ical areas for general chemistry, nutrient analysis, 
process control, organics, and metals analysis. In 
addition it houses storage areas, prep areas, sample 
receiving/sample custodian areas, and office space 
for the laboratory staff. The offices for Source Con-
trol, Field Operations, Spill Response, Data Acqui-
sition and Management, Investigation and 
Monitoring, and Industrial Stormwater Manage-
ment are also located in the building.

The laboratory staffing level in 1999 is 16 people, 
and includes a laboratory manager, a QA/QC 
chemist, an inorganics chemist, an organics chem-
ist, a process control chemist, and 11 laboratory 
technicians. The building receptionist in the Ad-
ministrative Support Section performs clerical re-
sponsibilities. A Laboratory Information 
Management System assists in managing all labora-
tory data.

Hours of operation are 6:00 a.m. to 5:30 p.m., Mon-
day through Friday. The laboratory is staffed on 
weekends for wastewater treatment plant process 
control and NPDES permit analysis.

Financial Information
CPBES is organized as a governmental enterprise 
entity, funded entirely from fees and charges levied 
for services provided. It receives no tax revenues 
other than federal and state grant funds. CPBES 
provides revenue to the City of Portland’s general 
fund in the form of a business license fee equivalent 
to 7.75 percent of user fee revenues. In the current 
fiscal year, business license fee payments are esti-
mated to total $8.4 million. Total user fee revenues 
for this fiscal year are currently forecast at $106.1 
million. 

User fee revenues fund all operating and mainte-
nance expenses, including general fund overhead 
expenses and debt service on outstanding revenue 
bonds, and contribute toward the cost of CPBES’ 
capital improvement program. CPBES currently 
has $650 million in outstanding debt, and the five-
year financial forecast includes issuance of an addi-
tional $226 million.

All fees and charges are developed according to 
cost-of-service ratesetting principles. The three pri-
mary service fees are the sanitary volume charge 
(for sanitary sewer service), the stormwater charge 
(for stormwater services), and the account service 
charge (for customer service and billing related ser-
vices). Other fees are collected from industrial cus-
tomers who discharge “extra-strength” sewage, 
customers who discharge cooling water to the sewer 
system, domestic septage haulers who discharge 
tank truckloads at the sewage treatment plant, and 
customers of other sewer and stormwater services.

Residential customers pay $2.75 for every 100 cubic 
feet of water discharged to the sewer system; com-
mercial/industrial customers pay $2.86 for every 
100 cubic feet. Usage is calculated based on water 
use, net of nonsewer uses (such as irrigation). Resi-
dential customers are billed based on winter-month 
water use, when it is assumed that all water used is 
discharged to the sewer. Stormwater service charges 
are $2.87 per 1,000 square feet of impervious area 
on residential property and $3.24 per 1,000 square 
feet of impervious area for commercial/industrial 
customers. Single family homes are charged based 
on the citywide average of 2,400 square feet. Com-
mercial/industrial customers are charged according 
to the actual amount of impervious areas on their 
properties.

CPBES imposes a system development charge 
(SDC) on new construction and on existing devel-
opment for connecting to the sewer system. There is 
a SDC for sanitary sewer service ($1,720 per equiv-
alent dwelling unit) and a SDC for stormwater ser-
vice ($100 per 1,000 square feet of impervious area, 
plus $.95 per foot for site frontage to the right-of-
way, plus $.38 per vehicle trip, as measured by the 
ITE manual). The current-year SDC revenue fore-
cast is $7.7 million.

The CPBES capital improvement program (CIP) is 
funded from federal grants, system development 
charge revenues, net operating income, and the sale 
of sewer system revenue bonds (which in turn gen-
erates additional rate revenue requirements in the 
form of higher debt service payments). The five-
year CIP totals $389 million, of which about 78 per-
cent will be funded from revenue bond proceeds.

Treatment System and Process 
Descriptions
The system’s 95 pump stations provide service 
where gravity sewers cannot function because of to-
pographic restrictions. All pump stations are mon-
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itored remotely through a telemetry system 
connected to a central computer system at CBWTP.

The TCWTP is located within the City of Lake Os-
wego’s city limits, adjacent to the Willamette River, 
but is owned and operated by the City of Portland. 
Treatment services are provided for both Lake Os-
wego and Portland by an intercity contract. Rough-
ly half of the flow to the TCWTP comes from the 
City of Portland’s Tryon Creek basin which dis-
charges to the 30-inch Tryon Creek Interceptor. 
The other half originates in the City of Lake Oswego 
sewer service area and discharges to a 24-inch line. 
The TCWTP was designed for an average flow of 8.3 
mgd with the ability to treat hourly peak flows of 35 
mgd for short periods of time.

The CBWTP is a 133-acre site about two miles west 
of Interstate 5 and five miles north of downtown 
Portland. Until a permit violation in November 
1998, the CBWTP had been in total compliance 
with its NPDES permit for 55 consecutive months, 
and routinely achieves effluent quality beyond per-
mit stipulations.

Under normal operating conditions, a two-mile-
long, 102-inch-diameter gravity outfall line carries 
up to 130 mgd from the CBWTP to a 350-foot-long 
flow diffuser structure in the Columbia River. Flow 
discharged to the 102-inch diameter pipe is divided 
into a 54-inch and 72-inch pipe in a siphon box 
near the south bank of the Columbia Slough and re-
combined into a 102-inch line in a junction box on 
the opposite bank. Similar structures divide and re-
combine flow as it enters and leaves the Oregon 
Slough. The gravity system discharges to a flow dif-
fusion manifold equipped with multiple discharge 
outlets via rubber duckbill valves.

Under high river or increased plant flow conditions, 
effluent pumping is required. Three 78-mgd pumps 
can be actuated to discharge through the 102-inch 
gravity line system. Two additional pumps can be 
engaged to transport excess effluent through a sep-
arate 72-inch diameter pressure line which parallels 
the 102-inch gravity line and connects to the 72-
inch gravity line entering the Oregon Slough just 
beyond a flow splitter box located on the south 
bank. Flow from the 72-inch line is combined with 
flow from the 54-inch gravity line on the north 
bank of the slough and directed to the effluent dis-
charge assembly via the 102-inch gravity pipe.

CBWTP meets chlorine requirements by injecting 
chlorine solution into outfall lines and utilizing de-
tention time in the lines for chlorine contact. Chlo-
rine, delivered to the plant site in 90-ton railcars, is 

metered through three evaporators and one 10,000-
lb/d and two 2,000-lb/d chlorinators into the outfall 
lines. There are two 8,000-lb/d chlorine injectors at 
the effluent pump station. The 102-inch outfall line 
to the Columbia River provides sufficient detention 
time to meet chlorine contact requirements if flow 
rates are within design limits.

The plant has been continually improved and ex-
panded since it was built in 1952. Recent changes 
include:

1998. The Headworks Project was completed, re-
placing one of the oldest sections of the CBWTP.

1996. A 6 mgd (expandable to 12 mgd) reuse water 
reclamation plant was constructed directly north of 
secondary clarifiers. The plant processes secondary 
effluent through Envirex  microscreens prior to 
ultraviolet light disinfection. It is designed to pro-
duce reclaimed water for a variety of CBWTP pro-
cess uses (such as washdown water, spray nozzles, 
scum cleaning, and channel cleaning) and includes 
a water feature immediately southwest of the new 
headworks. Reclaimed water is also used as an addi-
tional water supply for irrigating plant grounds. 
The wastewater reclamation plant was designed to 
produce Level III effluent.

1994. Modifications were completed to the second-
ary treatment system. Selector technology incorpo-
rated into the plug flow process mode was added to 
the secondary phase, making this plant one of the 
largest in the country to convert to this process. 
Modifications included reconfiguring the aeration 
tanks to plug flow selector technology, converting 
the aeration tanks to fine-bubble diffusion, adding 
additional low-end blower capacity to take advan-
tage of the energy savings of the new diffusers, and 
modifying secondary clarifiers to improve perfor-
mance and hydraulic capacity. The addition elimi-
nated unwanted microorganisms and minimized 
the need for chlorination, while increasing second-
ary treatment flow from the maximum of 100 mgd 
to 160 mgd.

1992. New chlorination facilities were constructed 
to meet revised Uniform Fire Code requirements 
for emergency scrubbers. 

CPBES recently received approval for its first mas-
ter plan for the CPBES campus, with an expanded 
campus boundary. The master plan is a 10-year 
plan incorporating the results of a long-range (40-
year) Facilities Plan, completed in 1995. The CB-
WTP Master Plan outlines more than 30 projects 
over a 10-year period, including a substantial pro-
gram for odor control improvements. This plan 
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provides CPBES with a “road map” for the future, 
which should result in excellent facility develop-
ment.

Biosolids Management
The City of Portland generates roughly 15,000 dry 
tons of freshly digested biosolids annually at the 
CBWTP. Raw solids captured from primary and 
secondary clarification processes at the two waste-
water treatment works are thickened, anaerobically 
digested, dewatered, and recycled. A combination 
of digested primary solids and raw thickened waste-
activated solids from the TCWTP are integrated 
with undigested solids generated at the CBWTP im-
mediately prior to digestion.

For several years, Portland has successfully benefi-
cially recycled all its biosolids. In 1984, the City be-
gan operating a Taulman-Weiss invessel-
composting system designed to process about 60 
dry tons of anaerobically digested biosolids daily. 
Until recently, the composting system has been 
used to process about 25 percent of the freshly di-
gested biosolids produced at the CBWTP. The State 
DEQ has classified compost generated under this 
operation as “exceptional quality” (Class A). Dur-

ing 1998, Portland produced 20,635 cubic yards of 

compost. Over the past two years, Portland has 
marketed 98 percent of this compost to commercial 
customers on a wholesale, sealed-bid basis. In addi-
tion, a small quantity of compost has been sold to 
retail customers on Saturdays during spring, sum-
mer, and fall months. (For economic reasons, retail 
compost sales were discontinued in spring 1999.)

Since early 1990, Portland has recycled the majority 
of its biosolids (classified as a bulk, Class B product 
by state standards) on semi-arid rangeland in north 
central Oregon. For the past several years, digested 
biosolids have been integrated with older solids de-
rived from a storage lagoon at the CBWTP and 
trucked, under contract, about 200 miles from the 
CBWTP to a DEQ-authorized land application site 
and distributed on rangeland under a separate con-
tract. Biosolids have effectively halted soil erosion 
and dramatically increased biomass and forage 
quality at the rangeland site. 

During 1998, 13,308 dry tons of biosolids were sur-
face-applied at agronomic rates under the range-
land program. Portland expects to recycle 100 
percent of its biosolids on rangeland sites in the 
near future. In addition, Portland has initiated the 
identification of land application sites in the dry-
land wheat belt bordering the lower Columbia Riv-

er Plateau (which is 30 to 40 percent closer to 
Portland) in an attempt to reduce transport costs.
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East Bay Municipal 
Utility District 
(EBMUD)

Special District No. 1 (SD-1), a separate district within the East 
Bay Municipal Utility District (EBMUD) and governed by the 
same Board of Directors, was established in 1944 and is admin-
istered by EBMUD’s Wastewater Department.
Domestic, commercial, and industrial wastewater is intercept-
ed from city-owned sewers and treated for the California cities 
of Alameda, Albany, Berkeley, Emeryville, Oakland, and Pied-
mont, and for the Stege Sanitary District, which includes El 
Cerrito, Kensington, and part of Richmond. Each of these com-
munities operates sewer collection systems that discharge into 
one of five EBMUD intercepting sewers.
The Main Wastewater Treatment Plant has a capacity of 415 
mgd. Two remote wet-weather treatment plants provide an ad-
ditional capacity of 258 mgd. In FY 1997, the main plant flow 
averaged 77 mgd.

Agency History
The following chronology lists important milestones in the evolution of 
Special District No. 1.
1944: SD-1 established.
1946: General obligation bonds approved for primary treatment plant.
1948: Primary treatment plant construction begins.
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1951: Primary treatment plant begins operating.
1970: General obligation bonds approved for sec-

ondary treatment.
1972: Source control program initiated.
1973: Secondary treatment construction begins.
1977: Secondary treatment begins operating.
1983: Biosolids composting initiated.
1985: Wastewater power generation begins.

1987: Wet-Weather Capital Improvement Pro-
gram initiated.

1994: Biosolids composting replaced with land ap-
plication.

1995: North Richmond Reclamation Plant begins 
operation.

1995: Wet-Weather Capital Improvement Pro-
gram completed.
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EBMUD’s Wastewater Department has received 
three EPA awards for source control pretreatment 
excellence, one EPA award for leadership in com-
posting, and one award for air emissions research 
and development excellence.

Service Area Description
The SD-1 service area (Figure B-8, preceding page) 
consists of six East Bay cities and one sanitary dis-
trict that covers 83 square miles. The total number 
of customers served is about 600,000. The intercep-
tors equal 27 miles of reinforced concrete pipes, 
ranging from 12 inches to 9 feet in diameter, and 
collect wastewater from about 1,800 miles of sewers 
owned and operated by the communities. Fourteen 
pumping stations, ranging in capacity from 1.5 to 
60 mgd, lift wastewater throughout the interceptors 

as it travels to the Main Wastewater Treatment 
Plant. SD-1 also operates two remote wet-weather 
treatment plants.

Organizational Overview
EBMUD is governed by a seven-member, publicly 
elected Board of Directors representing home 
wards. The District has about 1,700 permanent, 
full-time employees, all under the administrative 
direction of an appointed General Manager and 
management staff. A Wastewater Department Di-
rector reports to the General Manager. Figure B-9 
shows the organization of the Wastewater Depart-
ment, which consists of about 315 staff performing 
engineering, operations, laboratory, source control, 
and clerical duties.
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Permit Information
The Main Wastewater Treatment Plant’s NPDES 
permit limits for 1997 are indicated in Table B-8.

Source Control
The DistrictÕs wastewater service area includes 
more than 20,000 commercial and industrial 
accounts. In 1972, EBMUD began a local source 
control program requiring pretreatment of wastes 
by certain categories of industrial customers. The 
Wastewater Source Control Program reduced the 
amount of heavy metals discharged into sewers by 
91 percent, and EBMUDÕs treatment plant reduced 
the remaining heavy metals by another 75 percent. 
Together these two steps have reduced the quantity 
of heavy metals discharged into the San Francisco 

Bay by 98 percent since 1977.

In 1988, source control efforts expanded into pollu-
tion prevention/waste minimization activities by 
educating commercial customers about how to re-
duce not only heavy metals, but volatile organics as 
well. Preventing pollution also eliminates or mini-
mizes many costs for industrial and commercial 
customers by avoiding permit fees, disposal charg-
es, consultant expenses, and the need to buy more 
chemicals.

In 1989, 1993, and 1997, EBMUD’s Pretreatment 
Program received the National Pretreatment Excel-
lence Award for large programs from the US EPA. 
EBMUD is the only agency to win the award more 
than once. In 1990, the District’s air emissions 
monitoring program/inventory gained national 
recognition by receiving an award for research and 
development from the American Academy of Envi-
ronmental Engineers.

Process Control/Laboratory 
Operations
The Wastewater Department manages the District’s 
combined laboratory, which operates 10 hours a 
day, 365 days a year to constantly monitor water 
quality for drinking water and wastewater systems. 
The laboratory occupies 30,000 square feet of ana-
lytical and office space and offers state-of-the-art 
instrumentation and laboratory information sys-
tem for data storage and transfer.

The Laboratory Services Division is a full-service, 
production-oriented environmental laboratory 
providing analytical support for EBMUD’s water 
and wastewater systems. The laboratory is certified 
by the State of California Environmental Laborato-
ry Accreditation Program in 14 separate fields of 
testing. High-quality analytical data is produced for 
water, wastewater, reclaimed water, receiving water, 
air, soil, sludge, biosolids, compost, hazardous 
waste, and treatment materials.

Quality assurance and quality control (QA/QC) 
programs dominate every aspect of the laboratory’s 
daily operations. Five work sections comprise the 
laboratory: Organic Chemistry, Inorganic Chemis-
try, Biology, Metals, and Client and Analytical Sup-
port. 

Organic Chemistry. The laboratory’s Organic 
Chemistry Section performs all aspects of instru-
mental analyses for organic chemistry, using gas 
chromatography-mass spectrometers and gas chro-
matography to identify some 300 organic com-
pounds. A high-performance liquid 

Parameter Limit

Total BOD and TSS 85% removal

BOD 30 mg/L, monthly
average

45 mg/L, weekly
average

TSS 30mg/L, monthly
average

45mg/L, weekly
average

pH 6 to 9

Total coliform 240 MPN/100 ml,
5 day average

10,000 MPN/100
ml, per sample

Settleable matter 0.1 ml/L/hr, monthly
average

0.2 ml/L/hr,
maximum

Oil and grease 10 mg/L, monthly
average

20 mg/L, daily
average

Chlorine residual 0.0 mg/L

Acute toxicity 90% survival in
11 samples

The permit also limits 10 selected organics and 12

metals/inorganics.

Table B-8. EBMUD Permit Limits
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chromatograph tests for nonvolatile organics, and 
the latest in gel permeation cleanup extraction tech-
nology is used to prepare air, water, and solids sam-
ples for analysis. 

Inorganic Chemistry. This section performs chro-
matographic, spectrophometric, potentiometric, 
and physical analyses. Most of the section’s work-
load supports water and wastewater process control 
operations and regulatory compliance monitoring. 

Metals. The Metals Section performs metals analy-
ses using US EPA-approved analytical methods for 
water and wastewater. Using state-of-the-art in-
strumental procedures, the staff can simultaneously 
analyze up to 75 elements with extremely low detec-
tion limits. Most heavy metals can be accurately 
measured in the range of parts or subparts per bil-
lion. 

Biology. The Biology Section consists of two groups 
that conduct microbiological and toxicological in-
vestigations. The microbiology group uses standard 
procedures to test for bacteria, parasites, and phy-
toplankton in water and wastewater. The toxicology 
group conducts biomonitoring studies to monitor 
acute and chronic toxicity in wastewater effluent.

Client and Analytical Support. This section man-
ages all client projects; collects, receives, and pre-
serves samples; tracks progress and provides QA/
QC support; and reports data. This staff group also 
manages procurement, shipping, receiving, and 
storage of inventory; preparation of glassware and 
sampling kits; and laboratory services contracts. 

Financial Information
In 1997, the Wastewater Department’s operating 
budget was about $50 million and the capital bud-
get was about $30 million. Plant and equipment as-
sets total roughly $450 million.

Revenues are generated by a combination of fees 
and charges, bonds, and taxes.

Treatment System and Process 
Descriptions
The treatment steps include prechlorination (for 
odor control), screening (to remove large objects), 
grit removal, primary sedimentation, secondary 
treatment using high-purity, oxygen-activated 
sludge, final clarification, anaerobic sludge diges-
tion, centrifuge/belt press dewatering, and land ap-
plication of biosolids. The treated effluent is then 
disinfected, dechlorinated, and discharged through 
a deep-water outfall into San Francisco Bay, one 
mile from the East Bay shore.

Methane gas produced during anaerobic digestion 
is used to generate electric power, supplying about 
40 percent of plant power needs.

A 1-mgd reclaimed water plant provides onsite irri-
gation and sealing water needs.

Biosolids Management
Under a private contractor, 100 percent of biosolids 
generated are land applied or alternatively used as 
landfill cover.
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King County 
Department of Natural 
Resources (KCDNR)

King County is a general-purpose government that provides re-
gional services (roads, transit, law enforcement, parks, etc.) on 
a countywide basis and contracted services to cities within the 
County. King County’s Department of Natural Resources 
(KCDNR) provides wholesale wastewater transport, treatment, 
and disposal service to 17 cities and 18 local sewer and water 
districts, collectively known as component agencies.

The County owns and operates the major sewer interceptors 
and pump stations that carry wastewater to its treatment 
plants. The component agencies individually own, operate, and 
maintain the pipelines and other conveyance facilities that car-
ry wastewater to the County’s interceptors.

The County operates two regional wastewater treatment plants 
with a combined wet-weather capacity of 248 mgd and a total 
hydraulic capacity of 540 mgd. In 1997, the combined average 
flow through these plants was 200 mgd. The County also oper-
ates one CSO treatment plant and one primary treatment plant, 
now undergoing conversion to a CSO treatment facility and 
scheduled to be online in late 1999.

In 1997, wastewater treatment operating expenditures totaled 
$68,332,00; capital expenditures totaled $104,162,000. Waste-
water treatment staff numbered 545.9.
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Agency History
In 1911, the City of Seattle constructed a convey-
ance tunnel on then-federally held land to discharge 
untreated wastewater into Puget Sound. By the 
1950s, more than 25 small sewage treatment plants 
served the Seattle metropolitan area, but many 
communities still discharged their untreated waste-
water into surrounding water bodies.

Declining water quality in the largest of these bodies 
of water, Lake Washington, and concern about the 
future of other area water bodies led to the forma-
tion of the Municipality of Metropolitan Seattle 
(Metro) by a vote of citizens in 1958. In 1959, Metro 
assumed responsibility for cleaning up Lake Wash-
ington and establishing a regional wastewater con-
veyance and treatment system. By the end of the 
1960s, Metro had constructed two regional treat-
ment plants—the West Point Treatment Plant 
(West Treatment Plant), on the shore of Puget 
Sound in Seattle, and the East Section Reclamation 
Plant (East Treatment Plant) in the City of Rent-
on—and developed plans to consolidate regional 
wastewater treatment facilities.

Metro spent most of the 1980s and 1990s expanding 
and improving its conveyance and treatment sys-
tems and closing the last of the original communi-
ty-based plants. In 1986, the agency completed an 
effluent transfer system—consisting of a pump sta-
tion, 12-mile force main, and 2-mile-long deep wa-
ter outfall—to divert East Treatment Plant effluent 
from the Duwamish River to Puget Sound. In 1988, 
solids handling facilities were brought online at the 
East Treatment Plant, eliminating the need to 
pump solids to the West Treatment Plant for pro-
cessing. In 1995, in response to a federal consent de-
cree, the West Treatment Plant completed an 
expansion and upgrade to provide secondary treat-
ment. And in a series of phased expansions that be-
gan in 1988 and will continue to 2003, the East 
Treatment Plant is increasing its capacity and im-
proving its solids handling facilities.

In 1992, citizens voted to consolidate Metro (which 
also provided regional transit services) with King 
County government. Effective January 1996, 
Metro’s Water Pollution Control Department 
joined the County’s surface water management and 
solid waste functions to form a new Department of 
Natural Resources.

Among the new Department’s top priorities was 
planning for the region’s wastewater treatment ser-
vice needs for the next 30 years. In 1998, King 

County proposed a $1.1 billion Regional Wastewa-
ter Services Plan to:

• Build a third treatment plant in north King 
County by 2010 to accommodate additional 
flows from the northern service area.

• Expand the East Treatment Plant from 115 mgd 
to 135 mgd in 2020.

King County’s efforts to preserve the region’s water 
quality have received national recognition over the 
years, including:

• 1959 to 1989, American Public Works Associa-
tion. Designation for Project of Historical Sig-
nificance, for cleanup of Lake Washington.

• 1987, American Consulting Engineers’ Coun-
cil. Award of Engineering Excellence, Renton 
Effluent Transfer System.

• 1988, EPA. Award for Outstanding Wastewater 
Treatment Facility, East Treatment Plant.

• 1996, EPA. National First Place Award for Out-
standing Project Involving and Enhancing Ben-
eficial Use of Municipal Wastewater Biosolids.

• Multiple Gold and Silver Awards from the As-
sociation of Metropolitan Sewerage Agencies, 
East and West Treatment Plants.

Service Area Description
Figure B-10 shows the KCDNR service area, which 
covers about 420 square miles and includes most of 
the urbanized areas within King County and part of 
southwest Snohomish County. The population 
within the service area, including commercial and 
industrial employment, is about 1.3 million. Al-
though the region has a healthy industrial base 
dominated by aircraft manufacturing and comput-
er technology, only 1.9 percent of the average daily 
influent is industrial flow, reflecting the large resi-
dential makeup of the service area.

The total service area is divided into east and west 
service areas. The east service area receives wastewa-
ter flows from 97,300 acres east and south of Lake 
Washington. Most of the development within this 
area was originally constructed with separated con-
veyance systems for sanitary sewage and stormwa-
ter. The west service area receives separated flows 
from north of Lake Washington and combined 
sewage from the City of Seattle. Roughly half (46 
percent) of the west service area’s 66,800 acres is 
served by combined sewers. Combined flows join 
separated flows prior to being routed through the 
West Treatment Plant.



King County Department of Natural Resources (KCDNR)

SEPTEMBER 1999 B-37

Snohomish County

King  County

Seattle

Issaquah

Federal Way

L
ak

e
Sa

m
m

am
is

h

L
a

k
e

W
a

sh
in

gt
on

El l iot t
Bay

Renton

Bellevue

Woodinville

Bothell

Kent

Auburn

RedmondKirkland

Shoreline

Edmonds

Puget
Sound

Puget
Sound

Tacoma

Duwam
ish River

KCDNR wastewater
treatment service area

County bounary

L E G E N D

Wetweather
Treatment

Plant

West
Treatment
Plant

Wetweather
Treatment
Plant

East
Treatment

Plant

King County

Pierce County

Vashon
Island KCDNR

Oregon

Washington

California

Pacific
Ocean

Figure B-10. KCDNR Service Area



Executive Summary

B-38 Multi-Agency Benchmarking Project

Conveyance and treatment structures and facilities 
include more than 265 miles of pipeline, 42 pump 
stations, 22 regulator stations, two regional waste-
water treatment plants, one primary treatment 
plant (to be converted to a CSO treatment plant in 
1999), one CSO treatment plant, and 34 CSO loca-
tions. The north-south orientation of surrounding 
hills, lakes, and Puget Sound necessitates large high-
energy pump stations to convey flows to and from 
the treatment plants.

Organizational Overview
Figure B-11 shows the organization of wastewater 
treatment functions within KCDNR, which in-
cludes divisions for Wastewater Treatment, Water 
and Land Resources, and Solid Waste, plus a Com-
mission for Marketing Recyclable Materials. Waste-
water treatment operations, maintenance, 
administration, and capital improvement functions 
are located within the Wastewater Treatment Divi-
sion; source control, public outreach, water quality 
monitoring, and environmental functions are lo-
cated within the Water and Land Resources Divi-
sion.

King County is governed by a County Executive 
and 13-member Council elected by district. A 
Council committee, the Regional Water Quality 
Committee (RWQC), meets regularly to make pol-
icy recommendations to the Council. In addition to 
King County Councilmembers, the RWQC in-
cludes representatives from the City of Seattle, sub-
urban cities, and sewer and water districts.

Permit Information
King County’s two major wastewater treatment 
plants both discharge into marine water through 
deep, offshore outfalls. During the dry season (May 
to October), both plants must meet the technology-
based limit of 30 mg/L monthly average for TSS and 
BOD, or must remove at least 85 percent of these 
two parameters on average for the month, whichev-
er limit is more stringent. During the wet season 
(November to April), the 85-percent limit is 
dropped for the West Treatment Plant.

Both plants provide chlorination to control fecal 
coliforms to 200 org/100 ml for a monthly geomet-
ric mean (400 org/100 ml for the weekly geometric 
mean). At the West Treatment Plant, chlorine re-
sidual is limited to a maximum daily average of 
0.546 mg/L and a monthly average of 0.216 mg/L. 
At the East Treatment Plant, chlorine residual is 
limited to a maximum daily average of 1.7 mg/L 
and a monthly average of 0.66 mg/L. Effluent from 

the West Treatment Plant is dechlorinated using so-
dium bisulfite. Effluent from the East Treatment 
Plant is dechlorinated “naturally” during its 12-
mile passage through the effluent transfer system.

The permits limit pH to the range of 6 to 9, but do 
not contain nutrient (N and P) limits. Recently 
metals limits were dropped from the permit re-
quirements after demonstrating “no reasonable po-
tential to violate water quality standards,” but 
organics limits may be imposed in the future.

Limits for whole effluent toxicity (WET) were not 
deemed necessary following a year of characteriza-
tion testing. However, compliance monitoring re-
quired by permit includes wet-weather acute and 
chronic WET testing at the West Treatment Plant, 
chemistry-based sediment monitoring followed by 
bioassay testing in the event of chemistry exceed-
ances, and wet and dry-weather intensive studies 
that include metals and organics monitoring.

The system’s two CSO plants, Carkeek and Alki 
(due online in 1999), both have moderately deep, 
offshore outfalls. The Carkeek plant must not aver-
age more than eight discharges or 14 million gallons 
per year during the five-year permit cycle. It must 
achieve at least 50 percent TSS removal averaged 
over a year, measured by an effluent event average 
limit of 60 mg/L. Settleable solids must not exceed 
1.9 ml/L/hr for each overflow event or 0.3 mg/L/hr 
on average for the year. Although chlorination is 
provided, there are no fecal coliform or chlorine re-
sidual limits. The Alki permit requirements are in 
development, but likely will be similar. About 60 
treatment events per year are anticipated at the Alki 
plant, with a permit allowance of 29 treated CSO 
discharges.

Source Control
King County’s Industrial Waste Program was estab-
lished in 1965 and approved by the EPA as a pre-
treatment program in 1981. Since the pretreatment 
program was approved, biosolids quality at both 
treatment plants has improved to the point that it 
now meets EPA’s most stringent standards for met-
als, which allows King County to recycle biosolids 
without tracking the cumulative loading (i.e., 
pounds per acre, over the years) of metals.

The Industrial Waste Program administers local 
and federal pretreatment regulations as required by 
the County’s NPDES permit. The program includes 
waste discharge permits for significant industrial 
users (SIUs), discharge authorizations for smaller 
dischargers, technically based local discharge limits, 
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an enforcement response plan, technical assistance, 
and a “key manhole” program of collection system 
monitoring and investigations. Permitted compa-

nies are monitored at least twice a year and inspect-
ed at least once a year. In 1997 KCDNR had 74 
federal categorical companies and 69 SIUs under 
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permit. An additional 258 non-SIUs were permitted 
under discharge authorizations.

In addition to the regular sewer rate, industries pay 
permit fees and monitoring fees. Monitoring fees 
cover both monitoring and program administra-
tion costs and are charged according to the pollut-
ants discharged and the volume of discharge. A 
surcharge is assessed to companies discharging TSS 
in excess of 400 milligrams per liter (mg/L) or BOD 
greater than 300 mg/L, and is intended to recover 
the additional cost of treating high strength waste. 

A Hazardous Waste Program was established in 
1991 to help small business owners and residents 
manage their hazardous waste. The program be-
longs to King County’s Local Hazardous Waste 
Management Program (LHWMP), an umbrella 
group consisting of four agencies, 36 suburban cit-
ies, and a technical planning and oversight commit-
tee. KCDNR’s wastewater fees fund 17 percent of 
the LHWMP; the greater part of the program is 
funded by solid waste tipping fees. Hazardous 
Waste Program activities include onsite assistance, 
an interagency regulatory analysis committee, a 
voucher assistance program, an EnviroStar incen-
tive program, a hazardous waste reference and re-
search library, an annual hazardous waste trade fair, 
and a technical assistance team to characterize 
waste and recommend best management practices 
and regulatory changes.

Process Control/Laboratory 
Operations
The King County laboratory system consists of pro-
cess control laboratories at each of the two major 
treatment plants, plus a central environmental lab-
oratory. Staff at the process laboratories perform 
conventional chemistry and microbiology tests to 
support plant process optimization and NPDES re-
quirements. They also provide support to capital 
projects such as effluent reuse and the Applied 
Wastewater Technology (AWT) program. Process 
laboratory specialists and treatment plant operators 
share sampling duties at the plants.

The Environmental Laboratory includes five ana-
lytical units (aquatic toxicology, microbiology, con-
ventional chemistry, trace metals, and trace 
organics) plus field sampling, information systems, 
and client services support groups. They support 
NPDES permit requirements; the biosolids and 
source control programs; and receiving water, col-
lection system, CSO, and lakes and streams moni-
toring programs. The Environmental Laboratory 

also provides support for wastewater capital 
projects such as effluent reuse, construction 
projects, facilities planning, and the AWT program, 
as well as services to other public agencies, and non-
wastewater-funded groups in King County on a re-
imbursable basis.

All the Laboratory’s functional areas use Laboratory 
Information Management Systems for sample 
management and data tracking. In addition, the En-
vironmental Laboratory maintains an historical da-
tabase of all the data it has generated during more 
than 30 years of wastewater and water quality mon-
itoring.

Financial Information
The King County Wastewater Treatment Enterprise 
(KCWTE) is an enterprise fund operated and fund-
ed by sewer rate payers and managed separately 
from all other County operations. Revenues, bond 
proceeds, and grants-in-aid are restricted by pur-
pose. Accordingly, the KCWTE maintains separate 
accounting records. In accordance with bond cove-
nants, independently audited financial statements 
are issued annually. The fund is financed primarily 
by sewer rates, connection fees, investment interest, 
and borrowing, and is responsible for:

• Operation, maintenance, rehabilitation, and 
replacement of the County’s wastewater treat-
ment system.

• Planning and construction of future wastewater 
treatment lines and facilities.

• Debt servicing.

In 1997, the sewer rate for each customer equivalent 
was $19.10. Sewer system billings to the component 
agencies are based on the number of single family 
households (residential customers) and on the wa-
ter consumption of other users such as factories, of-
fices, and apartment complexes. For non-single-
family-household customers, the single family rate 
is levied for each 750 cubic feet of usage (750 cubic 
feet = one residential customer equivalent, or RCE). 
Other sources of revenue are industrial waste sur-
charge fees, septage, and sales of onsite-generated 
gas (East Treatment Plant) and electricity (West 
Treatment Plant).

Wastewater treatment operating expenditures in 
1997 totaled $68,332,00; capital expenditures to-
taled $104,162,000. Wastewater treatment staff 
numbered 545.9.
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Treatment System and Process 
Descriptions
KCDNR’s total wastewater treatment service area is 
divided into east and west service areas. The con-
veyance system in the west service area transports 
wastewater to West Treatment Plant; the convey-
ance system in the east service area transports 
wastewater to the East Treatment Plant. Both dis-
charge treated effluent deep into Puget Sound 
through offshore outfalls.

The East Treatment Plant
The East Treatment Plant is a 72-mgd secondary 
treatment plant now being enlarged to a 115-mgd 
plant with a hydraulic capacity of 240 mgd. The hy-
draulic capacity will be increased to 325 mgd in 
2001 by upgrading the Effluent Transfer System 
(ETS) peaking pumps. Flows in excess of the sec-
ondary capacity receive primary treatment, are 
chlorinated, and then blended with secondary efflu-
ent for discharge into Puget Sound. In 1997, East 
Treatment Plant flows averaged 79 mgd.

The influent pumping station (6 pumps with 
325-mgd total capacity) lifts raw wastewater from 
the 120-inch-diameter, 40-feet-deep influent sewer 
to the treatment plant. Wastewater is screened prior 
to pumping, and then passes through a convention-
al treatment sequence: preaeration/grit removal, 
primary treatment without chemicals, selector air 
activated sludge, and chlorine disinfection. Final ef-
fluent is discharged into Puget Sound via the ETS, 
which consists of a 240-mgd pumping station (4 
duty pumps and 4 peaking pumps), a 12-mile long, 
96-inch-diameter force main, and a twin 2-mile-
long outfall with 42-inch diameter diffusers located 
at a depth of 580 feet. In an emergency, final efflu-
ent can be dechlorinated and discharged to the 
nearby Green River (into which the East Treatment 
Plant discharged before 1988).

Both the primary sludge/scum and waste activated 
sludge are processed via dissolved air flotation 
thickening (DAFT), anaerobic digestion (at 97 de-
grees F), and dewatering with belt filter presses. In 
1997, 12,589 dry tons of raw solids were processed 
and about 59,382 wet tons of dewatered biosolids 
(averaging 21.2 percent solids) were trucked offsite 
for reuse. Also, 4,516 wet tons of grit and screenings 
were hauled to a landfill for disposal in 1997.

Large heat extractors take heat from the final efflu-
ent to heat the digesters, which convert 50 percent 
of solids to methane. This methane is then 
“scrubbed” and dried to meet a thermal quality 

standard of 1,000 Btu per cubic feet, then sold to 
Puget Sound Energy (Washington Energy Services 
in 1997). King County sold 140 million cubic feet of 
scrubbed gas in 1997, generating $187,460 in reve-
nue.

Other features of the East Treatment Plant include:

Odor control. The DAFTs and the dewatering 
building each have an activated carbon odor ad-
sorption system. Another carbon odor control sys-
tem treats odors from the septage receiving station.

Septage treatment. In 1997, 19 million gallons of 
domestic septage were received from haulers 
throughout northwestern Washington, generating 
$1.5 million in revenue from hauler fees and per-
mits.

Water reuse. Secondary effluent is used to cool a 
nearby industrial facility (at the Boeing Company) 
via a closed-loop heat-exchanger. A 1.3-mgd wa-
ter-reclamation system came online in 1997 that 
produces Class A reclaimed water for internal pro-
cess uses and irrigation at a nearby park. 

Technology demonstration. As part of an Applied 
Wastewater Technologies Program, the East Treat-
ment Plant is involved in the development and test-
ing of several new processing technologies, 
including anoxic gas flotation, pulse power, Cen-
tridry (a low-heat, flash drying process for biosol-
ids), and a VERTAD-digestion process.

Waterworks Garden. An eight-acre, public wetland 
garden collects and treats up to 2.5 mgd of storm-
water runoff from the plant. 

The West Treatment Plant
The West Treatment Plant is a high-purity oxygen, 
activated sludge, secondary treatment plant with an 
average wet-weather flow capacity of 133 mgd, a 
peak secondary capacity of 300 mgd, and a peak hy-
draulic capacity of 440 mgd. Flow in excess of the 
secondary capacity receives primary treatment, is 
blended with secondary effluent, and is chlorinated 
and discharged as a treated CSO. The average flow 
through the West Treatment Plant in 1997 was 
120.8 mgd. There is no current plan to expand the 
plant, which occupies a relatively small 32-acre site.

Raw wastewater enters the plant’s influent control 
structure through 144-inch and 84-inch tunnels. 
Wastewater is screened and lifted by digester-gas-
driven pumps to preaeration/grit removal tanks 
and primary sedimentation tanks.

An intermediate pump station lifts primary effluent 
to the secondary treatment facilities. Secondary 



Executive Summary

B-42 Multi-Agency Benchmarking Project

treatment is accomplished with high-purity oxygen, 
aeration basins, and secondary clarifiers. Flows are 
then chlorinated, dechlorinated, and, depending on 
the magnitude of flow through the plant and the 
tide level, either pumped or conveyed by gravity to 
a 250-foot-deep outfall that is about 3,700 feet off-
shore in Puget Sound.

Solids handling at the plant includes gravity belt co-
thickening of primary and secondary solids, anaer-
obic digestion (at 96 degrees F), and centrifuge de-
watering. In 1997, 14,889 dry tons of raw solids 
were processed and about 68,613 wet tons of dewa-
tered biosolids (averaging 21.7 percent solids) 
trucked offsite for reuse. Also, in 1997, 4,684 wet 
tons of grit and screenings were hauled offsite to a 
landfill.

Major support and reuse systems at the West Treat-
ment Plant include:

• Odor control system. A plantwide odor con-
trol system removes foul air from the influent, 
primary treatment, and solids handling areas of 
the plant, scrubs the foul air in six packed-bed 
wet scrubbers using a mixture of sodium hy-
droxide, hydrogen peroxide, and plant effluent, 
and exhausts the scrubbed air to the atmo-
sphere.

• Oxygen generation system. Each of two vacu-
um swing adsorption (VSA) trains can provide 
up to 70 tons per day of high-purity oxygen 
(about 92 percent pure) to the secondary aera-
tion tanks. A liquid oxygen system with a capac-
ity of 200 tons serves as a backup to the VSA 
system. 

• Methane/cogeneration/heat recovery. Digest-
er gas is used to run both the 25,000 hp engines 
that drive the four main raw-sewage pumps and 
the engines that produce electricity. Heat from 
these engines is recovered and normally sup-
plies all heat needs for the plant heat loop. The 
generated electricity is then sold to the City of 
Seattle. In 1997, revenue from the sale of elec-
tricity was $265,458.

• Mitigation. To meet an extensive set of mitiga-
tion requirements, the plant is surrounded by a 
landscaped berm planted with native vegeta-
tion and includes a public access beach trail and 
wetland.

• Water reuse facility. A 0.75-mgd water reuse 
system treats secondary effluent and distributes 
it throughout the plant for such uses as pump 
packing seal water, polymer dilution water, and 

irrigation of the extensive vegetation planted on 
the landscaped berm.

Biosolids Management
In 1997, the East and West Treatment Plants pro-
duced about 129,000 wet tons of Class B biosolids, 
all of which was recycled. An independent contrac-
tor trucks the biosolids from each of the treatment 
plants for use in three major recycling programs:

• Agriculture. In Eastern Washington, over 120 
dryland grain farms, hops farms, orchards, and 
managed rangelands use recycled biosolids as a 
fertilizer and soil conditioner.

• Composting. Since 1976, King County has 
contracted with a local private company to 
make a compost consisting of one part biosol-
ids to three parts sawdust. The nearly patho-
gen-free, Class A product is marketed in the 
greater Seattle area under the name GroCo. 
GroCo Inc. is responsible for permitting, mon-
itoring, distributing, and marketing its product.

• Forestry. The Mountains to Sound Greenway 
forestry program applies recycled biosolids to 
enhance forest growth within King County. A 
regreening program uses GroCo to restore un-
used logging roads and revegetate harvested 
mountain slopes. The programs are the result 
of a collaborative agreement among KCDNR, 
the Washington State Department of Natural 
Resources, the University of Washington Col-
lege of Forest Resources, and the Weyerhaeuser 
Company.

Since 1973, KCDNR’s Biosolids Management Pro-
gram has worked with local universities to develop 
and test biosolids recycling methods. Research has 
studied the effects of biosolids on soils, crops, and 
water quality, as well as application techniques. Re-
sults provide the technical basis for appropriate site 
management, environmental monitoring, develop-
ment of regulations, public acceptance, and quality 
assurance for landowners.

Collaboration with the Northwest Biosolids Man-
agement Association, the University of Washing-
ton, Washington State University, Oregon State 
University, the University of Idaho, and the Univer-
sity of British Columbia has led to consistent re-
gional information for biosolids managers, 
enhanced KCDNR’s ability to create cost-effective 
land application programs, and improved both 
public awareness and acceptance of biosolids recy-
cling. As a result, the demand for biosolids now ex-
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ceeds the supply produced by KCDNR’s treatment 
plants.

All biosolids users pay a fee for the product, which 
is usually equivalent to the cost of alternative fertil-
izers. In 1997, agriculture, forest, and compost cus-
tomers paid a total of $123,222 in fertilizer revenue 
to King County. An additional $86,207 was received 
from the Washington State Department of Natural 
Resources, representing King County’s share of 
timber revenue from forestlands acquired and 
managed under the Mountains to Sound Greenway 
agreement.
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Orange County 
Sanitation District 
(OCSD)

The Orange County Sanitation District (OCSD) is a special dis-
trict that operates two treatment plants. Reclamation Plant 1, in 
Fountain Valley, receives wastewater flow from six large trunks. 
Treatment Plant 2, in Huntington Beach, receives flow from 
five trunks. The District owns and maintains more than 650 
miles of major trunk sewers, 200 miles of collection sewers, 22 
pumping stations, and two major treatment plants with dispos-
al facilities to discharge the treated effluent. Participating cities 
and agencies own and operate 97 percent (about 5,500 miles) of 
the sanitary sewer systems feeding the two treatment plants.
The hydraulic capacity of the combined plants is 480 mgd, lim-
ited by the outfall capacity. Plant 1 has a rated capacity of 108 
mgd and is operated at 89 mgd. Plant 2 has a rated capacity of 
168 mgd and currently treats 155 mgd.
The treated wastewater is either discharged to the Pacific Ocean 
in strict and consistent compliance with state and federal re-
quirements as set forth in the District’s NPDES permit, or re-
claimed at facilities operated by the Orange County Water 
District (OCWD). The reclaimed water (about 6.8 mgd) is 
made available to the Orange County Water District for the 
Seawater Intrusion Barrier Project (direct groundwater injec-
tion system) and the Green Acres Project (reclamation water 
plant) for irrigation at parks and golf courses.
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Agency History
Orange County was primarily agricultural in the 
early 1900s, but already recognized the need for an 
intercity or metropolitan sewerage system. To meet 
this need, the Joint Outfall Sewer Organization 
(JOS) was formed in 1921 as a joint powers arrange-
ment among the California cities of Anaheim, Santa 
Ana, Fullerton, and Orange, and the Sanitary Dis-
trict of Placentia, Buena Park, La Habra, and Gar-
den Grove.

In the early 1920s, the JOS constructed a sewerage 
system to serve the eight-member organization with 
a treatment plant located in Fountain Valley at what 
is now Reclamation Plant 1. The JOS also construct-
ed a 24-inch cast-iron pipe that disposed of 
screened wastewater a short distance into the surf 
near the mouth of the Santa Ana River.

In 1954, the District began full operation with a net-
work of trunk sewers, two treatment plants, and a 
new 7,200-foot-long, 78-inch-diameter ocean out-
fall terminating at a depth of 60 feet, called Dis-
charge Serial No. 002 in the District’s NPDES 
permit.

The initial flow of wastewater collected by the joint 
system was about 18 mgd, generated by a popula-
tion of about 200,000 people. This outfall is now 
available for use only during emergencies. The 
78-inch outfall had an original design capacity of 
256 mgd. The present capacity has been increased 
to an estimated 300 mgd by the replacement of 
2,000 feet of 78-inch pipe with 120-inch pipe on the 
land section of Discharge Serial No. 002.

In 1971, the District began operating a new $10 mil-
lion outfall pipe that is 120 inches in diameter and 
about five miles long, the last 6,000 feet of which is 
a diffuser section.

Service Area Description
The OCSD operates the third largest wastewater 
management agency west of the Mississippi River. 
The District serves a population of about 2.2 mil-
lion people in a 470-square-mile area. All wastewa-
ter collection systems in the service area (Figure B-
12) are sanitary sewer systems. Stormwater collec-
tion and maintenance are provided by the cities and 
by the County of Orange.

The plants are operated in accordance with regula-
tions established by the federal and state EPA (in-
cluding the State Water Resources Control Board 
[SWRCB], the Regional Water Quality Control 
Board [RWQCB], and the South Coast Air Quality 
Management District [SCAQMD]).

About 90 percent of the wastewater influent is do-
mestic and commercial; the remaining 10 percent is 
industrial.

The two OCSD treatment plants jointly use a 120-
inch-diameter deep-sea outfall that discharges the 
treated wastewater five miles off the coast at a depth 
of 200 feet. The last mile of the pipe is a diffuser with 
over 500 ports designed to provide an initial dilu-
tion level of at least 148:1 seawater-to-wastewater 
effluent.

Following a 1977 amendment to the Clean Water 
Act, OCSD applied for and received a NPDES 
301(h) waiver. This waiver allows the District to 
discharge high quality, but less-than-fully-treated 
secondary effluent into the ocean. OCSD has com-
mitted to treat at least 50 percent of influent waste-
water to secondary treatment levels prior to ocean 
discharge. Advanced primary treatment and chem-
ical coagulation of wastewater in the primary treat-
ment process improves removal efficiency and is 
the primary basis for qualifying for this waiver.

Organizational Overview
OCSD is governed by a Joint Board of Directors, 
consisting of 29 members representing 23 cities, 
three sanitary districts, one water district, and the 
County of Orange government. A District general 
manager and legal counsel report to the Board. Two 
assistant general managers oversee eight depart-
ments, staffed by 624 full-time staff (including 15 
vacancies) in FY 1997 (see Figure B-13).

The District implemented several organizational 
changes in FY 1997. The Operations and Mainte-
nance Departments were combined into one de-
partment. Maintenance staff not directly operating 
or maintaining the treatment works were reorga-
nized into the General Services Administration De-
partment (GSA). GSA manages and operates the 
fleet services, buildings and grounds, the rebuild 
shop, and the sanitary sewer collections divisions. 
Three divisions comprise the Human Resources 
Department: Human Resources, Safety and Emer-
gency Response, and Training. 

Permit Information
For OCSD, federal and state laws include a unique 
combination of stringent environmental standards 
to protect ocean waters. In 1979, the Districts sub-
mitted an application for a NPDES Section 301(h) 
permit modification from the requirements of sec-
ondary treatment (30 mg/L monthly average efflu-
ent limit for BOD and TSS). After years of technical 
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review by the US EPA and approvals by other regu-
latory agencies (Fish and Wildlife Service, National 
Marine Fisheries Services, CRWQCB and the Cali-
fornia Coastal Commission) a five-year NPDES 
permit was issued in 1985. The permit required that 
all provisions of the California Ocean Plan and fed-
eral Clean Water Act be met other than the waiver 
from the 30 mg/L limits (85 percent removal) for 

BOD and TSS. The NPDES permit limits allow five-
day BOD and TSS levels of 100 mg/L and 60 mg/L 
respectively. The plants are not required to chlori-
nate their effluent, and have a 0.001 mg/L limit on 
chlorine residual. There are no limits for coliform 
bacteria in the final effluent.

Under the current permit, the District is required to 
remove 75 percent of the suspended solids and is 
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limited to 189,000 pounds per day of BOD in the 
blended final effluent.

One result of the NPDES permit conditions is that 
the District conducts an extensive ocean monitor-
ing program to measure the condition of the ma-
rine environment off Orange County’s coast 

impacted by the outfall discharge. Results of this 
monitoring program demonstrate that the District 
is successfully protecting Orange County’s public 
health and its coastal ocean waters. This program 
operates with a budget of about $2.5 million per 
year.
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Source Control
OCSD’s Source Control Program was established in 
the early 1970s. The goals of the Source Control 
Program are to:

• Ensure that the quality of water discharged to 
the ocean meets the NPDES permit require-
ments at all times.

• Prevent the pass-through of toxic chemicals to 
the ocean from industrial sources.

• Prevent interference with the District’s opera-
tions and facilities.

• Prevent municipal biosolids contamination 
and provide beneficial reuse options.

• Prevent exposure of the District’s employees to 
chemical hazards created by industrial dis-
charges.

• Prevent toxic contamination of the treated 
wastewater.

• Enforce federal pretreatment standards.

• Ensure the equitable distribution of collection, 
treatment, and disposal costs to all users of the 
system.

• Emphasize waste minimization and pollution 
prevention.

The EPA officially approved the pretreatment pro-
gram in 1984. In 1976 the District adopted a waste-
water discharge ordinance which established limits 
on heavy metals. Since FY 1976-77, the source con-
trol program has been successful in reducing the to-
tal mass of metals entering the Districts’ system by 
81 percent and reducing the metals discharged to 
the marine environment by 89 percent. Over this 
time, influent cadmium has been reduced by 97 
percent, chromium by 94 percent, copper by 72 
percent, lead by 95 percent, nickel by 75 percent, 
and zinc by 80 percent. The reduction in toxics by 
the source control program has been so effective 
that for the last five years the influent heavy metals 
to the District’s treatment plants have met NPDES 
effluent standards even without benefit of treat-
ment.

The Source Control Manager oversees the work of 
three supervisors and reports to the Director of 
Technical Services. Two engineering supervisors 
oversee the work of eight engineers. The engineers 
are responsible for issuing and renewing permits, 
and all formal enforcement actions. Engineers con-
duct field inspections as necessary to support these 
functions. Eleven field inspectors conduct sampling 
and inspection of all assigned industries, including 

those with categorical, noncategorical, or local per-
mits. The inspectors also conduct area search activ-
ities and inspections of unpermitted facilities such 
as dry cleaners and radiator shops. Three techni-
cians are responsible for sampling equipment 
maintenance, equipment inventory, and sampling 
at the Districts’ wastehauler station. The adminis-
trative support staff is specialized to handle per-
mits/enforcement, self-monitoring, and 
inspection/lab reports.

As of mid-1997, the Districts administered 892 per-
mits, of which 434 were Class I permits, 199 were 
Class II permits, 200 were Class III permits, 44 were 
Wastehauler permits, and 15 were Special Purpose 
permits. Of the 434 Class I users, 271 were subject 
to federal categorical pretreatment standards. There 
were 650 nonpermitted industrial users, including 
550 dry cleaners and 100 radiator shops.

Process Control/Laboratory 
Operations
The District’s Laboratory Division (Laboratory) is 
under the administration of Technical Services and 
includes sections for general administration (in-
cluding quality assurance), microbiology, inorganic 
chemistry (including trace metals), and organic 
chemistry.

The Laboratory occupies about 20,000 square feet 
of a two-level steel and concrete building which was 
designed and built in 1990-91 specifically as a labo-
ratory building. 

The mission of the Laboratory is to provide analyt-
ical services in support of operations, compliance, 
and source control activities and to conduct re-
search directed toward improving the effectiveness 
of the laboratory and furthering the overall mission 
of the sanitation district. About 100,000 analyses, 
not including quality assurance, are performed an-
nually.

The Laboratory defines its role in terms of its cus-
tomers and its ability to provide analytical services 
in support of their programs. In order to meet the 
analytical and compliance-related needs of custom-
ers, the Laboratory is accredited with the California 
Department of Health Services Environmental Lab-
oratory Accreditation Program. 

The first priority of the Laboratory is to support the 
various programs and activities associated with 
wastewater treatment, including NPDES permit 
compliance, wastewater processing operations, 
source control pretreatment monitoring, and ocean 
receiving water monitoring (including surfzone mi-
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crobiology monitoring).

Laboratory staff also participate in various engi-
neering project teams. Their role is to provide ex-
pert advice in chemistry and microbiology and to 
properly coordinate and conduct analytical work 
that flows from the projects into the Laboratory.

Financial Information
A general overview of OCSD’s accounting and fi-
nance functions is as follows: 

• Accounting records are maintained on the ac-
crual basis for all funds.

• Internal controls safeguard assets and ensure 
proper recording of transactions.

• Enterprise funds are used to account for the op-
eration of the District, similar to private busi-
ness enterprises.

• Despite the Orange County bankruptcy in 
1994, the District has maintained an AA rating 
from Standard and Poor’s and an Aa rating 
from Moody’s Investor Services.

• An outside consultant manages the majority of 
the District’s investment portfolio.

• In FY 1997, the District was self-insured for 
workers’ compensation and property damage.

• Annually, an independent team of certified 
public accountants audits the books, financial 
records, and transactions of the District.

Revenues
OCSD receives revenues from service and connec-
tion fees, property tax revenues, investment inter-
est, and borrowing. In FY 1997, the District’s 
average single family residential sewer service fee 
per month was $71, plus about $31 of property tax 
revenue. This $102 fee was slightly more than half 
(55 percent) of the state average of $184 per year. 

In May 1997, the District adopted a new user fee 
rate schedule that provides for gradual increases 
over the next five years. The schedule was developed 
with input from a Rate Advisory Committee, com-
prised of representatives from industrial, commer-
cial, and residential users.

Table B-9 shows FY 1997 joint operating budgets 
and expenses.

Financial Information Systems
Finance/Accounting used two Financial Informa-
tion Systems during FY 1997. The Work Order Sys-
tem (Delphi software on an SCO-UNIX platform) 
was accessible to departmental staff only. The new 
system developed by J. D. Edwards operates on an 
IBM AS 400 and is accessible to all District staff. 
This system was implemented in January 1997 for 
Payroll. All other Finance and Accounting modules 
were implemented after June 30, 1997.

Treatment System and Process 
Descriptions
Raw wastewater enters Plant 1 from a metering and 
diversion structure that receives flow from six influ-
ent trunks. Flow, pH, and conductivity are mea-
sured in each trunk. The influent and diversion 

FY 1997

Revenue $

Service Charges

Power Sales

Other

2,318,676

118,943

903,827

Total Revenue 3,341,446

Expenses

Salaries and
Benefits

Supplies/
Materials

Contractual

Repairs and
Maintenance

Utilities

Other

27,193,724

4,435,283

7,776,344

3,152,171

3,073,497

5,827,259

Total Expenses 51,458,278

Net Joint Operating
Expenses 47,264,146

Gallonage
Charge per MG 530

Collections District
Charges* 9,691,070

*Not included in Joint Operating Cost

Table B-9. OCSD Revenue and 
Expenses
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structure also can divert flows to Plant 2.

At the Plant 1 headworks, flow is screened and 
pumped to the grit removal tanks and primary sed-
imentation tanks. Primary effluent is then treated 
by trickling filters or an air-activated sludge second-
ary treatment facility. Effluent from these two pro-
cesses is blended and transported to an outfall 
pumping facility.

Wastewater entering Plant 2 undergoes the same 
primary treatment processes, but secondary treat-
ment is provided by a 90-mgd, high-purity-oxygen-
activated sludge plant.

Solids handling processes consist of dissolved air 
flotation thickening of waste activated sludge, me-
sophilic-type anaerobic sludge digestion, belt press 
dewatering, and biosolids storage and transfer. A 
total of 179,880 wet tons (39,386 dry tons) of bio-
solids were produced by the District during FY 
1997.

For over 30 years, the District used digester gas as a 
fuel in its plants to save electricity and provide reli-
ability in the event of a utility company outage. Ex-
cess gas was flared. This antiquated system of 
engine-driven equipment had reached the end of its 
useful life and needed to be replaced. In the mid-
1980s, the District investigated means to more effi-
ciently harness this power source while meeting 
new air quality regulations. The result of this effort 
was a co-generation system, called the General Gen-
eration System, comprised of eight state-of-the-art, 
low-emission, engine-driven electric generators 
that replaced 23 internal combustion engine-driven 
pumps and blowers.

The District ensures reliability by the availability of 
three sources of electricity to power the all-electric 
plants: Southern California Edison, diesel-engine-
driven emergency power units, and the Central 
Generation System (the most beneficial and cost-ef-
fective of the three, and the District’s primary 
source of electricity). The heat generated by the 
Central Generation System is used to produce 
steam and hot water for digester heating, maintain 
sludge pipeline maintenance, heat and cool build-
ings, and power a turbine generator.

Implementation of these facilities has reduced air 
emissions, improved plant reliability, maximized 
the use of biogas, and saved ratepayers money by in-
ternally producing electricity. Energy savings are 
about $5,000,000 per year.

Support facilities consist of plant and city water, 
odor control, chemical addition, and electrical and 

emergency power generation. A wet-scrubber odor 
control system uses hydrogen peroxide, caustic so-
da, and/or bleach scrubbant to treat foul air 
throughout the plants. Caustic is added upstream in 
the trunk lines to reduce foul air produced prior to 
entering the plant. The addition of ferric chloride to 
the digestion process has eliminated the need for 
solid stream odor control within the plants.
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Biosolids Management
In late 1991, the District’s Biosolids Management 
Program achieved a milestone of 100 percent bene-
ficial reuse of biosolids, allowing the District to low-
er its management costs and eliminate the need for 
valuable landfill space. The present program con-
sists of composting, direct land application, and a 
standby agreement to landfill biosolids in the event 
of an emergency. Beneficial reuse costs about 50 
percent less than landfilling and should become 
even more cost effective in the future, as the market 
for compost material grows.

The present program consists of direct land appli-
cation of the District’s biosolids to enhance agricul-
tural solids, reduce the amount of irrigation water 
needed, and provide a much needed source of or-
ganic humus. During FY 1997, the District con-
tracted with three biosolids management firms 
(Pima Gro Systems, Inc., Bio Gro, Wheelabrator 
Clean Water Systems, Inc., and Tule Ranch) to haul 
and apply 179,880 wet tons of biosolids directly to 
land. All three contractors utilized commercial fer-
tilizer spreaders to distribute the biosolids prior to 
incorporation into the soil. Two of the three con-
tractors have contracts with farmers for the land ap-
plication of biosolids. One contractor is a farmer 
who is using these biosolids for a marginal farmland 
reclamation project. The contractors apply the bio-
solids at agronomic rates to farm lands, maintain 
records, perform additional laboratory analysis, 
and submit monthly reports to the District and the 
Regional Board.
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Sacramento Regional 
County Sanitation 
District (SRCSD)

The Sacramento Regional County Sanitation District (SRCSD) 
is a special district that provides centralized collection and 
treatment of wastewater for the urbanized areas of Sacramento 
County. The District is governed by an eight-member board, 
consisting of five supervisors from the County of Sacramento 
and elected city councilmembers from the cities of Sacramento, 
Folsom, and Citrus Heights. The individual jurisdictions main-
tain their own wastewater collection systems, and treatment is 
provided at one regional treatment plant.
The Sacramento Regional Wastewater Treatment Plant (SR-
WTP) provides full secondary wastewater treatment and dis-
charge to the Sacramento River. The plant has an average dry-
weather capacity of 181 mgd, and a peak wet-weather capacity 
of 400 mgd. Average flow for FY 1997 was 152 mgd.
The District’s staff is part of the Water Quality Division of Sac-
ramento County’s Public Works Agency. This staff provides 
operation, maintenance, engineering, and administrative ser-
vices for the District. In addition to the regional treatment 
plant, the District also provides staffing for County Sanitation 
District #1 (CSD #1), a major underlying agency which pro-
vides collection system services for the unincorporated areas of 
the County.
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Agency History
In the 1950s and 1960s, significant growth occurred 
in the unincorporated areas of Sacramento County. 
To provide wastewater services, developers con-
structed treatment facilities throughout the area, 
resulting in 21 separate facilities in operation by the 
early 1970s. Most of these facilities discharged to ei-
ther the Sacramento or American Rivers, or to sur-
face streams tributary to those waterways. The 
passage of the 1972 federal Clean Water Act provid-
ed both the mandate and the financing necessary to 
clean up these surface waterways.
The Sacramento Regional County Sanitation Dis-
trict was formed in 1973. Through a Master Inter-
agency Agreement (MIA), the cities of Sacramento 
and Folsom, the County of Sacramento, and several 
sanitation districts agreed to regionalize all waste-
water conveyance, treatment, and disposal services. 
The three underlying agencies would continue to 
provide wastewater collection in their respective ar-
eas. All of the sanitation districts operated by the 
County of Sacramento were ultimately abolished. 
The MIA provided for transfer of ownership of all 
the community’s wastewater treatment facilities to 
the Regional District. In return, the District would 
assume all outstanding debt on these facilities, and 
would construct and operate a new grant-financed 
regional wastewater conveyance and treatment sys-
tem for the urban area of Sacramento County. 
The new regional system went online in late 1982. A 
major plant expansion was completed in 1993, and 
several other major construction projects to accom-
modate continuing growth in the County have ei-
ther been recently completed or are currently in 
progress.

Service Area Description
The District provides service for about 1,026,000 
Sacramento County residents. The service area cov-
ers more than 250 square miles (see Figure B-14), 
and has more than 3,300 miles of collection system 
piping, including 90 miles of major interceptors 
and 70 pump stations. About 70 percent of the ser-
vice area is maintained by Sacramento County 
(CSD #1), with the remainder maintained by the 
cities of Sacramento (26 percent) and Folsom (4 
percent).
Some of the older portions of the area served by the 
City of Sacramento have combined sewers. The re-
mainder of the service area has separate sanitary 
and storm sewers. Industrial flows represent about 
8 percent of treated volume, and about 25 percent 
of the treatment loading.

Wastewater treatment is provided at one regional 
treatment facility, the Sacramento Regional Waste-
water Treatment Plant (SRWTP), located on 900 
acres of a 3,500-acre site south of the city of Sacra-
mento. The balance of the property serves as a buff-
er against urban encroachment. 

Organizational Overview
SRCSD is staffed by employees of the Sacramento 
County Public Works Agency, Water Quality Divi-
sion. District managers report to the eight-member 
board described earlier. About 170 employees work 
at CSD #1, and about 340 employees work at SR-
WTP. The accompanying organization chart (Fig-
ure B-15) shows the staffing at SRWTP.

The treatment plant is managed by a Wastewater 
Treatment Superintendent. The Operations and 
Maintenance sections were managed separately in 
FY 1997, but are now organized under one O&M 
Manager since an O&M redesign that occurred in 
January 1998. There are also managers for the Lab-
oratory, Engineering, and Administration sections.

In FY 1997, the Operations section included Flight 
Crew, Day Crew, and Operations Support. Flight 
Crew consisted of five shifts that provide 24-hour 
coverage for plant operations. Day Crew, which has 
since been combined with maintenance in process 
area teams, provided other operations needs and as-
sisted with plant maintenance. Operations Support, 
which has since been combined with Maintenance 
Planning, provided support for new construction 
and assisted with development of monitoring re-
ports.

As part of the O&M redesign, portions of the elec-
trical, instrumentation, and mechanical mainte-
nance crafts have been combined with Operations 
Day Crew into area process teams. Electrical/con-
trol systems and mechanical support teams also 
provide for plant-wide maintenance needs. A sta-
tionary engineering group maintains the plant 
buildings and HVAC (heating, ventilation, and air 
conditioning) systems.

The Laboratory, Engineering, and Administration 
sections are organized as shown on the organization 
chart. A redesign of these sections is in progress. 
The Engineering section is largely comprised of staff 
who support the capital improvement program, 
and also includes the source control (industrial 
waste) group. The Administration section includes 
staff who maintain the bufferlands surrounding the 
plant.
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Permit Information
SRWTP is required to meet a monthly average ef-
fluent discharge of less than 30 mg/L BOD and 30 
mg/L TSS. The plant is required to maintain a 
monthly median for total coliform of 23 mpn/100 
ml, which requires a chlorine dose of 8 to 10 mg/L. 
After the plant effluent travels 1.5 miles, it must 

then be dechlorinated before discharge to the Sacra-
mento River. The maximum daily average chlorine 
residual cannot exceed 0.018 mg/L. In practice, ex-
cess sulfur dioxide and/or sodium bisulfite is added 
for dechlorination. The chemical costs for chlorine 
and sulfur dioxide are significant, and there are also 
additional costs associated with equipment mainte-
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nance and staffing of the remote outfall facility. 

The discharge permit also requires the following:

• Routine bioassay monitoring of the dechlori-
nated effluent at the outfall.

• Temperature restrictions, which limit how 
much the discharge can increase the tempera-
ture of the receiving water body (Sacramento 
River).

• Monitoring of the receiving water.

• No discharge during times of low river flow.

The Sacramento River is influenced by tides. Flow 
in the river can slow significantly or at times flow 

upstream. SRWTP must divert plant effluent to its 
onsite emergency storage basins (200-million-gal-
lon capacity) when the ratio of river flow to effluent 
discharge declines below 14:1. This can occur up to 
twice a day during the summer and fall of dry years. 
After discharge to the river is resumed, the diverted 
effluent must then be recycled through the treat-
ment plant, which impacts cost because the waste-
water is being treated twice. Another basin, now 
under construction, will allow for future direct dis-
charge of the diverted effluent.

Laboratory
Manager

28 staff

Maintenance
Manager

83 staff

Operations
Manager

112 staff

Administration
Manager

49 staff

Engineering
Manager

67 staff

Sacramento Regional
Wastewater

Treatment Plant*
Superintendent

342 staff

Biology
5 staff

Process Control
12 staff

LIMS
4 staff

Chemistry
6 staff

Electrical
Maintenance

12 staff

Planning and
Scheduling

7 staff

Instrumentation
17 staff

Operations
Support

19 staff

Day Crew
54 staff

Flight Crew
38 staff

HVAC
12 staff

Mechanical
30 staff

Painters (G.S.)
5 staff

Planning/Studies
9.5 staff

Electrical/
Instrumentation/

Collection System
7.5 staff

Design/
Documentation

26.5 staff

Project
Engineering/
Construction

8.5 staff

Industrial Waste
15 staff

General
Administration/

Management
8.5 staff

Stores
4 staff

Administration
Support/Clerical

18 staff

Bufferlands
11 staff

Public Information
2.5 staff

Safety and
Training

2 staff

MIS
2.5 staff* Reflects the 1997 organizational structure.

Figure B-15. Organization of Wastewater Treatment Functions at SRCSD
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Source Control
SRCSD’s Industrial Waste Pretreatment Program 
was officially approved by the state and EPA in 
1983. The program has undergone intensive chang-
es during the last 10 years. Staffing increased from 
four to the current level of 15 during this period, 
with corresponding improvements in permitting, 
inspection, enforcement, and data management. 
The District feels that it now has a mature and effec-
tive program. Effluent and biosolids pollutant con-
centrations have decreased significantly since 
program inception and are typical of well-run treat-
ment plants with effective pretreatment programs. 

The District’s Industrial Waste Program focuses on 
the basic pretreatment program. The majority of 
staff time is spent on regulating categorical and sig-
nificant industrial users. Industrial rate implemen-
tation is also an important component of the 
program. Industrial Waste Program staff also play 
an important role in pollutant monitoring and pol-
lutant accounting for the treatment plant and col-
lection system. 

With the closure of its only two large seasonal can-
neries in 1997 and ongoing military base closures, 
the District’s industrial user base has continued its 
shift from large significant industrial users to small-
er light industrial and high tech firms. The trend has 
been toward greater numbers of permits with more 
categorical standards. The District expects that ad-
ditional pollutant limits will be a part of future NP-
DES permits and its source control program will 
play an important role in meeting those limits. De-
velopment continues in the District at a steady pace. 
In spite of anticipated growth in the number and 
complexity of permits and commercial user pro-
grams, the District does not anticipate significant 
increases in staffing. Continuing increases in pro-
gram efficiency should accommodate the increased 
workload. 

Process Control/Laboratory 
Operations
The SRCSD’s Water Quality Control Laboratory is 
a California Department of Health Services-certi-
fied facility. The laboratory provides environmental 
analytical and sampling services in support of the 
Wastewater Treatment Plant’s process control 
monitoring and permit-required waste discharge 
monitoring programs. The laboratory also provides 
analytical support services for other programs such 
as the Sacramento River Coordinated Monitoring 
Program (CMP); various Industrial Waste Program 

monitoring activities, including Source Control, 
Billing, Septage Haulers, and the Priority Pollutant 
Pretreatment Program (P4); and County Water Re-
sources’ drinking water monitoring. It also period-
ically provides analytical or sampling services for 
any other county agency that requires certified ana-
lytical laboratory services.

The laboratory is organized into four natural work 
groups: 

• Administrative Section (6 staff). This section 
serves to support basic laboratory needs in lab-
oratory management, clerical services, Labora-
tory Information Management System 
administration, data management, quality con-
trol, and customer relations functions. 

• Biology Section (4 staff). All biological testing 
and related field sampling is conducted in this 
section. The testing includes permit and pro-
cess monitoring for the SRWTP and other 
County agencies. Tests in this section can be 
categorized into bacteriological, microbiologi-
cal, ecological, and toxicological analytical pro-
cedures. 

• Chemistry Section (8 staff). Low level metals 
and organics sample analyses are conducted in 
this section with highly sophisticated instru-
mentation including atomic absorption spec-
troscopy by flame and gas furnace 
methodology, inductively coupled plasma mass 
spectroscopy, and gas chromatography. In ad-
dition, this group is also responsible for digester 
gas analysis and cyanide testing. 

• Conventional Chemistry Section (9 staff). All 
of the physical and standard wet chemistry lab-
oratory testing takes place in this section, as 
well as field sampling and testing activities.

The laboratory operates daily with an extended 
workday to allow all critical process analyses to be 
completed and reported to plant operations on the 
same day the samples are received. About 30,000 
samples and 100,000 tests are processed each year.

Financial Information
The FY 1997 operations budget for SRWTP was 
$46,173,889.04. The benchmarked total budget, af-
ter subtracting capital expenses and other nonrelat-
ed expenses (such as debt service and sewer rebates) 
was $37,271,462.54. The budget also included $82.6 
million in expenses for the two capital program 
budgets.

Operating revenues are collected in sewer service 
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charges and sewer connection fees. Capital pro-
grams are financed through revenue bonds, which 
are also largely paid from sewer service charges and 
connection fees. District net assets exceed $500 mil-
lion.

Treatment System and Process 
Descriptions
Major liquid stream treatment processes at SRWTP 
include prescreening followed by influent pump-
ing, aerated grit removal, primary sedimentation, 
pure oxygen activated sludge, secondary sedimen-
tation, chlorination for disinfection, effluent 
pumping, and dechlorination prior to discharge to 
the Sacramento River via an 8,000-foot outfall. Pri-
mary or secondary effluent can be diverted to three 
onsite emergency storage basins, with a total capac-
ity of 200 million gallons. Solids handling processes 
include disposal of grit and screenings, waste acti-
vated sludge (WAS) thickening, mixing of thick-
ened WAS and primary sludge, anaerobic digestion, 
storage of digested sludge in onsite solids storage 
basins, and disposal of the stored sludge at onsite, 
dedicated-land-disposal areas. Major onsite sup-
port systems include odor control facilities and 
channel aeration blowers. Digester gas is sent to an 
adjacent cogeneration plant owned and operated by 
the local utility company, and SRWTP receives 
steam from the cogeneration plant.

Average net influent flow for FY 1997 was 152 mgd. 
Recycle flows from the emergency storage basins or 
from the onsite sanitary drains are excluded from 
this total. Flow through the plant is the same in all 
the treatment processes. Effluent pumping is often 
not required during periods of low flow and low 
river elevations. During FY 1997, the effluent 
pumps were needed about 30 percent of the time, 
with effluent flow reaching the river by gravity at all 
other times.

As wastewater enters the plant, it passes through 
mechanically cleaned barscreens and into the influ-
ent pump wet well. Each of the five influent pumps 
are 1,250 hp, and can pump 125 mgd at a total head 
of 36 feet. A variable speed drive on each pump pro-
vides for automatic regulation of pumping in accor-
dance with influent flow. The pumped wastewater 
flows to one of four aerated grit tanks and then to 
one of 12 primary sedimentation basins. The grit 
tanks and primary basins are covered, and have 
odor control scrubber facilities. Odor control facil-
ities are also provided for the barscreen area and for 
the secondary treatment system. Grit is sent to grit 
classifiers and then to storage hoppers for truck 

loading and offsite disposal. Screenings are also 
trucked to the same offsite disposal site. Primary 
sludge and scum are mixed with thickened WAS 
prior to being sent to the digesters. 

The entire plant flow is routed through secondary 
treatment. The plant has 12 covered pure-oxygen 
activated sludge basins and 24 circular clarifiers. 
Oxygen is supplied by an onsite cryogenic facility. 
Eight of the activated sludge basins have submerged 
turbines, with oxygen recycled through recircula-
tion compressors. The other four basins have sur-
face aerators. Activated sludge basins and secondary 
clarifiers are placed in service or removed from ser-
vice based on changes in loading and flows.

Secondary effluent is chlorinated with gaseous chlo-
rine at the effluent observation structure. Chlori-
nated effluent is pumped by effluent pumps (or 
flows by gravity at low flows and low river eleva-
tions) through an 8,000-foot outfall. Each of the 
four effluent pumps are 1,500 hp, and can pump 25 
to 125 mgd at a maximum head of 41 feet. A vari-
able speed drive on each pump provides for auto-
matic regulation of pumping in accordance with 
effluent flow. The outfall conduit is used as the 
chlorine contact chamber. Effluent is dechlorinated 
prior to discharge to the Sacramento River. The pri-
mary means of dechlorination is via a sulfur dioxide 
vacuum line paralleling the outfall conduit. Deten-
tion time in this vacuum line is about 20 minutes. 
At the point of dechlorination, sodium bisulfite can 
also be added for peaking during rapid flow changes 
and for backup to the sulfur dioxide. Following 
dechlorination, effluent is discharged to the Sacra-
mento River through a multiport diffuser. 

Waste activated sludge (WAS) is thickened in four 
dissolved air flotation thickeners. Two gravity belt 
thickeners are also available, but are not used in 
normal operations. Thickened WAS is combined 
with primary sludge in the mixed sludge system, 
and the mixed sludge is sent to the digesters. The 
SRWTP digestion system includes three batteries of 
digesters, with a total of nine conventional meso-
philic anaerobic digesters and two blending digest-
ers. Minimum detention time is 15 days. Flow from 
the conventional digesters is sent to two blending 
digesters, which provide additional mixing and de-
tention time, and then to facultative lagoons for on-
site storage, followed by onsite disposal. 

Natural gas generated in the digesters is compressed 
and sent to an adjacent cogeneration facility operat-
ed by the local power utility. Steam from the cogen-
eration facility is sent to the plant for use in heating 
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the digesters. 

A plant channel air aeration (CAA) system provides 
low-pressure air for the grit tanks, and for mixing of 
channels in the preliminary, primary, and second-
ary treatment areas. The system includes three large 
blowers and an extensive system of channels, pipes, 
and diffusers for air distribution. For the purpose of 
benchmarking, a portion of the costs to operate a 
CAA system were allocated to the preliminary, pri-
mary, and secondary treatment processes. This add-
ed significantly to these unit processes’ costs. 

Biosolids Management
Onsite solids storage basins include 20 basins with 
an area of 125 acres. They provide three to five years 
of onsite storage and also allow for further decom-
position of volatile solids. Stabilized sludge from 
these basins is dredged and pumped to 200 acres of 
onsite dedicated land disposal areas (DLDs) during 
the six dry months from May to October. The stabi-
lized biosolids are injected below the soil surface by 
means of a tractor-like machine. Biosolids are ap-
plied to the DLDs at a high rate (100 to 150 dry tons 
per acre annually). Crops are not grown on the 
DLDs. Naturally occurring soil microbes degrade 
the applied solids. Due to the detection of nitrates in 
the underlying groundwater, the District is plan-
ning to line the DLDs to allow for continuing onsite 
biosolids disposal.
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Appendix C

Project Contacts 
and Contributors

Appendix C provides contact information for each of the agen-
cies participating in the Multi-Agency Benchmarking Project 
and recognizes the many individuals who committed their time 
and expertise to the project.
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Central Contra Costa Sanitary District
5019 Imhoff Place

Martinez, CA  94553-4392

(925) 228-9500

World Wide Web:  http://www.centralsan.org

City of Los Angeles Department of Public Works
Bureau of Sanitation

Shahram Kharaghani

433 South Spring Street, 4th Floor

Los Angeles, CA  90039

(213) 847-8748

e-mail:  sxkhragh@groupwise.san.ci.la.ca.us

World Wide Web:  http://www.cityofla.org/SAN/index.htm

City of Portland Bureau of Environmental Services
1211 S.W. Fifth Ave., Room 800

Portland, OR  97204-1972

(503) 823-7740

World Wide Web:  http://www.enviro.ci.portland.or.us

East Bay Municipal Utility District
Wastewater Department, M.S. 59

P.O. Box 24055

Oakland, CA  94623-1055

(510) 835-3000

World Wide Web:  http://www.ebmud.com

King County Department of Natural Resources
Wastewater Treatment Division

201 South Jackson Street, M.S. KSC-DNR-0501

Seattle, WA  98104-3855

(206) 684-1280

World Wide Web:  http://waterquality/metrokc.gov

Orange County Sanitation District
Michelle Tuchman, OCSD Public Information Officer

P.O. Box 8127

Fountain Valley, CA  92728-8127

(714) 593-7120

e-mail:  mtuchman@ocsd.com

Sacramento Regional County Sanitation District
8521 Laguna Station Road

Elk Grove, CA  95758-9550

(916) 875-9000

World Wide Web:  http://www.srcsd.com
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Agency Leads
Stephen Behrndt, CPBES

Bill Burwell, KCDNR

Mark Esquer, OCSD

Donald Gabb, Project Manager, EBMUD

Jim Kelly, CCCSD

Shahram Kharaghani, CLABS

Mike Mulkerin, SRCSD

Maureen Welch, KCDNR

Project Coordinator
Anthony Chacon, EBMUD

Administration Work Group
Brad Cagle, OCSD

Barbara Collins, OCSD

Colette Curtis-Brown, CCCSD

Ray Fuqua, SRCSD

Shahram Kharaghani, CLABS

Jamie King, CCCSD

Edie Lackland, Lead, KCDNR

Lynn Sandretsky, CPBES

Michael R. Sims, EBMUD

Steve Tull, KCDNR

Sue Williams, CPBES

Engineering Work Group
William E. Brennan, CCCSD

Jerry D. Brown, Lead, EBMUD

Stan R. Dean, SRCSD

Roger T. Haug, CLABS

Thor L. Lude, SRCSD

Christine L. Sanders-Meena, KCDNR

Doug Sereno, CLABS

Steven E. Simonson, CPBES

Douglas M. Stewart, OCSD

Chuck Williams, SRCSD

Laboratory Work Group
James Cooke, CPBES

Mike Delaney, MA Water Resources Authority

Bhupinder Dhaliwal, CCCSD

William M. Ellgas, EBMUD

Lyn Faas, Lead, KCDNR

Randy Gottler, City of Phoenix

Lucy Jao, CLABS

Samuel L. Mowbray, OCSD

Hank Stevens, SRCSD

Dave Tucker, City of San Jose

Operation and Maintenance 
Work Group

Rick Butler, KCDNR

Pete Carter, KCDNR

Barbara A. Collins, OCSD

Charles Davis, CLABS

Mark A. Esquer, Lead, OCSD

Dick Finger, KCDNR

Jim Folkerts, CPBES

Hollis Gould, CLABS

Sherry Grant, KCDNR

Randy Grieb, CCCSD

Dave Heinz, OCSD

Ben Horenstein, EBMUD

Jerry Jones, OCSD

Jim Kelly, CCCSD

Edie Lackland, KCDNR

Rob LaRock, KCDNR

Mark Mitchell, CPBES

Augustine Nnuro, CLABS

Steve Ramberg, SRCSD

Eugene Sugita, KCDNR

David Thrasher, CLABS

Chuck Turhollow, CLABS

Source Control Work Group
Jerry Baumgartner, CPBES

Joseph G. Damas, Jr., EBMUD

Sam Harader, SRCSD

Elsie Hulsizer, Lead, KCDNR

Traci J. Minamide, CLABS

James Wybenga, OCSD

Consultants
Jill A. Mercurio, DSWA

Courtney Mizutani, Mizutani Environmental

Dave Richardson, Talavera and Richardson

Robert Talavera, Talavera and Richardson

Damon S. Williams, DSWA

Publishing Support
Pete Barnouw, Lead, KCDNR

Susan Lowe, KCDNR

Karen Olson, KCDNR

Sally A. Thomas, Consultant

Brian Thompson, KCDNR
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