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Metro was first formed as a metropolitan municipal corporation ("The Municipality of 
Metropolitan Seattle") in 1958 to clean up the waters of Lake Washington and the City of 
Seattle (City) waterfront. Today, as the King County Department of Metropolitan 
Services, Metro provides sewage treatment services to 33 cities and districts within and 
adjacent to King County. Seattle is the largest local agency served by Metro. The City 
and Metro have cooperated to jointly plan improvements to their respective wastewater 
systems because they both recognize the impact of each system on the other. 

Combined sewer overflows, or CSOs, are discharges of untreated sewage mixed with 
stormwater released directly into lakes and rivers during periods of heavy rainfall. In a 
combined sewer system such as exists in parts of Seattle, sanitary sewage from 
businesses and households are combined with runoff from precipitation during storms. 
During long or intense storms, the additional stormwater exceeds the capacity of the 
sewers, causing overflows at designated points within the collection system. City and 
Metro overflows occur along the shorelines of Lake Washington, Lake Union, the Ship 
Canal, the lower Duwamish River, Elliott Bay, and along the West Seattle shoreline. 

Planning for control of CSOs was first required by Section 201 of the Federal Water 
Pollution Control Act of 1972, commonly known as the Clean Water Act. Metro's first 
major CSO control effort was its 1979 CSO Control Planning Report, prepared in 
conjunction with the City of Seattle's CSO planning. The Metro plan recommended a 
combination of storage and treatment facilities to reduce CSO discharges. 

The 1985 Washington State Water Pollution Control Act (R.C.W. 90.48), required all 
cities with CSOs to provide "...the greatest reasonable reduction at the earliest possible 
date" (R.C.W. 90.48.480). In January of 1987, the Washington Department of Ecology 
defined "greatest reasonable reduction" to mean "control of each CSO such that an 
average of one untreated discharge may occur per year" and set this as a long-term goal 
to be achieved without defining a specific target date (WAC 173-245-020 (22)). At the 
same time, the department recognized that such a limit could not be achieved overnight 
and agreed that reducing CSO volumes by 75 percent system-wide by the end of 2005 
was a reasonable interim goal. Metro's Final 1988 Combined Sewer Ovelflow Control 
Plan (1988 Plan) was developed to achieve that interim goal. 

As part of the renewal process (currently underway) for its West Point National Pollution 
Discharge Elimination System (NPDES) permit, Metro must prepare an update/ 
amendment to its CSO reduction plan. That amendment must include an assessment of 
the effectiveness of CSO reduction efforts to date, a re-evaluation of priority for CSO 
sites, and a list of projects for the next five years (WAC 173-245-090(2)). This report is 
intended to serve as the required 1995 update of the 1988 Plan in compliance with 
regulatory requirements. 

In addition to CSO control obligations imposed on Metro by statute and regulation, 
Metro has also agreed with the National Oceanic and Atmospheric ~dminktration 
e:\uscA7683wxccrumdoc Page ES-I 
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(NOAA) to improve sediment quality in Puget Sound and to clean up sediments 
contaminated in the past by CSO discharges and stormwater discharges. That agreement 
is contained in a 1990 settlement agreement following a lawsuit initiated by NOAA. 
NOAA has the right to bring suit in the future if sediment contamination is not reduced. 
Planning for CSO control must take this agreement into account, and adherence to all 
regulatory requirements will not guarantee compliance with the NOAA agreement. 

The 1995 CSO Update is organized into six chapters. The first chapter defines CSOs and 
summarizes the CSO problem. Chapter 2 provides the legal context for the 1988 Plan. 
It includes a brief history of Metro, and it describes the regulatory environment as it 
pertains to CSO control. Metro planning efforts to comply with that evolving regulatory 
framework are summarized. The third cha~ter describes the Metro wastewater svstem. 
Chapter 4 evaluates Metro's progress in CSO Control since the 1988 Plan. The chapter 
also includes an evaluation of the cost-effectiveness of past control efforts. Chapter 5 
describes specific CSO-control studies and projects for the next five 
Chapter 6 describes the environmental documentation for CSO projects and this 1995 
cso Update. 

. 

In Table ES-1, the column labeled "Stations" includes a list of all permitted 'SO 
locations in the Metro system. The column labeled "1988 Baseline (MG)" displays the 
average yearly volume in million gallons as included in the 1988 Plan. These were the 
estimated overflow volumes from the system as it existed in the 1981-83 period. The 
baseline data from the 1981-83 period constitutes the starting point from which progress 
toward CSO-reduction is measured. Since the 1988 Plan was prepared, Metro has 
developed a new, more sophisticated computer model for simulating the behavior of its 
conveyance system during storms and has acquired additional data with which to 
calibrate its model. One result of the new model has been the development of a revised 
set of baseline data defining existing CSO volumes. This revised data, shown in the 
middle column of Table ES-I and labeled, "Revised Baseline," represents a better 
estimate of baseline conditions resulting from the newer, more sophisticated model. 
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Table ES-1. Baseline Metro Overflow Volumes 

Station 1988 Plan Baseline (MG) Revised Baseline (MG)~ Diierence in Volume (MG) 
- 

Soumern Service Area 
8th Avenue South 
W. Michigan Street 
Termin4 I I 5  
Harbor Avenue 
East Marginal Way 
Chelan Avenue 
Norfolk Street 

Michigan Street 
Brandon Street 
Hanford #I 
Hanford (12 

~ o t a l  Hanford 
Lander # I  
Connecticut Street 
King Street 
Denny Local 
Denny Lake Union 
lnterbay 

Total Denny 
Duwamish 
Martin Luther King waya 
Rainier Avenue 
Henderson Weep 
S. tdagnoliaa 
Northern Service Area 
Dexter Avenue 
Canal Street 
East Pine Street 
30th Avenue NE 
Belvolr 
Matthews Beach 
University 
Mantlake 
Ballard Regulator 
11m Avenue NW 

Tolal Ballard 
3rd Avenue West 
Nolth 5eacha 
Alkl 
~ u r r a y ~  
8artonb 
53rd Avenue SW 
SW Alaska streetb 

15 
2 

NJ A 
55 

NJA 
25 
4 

250 
35 

NIA 
NIA 
680' 
215 
90 
70 

NIA 
NIA 
NIA 
370' 
130 
NJA 
NIA 
NJA 
NIA 
NJA 

12 
10 

NIA 
NIA 
NIA 
NIA 
21 1 

40 
NIA 
NIA 
9oc 

la5 
NIA 

NIA 
NIA 
NIA 
NIA 

63rd  venue^ NIA 95 95 

Total (MG) 2409 2391 (IS) 
aStation~ not connected to CATAD and for which data was limited or non existent in 1988. 
b ~ ~ ~ n ~  lhought to be controlled m 1988, but not. Error resulted from problem vmlh CATAD sensors 
C~emodology used to make these estimates necessitated me reparbng of totals for closely associated oveflows. 
d~evised 1981-83 baseline estimate based on new model. 

- 

c:\uscrV683Lxec_sumdo~ Page ES-3 



1995 CSO Update 

The 1988 Plan described specific Metro projects and proposed completing them over a 
20-year period in four phases. The projects and their phased completion dates were: 

Phase 1: Completion of Ongoing CSO Control Projects (1987-1991) 

Hanford SeparationBayview Storage 

CATAD Modifications 

Phase 2: Completion by 1997 

0 Alki CSO Treatment Plant Project 

Carkeek Park CSO Treatment Plant Project 

Parallel Fort Lawton Tunnel 

0 University Regulator (Green Lakeportage Bay Improvement Project) 

Lander Separation 

Phase 3: Completion by 2001 

Denny Partial Separation 

Phase 4: Completion by 2006 

Michigan Street Separation 

Kingdome/Industrial Separation 

Nearly all Phase 1 and Phase 2 projects have been completed or will be completed by late 
1997. Figure ES-I shows the Metro CSO locations and an indication of whether they 
will have been controlled to one event per year by the time those Phase 1 and Phase 2 
projects have been completed at the end of 1997. The Phase 3 Denny Partial Separation 
has been modified and delayed as discussed below. No Phase 3 or Phase 4 projects will 
have been completed prior to 1998. 

The Phase 3 Denny Partial Separation Project has been modified by substitution of a new 
Denny WayILake Union storage and conveyance project developed jointly by Metro and 
the City of Seattle. The project includes an 18-foot diameter storage tunnel under ~ e r c e r  
Street from Westlake Avenue to Elliott Avenue, a storage tank at the former site of the 
Blackstock Lumber Company on Elliott Avenue, a new outfall to Puget Sound, two 
pump stations, and the necessary auxiliary pipelines and regulators. The project will 
achieve approximately 50 percent reduction of Denny overflows. The City of Seattle 
conveyance project associated with the Denny facilities is designed to control City 
overflows to Lake Union to a frequency of one event per year. The Denny project is 
planned to coordinate with wastewater system improvements proposed by the RWSP. 

In addition to the Denny WayLake Union CSO Control Project, Metro has proposed two 
new CSO reduction projects in this Update. The Harbor CSO Pipeline Project is an 
addition to the Alki TransferfCSO Facilities Project. Metro has proposed adding a 54- 
inch diameter gravity sewer to carry overflows from the Harbor Regulator to the planned 

~ : \ ~ S C A ~ ~ ~ ~ C C J Y ~ ~ O C  Page ES-4 
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10-foot diameter West Seattle Tunnel. Those overflows would be stored there until after 
a storm is over and flows in the Elliott Bay Interceptor have subsided. Then the stored 
Harbor Avenue flows would be pumped into the interceptor and be conveyed to West 
Point for treatment. The Harbor pipeline would control overflows at the regulator 
(presently estimated at 58 MG per year) in all but the largest storms. A Harbor project 
had originally been scheduled after the Phase 4 projects in the 1988 Plan. Metro has 
accelerated a Harbor project ahead of the Phase 3 and Phase 4 projects because the Alki 
plant conversion requires a new forcemain from the West SeattIe Pump Station at the end 
of the tunnel to pass by the Harbor Regulator. By laying both the forcemain and the 
CSO pipeline into the same trench at the same time, Metro could reduce construction 
costs and community impacts dramatically. 

The other project Metro has added to its CSO control program is an engineering 
evaluation of overflows at the South Henderson Street Pump Station (presently estimated 
at 10 MG per year) and the Martin Luther King Way overflbw weir (ipproxidately 88 
MG per year). In 1988, Metro believed these two overflows to Lake Washington had 
been controlled to one event per year, but recent monitoring data indicate otherwise. The 
overflow ~roblem is believed to result from stormwater-related inflow from roof tous and 
infiltration remaining in these areas after partial separation, but a detailed study must be 
done and the causes of the problems better understood before solutions can be proposed. - - 
This evaluation will not directly result in CSO volume reduction. A final decision on 
how to control overflows at these sites and a schedule for their control will be made as 
part of the recommendations within the RWSP. 

Table ES-2 shows the CSOs which have been controlled to one event per year, as well as 
the remaining annual volume and frequencies of CSOs needing to be controlled as of 
1998, after all the projects presently underway have been completed in late 1997. The 
remaining volume to be controlled depends on the different assumptions about how much 
flow will be allowed to reach the West Point Treatment Plant. While engineering design 
data exists which indicate that 440 million gallons per day (mgd) can be routed through 
the plant, some concems remain about plant operability during high flows. These 
concems may require restricting these flows to 400 mgd. Reductions in flow to West 
Point will result in higher overflow volumes at some overflow points and lower 
overflows at others. The major increase occurs at the Denny ovefflow due to restrictions 
on the pumping rate at the Interbay Pump Station. Decreases in overflow occur at sites 
along the Lake Washington Ship Canal. The total impact of reduced West Point flow is 
an increase in total ovefflow volumes of less than six percent. Metro is examining what 
changes, if any, are necessary to routinely allow maximum flows of 440 mgd to reach 
West Point. This examination will be completed in late 1995. 

Table ES-2 shows that by 1998, upon completion of all of the projects presently 
underway, Metro will have controlled approximately 796 to 886 million gallons of 
overflow. That amounts to approximately 33 to 37 percent of its revised 1988 baseline 
CSO volumes, depending on the maximum flow allowed to West Point. Either figure is 
below the 50 percent reduction anticipated by the end of Phase 2 in the 1988 Plan. 
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Table ES-2. Annualized 1998 Baseline CSO Volumes and Frequencies 

Overflow Location 

Southern Service Area 
8th Avenue South 
W. Michiaan Street 
Terminal 115 
Harbor Avenue 
East Maminal Wav 
Chelan Avenue 
 orf folk Street 
Michlaan Street 
Brandon Street 
Hanford XI a 
Hanford #2 
Lander iY2 
Connecticut Street 
Kina Street 
Dennv Local 
Dennv Lake Union 
lnterbav at Dennv 

Total of Dennv 
Manin Luther Kina Wav 
Rainier Avenue 
Henderson Street 
Duwarnish. 
S. Maanolia 
Northern Service Area 
Dexter Avenue 
Canal Street 
East Pine Street 
3Mh Avenue NE 
Behrdr 
Mamews Beach 
Universitv 
MonUake 
Ballard Reauiator 
1 lth Avenue NW 
3rd Avenue West 
Nom Beach. 
Alki 
Murrav 
Banon 
53rd Avenue SW 
63rd Avenue SW 

d 

Total (MG) I 
a Includes oveflows at Bawiew NI 

lnterbav Pumm Station 

Unrestricted Restricted 

+-I+ 3m. Bawiew South and S. Hanford St. at Rai 
. ~ - ~ ~ ~  ~ . , 
%*k;.ich !awes the system at the site nf me former Hanford #I 4egu!a!Or. 

b The Lander Separation included construction of a new regulator station. 
Frequency depends on West Polnt set point. 
m e  Alki basin calibration has not been completed for these wemow iocaiions. 

Difference (MG) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
3 
2 
10 
3 
5 
94 
103 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

-10 
0 

-3 
-2 

-1 8 
0 

0 
0 
0 
0 

0 
90 

, Ave. that weflov 

Annual 

Overflow 
Frequency 

be storm drain 
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Based on Metro's current modeling and after completion of the new DennylLake Union 
CSO Control Project and the Harbor CSO Pipeline Project, annual overflow volumes will 
have been reduced by approximately 1,019 to 1,211 MG, or 43 to 5 1 percent of baseline 
CSO volumes, depending on West Point peak flows. The 1988 Plan predicted that upon 
completion of all Phase 3 projects, Metro would have achieved about 60 percent CSO 
volume reduction. Assuming completion of the Phase 4 projects identified in the 1988 
Plan and the Denny and Harbor projects discussed above, Metro expects to have 
controlled from 57 to 65 percent of baseline volumes, still short of the 76 percent 
reduction projected in the 1988 Plan. The RWSP will identify further control projects 
necessary to achieve the required reduction. 

It now appears that the 1988 projections were overly optimistic. Reasons why control 
projects have achieved less than expected levels of control include: 

1. The model used for estimating the CSO volumes for the 1988 Plan over-estimated 
the overflows at the Duwamish Pump Station by 129 MGIyear. It was also 
anticipated that this overflow would be controlled. Since the overflow did not in fact 
occur, no reduction is shown in the 1998 conditions. 

2. The model used for estimating the CSO volumes for the 1988 Plan overestimated the 
University overflows by nearly 50 percent (1 11 MGIyear). As a result, the reduction 
assumed by the control projects for this regulator was overstated, and actual volume 
reduction resulting from those projects is lower than expected. 

3. Stations not connected to CATAD in 1988 and for which data was limited or non- 
existent were not considered in the 1988 Plan. These overflows amount to about ten 
percent of the baseline estimate. Since the 1988 Plan did not make provision for 
CSO control at these locations, inclusion of these volumes now offsets real control 
gains made elsewhere within the system. 

4. The degree of partial separation assumed for the Hanford and Lander separation 
projects was greater than was actually accomplished. 

The actual capital costs for Phase 1 and 2 projects from the 1988 Plan total $61 million 
(1994 dollars). Together those projects have (or will have, by 1998) controlled 33 to 37 
percent of baseline volumes, or approximately 796 to 886 MG per year. Because volume 
controlled has amounted only two-thirds of what was anticipated, costs per million 
gallons controlled have averaged about 50 percent greater than anticipated by the 1988 
Plan, or about $73,000 per million gallons controlled. The 1988 Plan goal was to reach 
75 percent volume reduction, which amounts to nearly an 1.800 MG reduction from the 
1981-83 baseline volume of 2,391 MG. Metro still must reduce an additional 900 to 
1,000 MG of annual CSO volume by the end of 2005 to reach that 1,800 MG goal. 
Estimates indicate that reaching 75 percent reduction of system-wide CSO volumes is 
likely to cost as much as $300 million over and above what has been spent to date, 
bringing the average cost of control to as much as $200,000 per million gallons. 

c:\uscA7683\cuc_sumdoc Page ES-8 
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In this chapter, the scope and organization of this 1995 CSO Update are described. 
CSOs are defined, and the CSO problem is summarized. The chapter concludes by 
delineating the reasons for this 1995 CSO Update. 

Scope and Organization of Report 

This report is organized into an Executive Summary and six chapters, plus appendices. 
Each chapter covers the following information: 

Executive Summary 

The Executive Summary reviews the highlights of the 1995 CSO Update. It 
provides an overview of CSOs, what has been done to reduce them, and what 
more needs to be done. 

Chapter 1. Introduction 

The introduction describes the scope and organization of the 1995 CSO Update. 
In addition, CSOs are defined and the CSO problem is summarized. The chapter 
also includes the reasons that the 1995 CSO Update was prepared. 

Chapter 2. Metro CSO History 

This chapter provides a short history of Metro, along with an overview of CSO 
planning history. The overview describes the CSO regulatory framework 
governing Metro operations and the manner in which that framework evolved. 
The chapter also describes past planning efforts by Metro to comply with 
regulatory mandates. 

Chapter 3. Overview of the Wastewater Conveyance System 

This chapter provides a brief overview of existing Metro CSO facilities and the 
relationship between the City of Seattle and the Metro systems. 

Chapter 4. Review of the Existing CSO Program 

This chapter describes the conditions of the 1981-83 wastewater system with 
respect to CSO discharges, describes the status of CSO control projects proposed 
in earlier plans, and evaluates the impact of CSO-control facilities already 
constructed or presently under construction. This chapter also examines water 

c:\uccr~683\chaprcrl.doc Page 1-1 
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and sediment quality issues and evaluates the cost-effectiveness of CSO reduction 
efforts. 

Chapter 5. CSO-Control Projects for the Next Five Years 

This chapter describes specific CSO-control studies and projects planned over the 
next five years in order to meet the Department of Ecology's goal of "...greatest 
reasonable reduction" and the interim goal of 75 percent volume reduction by the 
end of 2005. This chapter also provides information as to the costs, benefits, and 
scheduling of projects. 

Chapter 6. Environmental Review 

This chapter describes existing environmental documentation for CSO projects 
and the SEPA documentation required for the 1995 CSO Update. 

Appendices 

Appendix material includes: 

A. A CSO Glossary 

B. A CSO Bibliography 

C. CSO Rate Analysis and Capital Improvement Program Schedule, 
Funding and Costs 

D. SEPA Adoption Notice and Addendum 

E. Results of CSO Monitoring Program 

F. Basis of Capital Cost Estimates 

CSOs: A Working Definition 

Combined sewer overflows, or CSOs, are discharges of untreated sewage and stormwater 
released directly into marine waters, lakes, and rivers during periods of heavy rainfall. 
The upper illustration in Figure 1-1 provides a graphic representation of a CSO. 

Combined sewers, those which carry sanitary sewage and storm runoff in a single pipe, 
are found in much of the Seattle sewer system today. Early engineers designed 
combined sewers to remove horse manure, runoff and garbage from city streets, as well 
as to convey household sewage. Because combining systems was the standard 
engineering practice, all of Seattle's sewers built from 1892 until the early 1940s were 
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To treatment plant 
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combined sewers. When new sewer systems are installed in Seattle today, stormwater is 
separated from household, commercial, and industrial wastewater. This dual network of 
pipes, known as a separate sewer system or separated sewers, is illustrated in the lower 
part of Figure 1-1. Separated sewers have been mandatory within the City of Seattle 
since 1950. 

Combined sewer ovefflows serve as safety valves for the sewer system. In combined 
sewer systems, the trunk sewers and interceptors have fixed capacities while the 
wastewater flows vary with precipitation. During periods of hkavy or prolonged 
precipitation, wastewater volumes may exceed the capacity of the sewer pipes to convey 
that wastewater to a treatment plant. To prevent damage to wastewater treatment plants 
and to prevent sewers from backing up into homes and offices, combined sewers are 
designed to ovefflow at certain points. Typically, those ovefflow points are designed so 
that the overflowing wastewater can be discharged to marine waters and rivers, where the 
flushing action of tides and currents can disperse pollutants. 

The CSO Problem and Regional Water Quality 

Combined sewer overflows spill a mixture of untreated sanitary sewage and stormwater 
runoff at or near the shoreline. City of Seattle and Metro overflows occur along the 
shorelines of Lake Washington, Lake Union, the Ship Canal, the lower Duwamish River, 
Elliott Bay, and along the West Seattle shoreline. During the 1981-83 baseline period, 
nearly 2.4 billion gallons of untreated sewage were discharged from the Metro system 
per year. As a result of control efforts over the years, that number has been significantly 
reduced. As of 1994, even with the reductions achieved, about 1.8 billion gallons per 
year of combined sewage still ovefflows the Metro system. 

Combined sewer overflow is a recognized source of water pollution. Overflows can 
result in aesthetic degradation of shorelines during CSO events and impact sediment 
quality at discharge sites. In addition, CSOs may raise public health concerns in areas 
where there is potential for public contact. 

Why a 1995 CSO Update 

Planning for control of CSOs was first required by Section 201 of the Federal Water 
Pollution Control Act of 1972, commonly known as the Clean Water Act. Metro's first 
major CSO control effort was its 1979 CSO Control Planning Report, done in - .  
conjunction with the City of Seattle's CSO planning. The Metro plan recommended a 
combination of storage and treatment facilities to reduce CSO discharges. 

The 1985 Washington State Water Pollution Control Act (R.C.W. 90.48), required all 
cities with CSOs to provide "...the greatest reasonable reduction at the earliest possible 
date" (R.C.W. 90.48.480). In January of 1987, the Washington Department of Ecology 
defined "greatest reasonable reduction" to mean, "control of each CSO such than an 
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average of one untreated discharge may occur per year" and set this as a long-term goal 
to be achieved without defining a specific target date (WAC 173-245-020 (22)). At the 
same time, the department recognized that such a limit could not be achieved overnight 
and agreed that reducing CSO volumes by 75 percent system-wide by the end of 2005 
was a reasonable interim goal. Metro's Final 1988 Combined Sewer Oveflow Control 
Plan (1988 Plan) was designed to achieve that interim goal. 

As part of the renewal process (currently underway) for its West Point National Pollution 
Discharge Elimination System (NPDES) permit, Metro must prepare an update1 
amendment to its CSO reduction plan. That amendment must include an assessment of 
the effectiveness of CSO reduction efforts to date, a re-evaluation of priority for CSO 
sites, and a list of projects for the next five years (WAC 173-245-090(2)). This report is 
intended to serve as the required 1995 update of the 1988 Plan in compliance with 
regulatory requirements. 

In addition to CSO control obligations imposed on Metro by statute and regulation, 
Metro has also agreed with the National Oceanic and Atmospheric Administration 
(NOAA) to improve sediment quality in Puget Sound and to-clean up sediments 
contaminated in the past by wastewater and CSO discharges. That agreement is 
contained in a 1990 settlement agreement following a lawsuit initiated by NOAA. 
NOAA has the right to bring suit in the future if sediment contamination is not reduced. 
Planning for CSO control must take this agreement into account, and adherence to all 
regulatory requirements will not guarantee compliance with the NOAA agreement. 

Besides meeting legal requirements, this 1995 CSO Update is intended to inform the 
King County Metropolitan Council and the public about the technical aspects of CSO 
control and about improvements needed to provide that control. 
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CHAPTER 2 
METRO CSO HISTORY 

Metro was first formed as a metropolitan municipal corporation ("The Municipality of 
Metropolitan Seattle") in 1958 to clean up the waters of Lake Washington and the Seattle 
waterfront. In 1962, the City of Seattle transferred ownership of its treatment plants and 
portions of its sewer system to Metro, and Metro's monthly service charge went into 
effect. Today, Metro provides sewage treatment services to 33 cities and districts within 
and adjacent to King County. Metro operates wastewater treatment plants at West Point 
and Renton, a CSO treatment plant at Carkeek Park, and a primary treatment plant which 
is presently being converted to a CSO treatment plant at Alki. Metro also operates a 
series of large interceptor sewers to convey wastewater from local collection systems to a 
Metro plant for treatment. Metro thus operates a "wholesale" business, providing sewage 
conveyance and treatment services to "retailers" such as Seattle, who in turn sell sewer 
services to area residents and businesses. Seattle and the other local agencies are - 
responsible for maintaining their own sewer collection systems. Seattle is the largest of 
the 33 local agencies served by Metro and the only one with a combined sewer system. 
In order to reduce CSOs in a more efficient manner, the City of Seattle and ~ e t i o  have 
worked together on some wastewater system improvements. 

In 1993, voters in King County voted to merge Metro with King County. That merger 
took effect on January 1, 1994. Metro ceased to exist as a separate entity as of that date 
and became the King County Department of Metropolitan Services. Likewise, the Metro 
Council was dissolved, and the King County Executive and Metropolitan King County 
Council assumed responsibility for sewers and water quality, including CSO reduction. 

Clean Water Act 

Since the 1960s, Metro has been conducting projects to improve water quality in the 
Seattle-King County area. Figure 2-1 graphically represents the progress Metro and the 
City of Seattle have made in reducing the volume of untreated wastewater released to 
local waters since then. The largest reductions in wastewater discharge occurred between 
1965 and 1980, when the major Metro treatment plants and interceptors were built and a 
number of City separation projects were completed. The formal CSO control program 
was begun in 1979 with the development of the 1979 Combined Sewer Oveg7ow Control 
Program (1979 Program). 

The i q e t u s  for the 1979 Program was the passage of the Federal Water Pollution 
Control Act Amendments of 1972 (Public Law 92-500), also known as the Clean Water 
Act. The objective of the act was to "restore and maintain the chemical, physical, and 
biological integrity of the nation's waters." This goal was to be achieved through a large 
federal grant program to help communities build secondary wastewater treatment plants, 
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- Metro became operating agency 
under Comprehensive Sewerage Plan 

Eastside Interceptor 

Renton Wastewater Treatment Plant on-line 

West Point Wastewater Treatment Plant on-line 
r West Dnwamish Interceptor 

Sewer Sepal 

:onwl Plan 

- 1980 Seattle CSO Control Plan 

1988 CSO Control Plan-Phase 1,' 2* 

Metro-King County Merger 

I lr 1995 CSO Update/ 
Regional Wastewater Services Plan 

1988 Control Plan-Phase 3* 

1988 Control Plan- 
Pbase 4* 

'Projects associated with1988 Plan phases are listed in Table 5-1 on page 5-3. 

Source: Metro Staflfitimores 

E Figure 2 1  
V) 
Ci Reduction in Untreated Sanitary and 
$ Combined Sewer Overflows in Seattle Area Since 1960 
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and through implementation of the National Pollutant Discharge Elimination System 
(NPDES) permit program. NPDES permits set limitations on the volume and 
concentrations ofpollutants that canbe legally discharged into the environment by both 
municipalities and industries. In 1973, the Department of Ecology was authorized by the 
federal Environmental Protection Agency (EPA) to administer the NPDES program in 
Washington State. 

By mid-1976, joint planning was underway by the EPA, Department of Ecology, and 
Metro to develop, evaluate, and fund alternatives which would provide secondary 
treatment and CSO controls. In 1977, amendments to the Clean Water Act increased the 
amount of funding available through EPA for combined sewer overflow control projects. 
These amendments also provided for waivers from secondary treatment if receiving 
water quality could be adequately protected. It became apparent that the progress on 
planning for treatment facilities was going to be delayed significantly by requests for 
waivers. These developments eventually led to the segregation, in 1978, of the combined 
sewer overflow control elements from treatment-related decisions. 

The 1979 Program identified a total of 30 projects to control CSO discharges to fresh 
water and marine waters. EPA had stipulated that grant money would be available only 
to those projects which could demonstrate a benefit justifying the cost of the project. 
The 30 projects were evaluated according to their benefit-to-cost ratio. That cost-to- 
benefit analysis was an important method of evaluating project proposals prior to 1986. 
Subsequent regulatory changes adopted performance standards, using one event per year 
as a goal. As a result, later CSO control studies would place greater emphasis on 
whether a project could control CSO volumes to the levels specified in those regulations 
and less emphasis on costs versus marginal benefits. 

During the early 1980s, considerable public attention focused on Puget Sound water 
quality and pollution issues, particularly contamination in urban bays. In May of 1984, 
Metro issued the Toxicant Pretreatment Planning Study Summary Report, which 
described toxicant problems in Elliott Bay and other bays and raised concerns about CSO 
impacts on sediment quality at discharge sites. That same year, the Department of 
Ecology introduced legislation requiring all municipalities with CSOs to develop plans 
for "the greatest reasonable reduction (of CSOs) at the earliest possible date." 

Greatest Reasonable Reduction of CSO 

In order to comply with the Department of Ecology legislation, Metro produced two 
documents: the 1985 Final Plan for Combined Sewer Overflow Control (1985 Plan) and 
the 1986 Final Supplemental Planfor Combined Sewer Ove$ow Control (1986 Final 
Supplement). Each of these documents were part of a five volume Plan for Secondary 
Treatment Facilities and Combined Sewer OvelJlow Control, which explored four 
alternative plans for secondary treatment and associated plans for varying reductions in 
CSO volumes. 
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The 1986 Final Supplement was prepared in response to the agreement between Metro 
and the City of Seattle to evaluate a fifth secondary treatment configuration: the 
relocation of the West Point plant to a non-shoreline location. The supplement presented 
additional CSO controls which would accompany this fifth alternative. In addition, 
Metro evaluated CSO projects which would achieve 75 and 90 percent volume reductions 
for all five secondary treatment configurations and included the results of upgraded 
computer modeling of the system. 

Before the 198.5 Plan could be implemented, the Department of Ecology published a new 
regulation on CSO control, in January 1987. The regulation (WAC 173-245) defined the 
"greatest reasonable reduction" in CSO volumes as "control of each CSO such that an 
average of one untreated discharge may occur per year." The regulation further required 
that each community submit, by 1988, a CSO plan specifying the means of complying 
with the new CSO control level. The regulation also required that updates on the 
progress of the plan are to be produced with NPDES renewals which occur at least every 
five years. Metro worked with the Department of Ecology to develop an interim goal of 
achieving a 75 percent CSO volume reduction system-wide by the end of the year 2005 
and agreed to continue to work towards achieving the ultimate goal of one event per 
year. 

The revised plan, the Final 1988 Combined Sewer OverJlow Control Plan, was submitted 
in April 1988. The plan describes CSO control projects that would be implemented to 
achieve the interim goal of 75 percent CSO volume reduction by the end of 2005. The 
plan also describes additional projects that could achieve the ultimate goal of one CSO 
event per year. 

A 1988 Plan update was required in 1991, but Metro and the Department of Ecology 
agreed that the 1991 update would include only monitoring data and status reports on all 
scheduled projects because only one project had been completed since the 1988 Plan. 
However, as agreed with the Department of Ecology, Metro has prepared annual reports 
on the status of CSO projects and submitted them to the Department of Ecology yearly 
since 1988. Nevertheless, the 1995 CSO Update is the first major report on the status of 
the CSO projects which have been completed or are underway since the I988 Plan. 

The 1995 Regional Wastewater Services Plan 

Metro's CSO planning is only one component of Metro's current long-range wastewater 
planning effort, the 1995 Regional Wastewater Services Plan (RWSP). 

The Metropolitan Seattle Sewerage and Drainage Survey was prepared in 1958 to guide 
a long-range program of sewerage and drainage services for the Seattle area. That first 
comprehensive planning document was intended to provide a concise, up-to-date, central 
source of information concerning Metro's long-range plans. Since that time, numerous 
changes have been made to the original comprehensive plan. The RWSP will be an 
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amendment to the Metropolitan Seattle Sewerage and Drainage Survey that will integrate 
long range planning in all areas of wastewater services, including treatment and 
conveyance, biosolids reuse, CSO control, and water reuse. The RWSP planning process 
will establish the priorities for all wastewater programs, including those that affect CSO 
controls. The RWSP is scheduled for completion in late 1995. 

National Oceanic and Atmospheric Administration (NOAA) 
Agreement 

In addition to EPA and the Department of Ecology, governmental requirements for 
support of CSO control have come from the National Oceanic and Atmospheric 
Administration (NOAA). 

In 1990, Metro and the City of Seattle entered into a consent decree with NOAA as a 
result of a suit NOAA (as "trustee" of federal shorelines under the federal 
Comprehensive Environmental Response, Compensation, and Liability Act) filed over 
resource damages to marine sediments associated with CSOs and stormwater discharges. 
Under this agreement, Metro and the City of Seattle agreed to establish a fund for habitat 
enhancement and clean-up of contaminated sediments. NOAA has reserved the right to 
bring suit in the future if progress toward improving sediment quality is not maintained. 
Future CSO control planning by Metro must take into account the standards which 
NOAA will use to gauge continued progress. Compliance with federal and state 
regulations does not guarantee compliance with the provisions of the NOAA agreement. 
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Metro's wastewater system is the largest in the Puget Sound region. The system is 
composed of an extensive configuration of conveyance facilities, regulator stations, 
combined sewer overflow structures, and wastewater treatment plants. The conveyance 
facilities consist of pump stations, force mains, and gravity sewers that transport 
wastewater to the treatment plants. After treatment and disinfection, treated effluent is 
conveyed through outfall pipes to Puget Sound. 

The locations of the wastewater system components are shown in Figure 3-1. Figure 3-1 
also shows the locations of facilities which are under design or construction and which 
are scheduled to be on-line by January 1998. As illustrated, the Metro system consists of 
over 255 miles of pipeline, 38 pump stations, 22 regulator stations, four treatment plants, 
and 34 CSO structures. Each of these components is described briefly in the following 
sections. 

Service Area 

The Metro service area is composed of an East and a West Divsion, roughly split by 
Lake Washington. The wastewater facilities in each of the divisions consist of both 
conveyance and treatment components. Combined sewers and associated CSO-control 
structures lie mainly within the West Division. 

The East Division receives wastewater flows from 97,300 acres east and south of Lake 
Washington. Most of the development within this division was originally constructed 
with separated conveyance systems for sanitary sewage and stormwater. As part of the 
Alki cso Treatment Plant Project, the East Division Reclamation Plant at Renton will 
begin in 1995 to receive flows from the Norfolk Regulator Station tributary area, an area 
containing combined sewers. Most of the street drainage has been removed by partial 
separation projects in the Norfolk area, so the remaining stormwater component consists 
of flows from rooftops. Flows will be transferred out of the West Point system to the 
East Division Plant at the York Pump Station. 

The West Division receives a mixture of separated flows from north of Lake Washington 
and combined sewage from the City of Seattle. The total service area is comprised of 
66,800 acres, of which about 30,400 are served by combined sewers. The separated 
flows and the combined flows are joined prior to being routed through the treatment 
facilities. 
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Existing Treatment Plants 

The two Metro wastewater treatment plants and two CSO treatment plants serve 
approximately 1.2 million residents in King and southwestern Snohornish counties. They 
are the West Point, East Division Reclamation Plant, Alki CSO Treatment Plant and 
Carkeek Park CSO Treatment Plant. 

Table 3-1 summarizes information on each treatment plant, including the year the plant 
was initially placed into service, when it was upgraded or expanded, its capacity, and the 
type of treatment it provides. Each plant is described in the paragraphs which follow 
Table 3-1. 

Table 3-1. Metro Wastewater Treatment Plant Data 

West Point I lgB5 I lgg6 / 1331440~ 1 ~econda$ 

Plant 

Notes: 

Year Placed 
into Service 

East Division 
Reclamation Plant 

Alki 

Carkeek Park 

a ~ h e  West Point plant will be converted from primary to secondary treatment by 1996. When the 
conversion is complete, the average wet weather flow capacity will be 133 mgd, and the peak 
hydraulic capacity will be 440 mgd. Up to 300 mgd will receive secondary treatment. 

b The East Division Reclamation Plant has an average wet weather flow capacity of 103 mgd and 
a peak capacity of 240 mgd. Plans to expand to 115 mgd and 325 mgd peak are being 
considered. 

Year@) 
Upgraded 

1965 

1958 

1962 

C Because of outfall hydraulic restrictions, the Alki plant's existing capacity is between 45 and 67 
mgd, depending on the tide. Outfall capacity will be increased to at least 65 mgd. 

d ~ h e  conversion of Alki to a CSO plant is expected to occur in late 1997. The plant will provide 
screening, grit removal, and disinfection of CSO flows. 

Capacity 
o w )  

1974,1985,1993 

1987,l 997d 

1994 

West Point Treatment Plant 

Type of 
Treatment 

The West Point Treatment Plant serves Metro's West Division. Placed into service in 
1965, the West Point plant was constructed as a primary treatment facility. The 
collection system for West Point contains both separated and combined sewers. When 
stormwater is being conveyed, flow coming into the plant increases considerably. The 

, 03,240b 

65' 

20 
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original treatment plant design capacity was 125 million gallons per day (rngd) average 
dry weather flow (ADWF) and 320 rngd peak flow. As indicated in Table 3-1, West 
Point is currently being upgraded. Secondary treatment components are being added, 
and the existing primary treatment facilities are being expanded for the purpose of 
providing CSO treatment. The peak primary treatment capacity (440 million gallons per 
day (rngd)) will be significantly greater than the peak secondary treatment capacity (300 
mgd) to ensure peak storm-related flows receive at least primary treatment. Operability 
concerns have arisen with respect to the 440 mgd peak capacity. Metro is now 
examining modifications necessary to routinely accept peaks of 440 mgd. Until that 
examination process is completed sometime after startup of the new secondary facilities, 
it may be necessary to restrict peak flows to 400 mgd. 

East Division Reclamation Plant 

Metro's East Division Reclamation Plant in Renton began operation in 1965. The 
collection system for the plant is separated; the plant does not currently receive 
combined sewer flows, but will begin receiving combined flows from the Norfolk area in 
1995. The original treatment plant had a secondary treatment capacity of 24 rngd 
ADWF, with effluent discharged into the Duwamish River. The plant is currently being 
expanded to 103 rngd average wet weather flow (AWWF). Plans to expand to 115 rngd 
AWWF and 325 rngd peak flow are being considered. 

The East Division Reclamation Plant provides secondary treatment and serves Metro's 
East Division. Effluent from the plant is now discharged to Puget Sound through the 
Effluent Transfer System (ETS), which has a current capacity of approximately 240 
mgd. 

The ETS consists of an effluent pumping station, an 11 mile-long force main along the 
Duwamish River to Elliott Bay, and a 9,500 foot-long submarine outfall into Puget 
Sound. Discharge from the outfall is at a depth of 610 feet. The ETS, which was 
completed in 1987, eliminated the daily discharge to the Duwamish River. 

Carkeek Park CSO Treatment Plant 

The Carkeek Park plant came on-line in 1962 as a primary treatment plant. The service 
area is approximately 4,352 acres adjacent to Puget Sound in the northwest comer of the 
City of Seattle, between N.W. 145th Street and N.W. 85th Street. Because it was 
determined to be less expensive to transfer flows to West Point than to convert the 
Carkeek Park plant to a secondary facility, the Carkeek Park plant was converted to a 
CSO plant in 1994, and its sanitary sewage base flows (up to 8.4 mgd) were transferred 
to the West Point plant. 
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Alki CSO Treatment Plant 

The Alki plant is a primary treatment plant that began operation in 1958. The area 
served by the plant includes approximately 4,100 acres adjacent to Puget Sound between 
Duwamish Head and S.W. Barton Street. Metro purchased the Alki plant from the City 
of Seattle in 1962. The plant was overhauled in 1987 to upgrade treatment equipment, 
add odor control equipment, and improve the architectural and landscaping features. The 
configuration of the existing outfall to Puget Sound restricts the plant's capacity to 45 to 
67 mgd, depending on tidal conditions. A conveyance system is planned (the Alki 
TransferICSO Facilities Project) which, when constructed, will transfer the Alki plant's 
base flows (above 19 mgd) to the West Point Treatment Plant. In conjunction with this 
transfer. the Alki ~ l a n t  will be converted to a CSO treatment vlant which, like the 
~a rkeek  Park plait, will provide primary treatment for combined sewer flows from the 
Alki area exceed in^ the base flow transfer capacity. At the same time, the outfall - 
capacity will be increased. 

Existing Conveyance Facilities 

Metro oversees an extensive configuration of conveyance pipelines, regulator stations, 
and other wastewater facilities. These conveyance facilities consist of pumping stations, - - -  
gravity sewers, and force mains that transport wastewater to treatment plants. After 
treatment, treated effluent is conveyed through outfall pipes to Puget Sound. 

Pipelines 

Metro operates a network of pipelines throughout its service area (Figure 3-1). Customer 
municipalities and sewer districts construct and maintain smaller pipelines from 
individual homes and businesses that connect to Metro's pipelines. Metro's pipelines 
consist of force mains (pressurized sewers), trunk sewers and interceptors. Metro trunk 
sewers pick up flows from the small collection pipelines and convey them to large 
diameter interceptors that serve as the conduits for transferring flow to the treatment 
facilities. Whenever possible, pipes move the flow by gravity. When necessary, the 
wastewater is pumped up and over hills in forcemains by a system of pumping stations. 
Of more than 255 miles of pipelines, approximately 17 miles are forcemains. The 
remainder convey wastewater by gravity flow. 

Combined sewage travels to the West Point ~ r e a t r n e i  Plant primarily by way of the 
North Interceptor, the West Duwamish Interceptor, and the Elliott Bay Interceptor. 

Page 3-6 e:\useA7683\chqpter3.doc 



1995 CSO Update 

Pumping Stations 

Metro's 38 pumping stations are located throughout its service area (Figure 3-1). 
Pumping stations are used to lift flow to a higher elevation from which it can flow by 
gravity to the treatment plant. Installed capacities range from one to about 325 mgd. 

Regulator Stations 

Regulator stations maximize the storage potential available in the large diameter trunk 
sewers by shutting off flow to the interceptors during conditions of high storm flows. As 
a result wastewater is forced to back up in the trunks. During low flow periods, when the 
interceptor flows are below a specified setpoint, the flow from the trunk sewer passes 
through the regulator and into the interceptor. As flows in the interceptor increase, the 
regulator gate closes, and the wastewater begins backing up in the trunk. When the trunk 
reaches its specified storage capacity, an overflow gate is opened and the trunk flows are - - 
released as combined sewer overflow. A typical regulator station is illustrated in Figure 
3-2. 

- - - - - - - - - - 

Figwe 3-2. Typical Regulator Station 
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Flow Transfers 

Metro flow transfer projects allow wastewater to be treated at existing plants that have 
excess capacity. By transfening flows, Metro can consolidate its secondary treatment 
facilities. Flow transfer projects are part of Metro's endeavor to provide secondary 
treatment for all base flows. 

The flow transfer projects involving the Carkeek and Alki CSO treatment plants have 
been discussed previously. A third project was initiated in 1988 when the Richmond 
Beach Treatment Plant was abandoned and replaced with a pump station to transfer flows 
to the Edmonds secondary plant. 

Effluent Disposal Systems 

The treated effluent from each of Metro's treatment plants is discharged through outfalls into 
Puget Sound. Outfalls in the Metro system range in size from 30- to 96-inch diameters. The 
diameter, length, and depth of each outfall are listed in Table 3-2. 

Table 3-2. Metro's EMuent Disposal Systems 

Plant 

West Point 

East Division 
Reclamation 

Alki 

Carkeek Park 

(inch) (feet) 

96 to 60,000 to 
Twin 64a 9.500 

Depth 
(feet) 

240 

I I I 

aThe East Division FTS consists of approximately 60,000 feet of 96-inch 
pipe, which empties into a 9.500-foot section comprised of two 64-inch 
pipes. 

CATAD Control 

The Computer Augmented Treatment and Disposal (CATAD) system is another 
important component of the wastewater conveyance system. The CATAD system serves 
to regulate flow and maximize storage capacity in existing sewers throughout the West 
Division. 

CATAD monitors and controls Metro's various pumps and regulator gates. From flow 
monitoring locations throughout the system, flow data is transmitted to the main control 
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center at West Point. The computer is programmed to use incoming information to make 
decisions regarding how to best manage the volume of wastewater flow. 

The basic objective of CATAD is to minimize CSOs from the system. CATAD 
continuously estimates flows to the pump and regulator stations. If these flows exceed 
the allowable flow rates at designated points within the system, key regulator gates are 
closed and pump station flows are curtailed in a sequence designed to store flows where 
capacity is available. 

Relationship between Metro and City of Seattle Systems 

When Metro was formed in 1958, it negotiated an agreement with the City of Seattle 
whereby ownership of certain system components would be transferred to Metro and 
other components would be retained by the City. Pipelines, trunks, and interceptor 
sewers were generally assigned to Metro if those facilities drained a natural drainage 
basin of more than 1000 acres or if the facilities served as major conduits to the outfall 
off Magnolia where sewage from Seattle was discharged. Metro also assumed ownership 
of treatment plants, some pump stations, regulators, and ovefflow points which had 
previously been operated by the City. 

The City of Seattle operates a sewer collection system which includes separated, partially 
separated, and combined areas. Metro operates a conveyance and treatment system 
which moves large amounts of wastewater from large drainage basins to Metro plants for 
treatment. Because of this difference in purpose of the two systems, Metro's conveyance 
pipelines are much larger than the City's conveyance facilities. 

When storms occur, both City of Seattle and Metro pipes can overflow. The overflows 
from the City system are usually smaller in volume and shorter in duration than the 
overflows from Metro's system. That is because the City's overflows respond more to 
peaks in the stormwater runoff, while the larger Metro pipes, which carry wastewater 
from larger areas, are more sensitive to total volume of mnoff. Metro pipes tend to 
overflow for a longer period during and after storms 

Two means have been used in the past to control CSOs in Seattle: partial separation and 
storage. Partial separation of combined areas (removing street drainage) reduces CSO 
volumes for both the City of Seattle and Metro. However, the subsequent discharge of 
stormwater may lead to degradation of the environment as evidenced by the NOAA 
settlement with Metro and the City discussed in the previous chapter. Both the City and 
Metro are placing less emphasis on partial separation as a CSO control method. Storage 
projects, on the other hand, hold back combised sewage for a_ brief period while the peak 
flow passes. Storage projects, either the City's or Metro's, may reduce or increase 
Metro's CSOs elsewhere, depending on the specific circumstances. If, for example, 
stored flows are released while Metro pipes downstream are still overflowing, the storage 
projects will have simply shifted the overflow to a new location without diminishing the 
total volume of wastewater discharged. It is possible that Metro operations of its 
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system could increase or decrease City overflows in certain areas. Analysis of CSO 
projects to date indicates that City storage and separation projects undertaken since the 
baseline years of 1981-1983 are expected to have reduced Metro's overflows by about 3 
percent (75 MGIyear). 
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CHAPTER 4 
REVIEW OF THE EXISTING CSO 

PROGRAM 

Metro is required by WAC 173-245-090 to periodically review its plan for controlling 
CSO volumes and frequencies. This review is required to evaluate the progress towards 
meeting the interim goal of 75 percent overall volume reduction. If additional control 
appears necessary, Metro is required to propose additional control measures necessary to 
meet that goal. This chapter describes the CSO conditions which existed at the time of 
the 1988 Plan and shows how changes and improvements to Metro's model have altered 
that description since 1988. The chapter will examine the status of projects included 
within the 1988 Plan and the status of other control projects which were not part of the 
original 1988 Plan. The impact of these projects on the 1988 existing conditions is 
evaluated to determine how far Metro has actually progressed towards meeting its goal. 
This chapter will also describe the impact of the 1988 Plan on sediment and water 
quality and the extent to which implementation of the 1988 Plan has improved water 
quality. Finally, the chapter will conclude with an analysis of the cost-effectiveness of 
Metro's CSO control projects. 

Existing Conditions from the 1988 Plan 

The 1988 Plan described the condition of the West Point system with respect to 
frequency, location, and volume of CSO discharge. In order to assess effectiveness of the 
1988 Plan and the progress Metro has made, it is necessary to begin with the existing 
conditions included in the 1988 Plan. 

Baseline Conditions 

For any selected time period, the actual volume and frequency of CSOs depend on the 
pattern of rainfall. At the same time, the existence and extent of overflows are also 
functions of the physical characteristics of the system itself. Because the Metro system is 
not constant but evolves and changes over time, it was necessary to select a point in time 
and determine how the system which existed at that time would handle differing rainfall 
volumes and patterns. 

In preparing its 1985 Final Plan for Combined Sewer Overflow Control, Metro and the 
Department of Ecoiogy determined that Metro CSG control system as it existed during 
the period 1981 to 1983 would be an appropriate baseline from which to measure CSO- 
control progress. Thus the term "baseline" refers to the physical characteristics of the 
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collection and control system during 1981-83, as well as the volumes or frequencies of 
overflows which occurred from that system. The baseline condition was also initially 
characterized by selecting seven storms during the 1981 through 1983 period as design 
storms for calibration in the modeling work. The stoms were selected because they 
cover a range of rainfall intensities and durations. These storms were also selected 
because adequate sewage flow and overflow data from the control monitoring points 
exist for those storms. One storm, Design Storm No. 6, which occurred November 16- 
18, 1982, is particularly significant. A facility which will control overflows during 
Design Storm No. 6 is expected to meet the goal of not more than one overflow event per 
year, on average. 

1988 Computer Modeling 

CSOs are modeled with computers to determine how they would change in the future and 
to predict the effects of alternative control strategies. Computer models are especially 
useful because of their ability to provide answers to a large number of "what if '  
questions quickly and relatively inexpensively. 

Annual overflow volumes in the Final 1988 Combined Sewer Ovetjlow Control Plan 
(1988 Plan) were obtained using the Seattle Area Combined Sewer Routing Organizer, 
or SACRO, a simplified model which simulates the routing of flows through Metro's 
conveyance system. It uses flowrates as its only means of control and does not compute 
water surface elevations in pipes. SACRO computes overflow volumes by adding all 
inflows to a given location (regulator or pump station, etc.) and subtracting the estimated 
capacity of the pipes or pump station leaving that location. Because it cannot explicitly 
account for the depth of flow upstream or downstream or for momentum or pressure 
effects, SACRO cannot provide highly accurate overflow estimates. SACRO estimates 
may be high or low, depending on the situation at each location. For example, SACRO 
predicted overflows at the Duwamish Pump Station that do not, in fact, occur. 

The column in Table 4-1 entitled, "1988 CSO Plan Baseline" shows the estimated annual 
overflow volume in millions of gallons for Metro permitted CSO locations included in 
the 1988 Plan. The 1988 Plan included overflow locations that were thought to 
overflow regularly. Recorded CATAD data provided the bulk of the information on 
overflow locations. Stations which were not monitored by the CATAD system were not 
included in the 1988 Plan, either because they were thought to be controlled to the one- 
event-per-year level or because there was not enough information available to ascertain 
whether they were controlled or not. 
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Table 4-1. Baseline Metro Overtlow Volumes 

station I888 Pian Baseline (MG) Revised Baseline ( M G ) ~  Difference in volume (MG) 

Southern Service Area 
8th Avenue Sodh 
W. Michigan Street 
Terminal 115 
Harbor Avenue 
East Marginal Way 
Chetan Avenue 
Norfolk Street 

Michigan Street 
Brandon Street 
Hanford #t  
Hanford #2 

Total Hanford 
Lander #I 

Connecticut Street 
King Street 
Denny Local 
Denny Lake Union 
interbay 

~ o t a l  Denny 
Duwamish 
Martin Luther King waya 
Rainier Avenue 
Henderson Streeta 
S. bAagnoliaa 
Northern Sewlce Area 
Dexter Avenue 
Canal Street 
East Pine Street 
301h Avenue NE 
Beivoir 
Maithem Beach 
University 
Montlake 
Ballard Regulator 
11th Avenue NW 

~ o t a l  Ballam 
3rd Avenue West 
North 9eacha 
Alki 
f4urrayb 
8artonb 
53rd Avenue SW 
SW Alaska streetb 

15 
2 

NIA 
55 

N/A 
25 
4 

250 
35 

N/A 
N/A 
680' 
215 
90 
70 

NIA 
N/A 
NIA 
370' 
130 
N/A 
N/A 
NIA 
N/A 
N/A 
12 
10 

N/A 
NIA 
N/A 
NIA 
21 1 
40 

NIA 
NIA 
9oC 

105 
NIA 

NIA 
NIA 
NIA 
NIA 

63rd  venue^ MI\ 95 $5 

Total (MG) 2409 2391 (1 8) 
astations not connected to CATAD and for which data was limited or non existent in 1988. 
b ~ t a t ~ o n ~  thought to be mntmlled in 1988, but not. Error resulted from problem wkh CATAD sensors 
C~eth~dology used to make these estimates necessitated the reportong ot totals tor closely assoc~ated overflows. 
d~evised 1981-83 baseline estimate based on new model. 
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The 1988 Plan computed annual overflow VO~UIECS either from CATAD data where 
available, or from the computer models then in use if CATAD data were not available. 
Because simulations of the entire Metro sewer system require extended periods of 
computer time to accomplish, it was decided to use the results from several actual storms 
as representative of the operation over an extended period. These 'design' storms were 
selected from the record to cover a range of actual system overflows from small to large. 
From the CATAD overflow records, factors were determined to apply to the overflows 
from the design storms so that they could be used to represent overflows from other 
storms of similar magnitude. When the overflows computed from the design storms are 
multiplied by these factors and the results for all design storms summed, an estimate of 
the total system annual overflow volume is the result. This method of computing annual 
overflow volumes is also being used currently to arrive at annual reduction estimates due 
to alternative projects. 

Metro's New Model 

One element of the 1985 Plan was an update of CATAD for the West Point Service 
Area. The CATAD improvement was intended to improve the efficiency of the system 
by making better use of the available storage capacity in the existing sewers. As part of 
that CATAD-modification process, Metro obtained and developed a new, more complete 
hydraulic routing model known as "UNSTDY." The SACRO model only compared flow 
rates. UNSTDY computes flow velocities and water surface levels throughout the 
system, allowing the computer to simulate backwater, flow reversal, surcharged and open 
channel flow, as well as correct regulator and pump station operation. The new model 
provides a degree of detail and accuracy which were not available with older models. 

Development of the new model required an investigation of the collection system and the 
previous CATAD control software. During this analysis, Metro discovered and corrected 
errors in the computer code used for the olh control program, errors in pipe 
characteristics in the system, and inaccuracies in the level sensors at certain control 
points. The new model was then recalibrated. This error-location, error-correction 
process is now on-going. 

Using the new model with the same rainfall data and the same existing system used to 
model CSOs in the 1988 Plan has produced revised baseline overflow volumes. Those 
revised CSO baseline volumes are shown in the middle column of data in Table 4-1. 

Revised Existing Conditions 

An updated set of overflow volumes based on the new Metro model gives a better, more 
accurate picture of the location and volumes of overflows under the 1981-83 baseline 
conditions. These new volumes reflect the increase in knowledge gained since the 1988 
Plan. A number of locations which were thought to be controlled to the one event per 
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year level in 1988 appear to require additional control measures. The right-hand column 
of Table 4-1 compares the annual overflow volumes from the 1981-83 system as 
determined in the 1988 Plan with the results obtained from the new Metro model. It is 
important to recognize that these new existing conditions take into account only data 
develo~ed bv use of the new model. Rainfall data used to calculate ovefflows did not 
change, and changes or improvements to the system itself since 1983 were not included. 
As in the 1988 Plan, the starting point is still the 1981-83 system. Now, however, Metro 
has better data with which to describe that existing system. 

As Table 4-1 illustrates, there is little difference in total overflow volume between the 
1988 Plan total of 2.409 billion gallons and the revised total volume of 2.391 billion 
gallons, However, while the totals may not have changed much, the variation at specific 
CSO sites is sometimes significant. The new volumes for the University and Montlake 
Regulators and Duwamish Pump Station are notably lower. At the same time, the 
estimated Chelan Regulator CSO volume increased almost three-fold, and the total 
Denny overflow volume rose by almost ten percent. Some overflows which were 
thought controlled to one event per year are not. These locations are discussed more 
fully in subsequent sections. 

Control Projects from the 1988 Plan 

The 1988 Plan described a number of CSO control projects which Metro would 
undertake through late 2005 to reduce CSO volume by 75 percent system-wide from the 
baseline volumes described in that plan. Some of those projects had been part of the 
1985 CSO control planning effort and were included within the 1988 Plan as current 
projects. Other projects were first proposed in the 1988 Plan. Table 4-2 summarizes 
1988 Plan projects, the year the project was to commence, and the year of anticipated 
completion. The 1988 Plan estimated that once the projects were constructed and 
brought on-line, overflow volumes would be reduced from 2,409 MG a year to 568 MG 
a year, a 76 percent reduction. 
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Table 4-2. Projects from the I988 Plan 

Project 

Hanford Separation 

Lander SeparationiBayview 
Storage 

CATAD Modifications 

Alki CSO Transfer Facilities 

Carkeek CSO Treatment Plant 

Parallel Fort Lawton Tunnel 

University Regulator (Green 
LakelPortage Bay Improvement 
Project) 

Denny Partial Separation 

Diagonal Separation 

Michigan Street Separation 

Kingdomellndustrial Separation 

'Delayed as a result of a bid protest regarding 

Year to 
Start 

Year to be 
Completed 

1987 

1992 

On-going 

Late 1997" 

1994 

1991 

1994 

Delayedb 

1999 

2003 

2006 

tunnel component. 
Delayed and modified as discussed in text. See page 5-4. 

- 

-- 

Specific CSO control projects from the 1988 Plan and the status of each are as follows: 

South Hanford Street Tunnel Separation Project 

The Metro component of the Hanford project involved installation of a new 36-inch 
sanitary sewer line inside the existing 108-inch South Hanford Street Tunnel. The work 
was done in conjunction with a City of Seattle partial separation project covering about 
1,132 acres upstream from the tunnel. The new 36-inch line carries the remaining 
combined sewage flows to the Elliott Bay Interceptor, while the tunnel itself is used to 
carry separated stormwater flows to the Diagonal Way storm drain and then to the 
Duwamish River. The project was originally thought to have eliminated CSOs 
discharged at the Hanford No. 1 Regulator Station. However, new evidence indicates 
that probable overflows totaling 7 MG per year occur from the Metro system upstream 
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from the Hanford Street Tunnel, eventually reaching the Diagonal Way Storm Drain. 
The newly estimated ovefflows occur at three weirs in the Rainier Valley (designated as 
"Bayview North," "Bayview South," and South Hanford Street at Rainier Avenue on 
Figure 4-1. Ovefflows may occur at these weirs due to hydraulic restrictions in the 36- 
inch line inside the Hanford Street Tunnel, causing flow to be spilled to the stormwater 
line that leaves the system at the Hanford No. 1 Regulator site. Further study is required 
to confirm current ovefflow values. The Hanford project was completed in October 
1987. 

Lander SeparationIBayview Storage Project 

The Lander Separation took place in two phases. In Phase I, a new 96-inch sanitary 
trunk, with the necessary connection structures, was constructed in South Lander Street, 
providing 1.4 million gallons of storage. Also, the Bayview Tunnel was reconditioned 
and reactivated in 1986 to divert sanitary flows from the Hanford Basin to the new 96- 
inch trunk. Phase I1 consisted of installation of a new stomwater collection system for 
the Lander basin. Construction of the BayviewLander project was completed in January 
1992. An interlocal agreement between the City and Metro clarifies NPDES stormwater 
permit responsibilities within the Lander and Densmore (University Regulator 
Separation) drainage basins. A new regulator station was constructed as part of this work 
(designated "Lander No. 2"). 

CATAD Modifications 

The Metro wastewater control system was designed to allow operators to change the 
system's operating strategy in response to changing conditions. The CATAD controls 
for the West Division collection system were modified to improve system efficiency 
through increased use of storage capacity in the existing sewers. Previously, the 
computer control system utilized 17 to 28 MG of the system's 60 MG capacity, or 
approximately 28 to 47 percent. Metro expected that improvements to the system would 
reduce annual CSO volumes by 150 MG per year. The project is mostly complete, 
although work on the level sensors is continuing. Computer simulations indicate that 
overflow reduction achieved by these improvements may total 200 MG. 

Fort Lawton Parallel Tunnel Project 

The Fort Lawton project involved construction of a new 12-foot diameter tunnel to 
provide a reiiable influent line to the West Point T:emnent Plant. %e new tunne!, when 
used in conjunction with the existing 144-inch brick tunnel, increased the influent 
capacity of the plant from 325 mgd to 440 mgd. Tunnel construction was completed in 
the summer of 1991, and the new tunnel went into operation during November of that 
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year. Flows to West Point will initially be restrictsd to 400 mgd during the startup at the 
West Point Secondary Plant to address operational concerns. Metro anticipates that 
flows can be increased to 440 mgd as operators become more familiar with the facility 
and facility modifications are made. Metro is now examining what modifications are 
necessary. 

University Regulator Separation 

This project included construction of a gravity pipeline, pump station, force main, and 
outfall pipeline to divert stormwater runoff from the Densmore drain, Interstate 5, and 
the outflow from Green Lake from the North Interceptor to the new outfall in the Lake 
Washington Ship Canal. The reduction in stormwat& through the University Regulator 
will significantly reduce CSO discharges to Portage Bay. Construction of the major 
comp&ents was completed in 1994, and the facility has begun operation. 

Carkeek Park Transfer and CSO Treatment Facility 

In 1989, the wastewater treatment plant at Carkeek Park was taken off line and converted 
into a CSO treatment facility. Combined flows of up to 8.4 mgd from the Carkeek basin 
are transferred to West Point for secondary treatment. Flows into Carkeek in excess of 
8.4 rngd (to a maximum of 20 mgd) receive primary treatment and disinfection at the 
Carkeek Park plant, then are discharged through the existing outfall. Combined flows in 
excess of 20 mgd are stored until flows subside and treatment capacity is once again 
available. If storage capacity is not available, excess flows are discharged. Construction 
of all elements of the project is now complete, and the plant began operation in the fall of 
1994. 

Alki TransferlCSO Facilities Project 

The Alki project is designed to transfer flows of up to 19 mgd from the Alki drainage 
basin to West Point for secondary treatment. Combined sewer flows above 19 mgd, up 
to a maximum of 65 mgd, will receive treatment and disinfection at the existing Alki 
treatment plant before being discharged through the existing outfall. Flows in excess of 
65 mgd (expected to occur less frequently than once per year) will be discharged via the 
63rd Avenue Pump Station outfall, which is permitted as a CSO location. The existing 
Alki Treatment Plant will be modified to permit intermittent operation. 

To avoid capacity problems in the West Point system which might result from the 
addition of Alki flows, pipelines are under construction to transfer a corresponding 
amount of flow from the Norfolk Regulator to the East Division Reclamation Plant at 
Renton via the Allentown Trunk and Interurban Pump Station. A new West Seattle 
Tunnel will provide conveyance of Alki flows out of the Alki basin. A pipeline for 
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control of Harbor Regulator overflows is being added to this project as discussed later in 
this report. 

The Alki project design began in 1992 and construction of some components has begun. 
Final completion and start-up for the project have been delayed as a result of a bid 
protest on the tunnel component of the project. The transfer/conversion of Alki to a CSO 
treatment plant is expected to occur by late 1997. Specific conditions for the permit to 
operate Alki are being negotiated with the Department of Ecology. 

Kingdomellndustrial Area Storage and Separation Project 

The 1988 Plan called for total separation of the Kingdome parking lot and the industrial 
area south of the Lander project. The project was one of the last 1988 Plan projects, 
with design to begin in 2000 and completion by the end of 200.5. The predesign report 
for the Kingdome project was accelerated to 1992 in conjunction with work undertaken 
to improve Royal Brougham Way for car ferry access. 

During predesign, total separation was rejected as not cost-effective due to the cost of 
disconnecting building drains on private property and the limited capacity of the existing 
combined sewer lines to convey stormwater. As a result, the project was modified to 
include partial separation by removing street and Kingdome parking lot drainage from 
the combined system. The revised Kingdome project involves construction of a new 96- 
inch sanitary trunk in Royal Brougham Way, 11.3 MG of off-line storage, and a new 
regulator station and connection to the Elliott Bay Interceptor. Recent results from 
Metro's modeling indicate that storage must be increased to at least 13.6 MG. Because 
of Metro's desire to cooperate with the City of Seattle's Royal Brougham street-widening 
project, construction of a portion of the 96-inch line was moved forward to 1994. Until 
the rest of the project is designed and constructed, the new line will be used for CSO 
storage. Whether the partial separation and off-line storage portions of the project will 
be rescheduled is under review as part of the RWSP. 

Denny Way CSO Control 

The 1986 CSO Control Plan called for a storage and treatment approach for controlling 
Denny overflows. The 1988 Plan, however, recommended a partial separation project 
comprised of 584 acres in the DennyLake Union and Denny Local basins, to be 
complemented by an assumed City of Seattle partial separation of over 600 acres 
upstream of the Lake Union Tunnel. The 1988 Plan scheduled this partial separation 
predesign to begin in 1993 with construction to be completed by 1999. 

Metro subsequently reassessed the Denny project in light of changes in the regulatory 
environment and progress made in its CSO control program. Then, in 1991, the City of 
Seattle Drainage and Wastewater Utility requested that Metro participate in a joint CSO- 
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control alternative analysis to find ways to contrd discharges into Lake Union from 
Seattle's system and into Elliott Bay at the Denny Regulator Station from Metro's 
system. In 1992, a joint DennyLake Union project was submitted as a candidate for 
Coastal Cities Grant funds, and the Denny project was accelerated in order to take 
advantage of the potential $35 million in grant funding (which is expected to become 
available in 1995 for the project). During 1994, a specific joint City of SeattlelMetro 
DennyLake Union CSO Control Project was identified as pan of Metro's CSO control 
program for the next five years. That DennyLake Union CSO Control Project is 
described in Chapter 5. 

Michigan Separation Project 

The 1985 CSO Control Plan called for a total separation project in the Michigan basin. 
This project would involve removing both street drainage and roof top drainage by 
providing new sanitary sewers. The 1988 Plan scheduled such a project for the latter 
part of its 20-year program, calling for completion by the end of 2005. The predesign 
report for Michigan was accelerated to 1992 in conjunction with work being undertaken 
by the Washington Department of Transportation to upgrade of the First Avenue South 
Bridge. The predesign report rejected total separation as too costly and disruptive to 
private property and recommended installation of approximately 3,430 feet of sanitary 
trunk sewer in South Michigan StreetICorson Avenue South, separation of industrial 
areas identified in the basin, and construction of a new regulator station and a new 4.2 
MG storage tank. Metro modeling indicates that the storage tank will need to be 
increased to at least 5.3 MG. Through construction of the above facilities, approximately 
70 percent of the stormwater would be removed from 238 acres in the Michigan basin. 

Because part of the sewer line crosses the Duwamish River in the vicinity of First 
Avenue South, the schedule for design activities for Michigan has been accelerated to 
coordinate with the Department of Transportation's construction of bridge improvements 
at the First Avenue South Bridge. Final design of the project will depend on action 
recommended by the RWSP. Other alternatives are under study. 

Diagonal Separation Project 

The 1988 Plan considered a separation project to totally separate sanitary and storm 
drainage in approximately 720 acres of combined and partially-separated industrial area. 
The project would have complimented the City of Seattle's separation project near 
Metro's Duwamish Pump Station. The final 1988 Plan included a Diagonal 
storagelseparation project as a City of Seattle project and not as a Metro project. 
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Other CSO Projects 

Since adoption of the 1988 Plan (largely because of more accurate modeling information 
than was available at the time the 1988 Plan was adopted), four new projects for CSO 
control have emerged. New projects which were not identified in the 1988 Plan and the 
anticipated starting and ending dates for each are shown in the following Table 4-3 and 
are briefly described as follows: 

Table 4-3. Projects Not Identified in the 1988 Plan 

Project 1 year to start I Year to be Completed 

HendersoWMartin 
Luther King Way CSO 
Control Engineering 
Evaluation 

North Beach Storage 
Pump Station Upgrade 

Mrbor (Xi0 Pipeline 1 1995 

Brandon Separation I 1992 

Project to be determined in RWSP 

To be determined in RWSP 

1997 

To be determined in RWSP 

Henderson /Martin Luther King Way CSO Control Engineering Evaluation 

At the time of adoption of the 1988 Plan, Metro believed all CSOs into Lake 
Washington, including the discharge from the Henderson Street Pump Station and the 
Martin Luther King Way overflow weirs, had been controlled to one overflow event per 
year. Monitoring data were not available for the Martin Luther King Way or Henderson 
Street Pump Stations overflows during preparation of the 1988 Plan. Recent monitoring 
data, however, indicate that overflows at these locations in fact occur more frequently 
than one event per year. As a result, Metro has begun a study to characterize the sources 
and causes of overflows at these locations and identifv interim and Dermanent corrective . 
measures to control overflows. Findings from that study, to be completed by mid 1995, 
will be incorporated into the Regional Wastewater Services Plan. 

As part of the Alki TransferICSO Facilities Project, most wastewater flows from the 
Norfolk area are being transferred to the East Division Reclamation Plant at Renton.. 
Approximately 6 MG of annual overflow volume at the Norfolk Regulator remains. 
Metro will make sure that any project to control overflows in the Henderson and Martin 
Luther King Way areas will not cause additional overflows at Norfolk. 
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Harbor CSO Pipeline Project 

As noted previously, part of the Alki project was the construction of a new tunnel (West 
Seattle Tunnel) to move combined flows out of the Alki basin. During the development 
of the 1995 CSO Update, it was noted that the tunnel could provide storage of up to 5.5 
MG of combined wastewater to relieve overflows at the Harbor Regulator (which 
overflows 56 times per year, resulting in average overflows of 58 MG per year). Metro 
is currently negotiating with the Department of Ecology to amend the National 
Environmental Policy Act (NEPA) Environmental Assessment to include the Harbor 
CSO Pipeline Project, described in Chapter 5, as part of the Alki project. The Harbor 
CSO Pipeline Project would reduce CSOs at this location to one event per year. 

North Beach StorageIPump Station Upgrade 

Metro believed in 1988 that overflows from the North Beach Pump Station did not occur 
more than once per year. However, during predesign for the Carkeek Park CSO 
Treatment Plant, overflows were identified. Metro therefore initiated a predesign process 
to control those overflows, and a predesign report was completed in July 1993. That 
report called for constructing a new storage basin at the pump station site, increasing the 
pump station capacity, and constructing a new pipeline in Carkeek Park to reroute flows' 
from two City of Seattle gravity sewer lines that discharge directly to Metro's force 
main. The schedule for implementing the predesign report recommendations will be' 
determined in the RWSP. 

Brandon Separation Project 

During the predesign work on the Michigan Separation project, the predesign team 
recommended a Brandon partial separation and storage project as an addition to the 
Michigan project. Brandon basin separation will require 1,640 feet of new sanitary 
trunk, partial separation of approximately 52 acres, construction of a new regulator 
station, and a new 4.7 MG off-line storage facility. Recent Metro modeling suggests that 
the storage could be reduced to 3 MG. Preliminary design of Brandon was completed in 
1992 in conjunction with the Michigan separation project, and a portion of the Brandon 
design was accelerated to allow coordination with the First Avenue South bridge 
improvements. Final design will begin in 1998, depending on an RWSP decision. 
Brandon Separation is one of a number of alternatives under consideration in the RWSP 
process. 
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1998 Existing Conditions 

Since the 1988 Plan, several projects have been completed by Metro to reduce CSOs. 
The projects which have been completed are as follows: 

0 Hanford Separation Project 

0 Lander Separation Project. 

Bayview Storage Project. 

University Regulator project, including removal of Densmore Drain and 
Green Lake flows. 

Carkeek Park CSO Treatment Plant. 

Parallel Fort Lawton Tunnel. 

CATAD modifications, including: 

Predictive Control Computer Program. 
CSO mode at Interbay Pump Station. 
Some bubbler corrections. 
Flow calculation corrections. 

0 Initial portion of 96-inch trunk in Royal Brougham Way. 

The following projects are scheduled to be completed by late 1997: 

* Completion of bubbler repair. 

0 Alki TransferICSO Facilities Project (including transfer of Norfolk flows to 
Renton). 

0 West Point Upgrade to secondruy treatment and 440 mgd capacity (to include 
CSO treatment). 

0 Interbay Pump Station Upgrade to 133 mgd. 

0 Completion of the 96-inch diameter trunk line in Royal Brougham Way. 

Metro recently conducted new computer simulations in order to assess the effectiveness 
of the system, now that some CSO control projects have been completed. For purposes 
of these simulations, all which will be completed by 1998 were assumed completed. 
Because the simulation is of the wastewater system as it will exist in 1998, the results of 
that simulation are referred to as the 1998 conditions. 

Between 1981 and the end of 1993, the City of Seattle constructed 29 storage projects, 
four storage and separation projects, and six stormwater separation projects. All of these 
projects were also included in the model simulations for 1998 conditions. 
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The seven design storms were simulated to estimate the annual overflow volumes 
remaining in the year 1998 and to estimate the volume associated with Design Storm No. 
6, the one-year CSO event. Two different assumptions were made for these simulations: 

Alternative Assumption 1: lnterbay would be allowed to pump up to 133 
mgd without being restricted, and the West Division Treatment Facility at 
West Point would operate at 440 mgd as much as possible to minimize CSOs 
overall. 

Alternative Assumption 2: Interbay would be restricted such that flow to the 
West Division plant would seldom exceed 400 mgd. This assumption reflects 
operability concerns of allowing 440 mgd to flow into an untested new plant. 

The annual overflow volumes expected in 1998 resulting from each assumption are 
presented in Table 4-4. That table shows that upon completion of all of projects now 
underway, Metro will have controlled approximately 796 to 886 million gallons of 
overflow. That amounts to approximately 33 to 37 percent of its revised 1988 baseline 
CSO volumes, depending on whether West Point peak flows are restricted to 400 mgd or 
allowed to reach 440 mgd. As of 1988, Metro still needs to control an additional 1,027 
mgd. Included in these annual estimates are the overflows which were thought to have 
been controlled to the one event per year level in the 1988 Plan but have been shown by 
flow monitors to occur more frequently. Table 4-4 also shows the number of overflows 
expected in an average year after all improvements completed by 1998 have come on 
line. Figure 4-1 shows the status of Metro permitted CSO locations with respect to the 
one event per year goal after completion of all projects described above. 

Limiting Interbay Pump Station flow when flows are high in the North Interceptor will 
decrease annual overflows into the Ship Canal. At the same time, reducing the Interbay 
setpoint will increase annual overflow volumes into Elliott Bay, with most of the increase 
occumng at Denny Way. 

Additional Study Requirements 

In performing the newest modeling studies, certain locations still do not have sufficient 
data to estimate an accurate baseline. These locations will reauire further studv. That . 
future study includes possible flow monitoring during storm events in order to obtain 
reliable data to calibrate the model. Specific locations for which additional study is 
ongoing include: 

South Magnolia. The uncertainty about South Magnolia overflow volume results from 
uncertainh~ about restrictions in the convevance svstem in that vicinity. Current . . 
modeling indicates 15 MG per year for South Magnolia overflows. However, an 
investigation of downstream pipe systems may reveal that value to be excessive. 
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Table 4-4. Annualized 1998 Baseline CSO Volumes and Frequencies 

Overflow Location 

Southern Service Area 
8th Avenue south 
W. Mlchiaan Street 
Terminal 115 
Harbor Avenue 
East Maminal Wav 
Chelan Avenue 
Norfolk Street 
Michiaan Street 
Brandon Streat 
Hanford #I a 
Hanford #2 
Lander 112 
Connecticut Street 
Kina Street 
Dennv Local 
Dennv Lake Union 
lnterbav at Dennv 

Total of Dennv 
Martin Luther Kina Wav 
Rainier Avenue 
Henderson Street 
Duwamish. 
S. Maanolii 
Northern Service Area 
Dexter Avenue 
Canal Street 
East Pine Street 
30th Avenue NE 
Behroir 
Matthews Beach 
Univarsiw 
Montlake 
Ballard Rewlator 
I lth Avenue NW 
3rd Avenue West 
Nom Beach. 
Alkl 
Murrav d 
Barton 
53rd Avenue sw d 
63rd Avenue SW 

-d 

Total (MG) 
a Includes overflows at Bayvie! 

which leaves the svstem at tt 

lnterbav F 

Unrestricted 
WP 440 mgd (MG) 

1505 
rlh, Bayview South r 
le of the former Hans 

Restricted 
WP 400 rngd (MG) 

1595 
Rainier Ave. at Hank 
71 Regulator. 
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Hanford No.1. The Hanford No. 1 overflows are the product of overflows from three 
weirs in the Rainier Valley (Bayview North, Bayview South, and South Hanford Street at 
Rainier Avenue). Overflows from the area were thought to be controlled by the 1987 
Hanford separation project. However, modeling suggests that the desired degree of 
control was not achieved in the Hanford project. All three weirs spill into the storm 
drain leading to Hanford Tunnel which discharges to a stormwater pipe in the Diagonal 
area at the former site of the Hanford No. 1 Regulator. Recent modeling suggests a 
combined discharge flow from the three weirs amounts to approximately 7 MG per year. 
That volume is an estimate only based on uncalibrated model results. This will be 
refined by calibration after collection of monitoring data. 

Connecticut Street. Initial computer simulations of the Connecticut Street basin 
produced overflow estimates substantially higher than actual monitoring has ever 
revealed. Additional investigation of the basin is required to determine the reason for the - 
variance. The annual overflows shown in Tables 4-1 and 4-4 are consistent with 
measured values using adjusted computer simulations. 

Chelan. A discrepancy between the computer model and actual operation of the City of 
Seattle's storage tanks in the Delridge area along Longfellow Creek was recently noted. 
This may impact estimates for Chelan overflows in the future. The values shown in 
Table 4-1 are correct for the 1981-83 baseline period which preceded construction of the 
City's tanks, however. 

Alki. The calibration of the Metro model has not been completed at the Barton, Murray 
and SW Alaska Street CSOs. Data is now being collected to confirm the current 
estimates. 

Water and Sediment Quality 

In order to comply with WAC 173-245-040(2), a CSO-reduction plan must include the 
following information: 

(a) Documentation of CSO activity. Municipalities shall complete a field 
assessment and mathematical modeling study to establish each CSO's location, 
baseline annual frequency, and baseline annual volume; to characterize each 
discharge; and to estimate historical impact by: 

(i) Flow monitoring and sampling of CSOs. Monitoring and sampling at one 
or more CSO sites in a group which are in close proximity to one another 
shall be sufficient if the municipality can establish a consistent hydraulic and 
pollutant correlation betweenlamong the group of CSO sites. Sampling may 
not be required for sites which serve residential basins. 
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These WAC requirements were translated into e monitoring plan through the NPDES 
permit for the West Point Treatment Plant. Metro agreed to conduct discharge and 
sediment sampling at five CSO sites each year through 1992. 

CSO Monitoring Program 

As described in the 1988 Plan, Metro's sampling program was to collect data for five 
CSO sites per year. Discharge samples were to be taken four times per year under 
overflow conditions at each site, and the sampling data was to be used to characterize the 
CSO effluent at each site. Table 4-5 shows the number of discharge samples taken at 
each site and summarizes the status of discharge sampling for each site. The monitoring 
program is nearly complete. As the table indicates, three sites (Dexter, Eighth Avenue, 
and Chelan) still require sampling, and one of the sites (Montlake) has had only three of 
the required four samples taken. Because the 1993-1994 season proved to be 
considerably drier than normal, and also because of equipment malfunctions, Metro 
sampling for those four sites could not be completed. All four are due to be sampled 
during the 1994-95 wet season, assuming sufficient storm events. 

The results of the CSO Monitoring Program are presented in the series of tables found in 
Appendix E. 

Sediment Monitoring Program 

As noted above, sediment sampling is part of NPDES requirements. Sediment quality is 
an especially important issue for Metro. In 1991, the United States, on behalf of the 
~at ional  oceanic and Atmospheric Administration (NOAA) filed suit against Metro and 
the City of Seattle, claiming, among other things, that CSO discharges had unduly 
damaged benthic sediment quality. Subsequently Metro, the City of Seattle, NOAA, and 
others settled the litigation, with Metro and the City each agreeing to pay up to $12 
million in sediment protection and restoration work. However, NOAA expressly 
reserved the right to sue again to bring claims for recovery of natural resource damages 
in the area covered by the consent decree resulting from the release of hazardous 
substances from CSO andlor stormwater outfall systems after the effective day of the 
consent decree. 

The 1988 Plan provided for sediment samples to be taken at nine CSO sites. Plan 
requirements were completed in 1990. However, Metro is in the process of developing a 
comprehensive, site-specific baseline study plan for biological and chemical analysis of 
the sediment to meet additional NPDES requirements. A Sediment Baseline Monitoring 
Plan, which provides for additional monitoring of marine sediments in the vicinity of 
wastewater treatment plant outfalls and CSOs, was submitted to the Department of 
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Table 4-5. CSO Monitoring Program Status 

Discharge Monitoring 
Michigan 
Lander 
Denny 
l l t h  Ave. NW 

3rd Avenue West 

Ballard 

Connecticut 

Brandon Street 

Norfolk Street 

W. Michigan 

Eighth Avenue 
Chelan Avenue 
Dexter Avenue 
Montlake 

Sediment Monitoring 
Ballard 
l l t h  Avenue NW 
3rd Avenue West 
Dexter Avenue 
Montlake 
Eight Avenue 
Brandon Street 
Michigan 
Norfolk Street 

Permii Requirements Met 
Permit Requirements Met 
Permit Requirements Met 
Permit Requirements Met 

Permit Requirements Met 

Permit Requirements Met 

Permit Requirements Met 

Permit Requirements Met 

Permit Requirements Met 

Permit Requirements Met 

Sampling in 199411995 
Sampling in 199411995 
Sampling in 199411995 
Additional Sampling 
199411 995 

05/30/89 8900565 Permit Requirements Met 
05/30/89 8900564 Permit Requirements Met 
05/23/90 9038893 Permh Reqiirements Met 
05/23/90 9006687 Permit Requirements Met ) Permit Requirements Met 05/23/90 ) 900689 
05/23/90 9006688 Permit Re uirements Met 

05/30/89 
05/30/89 
05/30/89 

8900560 
8900561 
8900563 

Permit Requirements Met 
Permit Requirements Met 
Permit Requirements Met 
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Ecology for approval in the fail of 1994. That plan characterizes each CSO site 
according to the status of clean-up activities as follows: 

For five sites, a cleanup study is already underway or contemplated in the near future, 
and therefore no new baseline sampling is being proposed under the plan. 

For five sites, baseline sampling is complete, and no additional sampling is planned 
unless requested by the Department of Ecology. 

For three sites, cleanup activities are anticipated, and sampling is required to facilitate 
those activities. 

For seven sites, new baseline sampling is proposed. For these sites, the monitoring 
plan specifies the manner in which sampling will be carried out. 

Cost-Effectiveness of CSO Control Projects 

In accordance with Environmental Protection Agency policy, the 1979 Combined Sewer 
OverjZow Control Program evaluated CSO control projects on the basis of the cost- 
effectiveness of those projects. A graph plotting cost versus reduction of overflow 
volume was made. In all cases analyzed for that plan, a pronounced "knee," representing 
a dramatic increase in marginal control costs, could be identified. That was considered 
the cost-effectiveness point, beyond which the incremental benefits were not considered 
worth the additional costs. This "knee-of-the-curve" approach to cost-benefit analysis 
was generally similar to the analysis used on most Metro project proposals at that time. 
In the 1985-86 planning effort, the knee of the costmenefit curve approach was also used 
to select an appropriate control level of 60 percent reduction in annual CSO volume. 

The regulatory environment has changed since 1979 which makes the "knee-of-the- 
curve" approach no longer valid. Specific ovefflow frequency and volume reduction 
targets for CSO control were established. In addition, regulations requiring that Metro 
inventory and monitor the wastewaterICS0 system were established. These regulations 
led to an on-going effort to develop the new Metro model to better understand the system 
and the acquisition of additional data to calibrate that model. As previously noted, Metro 
must meet the long-term CSO control goal of no more than one overflow event per year, 
and in the short-term, CSO control must provide 75 percent volume reduction by the end 
of 2005. Metro is free to select specific program elements which will be used to meet 
those goals, but the regulations do not provide for an exemption from control 
requirements because the marginal costs exceed the marginal benefits as was the case in 
1979. 

Re-examination of costs and effectiveness of the 1988 Plan projects during the 
development of this 1995 CSO Update indicates that the estimated construction costs of 
those projects have increased due to inflation as well as other factors noted later in this 
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section, and that the effectiveness in terms of CSO volume control is less than 
anticipated. Figure 4-2 presents estimated accumulated capital costs to achieve specified 
levels of CSO volume control based on the 1988 Plan. Capital costs from the I988 Plan 
have been inflated 21 percent according to the difference in the Engineering News 
Record Construction Cost Index in 1988 and 1994 to facilitate comparison. The points 
on the line labeled "1988 Plan Inflated to 1994 dollars" correspond to the phases of 
implementation included in that plan through the program to achieve one-event-per-year 
controls. 

The projects in the first four phases of the 1988plan are noted in Table 4-6. Additional 
' partial separation projects were developed in the 1988 Plan which, when added to the 

first four phases, were to result in one event per year control at each of Metro's CSO 
locations. On Figure 4-2, the one event per year point lies at 85 percent CSO volume 
reduction. This is because the system will still be overflowing at an average frequency of 
once per year even after implementation of these control projects. The projects and costs 
are listed in Appendix F. 

The line labeled "1995 Estimate" on Figure 4-2 includes actual total project capital cost 
estimates for projects through Phase 2 of the I988 Plan, and estimated costs for projects 
in modified phases 3 and 4 as well as possible one event per year controls developed in 
this 1995 CSO Update. Projects in the modified phase 3 are as included in this 1995 
CSO Update described in Chapter 5. Projects for modified phase 4 and one event per 
year are a potential selection, but are not recommended in this I995 CSO Update. The 
projects are also noted in Table 4-6 and are described in early sections of this chapter and 
in Chapter 5. Estimates of the effectiveness of those projects developed with Metro's 
new model are included. The 1995 Estimate line starts from the 1998 Baseline condition 
as shown in Table 4-4 after completion of phase 1 and 2 projects from the 1988 Plan. As 
noted earlier, these projects are anticipated to provide a 33 to 37 percent reduction in 
annual CSO volume rather than the 50 percent estimated in the 1988 Plan. Also as noted 
earlier, the original phase 3 and 4 projects are not expected to achieve 75 percent volume 
reduction as assumed in the 1988 Plan. Thus, the 1995 Estimate includes additional 
projects to reach the 75 percent CSO control objective. These additional projects include 
CSO storage projects at the Martin Luther King Way and Henderson CSO locations, the 
addition of components to the Denny Way project defined in Chapter 5 to enhance 
treatment capabilities, and the Brandon separationlstorage project defined earlier in this 
chapter. To reach the one event per year control level, the 1995 Estimate includes CSO 
treatment facilities at the Hanford and Lander CSO locations and storage facilities at all 
other CSO locations not included in other phases (see Appendix F). These projects 
represent only one potential approach to achieving the CSO Control objectives. Later 
analysis in the RWSP process will make final project recommendations and prepare 
schedules. 

Total project costs to Metro through Phase 2 of the 1988 Plan were lower than 
anticipated due to grant funding. However, examination of Figure 4-2 indicates that the 
currently-estimated total project capital costs to achieve the CSO control objectives of 75 
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Figure 4-2. Capital Costs Necessary to Achieve Control of CSO Volumes 

Table 4-6. Actual and Representative Projects Included in 
Cost-Effectiveness Analysis 
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percent volume reduction and one event per year have increased significantly since 
preparation of the 1988 Plan. The current estimate of total costs to achieve 75 percent 
CSO volume reduction and one event per year control are approximately double what 
was estimated in 1988. Reasons for this increase in cost include the following: 

Additional markups on construction cost as a result of recent experience. Current 
cost estimates use higher contingencies and allied costs than were used in 1988. 

Changes in cost estimating methodology. Cost estimates are now made using more 
detailed accounting of all components of any project. As a result, they are more 
accurate. 

Changes in basic project assumptions. For example, the costs of partial separation 
have risen dramatically due to changes in City of Seattle requirements. These include 
the requirement to provide drainage facilities for the 10 year storm instead of the 5 
year storm, and the requirement to replace one full panel of the street surface where 
concrete paving is used. Also, the Denny Way partial separation project described in 
the 1988 Plan understated the project area requiring separation by approximately 200 
acres. It was assumed by Metro in 1988 those 200 acres would be included in the 
City's East Lake Union separation. In fact, however, the City elected not to separate 
this area since it was not needed for control of its CSOs. Thus Metro would have 
been forced to increase the separation project area to maintain the desired volume 
control or settle for a smaller amount of volume controlled for the original project 
budget. 

Decreased project effectiveness. As noted before, the new Metro model has indicated 
that the 1988 Plan estimates of annual CSO volume at the Duwamish pump station 
and University Regulator were significantly higher than actually occurred. Since the 
1988 Plan assumed these CSOs would be significantly reduced, the estimates for 
effectiveness for the projects in that plan were overstated. As a result, it will be 
necessary to do additional projects at increased cost to provide the required 75 
percent reduction in annual CSO volume. 

WastewaterfCSO System Complexity. The complex hydraulics of the Metro system 
require an on-going effort to refine understanding of the system's behavior. As this 
process proceeds, changes in both scope and effectiveness will occur as Metro moves 
into design and construction. 

Figure 4-2 shows that the 'knee of the curve' remains at approximately the 75 percent 
volume reduction point as was the case in 1988. Costs to reach that level of control and 
the ultimate one event per year controls are now estimated to be significantly higher than 
anticipated in the 1988 Plan. work in this IJpdate indicates that the projects included in 
Phase 4 of that plan (Michigan and Kingdomehdusmal Area storage and separation 
projects as described on pages 4-9 and 4-10) appear to remain cost-effective on the basis 
of dollars per gallon of CSO controlled compared to alternative projects. The RWSP is 
examining these projects in light of concerns over stormwater discharge to the Duwamish 
estuary arising from the NOAA settlement described on page 1-5. The RWSP process 
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will be complete ir. late 1995 or early 1996. It will define projects, priorities and 
schedules for control of CSOs beyond the three specific projects (Denny WaylLake 
Union CSO Control, Harbor CSO Pipeline and HendersonMartin Luther King Way 
Engineering Evaluation) identified in Chapter 5 of this 1995 CSO Update. 

Page 4-24 cbserV683Lhoptn4.doc 



1995 CSO Update 

CHAPTER 5 
CSO CONTROL PROJECTS FOR 

THE NEXT FIVE YEARS 

The previous chapter evaluated the progress Metro has made towards meeting its goals of 
one overflow event per year and 75 percent volume reduction. This chapter will begin 
with a brief review of projects originally proposed in Phases 3 and 4 of the Final 1988 
Combined Sewer OverJlow Control Plan (1988 Plan). Then it will describe the specific 
1995 CSO Update projects which Metro will undertake during the next five years. Those 
1995 projects are the Denny WayLake Union CSO Control Project, the Harbor CSO 
Pipeline Project, and the HendersonIMartin Luther King Way CSO Control Engineering 
Evaluation. The locations of each are shown on Figure 5-1. The 1995 projects and their 
implementation schedules will be evaluated in terms of 1988 Plan goals. The chapter 
will conclude by examining the benefits those new projects will produce and the project 
costs Metro will incur. 

Projects from the 1988 Plan 

As discussed in Chapter 4, the 1988 Plan described 11 specific Metro projects and 
proposed phasing them over a 20 year period in four phases. Table 5-1 provides a 
summary of the 1988 Plan projects and compares their status with the projects set forth 
in the 1995 CSO Update which are to be completed in the next five years. 

Denny Partial Separation Project 

The Denny project described in the 1988 Plan called for partial separation of Denny 
Local, a portion of Denny WayLake Union, and Vine Street Basin flows. This project, 
which would have intercepted street drainage only, was expected to reduce the annual 
overflow volumes at the Denny Regulator by 50 percent. In the plan development, it was 
assumed that the City of Seattle would separate most of the remaining combined area 
tributary to the Lake Union Tunnel. Metro's Denny project was to begin in 1993, and 
construction was to be completed by 1999. Metro, however, delayed the project in 1990 
out of concerns about compatibility of the project with City plans. 

At the same time Metro was developing its 1988 Plan, the City of Seattle was preparing 
a CSO control plan of its own. The City's 1988 CSO Control Plan included partial 
separation of part of the East Lake Union basin and construction of a large storage tank 
near the south end of Lake Union. The tank would have drained to Metro's Lake Union 
Tunnel, which conveys sewage from the south Lake Union area to the Denny Way 
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Table 5-1. Comparison of CSO Control Projects in I988 Plan and 
1995 CSO Update. 

Determined in 
1 I RWSP 

Kingdome/lndustrial Separationa I 2005 I Kingdomellndustrial Separation To be 
I I I Determined in 
I I I RWSP 

a Delaved as a result of a bid omtest reoardina the tunnel comwnent. - - 
b ~ h i  igaa Plan desfgnated diagonal as a ~ l t y  project. 

Oridnal Droiect modifled and delayed. The Dmlect is now called me Denny WaylLake Union CSO Control Pmiect and is 
scheduled to be completed in 2000. Some components may be re-scheduled i s  pan of RWSP. 
Partially completed in 1994. 

Regulator Station. In later predesign studies, the City developed a plan for the area east 
and south of Lake Union that conveyed flows to the south end of the lake instead of 
separating the area. The later plan called for CSO flows to be stored in an even larger 
tank there. There was concern of whether capacity existed in Metro's Elliott Bay 
Interceptor to convey these stored flows to West Point for treatment and whether release 
of the large volume of stored sewage would increase Metro's overflow at the Denny 
Regulator. 

In 1991, the City of Seattle began working with Metro to find better ways of controlling 
CSO and stormwater discharges into Lake Union and into Elliott Bay. A joint 
CityIMetro project offered both parties the opportunity to view its own CSO problem in 
the larger context of total system volume reduction. A joint project would also allow the 
parties to pool their resources to design and construct the best system-wide solution. A 
joint project would control City flows and other flows draining to the Lake Union Tunnel 
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and overflows from the Dexter Regulator to the one-event-per-year level. The May 1992 
Feasibility Study-CSO Control for Lake Union and Denny Regulator recommended 
construction of an eight-foot diameter tunnel from south Lake Union to Elliott Avenue. 
The report also recommended construction of a CSO treatment plant in the vicinity of the 
Denny Regulator. The Feasibility Study did not consider separation options. 

Recently, Metro has re-examined the overflow problem at the Denny Regulator Station 
in light of changes to Metro's model since the Feasibility Study. Metro also wanted to 
evaluate partial separation and other options for the Denny basin. After carefully 
evaluating partial separation and other alternatives, Metro modified the Denny project 
described in the 1988 Plan. The modified Denny project is described beginning on Page 
5-5. 

Michigan Street Separation Project 

The I988 Plan included a total separation project for Michigan Street as one of its final 
project elements. As noted in Chapter 4, the predesign report for Michigan was 
completed in 1992. The predesign rejected total separation as too costly and disruptive 
to private property. Pipeline design has been accelerated to coordinate with a 
Department of Transportation project to improve the First Avenue South Bridge over the 
Duwamish River. Design for the balance of the project will depend on action 
recommended by the RWSP. 

Kingdome/lndustrial Separation Project 

The final Phase 4 project under the 1988 Plan involved separation of the Kingdome 
parking lot and the industrial area to the south and construction of a new sanitary trunk 
for remaining flows as described in Chapter 4. During 1994, Metro installed a portion of 
the new 96-inch trunk in order to coordinate the installation with a City of Seattle street 
widening project south of the Kingdome on Royal Brougham Way. The new line can be 
used for CSO storage until the rest of the project is constructed. Metro is re-examining 
the project schedule for the Kingdome project as part of its RWSP. 

CSO Control Program Changes for the Next Five Years 

In place of partial separation for Denny Way, Metro has put forth a modified Denny 
~roiect, the Denny WayLake Union CSO Control Proiect described below. The 
kingdome and ~ ich igan  projects described above, the modified Denny project, a Harbor 
CSO Pipeline Project, and a Henderson /Martin Luther King Way CSO Control 
~ n ~ i n e & n ~   valuation, make up Metro's CSO program fo; the next five years. 
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Denny WayILake Union CSO Control Project 

The Denny Regulator Station overflows approximately 494 MG per year (Metro and 
Seattle combined), making it the single largest overflow in the West Point System. 
Using new Metro model data, the consultant team developed approximately 32 different 
alternatives to control Denny CSOs to the degree required by the Department of Ecology. 
Those alternatives include separation, storage, conveyance, and treatment options and are 
described in the CSO Update Task 4.0 Report, Development of Alternatives. Metro also 
looked at treatment of CSO flows at a new plant in the Duwarnish area, south of 
downtown Seattle, as a substitute for treatment at Denny. Existing land uses in the 
Duwarnish area are more consistent with a treatment plant than those in the waterfront 
area near the Denny Regulator Station. 

On April 8, 1994, Metro conducted a Denny-specific workshop to review and evaluate 
the CSO-control options which were developed by the CSO Update project team. 
Workshop participants also brainstormed additional alternatives. The workshop 
participants added a new alternative to the list, one involving CSO storage and treatment 
in the Interbay area. That alternative was eventually rejected because of land use 
concerns. Of the control alternatives presented at the workshop, storage and conveyance 
with treatment received about equally favorable responses. Workshop participants found 
the partial separation approach to be the least attractive option for Denny CSO control, 
primarily because of the high unit cost of separation. 

One factor which particularly influenced selection of the final Denny WayLake Union 
project was Metro's desire that the project be able to integrate with any program which 
the RWSP might recommend. Controlling Denny overflows is important because of the 
large volume of wastewater discharged there. That large volume will require a large 
investment in a control project. Metro wants to make sure that a solution for Denny will 
still perform well following completion of any project which the RWSP might 
recommend to achieve long-term treatment and conveyance system needs, including 
CSO control. 

The recommended Denny WayLake Union project which came out of this process 
consists of a new, 18-foot diameter, 6800-foot long tunnel under Mercer Street. The 
tunnel would run from Dexter Avenue to Elliott Avenue. The plan also includes a 2.5 
MG concrete storage tank near the Denny Regulator Station, on the site once used by the 
Blackstock Lumber Company. Also included in the Denny WayLake Union project are 
two pump stations, a new outfall in Elliott Bay, and necessary piping and regulators. A 
drawing depicting the layout of the new Denny facilities is included as Figure 5-2. 

The project would work by storing Denny flows in the 18-foot storage tunnel when the 
Elliott Bay Interceptor is Mi. When the tunnel is Full, flows would be biverted to me 
Blackstock storage tank. During most storms, that storage capacity (15.44 MG of new 
storage) would be adequate to contain Denny sewage until flows in the Elliott Bay 
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Interceptor subside and interceptor capacity becomes available. Then the stored 
wastewater would drain into the interceptor and be transported to West Point for 
treatment. If a storm produces more combined flows than the system can handle, the 
excess would pass through the storage tank, where floatables would be removed, then be 
discharged out the new outfall into the Elliott Bay. 

Initially, Metro expects that the proposed Denny WayLake Union project would reduce 
combined City and Metro annual overflow volumes by approximately 50 percent. It 
would also reduce overflow frequency from over 50 times per year to approximately 
eight times. The Denny project, however, will not be the final step in solving the Denny 
overflow problem. The Regional Wastewater Services Plan is reviewing a number of 
wastewater treatment and CSO-control options as part of its planning effort. For 
example, one RWSP idea would provide for a secondary treatment plant in the 
Duwamish area. Routing flow in the Elliott Bay Interceptor to a new Duwamish plant 
could control Denny to the one-event-per-year requirement. A CSO treatment plant in 
the Duwamish instead of the secondary plant would do the same. It may also be possible 
to transfer more flows from West Point to the East Division Reclamation Plant at Renton, 
thereby freeing up additional capacity in the Elliott Bay Interceptor for Denny flows. If 
any of those options were adopted as part of the RWSP, the Denny WayLake Union 
project would still be required to provide storage until capacity in the interceptor 
becomes available to move those Dennv flows to West Point. Meanwhile, the ~ r o ~ o s e d  . . 
Denny storage facility would provide substantial frequency and volume reduction. 
Metro's estimated cost for the Denny WayLake Union project is $120 million, less any . . 

grant received and less the City's co&ib&ion. 

The Denny WaylLake Union project has been phased to both coincide with the RWSP 
process while still qualifying for the Coastal Cities Grant funding. The project is divided 
into the following four phases: 

Phase 1 : City's project to upsize pipes along Eastlake to control several of the 
City's Lake Union CSOs. 

Phase 2: Continuation of the City's projects that will connect the City's Eastlake 
project to Metro's Phase 3. 

Phase 3: Metro's design and construction of those facilities that will accommodate 
the increased flows from the City's Lake Union system, that will reduce 
the Dexter CSO discharge to one event per year, and that will reduce the 
Denny Way discharges to 50 percent of the baseline annual CSO volume. 
The preferred alternative includes a parallel Lake Union tunnel, a 2.5 MG 
storage facility on Elliott Avenue, a new submarine outfall, and extension 
of the cxisting Denny outfall. 

Phase 4: Metro's project to reduce CSOs at Denny to one event per year (e.g. 
design and construction of a CSO treatment facility at Denny or 
Duwamish). This phase will be coordinated with the RWSP. 
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Design for Phase 1, a portion of a new combined sewer conveyance line along the east 
side of Lake Union, has been initiated by the City of Seattle. An environmental impact 
statement and facilities plan for Phases 2 and 3 are underway, with completion scheduled 
in 1996. Design for the Phase 3 facilities is scheduled to begin in 1996, and construction 
is scheduled to be completed by 2000. RWSP decisions may alter completion dates or 
final configuration of these facilities. 

Harbor CSO Pipeline Project 

The Harbor Regulator ovefflows on average 56 times per year. Overflows are diverted to 
a City storm drain and are eventually discharged to Longfellow Creek. Average annual 
overflow volume is approximately 58 MG, indicating that CSOs are frequent but 
generally small. During Design Storm No. 6, the volume of overflow is estimated to be 
3.4 MG. 

The proposed pipeline would carry overflows from the Harbor Regulator to the new 
West Seattle Pump Station for storage in the new West Seattle Tunnel. The tunnel will 
have an empty volume of 5.9 MG. The volume available for storage of combined 
wastewater after allowance for transporting 19 mgd of base flows will be about 5.5 MG. 
The proposed 54-inch diameter gravity pipeline could carry all overflows from the 
Harbor Regulator during all but the largest storms. With the proposed pipeline, Harbor 
Regulator overflows would drop from 56 times per year to one event per year or less. 
Even in large storms, most of the overflow volume will be contained. The project would 
bring the Harbor CSO to the one-event-per-year level. 

The 1988 Plan assumed that control of Harbor overflows would be accomplished by 
partial separation. Such a separation was scheduled to occur sometime after 2005. 
Recent modeling indicates that there would still be overflows at Harbor, even after partial 
separation, thus necessitating the addition of storage to reach the one event per year 
objective. The current Harbor CSO Pipeline Project takes advantage of the opportunity 
to utilize storage for wastewater in the West Seattle Tunnel. 

The Harbor CSO Pipeline Project has been reprioritized to be done sooner than 
scheduled in the I988 Plan because of the cost and environmental benefits from 
constructing the pipeline concurrently with the West Seattle Forcemain. A portion of the 
forcemain would be laid in Harbor Avenue between the Harbor Regulator and the new 
West Seattle Pump Station. The West Seattle Tunnel will be 10 feet in diameter for 
constructability and safety purposes. The tunnel volume provides for storage of 
combined wastewater for secondary treatment. The Harbor pipeline portion of the 
project enlarges the trench for the forcemain and lays a new 54-inch pipe underneath. 
The Harbor CSO pipeline adds less than $1 million to the construction cost of the Alki 
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project. On the basis of cost per million gallons of CSO controlled annually, this project 
would cost about $14,000 per MG. The cost of excavating a new pipeline trench and 
laying the new pipe later on would be much higher and could affect the integrity of the 
forcemain. 

Henderson/Martin Luther King Way CSO Control Engineering Evaluation 

As discussed in Chapter 2, Metro's original mission was to clean up Lake Washington 
and the Seattle waterfront. In 1979, this mission continued to be supported as Metro and 
the City of Seattle agreed that Lake Washington CSO projects would receive top priority. 
As a result of that policy and previous City separation and storage projects, CSOs to 
Lake Washington were considered controlled by the time of the 1988 Plan. Recently, 
however, Metro discovered new evidence of ovefflows to the lake. Those ovefflows 
have been identified as coming from the South Henderson Street Pump Station and the 
Martin Luther King Way ovefflow weir. Annual overflows total 10 MG at the 
Henderson location and 88 MG at the Martin Luther King Way location. 

The ovefflows are believed to be the result of heavy inflow and infiltration to the system 
in those two areas. Metro believes that controlling inflow and infiltration may be a cost- 
effective way to prevent ovefflows. As a result, Metro has undertaken an engineering 
evaluation of the area to locate major sources of inflow and to make recommendations 
for controlling it. The evaluation will also consider the impact of these overflows on the 
Norfolk Regulator. The study is scheduled to be complete by mid-1995. 

Impact of 1995 Programchanges on Control Goals 

According to the 1988 Plan, 1981-83 Metro ovefflows amounted to 2,409 million 
gallons per year. The plan called for eventual reduction to 568 MG per year by the end 
of 2005. Breaking the planned projects into phases, progress milestones from the plan 
and the actual results achieved are as shown in Table 5-2. 
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Table 5-2. 1988 Plan and Actual CSO Reduction, by Plan Phase 

CSO Volume 
Remaining (MG) 

Plan Phase 

1988 Existing Conditions 

Phase 1 (1987-1991) 

Phase 2 (1992-1996) 

Phase 3 (1997-2001) 

Phase 4 (2002-2006) 

Current 
Estimate 

I 
"Range depends on West Point peak flow set point. 

Volume Reduced 
(Percent) 

Current 
Estimate 

0 

N A 

33-37' 

43-5 1 ' 

57-65' 

As discussed in Chapter 4 of this report (which provided the review of the projects 
included in the 1988 Plan), the total existing conditions figure of 2,409 million gallons 
used in the 1988 Plan was not completely accurate. Metro's new model revises the 
annual overflow volume in the 1981-83 control system to 2,391 million gallons. Data 
derived from the new model indicates that annual CSO volumes remaining after Phase 2, 
but before the Denny Waykake Union CSO Control Project and Harbor CSO Pipeline 
Project, and before implementation of any HendersonMartin Luther King Way CSO 
control project which might be recommended by the evaluation team, are approximately 
1,505 to 1,595 million gallons (depending on West Point peak flow set point), 
representing a 33 to 37 percent reduction. Assuming the Denny and Harbor CSO 
projects described above are implemented as Phase 3, remaining annual volumes will still 
total nearly 1,200 to 1,400 million gallons. That represents a 43 to 51 percent reduction, 
still short of the 1988 Plan goal of 60 percent. Assuming c~m~lete'implementation of 
Phase 4 projects, Metro will have controlled only about 57 to 65 percent of baseline 
volumes, falling short of its interim reduction goal of 75 percent reduction by the end of 
2005. 

Reasons why control projects have achieved less than expected levels of control include: 

1. The model used for estimating the CSO volumes for the 1988 Plan over-estimated 
the overflows at the Duwamish Pump Station by 129 MGIyear. It was also 
anticipated that this ovefflow would be controlled. Since the overflow did not in fact 
occur, no reduction is shown in the 1998 conditions. 
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2. The model used for estimating the CSO volumes for the 1988 Plan overestimated the 
University overflows by nearly 50 percent (1 11 MGIyear). As a result, the reduction 
assumed by the control projects for this regulator was overstated, and actual volume 
reduction resulting from those projects is lower than expected. 

3. Stations not connected to CATAD in 1988 and for which data was limited or non- 
existent were not considered in the 1988 Plan. These overflows amount to about ten 
percent of the baseline estimate. Since the 1988 Plan did not make provision for 
CSO control at these locations, inclusion of these volumes now offsets real control 
gains made elsewhere within the system. 

4. The degree of partial separation assumed for the Hanford separation, Bayview 
storage, and Lander separation projects was greater than was actually accomplished 

Cost-Effectiveness of 1995 Program Changes 

The CSO-related capital cost for the projects from the 1988 Plan which have been 
completed or are under construction total $61 million (1994 dollars). Together those 
projects have (or will have, by 1998) controlled approximately one-third of baseline 
volumes (796 to 886 MG, depending on whether West Point flows are restricted to 400 
mgd or are allowed to reach 440 mgd). Control costs have thus averaged about $73,000 
per million gallons controlled, a figure which is about 50 percent greater than anticipated 
by the 1988 Plan. Estimates indicate that to reach 75 percent reduction of system-wide 
CSO volumes is likely to cost as much as $200 million over and above what has been 
spent to date, bringing the average cost per MG controlled to as much as $150,000. 

The Denny WayLake Union project described in this report will be the most expensive 
Metro CSO control project to date. The total cost estimate for the project is $120 
million. The cost to Metro will be less than this by the City of Seattle's contribution 
($24 million) and any grant received ($26 million to Metro is anticipated). This cost will 
exceed the combined cost of all CSO control projects which preceded the Denny project. 
All control projects before Denny will have resulted in control of approximately 796 to 
886 MG of overflow. The specific Denny project proposed will control about 250 to 350 
MG more, including the City's East Lake Union overflows controlled. It is important to 
keep in mind, however, that Denny is not a complete project. Rather, the Denny 
proposal is a part of a strategy to be developed in the RWSP for controlling all of Denny 
flows. Should, for example, the RWSP recommend construction of a secondary 
treatment plant in the Duwamish area, the routing CSO flows there would significantly 
increase the effectiveness of the Denny project. The final Denny unit control costs will 
fall in the $300,00GiiviG range, which is about k e  average mi: cost of other projects 
being examined system-wide. 

The Harbor CSO Pipeline Project, on the other hand, is among the most cost-effective of 
Metro's projects. Costs are estimated at $750,000, making the cost per million gallons 

r : k o r ~ 6 8 3 ~ h a p t e r ~ . d 0 ~  Page 5-1 1 



1995 CSO Update 

controlled about $14,000. That is less than the cost of any other CSO project considered 
to date. 

The cost-effectiveness of a HendersonlMartin Luther King Way CSO control project is . 
difficult to estimate at present, as no project has been proposed or planned. Metro has 
begun an engineering study to obtain a better understanding of the problem at the South 
Henderson Street Pump Station and at Martin Luther King Way. Once the engineering 
study has been completed, a specific project or projects can be selected and costs 
estimated. 

Rate Impacts of 1995 CSO Update Projects 

The ~ e t ' r o  service charge in 1994 was $15.90 per month per residential customer 
equivalent. Of that amount, approximately $0.62 was attributable to CSO control 
projects. Current projects including all on-going costs for all of Metro's programs 
suggest that the total monthly charge will rise to $24.94 in 2000. This charge would 
cover all projects from Phase 1 and 2 of the 1988 Plan (as shown in Table 5-I), as well 
as the projects identified in this 1995 CSO Update (Denny Way/Lake Union CSO 
Control Project, Harbor CSO Pipeline Project, and HendersodMartin Luther King Way 
Engineering Evaluation). This rate analysis has assumed that the HendersonMartin 
Luther King Way Engineering Evaluation will recommend a project and that it will be 
scheduled in the RWSP process. Thus, funds were included in the rate analysis to cover 
construction by 2000. However, construction costs for projects at Martin Luther King 
Way and Henderson have not yet been appropriated. These unappropriated costs are 
included in Metro's CIP only to provide an estimate of potential rate impacts. Actual 
selection and scheduling of projects at these locations will ocurr in the RWSP process, 
and this 1995 CSO Update is not recommending either actual projects or a schedule for 
their implementation. Using assumed or known grant funding and other contributions, 
approximately $1.84 of the projected total monthly charge in 2000 is attributable to CSO 
control projects. Without grants and assuming higher interest charges on bonds yields, 
an upper range estimate for the CSO portion of the monthly rate of approximately $2.82. 
The rate analysis is included in Appendix C. These values are consistent with the 
information on rates presented to the King County Council in October, 1994. 

An analysis of the rate impact of only the projects included in this 1995 CSO Update 
(Denny WayLake Union CSO Control Project, Harbor CSO Pipeline Project, and 
HendersodMartin Luther King Way CSO Control Engineering Evaluation) was also 
prepared. For only these projects with the same assumptions on grants and contributions 
used in Metro's CIP. the rate impact varies from $0.01 in 1994 to $1.1 1 in 2000. A 
sensitivity analysis on the rates assuming low and high range cost estimates for these 
projects, as well as higher interest rates and a shorter bond life, indicates a potential - - 
range of $0.81 to $1.69 in the year 2000 for the 1995 CSO Update projects. This 
sensitivity analysis is discussed further in Appendix C. 
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This chapter and Appendix D provide the SEPA review and documentation for the 1995 
CSO Update. 

Environmental Documentation for Previous CSO Plans 

In the mid-1980's, Metro amended its Comprehensive Water Pollution Abatement Plan 
for the Seattle-King County metropolitan area by adopting a facilities plan (i.e., the Final 
Plan for Secondary Treatment Facilities: Plan for Secondary Facilities and Combined 
Sewer OvelJlow Control, November 1985) calling for the upgrade Metro's sewage 
treatment plants to secondary treatment and to further control CSOs. The facilities plan 
was to be implemented in phases to serve projected growth in the Seattle-King County 
region to the year 2030. That 1985 facilities plan was appealed and a Final 
Supplemental Plan for Secondary Treatment Facilities was completed in July 1986. 
Then in January 1987, the Department of Ecology modified the state CSO control 
regulations, so Metro modified its 1985 and 1986 plans with its Final 1988 Combined 
Sewer Overflow Control Plan. 

The following sections discuss the environmental documentation for these plans. 

1985 Final Environmental Impact Statement 

In November 1985, the Final Environmental Impact Statement (1985 FEZS) for the 1985 
Plan was issued by Metro. The 1985 FEIS addressed environmental impacts related to 
secondary treatment, CSOs, and other wastewater facilities. The "Affected 
Environment" section (page 4-21), included the following: 

"CSOs have been recognized for a number of years as a serious source of local 
water pollution. Early perception of CSO-problems -- and the priority for past 
CSO control efforts focused on the direct human health concerns associated with 
water contact (e.g., swimming) in an area contaminated with untreated sewage. 
CSOs release bacteria and potential human pathogens into receiving waters." 

The 1985 FEIS also concluded (page 4-25), "All of the proposed CSO control projects 
would affect water quality at existing discharge points." However, as CSOs are detained 
and treated, impacts to water quality are reduced. 

e:\urerV683~h~r6.doc Page 6-1 



1995 CSO Update 

Environmental impacts resulting from overall system-wide components are evaluated in 
the 1985 FEIS. Chapter 3 of the 1985 FEIS provides a detailed description of the 
recommended alternative. The second column of Table 6-1 in this document displays 
those CSO project elements included in the 1985 FEIS. Five CSO control options 
included the following project elements: CATAD system improvements, CSO treatment 
facilities, CSO storage facilities (such as underground tanks and tunnels), partial and 
complete separation of stormwater and wastewater in certain basins, and associated 
conveyance improvements. The environmental impacts and mitigation measures for each 
of those CSO project elements were addressed in Chapters 5 through 8 of the 1985 FEIS. 

1986 Final Supplemental Environmental Impact Statement 

After issuing the 1985 FEIS, Metro identified an additional system alternative for the 
Comprehensive Plan. The additional alternative included three options which would 
provide secondary facilities at a new Duwamish or Interbay site or smaller plants at both 
locations. The alternative also included CSO control projects to be implemented with the 
alternative. The environmental document issued by Metro for the additional alternative 
was the 1986 Final Supplemental Environmental Impact Statement, Plan for Secondary 
Treatment Facilities and Combined Sewer Ovegow Control (1986 FSEIS). The 
environmental impacts and mitigation measures for the additional system alternative, 
including CSO control projects, were addressed in Chapters 5 through 7 of the 1986 
FSEIS. 

1988 CSO Control Plan 

In September 1986, the Department of Ecology advised Metro that changes in the 1986 
Plan would be required because of changes to the state CSO control regulation that were 
subsequently adopted by Ecology in January 1987. In response, Metro issued its 1988 
Plan. The 1988 Plan described modifications to previously-identified CSO projects 
following the 1986 Plan and additional Metro CSO projects to achieve a 75-percent CSO 
volume reduction system-wide by the end of the 2005. The 1988 Plan also identified 
CSO projects that could be added to the 20-year plan to achieve the ultimate goal of one 
untreated CSO event per site per year. The fourth and fifth columns of Table 6-1 shows 
those CSO projects included for 75-percent control and for one event per year. Many 
identified projects had been addressed in previous plans, but some projects were added to 
achieve the higher level of control required. Each element of the 1988 Plan consisted of 
CATAD improvements, CSO treatment, CSO storage, sewer separation, or conveyance. 
Therefore, project impacts had been addressed programmatically in the 1985 FEIS and 
I986 FSEIS. 
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Table 6-1. Comprehensive List Of CSO Project Elements 
Addressed In Historical And Current Planning Projects 
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I995 €SO Update Environmental Documentation 

Chapter 4 of this 1995 CSO Update describes the status of the 1988 Plan projects, and 
Chapter 5 describes Metro's CSO program for the next five years. The sixth column of 
Table 6-1 shows those CSO project elements that are described in Chapter 5 of this 
document. Metro has modified some of these projects since 1988 and also added new 
projects for the CSO Control Program for the next five years. The following new 
projects are planned to be completed in the next five years: 

Denny Way CSO Control Project (modification of Denny partial separation project). 

Harbor CSO Pipeline. 

Hendersonhlartin Luther King Way CSO Control Engineering Evaluation. 

Again, all projects for the next five years consist of one or more of the five CSO control 
options (i.e., CATAD improvements, CSO treatment, CSO storage in tanks and tunnels, 
separation, and conveyance facilities) addressed in the 1985, 1986 and 1988 plans and 
Environmental Impact Statements. Therefore, as SEPA Lead Agency, Metro has decided 
to Adopt and Addend the 1985 FEIS and 1986 FSEIS consistent with WAC 197-1 1- 
600(4)(c). The Addendum does not substantially change the analysis of significant 
impacts and alternatives in the previous environmental documents but does add new 
information. The Adoption form and Addendum are located in Appendix D. 

Project-Level Environmental Documentation 

Both the 1985 FE1S and the 1986 FSEIS were written at the programmatic level of 
environmental review and included statements that Metro will conduct proiect-level 
environmental review prior to the construction of CSO facilities. ~ o l l o k i n ~  is a 
summary of project-level environmental review planned for the CSO program over the 
next five years. 

Denny Way/Luke Union CSO Control Project - The project-level SEPA environmental 
documentation for this project will be an Environmental Impact Statement. Metro began 
the EIS process in late 1994. The draft is expected in mid-1995 with the final 
environmental impact statement issued by the end of the year. 

Harbor CSO Pipeline Project - The project-level SEPA environmental documentation 
for this proposal is an adoption of a NEPA Addendum to the Alki TransferICSO 
Facilities Project. The NEPA Addendum is dated January 11, 1995. The SEPA 
Adoption form is scheduled for submission after completion of the NEPA process in the 
first quarter of 1995. 
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Henderson/Martin Luther King Way CSO Control Engineering Evaluation - The 
current proposal is for an engineering evaluation. Appropriate SEPA environmental 
documentation will be completed by Metro before commencement of construction 
activities. 
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CSO GLOSSARY 

Average dry weather flow The average non-storm flow over 24 hours during the dry 
months of the year (May through September). It is composed 
of the average sewage flow and the average dry weather 
inflowlinfiltration. 

Average wet weather flow 

Base flow 

Baseline study 

The average flow over 24 hours during the wet months of the 
year (October through April) on days when no rainfall occurred 
on that or the preceding day. 

Wastewater flow (including a reasonable amount of inflow and 
infiltration) originating from residential, commercial and 
industrial sources. 

A study that documents the existing state of an environment to 
serve as a reference point against which future changes to that 
environment can be measured. 

Best Management Practice A method, activity, or procedure for reducing the amount of 
(BMP) 

Calibration 

CATAD system 

pollution entering a water body 

The determination, checking, or rectifying of the graduation of 
any instrument giving quantitative measurements. With respect 
to a computer model, calibration is a process whereby data 
recorded during an actual event is compared with data derived 
from a computer simulation of that event in order to determine 
the accuracy of the simulation. 

Computer Augmented Treatment and Disposal System, which 
monitors flows in the wastewater conveyance system and 
operates regulator and pump stations to gain maximum use of 
pipe capacities. 

Clean Water Act (CWA) Also known as the Federal Water Pollution Control Act (33 
U.S.C. 1251 et seq.). 

Combined sewer overtlows Overflows, during wet weather, of combined wastewater and 
(CSOs) stormwater. CSOs occur when flows in the wastewater 

collection systeo: exceed the czpacity of ?hat system. The term 
"CSO is also sometimes used to denote a pipe that discharges 
those overflows. 
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Combined sewer system 

Combined sewers 

Cost-effective alternative 

CSO event 

Design event 

Design storm 

Detention 

Discharge, direct or indirect 

Disenfection 

Domestic wastewater 

EMuent 

A wastewater collection and treatment system where domestic 
and industrial wastewater is combined with storm runoff. 

A sewer that carries both sewage and stormwater runoff. 

An alternative control or corrective method identified after 
analysis as being the best available in terms of reliability, 
performance, and costs. 

A period of rainfall during which an overflow was recorded and 
that was preceded by three hours with no overflow and 
followed by three hours without overflow after the overflows 
from the system have ceased. 

A computer-simulated combined sewer overflow event, usually 
based on a design storm, which is used to determine the 
probable response of the sewer system to proposed 
modifications. 

A rainstorm used in the design of wastewater systems, 
primarily for system which controls combined sewer overflows. 
A particular storm may be selected as a design storm because 
adequate data exist to allow a calibration of a computer model 
being used to simulate the behavior of the sewer system during 
that storm. 

The process of collecting and holding back stormwater or 
combined sewage for delayed release to receiving waters. 

The release of wastewater or contaminants to the environment. 
A direct discharge of wastewater flows from a land surface 
&rectly into surface waters, while an indirect discharge of 
wastewater flows into surface waters by way of a sewer system. 

A chemical or physical process that kills organisms which 
cause infectious disease. Chlorine is often used to disinfect 
treated sewage. 

Human-generated sewage that flows from homes and 
businesses. 

Treated water, wastewater or other liquid flowing out of a 
treatment facility. 
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Environmental assessment A written environmental analysis which is prepared pursuant to 
the National Environmental Policy Act to determine whether a 
proposed action would significantly affect the environment and 
thus require preparation of a more detailed environmental 
impact statement. 

Environmental Impact Statement A document that discusses the likely significant impacts of a 
@Is) development project or a planning proposal, ways to lessen the 

impacts, and alternatives to the project or proposal. EISs may 
be required by national and state. environmental policy acts 

Environmental Protection A federal agency established in 1979 by Presidential executive 
Agency (EPA) order to control pollution of the environment. 

Final Design 

Fecal coliform bacteria A group of organisms common to the intestinal tracts of 
humans and animals. The presence of fecal coliform bacteria in 
water, wastewater, or biosolids is an indicator of pollotion and 
possible contamination by pathogens. 

The final phase of a project's design process. During final 
design, contract plans and specifications necessary for bidding 
are prepared. These contract documents provide all the 
necessary information needed by suppliers and contractors to 
construct the facility. 

Force main 

Groundwater infiltration 

Hydraulic 

Hydrograph 

Hydrology 

A pipeline leading from a pumping station that transports 
wastewater under pressure. 

Infiltration that enters the sewerage system through pipe defects 
located below the normal groundwater table. 

Pertaining to the energy, momentum, and continuity effects of 
liquid in motion. The term usually refers to the flow of liquids 
in natural environments (e.g., rivers) or man-made structures 
(e.g., pipes). 

The variation of the flow of liquids over time. 

The science dealing with the properties, distribution and 
circulation of water. The term usually refers to the flow of 
water on or below the land surface before reaching a stream or 
man-made structure. 
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Influent 

Intluent pump station 

Infrastructure 

Interceptor sewers 

Lateral sewers 

MG 

mgd 

Metro's Hydraulic Routing 
Model 

Model 

Monitor 

The penetration of water from the land surface into the soii, or 
the penetration of water from the soil into a sewer system by 
such means as defective pipes, pipe joints or connections, or 
manhole walls. 

Flows of extraneous water into a wastewater conveyance 
system from sources other than a sanitary sewer connections, 
such as roof leaders, basement drains, manhole covers, cross- 
connections from storm sewers, and street washing. 

Water, wastewater or other liquid flowing into a reservoir, 
basin or treatment plant. 

A pump station that pumps flow from an interceptor sewer into 
a treatment plant. 

Streets, water, sewer lines, and other public facilities basic and 
necessary to the functioning of an urban area. 

The portion of a collection system that connects main and trunk 
sewers with the wastewater treatment plant, thereby controlling 
the flow into the plant. 

Pipes that receive sewage from homes and businesses and 
transport that sewage to trunks and mains. 

Million gallons, a measure of liquid volume. 

Million gallons per day, a rate of liquid flow. 

A computer model used to simulate the flow of water in 
Metro's pipes. 

A formal set of relationships that attempt to represent some 
processes of the real world. Some models are intended to 
explain causes and effects of processes, others are tools to 
estimate or project the results of those processes, even if the 
processes themselves are not fully understood. 

To systematically and repeatedly measure conditions in order to 
track changes. For example, dissolved oxygen in a bay might 
be monitored over a period of several years in order to identify 
trends in concentration. 
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National Pollutant Discharge Section 402 of the federal Clean Water Act, which prohibits 
Elimination System (NPDES) discharge of pollutants into navigable waters of the United 

States unless a special permit is issued by EPA, a state, or 
(where delegated) a tribal government on an Indian reservation. 

Nonpoint source pollution Pollution that enters water from dispersed and uncontrolled 
sources (such as surface runoff) rather than through pipes. 
Nonpoint sources (e.g., stormwater runoff from agricultural or 
forest operations, on-site sewage disposal systems, and 
discharge from boats) may contribute pathogens, suspended 
solids, and toxicants. The cumulative effects of nonpoint 
source pollution can be significant. 

NPDES Permit 

Outfall 

Pathogens 

Peak flow 

Pre-design 

1 

I Primary treatment 

- 
I Pump Station 

Raw sewage 

Permit issued under the National Pollution Discharee " 
Elimination System, which establishes reporting requirements 
and other conditions for discharge of pollutants to receiving 
waters. 

The exit point, usually a pipe or pipes where effluent is 
discharged from the wastewater collection system into 
receiving water and which is engineered to ensure dispersion 
and dilution of the effluent in the receiving waters. 

Microorganisms that can cause disease in other organisms or 
humans, animals, and plants. Pathogens include bacteria, 
viruses, fungi, or parasites found in sewage, in runoff from 
farms or city streets, and in water used for swimming. 
Pathogens can be present in municipal, industrial, and nonpoint 
source discharges. 

The maximum flow expected to enter a facility. 

The initial phase of a project's design process. The results of 
this initial phase are generally limited to determination of the 
alignment, layout and technology for the project. 

The first stage of wastewater treatment involving removal of 
floating debris and solids by screening and/or settling. 

A structure used to move wastewater uphill, against gravity. 

Untreated wastewater. 
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Regulator 

Runoff 

Secondary treatment 

Sediment 

A structure that controls the flow of wastewater from two or 
more input pipes to a single output. Regulators can be used to 
restrict or halt flow, thus causing wastewater to be stored in the 
conveyance system until it can be handled by the treatment 
plant. 

That part of precipitation, snow melt, or irrigation water that 
runs off of the land surface into streams or other surface water 
instead of infiltrating the land surface. 

Biochemical treatment of wastewater after the primary stage, 
using bacteria to consume the organic wastes. The secondary 
treatment step includes settling, disinfection and discharge 
through an outfall. Secondary treatment in conjunction with 
primary treatment removes about 85 to 90 percent of suspended 
solids in wastewater. 

Once-suspended material which has settled to the bottom of a 
liquid, such as the sand and mud that make up much of the 
shorelines and bottom of Puget Sound. 

Sediment quality standards Standards which identify chemical concentration and biological 
toxicity limits allowed in sediments which correspond to no 
observable acute or chronic adverse effects on biological 
resources and which do not pose a significant health threat to 
humans. 

Sedimentation tanks Tanks for holding wastewater where floating wastes are 
skimmed off and solids settle by gravity. Settled solid, called 
"sludge," are pumped out for treatment. Sedimentation tanks 
are also referred to as clarifiers. 

Separation, total or partial A method for controlling combined sewer overflow whereby 
the combined sewer is separated into both a sanitary sewer and 
a storm drain, as is the practice in new development. 
Separation may be total, in which case no stormwater is 
diverted to the sanitary sewer, or it may be partial, involving 
only the removal of runoff from streets and parking lots from 
the sanitary system. 

Setpoint A defined indicator point in an electronic or mechanical control 
system where an action takes place. In a sexwage conveymce 
system, a setpoint is generally the liquid level or flow rate 
which causes a valve to be opened or closed or a pump to be 
activated. 
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Sewer A channel or conduit that carries wastewater or stormwater 
runoff from the source to a treatment plant or receiving stream. 
Sanitary sewers cany household, industrial, and commercial 
wastewater. Storm sewers carry runoff from rain or snow. 
Combined sewers carry both kinds of water. 

State Environmental Policy Act A state law (Chapter 43.21C RCW) which requires that state 
(SEPA) agencies and local governments consider environmental 

impacts when making decisions regarding certain activities, 
such as development proposals over a certain size, and 
comprehensive plans. As part of this process, environmental 
impacts are documented and opportunities for public comment 
are provided. 

Storage 

Storm drain 

Storm sewer 

Stormwater 

Stormweather plant 

Suspended solids 

Telemeter 

A method for controlling combined sewer overflows by storing 
the combined sewage until the rain storm subsides, then 
releasing it back into the conveyance system to be treated at the 
normal treatment plant. 

A system of gutters, pipes, or ditches used to collect and carry 
stormwater from buildings or land surfaces to streams, lakes, or 
other receiving waters. In practice storm drains carry a variety 
of substances such as sediments, metals, bacteria, oil, and 
antifreeze which enter the system through runoff, deliberate 
dumping, or spills. This term also refers to the end of the pipe 
where the stormwater is discharged. 

A system of pipes (separate from sanitary sewers) that carry 
only water runoff from building and land surfaces. 

Water that is generated by rainfall and is often routed into drain 
systems in order to prevent flooding 

A plant designed to provide primary treatment of combined 
sanitary sewage and storm water for peak flows above the 2.25 
times the average wet weather flow. Such plants operate only 
intermittently, unlike most wastewater treatment plants which 
operate continuously. 

Small particles of organic or inorganic materials that float on 
the surface of, or are suspended in, sewage or other liquids and 
which cloud the water. The term may include sand, mud, and 
clay particles as well as waste materials. 

To transmit to a distant receiving station by radio or other 
electronic means. 
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Toxic 

Treatment 

Causing death, disease, behavioral abnormalities, cancer, 
genetic mutations, physiological malfunctions (including 
malfunctions in reproduction), or physical deformations in any 
organism or its offspring upon exposure, ingestion, inhalation, 
or assimilation. 

Chemical, biological, or mechanical procedures applied to 
industrial or municipal wastewater or to other sources of 
contamination to remove, reduce, or neutralize contaminants 

Washington Administrative Code The codified regulations adopted by various Washington state 
WAC). agencies through the rulemaking process. 

Wastewater Total flow within a sewerage system. In separated systems, it 
includes sewage and infiltrationlinflow. In combined systems, 
it includes sewage and stormwater. 

Water quality criteria The levels of pollutants that affect use of water for drinking, 
swimming, raising fish, farming or industrial use. 

Water pollution The addition of harmful or objectionable material to water in 
concentrations or sufficient quantities to adversely affect is 
usefulness or quality. 

Weir An overflow section of a pipe. 

e:heA76gnSIassa~.doc 
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APPENDIX C 

RATE ANALYSIS AND CAPITAL IMPROVEMENT PROGRAM 
SCHEDULE, FUNDING AND COSTS 

The following identifies the Metro sewer system capital improvement program costs, schedule, 
and funding sources available for secondary treatment, biosolids management, and CSO 
abatement. Capital improvement cost estimates have been escalated to the point of construction. 
A summary has been provided that describes the rate impacts of the 1995 CSO Update. 
Cumulative monthly residential customer equivalent (RCE) rates for the 1995 CSO Update 
range from $0.01 in 1994 to $1.11 in the year 2000. 

Table C-1 identifies the system capital improvement projects and estimated grant funding for the 
CSO program and other projects. Table C-2 shows the total source and use of funds to finance 
the capital improvement program. Funding sources include a transfer from the operating fund, 
general obligation bond financing, short term borrowing, and grant funding. Approximately 
76% of the funds are from bonds and short term borrowing, 11% from grant funding and the 
remaining 13% is from other sources. 

The projected rate impacts of the overall capital program and sewer system operations are shown 
in Table C-3. Monthly wholesale rates per RCE are estimated to increase from $17.95 per RCE 
in 1995 to $24.94 per RCE in 2000. General inflation is assumed to be 2.8% between 1995 and 
2000, and inflation for capital expenditures is 3.8%. The interest rate for general obligation 
bond financing is assumed to be 6.5% with a 40 year term, and short term borrowing assumes an 
interest rate of 5%. Interest income is calculated at 4%. The assumed rate increases will be 
sufficient to maintain the required 1.25 debt service coverage ratio. 

Table C-4 projects the monthly wholesale rate impacts of the CSO program per RCE. This 
scenario assumes that all CSO projects, or portions thereof, that are not funded from grants or 
other revenues will be funded from genera obligation bond proceeds. The annual debt service 
assumes 40 year general obligation bonds with a 6.5% interest rate will be issued in each year to 
fund capital projects. The cumulative rate impact of the CSO program will range from $0.42 per 
RCE through 1992 to $1.84 per RCE in the year 2000. Annual increases in monthly rates per 
RCE range from $0.03 to $0.34. The rate impact of the CSO program may change if the actual 
financing program differs from the current projections. Table C-5 identifies rate impact of the 
CSO program if annual debt service after 1994 is based on a 20 year general obligation bond 
with an 8% interest rate and no grant funding is available. The cumulative rate for the CSO 
program would increase to $2.82 per RCE in by the year 2000. The graph on Figure C-1 shows 
a sensitivity analysis of alternative funding assumptions. 



SUMMARY 

1995 CSO Update Capital lmprwsment Program, Grant Funding and Rate Impacts 

1995 Update CSO Projects 
Harbor 750 750 
Denny Way 110 14 376 1,500 9,000 28,000 40,000 28,000 13,000 120,000 
Henderson Street(a) 415 1,200 4,200 8,500 12.500 5,200 32,015 

Total 1995 Update CSO Projects 110 14 376 1,915 10,200 32,950 48,500 40,500 18,200 152,765 

Less CSO Project Grant Funding 5,000 10,000 11,000 26,000 
Less City of Seattle Contributed Funds 4,000 8,000 8,000 4,000 24,000 

Total Funding Required from Other Sources 110 14 376 1,915 10,200 23,950 30,500 21,500 14,200 102,765 

Annual Debt S e ~ i ~ e ( b )  8 9 35 171 892 2,585 4,741 6,261 7,265 
Debt Service Cwerage(c) 2 2 9 43 223 646 1,185 1,565 1,816 

Residential Customer Equivalents(RCE) 659 659 659 653 653 663 673 683 683 

1995 CSO Update Cumulative Monthly Rates 
per RCE through 1992-2000 $0.00 $0.00 $0.01 $0.03 $0.14 $0.41 $0.73 $0.95 $1.11 

Annual Increase in Monthly Rates/RCE 1993-2000 $0.00 $0.00 50.02 $0.1 1 $0.27 $0.33 $0.23 $0.15 
Note: Rates are included as part of the CUKeM rate projections identified in the 1995 budget. 
(a)Costs after 1995 have not been formally appropriated. 
(b)Assumes annual general ob l i i i on  bond issues with an interest rate of 8.5% and a 40 year term. 
(c)lncludes funds required lo maintain an annual debt sewice cwerage ratio of 125 percent of annual debt service. 



Table C-1. Pmjacted Capital Impwemenl Picgram Cod Scheduk, and Grant Funding. 

cso Projeas 
1~Upde~CSOProjects 

Harbor Island 750 
D e w  Way 110 14 378 1,500 9,000 28.000 40,000 28,000 13,000 
Hendsnon Stwt(a) 415 1,200 4.200 8.500 12,XIO 5.200 

StkMal1995 U* CSO Projects 110 14 376 1.915 10,200 32,950 48SMl 40,500 18.200 
lsst,CSOPmjacls 37,590 12.338 5,278 836 1 *a 8,501 0 0 0 
O h r  Capisl Projeds I Improvemds 392214 170.048 181.695 208,400 124,182 80.103 181551 143,555 111,340 

S U W  Capital Proieds 429,914 182,398 187,347 209.151 136,G22 121@7 210,051 184,055 129,540 
GEM F d n g  Bud@ 

cso PlQjeda 
1995 VpdaW C W  Projeds 5.000 10.000 11,000 
1- CSO Projects@) 2.173 

O h r  C@@ P&sdsl lmp~ovomenta 190.823 75.155 24,848 41,990 29,885 17,783 12,500 12,500 12,500 

Stbtc4aI Grant Fundin0 130,823 75.155 24,848 41,930 29,685 24.938 22.500 23,500 12.500 

FvKTng Wnd From Olhsr Sanrrs 
CSO PlojeaCr 37,700 12,350 5,652 2,751 11,830 34,281 38,500 29.500 18.200 
OhrCapiY P&sdsIknp~ovomanla 261.581 94.893 166849 184,410 94.507 62.430 149,051 131.055 98.840 

Total Fundlng Requlmd Fran Omer Sarcss 299,281 107,243 162.501 167,181 108.337 96,711 187,551 160.555 117.040 
saKec King County Deperhnen( d Mstropditan Servicer 1896 mwer rate model and CSO cmt by pmiact workshesL 
(a)Coa*l after 1995 have not been formally appropriated. 
@)AssunesW?4 d lhe total granl tunls for tb Mi Stmwasther Pmjwl in 1997 am eppo&mad to CSO baaed m tb pepereentage of wad cost related ta CSO. 



Table C4. P- Capital lmplwement Funding Soureas and Debt Reqki4remeMs. 

Use of Funb 
DeM I?ai(inrment 438 7,225 50,875 72.138 72,138 72,138 77,388 77,388 
Capital Expsndiim 182,287 187,349 349,151 138,022 121.W7 210,051 184.055 129,539 
D e M I s s u a n a , m  2,600 3,400 2.150 2,560 2,204 wQo 3,389 2,553 
Aqusbnents 3,105 
Bard Rseelw Conbibulions 3 . m  

TOM Use of Funds 191,886 197,974 262,176 210,710 195,989 286,079 264,832 209.480 
Ending Fund Balance 42,492 64,945 4,943 5.109 4.998 5.006 5,009 4,934 
Source: King mnty Dapement d Mebcpol'in Senrims 1995 w a r  rats model. 
(a)Fm T a k  Cd. 
@)Includes a 524 m i l h  eonbibu(ion between 1997 and 2000 fm ihs City d Seame for ihs Demy Way projed 
(c)Operabirg fund b a l m  hwn Tabk C-3. 



Table C-3. Projected Operating Cash Flow and Rate Impacts. 

---Actual--- 
Description 1993 

Operating Revenue(in thousands) 
Rates 
Interest Income 
Capacity Charges 
City of Seattle CC Benefit 
Other Revenues 

Total Operating Revenues 

Operating Expenditures 
Operating Expenses 51,113 57,208 66,177 75,594 77,554 80,246 83,036 85,928 
Annual Debt Senrice 56,545 69,177 75,685 83.01 1 88,477 99,723 109,277 11 5,768 
Operating Reserves 287 181 305 448 471 98 1 35 1 39 

Total Operating Expendlures 107,945 126,546 142,147 159,053 166,502 180,067 192,448 201,835 

Operating Fund Balance 18,552 18,145 18,789 19,890 22,913 24,606 26.998 28,864 
Net Operating Income 75,384 87,483 94,759 103,349 11 1,861 124,517 136,410 144,771 
Debt Service Coverage Ratio(a) 1.33 1.26 1.25 1.25 1.26 1.25 1.25 1.25 

Customer Equivalents 659 659 653 653 663 673 683 683 
Projected Monthly Rates $13.62 $15.90 $17.95 $20.30 $21.29 $22.57 $23.96 $24.94 
Source: King County Department of Melropolian Services 1995 sewer rate model. 
(a)Equal to operating revenues less operating expenses divided by annual debt service. 



Table C4. Projected CSO Pmgnm Rate Impacts. 

----Actual ---... Estimatd 

Desaipticm thru 1992 1883 1994 1995 1998 1987 1898 1998 2000 
CSO Rojeas(in housands)(a) 

1995 Update CSO RojecS 
Harbor I& 750 

D e m ~  w a ~  110 14 378 1.500 8.000 28,000 40.000 28.000 13.000 
Hendenon- 415 1 ,200 4.200 8.500 12,5W 5,200 

S u W  1995 Updab CSO Pmjecls 110 14 378 1.915 10,200 32,850 48.500 40.500 18.200 

I e s S C S o R ~  37.590 12.336 5.278 836 1,830 8,504 0 0 0 

IS88 CSO proiectS 2.173 
Subtotal Grant Funding and CantriMed Funds 11.173 18.000 18.000 4.000 

Subtotal Funding Required hrm O(her Sauces 37.700 12.350 5.652 2.751 11.890 90.281 90500 21,500 14.200 

A n r m l o e b l ~ c )  2,885 3.538 3,838 4,132 4.888 7.108 8,285 10.785 11.788 

Debt M i  Coverage(@ 868 886 084 1.059 1,242 1 ,m 2,316 2.888 2,947 

Residenbal Customer Equivaknls(RCE)(e) 658 658 658 653 653 683 673 883 683 

CumulaWe Mohlhly RateslACE Thrcugh 
1882-2MM $0.42 $0.56 50.62 50.65 M.79 $1.12 $1.48 $1 .W $1 .a4 

Amual Increase in Monthly Antes/RCE 19932000 $0.14 $0.06 $0.03 $0.13 $0.34 $0.33 $0.23 $0.15 

(a)Fm Table GI. 
(b)lndudea $24 million in mnbibuled funds f u  he Denny Way pojeot ham Um City of SeaMe between 1997 and 2wo. 

(c)Assum a~us l  gensral abRgalim band h m  with an interest rate 018.5% and a 40 year term 
(@Indudes hrnds requimd b, nmmhk, an atmud debt servia, merage raw d 125 percent of annual debt senice. 
(e)FromTabla G3. 



Table CS. Altemalive P-ed CSO Program Rate Impacts. 

DesaipGm thru 1992 1993 1894 1995 1996 1997 lee8 1999 2000 

CSO Projectsfin lhwsands)(a) 
1895 Update CSO R*B 

Harba Istand 750 

oemV WSV 110 14 376 1,500 8.000 28,000 40.000 28.000 13,O(PO 
HendereonSM 415 1.200 4,200 8.500 12.500 5.200 

8ubMal1895 Updnb CSO Prcjech, 110 14 378 1.815 10,200 32.850 48.500 40.500 i 8 . m  

1868CSORojecls 37.580 12,336 5.276 836 1,830 8.504 0 0 0 

SuMotal CSO pmiec!E 37.700 12.350 5.652 2.751 11.830 41.454 48.500 40.500 18,200 

CSO Project Grant Fundng and O(her Cantributed Funds 
1885UpdateCSO R*k 

Gty d Seattle Collribuson(b) 
tern CSO pojeda - 

Subml Grant Funding and hher Conbiwtsd Fuds 4.000 8.000 8.000 4,000- 

Operaling Fund Transfer 
Subtotal Funding Required fran hher Swaa 37.700 12.350 5.652 2.751 11.830 37.454 40,500 32,500 14.2M) 

Annual Debt Servbe(c) 2.665 3.538 3.838 4,218 5,423 8,238 13.569 16,873 18.110 
Debt Swim Cwerage(d) 886 886 884 1 A54 1.358 2.908 3,341 4.168 4.530 

Residen(iai Cusbmf Eq*va]ents(RCE)(e) 668 658 659 653 653 663 873 W m! 
Curnulath Manthty RateslRCE Through 

1892-2000 $0.42 $0.58 50.62 50.67 $0.88 $1.48 52.10 $2.60 $2.82 

. . 

(b)lndudes $24 million in mMMed lunds la the Denny Way proieot horn !Jm hew d Seettle between 1997 and 2000. 

(c)Aasurnes anmrrl #mad obligeh bad issues after 1694 wilh an inleeat &of 8% and a 20year term. 
(d)lndudes funds required lo maintain an PMal debt servica mwrage ratb d 125 percant of annual debt senrice. 
@)From Table CS. 



Figure C-1. Alternative Funding Analysis and Rate Impacts for CSO Projects 



SENSITIVITY ANALYSIS OF IMPACTS OF 1995 CSO UPDATE PROJECTS 
ON RATES 

The following tables present an analysis of the sensitivity of the impact on Metro rates through 
the year 2000 of the three 1995 CSO Update projects, Harbor CSO Pipeline Project, Denny 
WayLake Union CSO Control Project, and HendenonMartin Luther King Way CSO Control 
Engineering Evaluation and storage projects. The tables are based on assumptions about 
individual project costs, financing terms, and interest rates. These assumptions are as follows: 

Low Range Estimates 

The table entitled "Low Cost Alternative" assumes a Denny project cost of $104 million, which 
assumes that RWSP decisions result in deletion of the outfall and effluent pumping station from 
the project. The table also assumes that cost will be further reduced to Metro by City of Seattle 
contributions of $24 million and grant funding of $26 million. For HendersonIMartin Luther 
King CSO control, the table assumes that the initial project storage cost estimate of $32 million 
(from the Task 4.0 Report) can be reduced by half as the result of a $4 million volunteer rooftop 
disconnection program, producing a total project cost estimate of $20 million. 

The low range table further assumes construction will be financed by means of a 40 year general 
obligation bond issue at 6.5 percent. 

High Range Estimates 

To arrive at the high range of cost estimates, the table entitled "High Cost Alternative" assumes 
the basic Denny project cost of $120 million, less City of Seattle contributions ($24 million) and 
grant funding ($26 million), but adds an additional $2 1 million for upgrades to enhance 
treatment capabilities of the 2.5 MG storage tank included in the project. 

The table further assumes the HendersonMartin Luther King Way control project will need to 
control Norfolk Regulator overflows as well. As a result, an estimate of $4 million is added to 
the base $32 million Henderson estimate for storage at Norfolk. 

The high range table also assumes construction will be financed by means of a 40 year general 
obligation bond issue at 6.5 percent. 

High Range Estimates-Alternative 2 

To arrive at the highest range of cost estimates, the table entitled "High Cost Alternative 2" 
assumes the s m e  constmctics cests as used is the table entitled "High Cost Alternative," but the 
higher range estimates further assume that the bond interest rate will climb from 6.5 percent to 8 
percent and that the bond will be amortized over 20 years instead of 40 years. 



SUMMARY -Low Cost AHernatlve 

1995 CSO Update Capital Improvement Program, Grant Funding and Rate Impacts 

-.-------.- Actuai ---------- ..---------------------------.-----------.----.----.Estimated .............................. -- 
Description thru 1992 1993 1994 1995 1996 1997 1998 1 999 2000 Total Cost 

1995 Update CSO Projects 
Harbor Island 
Denny Wiy 
Henderson Street(a) 

Total 1995 Update CSO Projects 

Less CSO Project Grant Funding 5,000 10,000 11,000 26,000 
Less CiW of Seattle Contributed Funds 4,000 8,000 8.000 4,000 24,000 

Total Funding Required from Oth(er Sources 110 14 376 1,915 8,539 18,612 21,956 13.115 10,528 75,165 

Annual DeM Service(b) 8 9 35 171 774 2,090 3,642 4,569 5.314 
Debt Service Cwerage(c) 2 2 9 43 194 523 91 1 1,142 1,328 

Residential Customer Equivalents(RCE) 659 659 659 653 653 663 673 683 683 

1995 CSO Update Cumulative Monthly Rates 
per RCE thn~ugh 1992-2000 $0.00 $0.00 $0.01 $0.03 $0.12 $0.33 $0.56 $0.70 $0.81 

Annual lncreass in Monthly RatedRCE 1993-2000 $0.00 $0.00 $0.02 $0.10 $0.21 $0.24 $0.14 $0.11 
Note: Rates are included as pan of the current rate projections identified in the 1995 budget. 
(a)Costs after 1995 have not beern formally appropriated. 
(b)Assumes annual general obligation bond issues with an interest rate of 6.5% and a 40 year term. 
(c)lncludes funds required to maintain an annual debt service coverage ratio of 125 percent of annual debt service. 



SUMMARY - Hlgh Cost Alternative 

1995 CSO Update Capital Improvement Program, Grant Funding and Rate Impacts 

1995 Update CSO Projects 
Harbor Island 
Denny Way 
Henderson Street(a) 

Total 1995 Update CSO Projects 

Less CSO Project Grant Funding 5,000 10,000 11,000 26,000 
Less City of Seattle Contributed Funds 4,000 8,000 6.000 4,000 24,000 

Total Funding Requiredfrom Other Sources 110 14 376 1,915 11,969 29,516 38,602 28,224 17,238 128,165 

Annual Debt Setvice(b) 8 9 35 171 1.01 7 3,104 5,847 7,642 9,060 
Debt Service Cwerage(c) 2 2 9 43 254 776 1,462 1.960 2.265 

Residential Customer Equivalents(RCE) 659 659 659 653 653 663 673 683 683 

1995 CSO Update Cumulative Monthly Rates 
per RCE through 1992-2000 $0.00 $0.00 $0.01 $0.03 $0.16 $0.49 $0.90 $1.20 $1 .a8 

Annual Increase in Monthly RatedRCE 1993-2000 $0.00 $0.00 $0.02 $0.13 $0.33 $0.42 $0.30 $0.19 - - 
Note: Rates are included as part of the current rate projections identified in the 1995 budget. 
( a ) C m  afIer 1995 have not been formally appropriated. 
(b)Assumes annual general obligation bond issues with an interest rate of 6.5% and a 40 year term. 
(c)lncludes funds required to maintain an annual debt service cwerage ratio of 125 percent of annual debt service. 



SUMMARY - Hlgh Cost Alternative 2 

1995 CSO Update Caplai lmprwement Program, Grant Funding and Rate Impacts 

1995 Update CSO Projects 
Harbor Island 
Denny Way 
Henderson Street(a) 

Total 1995 Update CSO Projects 

Less CSO Project Grant Funding 5,000 10,000 11,000 28.000 
Less City of Seanle Contributed Fllnds 4,000 8,000 8,000 4,000 24,000 

Total 1 Fundin Re uired from Other Sources 110 14 

Annual Debt S e ~ l ~ e ( b )  11 13 51 246 1,465 4,471 8,424 11,298 13,054 
Debt Service Cwarage(c) 3 3 13 61 366 1,118 2,106 2.825 3.263 

Residential Customer Equivalenls(RCE) 659 659 659 653 653 663 673 683 683 

1995 CSO Update Cumulative Molnthly Rates 
per RCE through 1992-2000 $0.00 $0.00 $0.01 50.04 $0.23 $0.70 $1.30 $1.72 $1.99 

Annual Increase in Monthly RatesmCE 1993-2000 $0.00 $0.01 $0.03 $0.19 $0.47 $0.61 $0.4 $0.27 
Note: Rates are included as part cf the current rate projections identified in the 1995 budget. 
(a)Cwts after 1995 have nol been fonnally appropriated. 
(b)Assumes annual general obligation bond issues with an interest rate of 8% and a 20 year term. 
(c)lncludes funds required to maintain an annual debt service coverage ratio of 125 percent of annual debt senrice. 
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Part Eleven-197-11-965 SEPA Rules 

WAC 197-11-965 Adoption notice. 

DETERMINATION OF SIGNIFICANCE1 
ADDENDUM AND ADOPTION OF EXISTING ENVIRONMENTAL DOCUMENTS 

Adoption for (check appropriate box) DNS XX EIS 0 other - 

Description of current proposal The-- 
P o 0 s  o the-eriod199 - 0 0 .  
r s d  ve year 995-2000 capit 
W- Union CSO Control Proj c I 8-foot 
d g  
n ~w t e e Re ator Stat'o . 
p i  ~ in- r u a t  r . e H  o 
Harbor Re- to d t e ne e Hende a in Luther ~ . . 
a te ations to i - v S s t  - det ined t at this 
proposal will have a sionificant adverse impact on the environment. 

Proponent KI _ -1 oun. D e  a 

Location of current proposal A n ,  
Washington. 

Title of documents being adopted &q 
Treatment F a c i l i t i i q  
Comreh iv Wa e P p u 
E -r r ental I - ac tate t 
overflow Control. An Amendment to Metro's Comprehensive Water Pollution Abatement Plag 
C F I S  In d it' 1% 

Agency that prepared document being adopted a w  
t 

Date adopted documents were prepared 1) November 1985 and 2) Julv 1986 



Description of document (or portion) being adopted Metro is adopting the entire Final EIS and 
F' 1 1 

If the documents being adopted have been challenged (197-11-630), please describe: 
The of 5 F was a e ed 
t f h  , 

L 
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I. INTRODUCTION 

Since Washington State Water Pollution Control regulations require Metro's CSO Control 
Program to be updated every five years, Metro may periodically issue to the public and 
interested agencies addenda providing additional information or analysis about a proposal to 
previous SEPA documents. Insofar as the current update is intended to provide the 
Washington State Department of Ecology (Ecology) with a status report on those projects 
named in a previously adopted plan, with attendant SEPA process, an addendum is the proper 
environmental process for the current update. 

This document is an addendum to the SEPA Final Environmental Impact Statement issued in 
November 1985 (1985 FEIS) and the SEPA Final Supplemental Environmental Impact 
Statement issued in July 1986 (1986 FSEIS) by the Municipality of Metropolitan Seattle 
(Metro) for the Plan for Secondary Treatment Facilities and Combined Sewer Ove@ow 
Comol.  The Addendum provides additional information and analysis regarding Metro's CSO 
Control Program for the next five years (1995-2000) including facilities presented in the 1985 
FEIS andlor 1986 FSEIS. The Metro Council adopted Resolution 4780 on July 17, 1986, 
which included Metro's decision to proceed with the preferred CSO control alternative, and 
included projects andlor control strategies planned for the period 1995-2000. 

The CSO Control Program (Program) for 1995-2000 includes the Denny Way CSO Control 
Project, Harbor CSO Pipeline, and HendersodMartin Luther King Way CSO Engineering 
Evaluation. Since the 1985 FEIS and 1986 FSEIS were issued, Ecology has modified the State 
CSO control regulations and Metro has modified its computer model for simulating the 
behavior of its conveyance system during storms. Therefore, Metro's CSO Control Program 
has shifted to meet the new regulations and incorporate better baseline data presented by their 
computer model, Computer Augmented Treatment and Disposal system (CATAD). 
Therefore, plans for specific projects from the 1985 FEIS and 1986 FSEIS have been modified 
and the impacts and mitigation measures for these modified facilities and projects presented in 
the previous 1985186 SEPA documents are discussed in this addendum. 

Metro has determined that the new information described in this Addendum does not involve 
any probable significant adverse impacts that are beyond the range of alternatives and impacts 
discussed in the existing SEPA EISs. A supplemental EIS on this information, therefore, is 
not required under SEPA (WAC 197-1 1-600(4)(c)). Metro will conduct appropriate project- 
level environmental review for CSO control projects before construction. 

This Addendum !xis been prepared in accordance with WAC 197-1 1-625. As per WAC 197- 
11-630, no action on the proposal will be taken for seven days following issuance of this 
Notice of Adoption/Addendum. Readers should call Karen Watkins of Metro at 206-684-1171 
if they have any questions or suggestions. This Addendum adds to the existing 1985 SEPA 
F i l  Environmental Impact Statement and 1986 SEPA F i  Supplemental Environmental 
Impact Statement for the Plan for Secondary Treatment Facilities and Combined Sewer 
Overflow Control. 



CSO Legislation 

Planning for control of CSOs was first required by Section 201 of the Federal Water Pollution 
Control Act of 1972, commonly known as the Clean Water Act. Metro's first major CSO 
control effort was its 1979 CSO Control Planning Report, done at the same time as the City of 
Seattle's CSO Planning. The Metro Plan recommended a combination of storage and 
treatment facilities to reduce CSO discharges. 

New legislation in 1985, the Washington State Water Pollution Control Act (R.C.W. 90.48), 
required all cities with CSOs to provide "...the greatest reasonable reduction at the earliest 
possible date" (R.C.W. 90.48.480). Metro responded with its Final Plan and FSEIS for 
Combined Sewer Oveq'i'ow Control and FEIS in November 1985. Its Approved Plan for 
Secondary Treatment Facilities and Combined Sewer Overflow Control followed in July of 
1986. In January of 1987, state regulators defined "greatest reasonable reduction" to mean 
one overflow per outfall per year (WAC 173-245-020(22)). However, Ecology recognized 
that such a limit could not be achieved overnight. Ecology and Metro agreed that reducing 
CSO volumes by 75 percent system-wide by the end of 2005 was a reasonable interim goal. 
Metro issued its Final 1988 Combined Sewer Overflow Plan (1988 Plan), a program designed 
to achieve that interim goal, which identified projects that had been addressed previously in 
the 1985 FEIS and 1986 FSEIS or similar projects added to achieve the higher level of control 
required. Since all 1988 Plan projects fellwithin the five CSO control options analyzed 
programmaticly in the 1985186 SEPA documents (i.e., CATAD improvements, CSO 
treatment, CSO storage, sewer separation, and conveyance), no further SEPA documentation 
was required for the 1988 Plan. That plan was approved by Ecology on August 8, 1988. 

Regulations (WAC 173-245-040) require Metro's CSO Control Plan to be updated every five 
years. The 1988 plan was the five year update for 1990, however, due to State regulation 
changes regarding CSOs, Metro updated the 1990 plan two years early in 1988. The 1995 
CSO Update is intended to serve as the required 1995 update of the 1988 Plan. 

I ' 
Project E l e m e n t s d d e n d u m  1 

This Addendum addresses plan-level analysis of two projects and one engineering evaluation 1 
which comprise Metro's 1995 CSO Control Program for the years 1995 through 2000. The - T 
1985 FEIS included CSO projects at Denny Way, Harbor and Henderson in the analysis of I 

environmental impacts of treatment, storage, and separation projects including the necessary 7 

I 

conveyance improvements. Mechanical and electrical improvements to the CATAD system 
were included in the plan as well. The 1986 FSEIS analyzed the impacts of additional storage 
and separation alternatives. Specific plan-level analysis on the Denny Way CSO Control 
Project, Harbor CSO Pipeline, and HendersonlMartin Luther King Way CSO Engineering 
Evaluation is described in the 1995 CSO Update. 



In 1988, Metro and Ecology agreed on the 75 percent system-wide reduction by the end of 
2005, but Ecology also requested a specific 50 percent reduction of the Denny Way CSO in 
the same time period. In light of this, Metro planned the Denny Way CSO Control Project as 
a partial separation project and scheduled predesign to begin in 1993 with construction to be 
completed by 1999. In 1991, however, the City of Seattle Drainage and Wastewater Utility 
(DWU) requested that Metro participate in a joint CSO control alternative analysis to find 
ways to control discharges into Lake Union from Seattle's and Metro's systems and into Elliott 
Bay at the Denny Regulator Station from Metro's system. In 1992, a joint DennyILake Union 
CSO Control Project was identified as an ideal candidate for Coastal Cities Grant funds, and 
the Denny project was accelerated in order to take advantage of the potential $35 million in 
grant funding. The joint CityIMetro project is currently in design with construction to be 
completed by the year 2000. The joint project is subject to project-level environmental review 
under SEPA which is currently being conducted by DWU and Metro. ' 

Metro's 1986 adopted comprehensive plan included upgrading the Metro system so that all 
sewage in the region would receive secondary treatment. Metro evaluated alternatives for the 
Alki service area and selected the alternative which involved the transfer of sewage from the 
Alki primary treatment plant to another plant for secondary treatment and the modification of 
the Alki plant to treat high flows that occur during storms. This project became the A X "  
TransferICSO Facilities Project. This project has been in design since 1992 and construction 
on a portion of the project beginning in 1993. The project includes a new West Seattle Tunnel 
to store flows from the Alki service area before conveyance to the West Point Treatment 
Plant. The 10-foot tunnel would allow for excess storage capacity. Metro's 1985186 
comprehensive planning process included control of Harbor CSOs with storage at the 
regulator, however, because the Harbor Regulator is located less than 1,500 feet fIom the new 
West Seattle Tunnel the excess capacity in the tunnel is available for storage of Harbor flows. 
To convey excess flows to the tunnel, the project expanded to include the Harbor CSO 
Pipeline, a 54-inch gravity sewer from the Harbor Regulator to the new West Seattle Pump 
Station which would pump flows into the new tunnel for storage. The Harbor CSO Pipeline 
was added to the Alki TransferICSO Facilities Project in 1994 to reduce community and 
environmental impacts and to maintain the integrity of the forcemain. Metro is currently 
conducting a project-level SEPA review of the Harbor CSO Pipeline. 

11. 1985 FEIS AND 1986 FSEIS ENVIRONMENTAL ANALYSES 

The 1985 FEIS addressed the environmental impacts and mitigation measures associated with 
CATAD improvements, treatment facilities, storage facilities, and sewer separation including 
necessary conveyance improvements. It also addressed more specific impacts for various CSO 
options including a Denny Way CSO treatment facility, Denny Way storage, Harbor Regulator 
storage, and Henderson Street storage with associated appurtenances such as pump stations, 
regulators, and connecting pipes to facilities. The 1986 FSEIS addressed the environmental 
impacts and mitigation measures associated with storage facilities and sewer separation. 



Table 1 provides a summary of the environmental impacts and mitigation measures for CSO- 
control facilities and specific CSO control projects analyzed in the 1985 FEIS and 1986 
FSEIS. 

111. DENNY WAYLAKE UNION CSO CONTROL PROJECT 

The Denny Regulator Station overflows approximately 494 million gallons (MG) per year, 
making it the single largest overflow in the Metro System. The 1985 FEIS analyzed a storage 
and treatment approach for controlling Denny overflows. The 1988 CSO Control Plan, 
however, recommended a partial separation project comprised of 584 acres in the DennylLake 
Union and Denny Local basins, to be complemented by City of Seattle partial separation of 
over 600 acres upstream of the Lake Union Tunnel. 

Metro subsequently reassessed the Denny project in light of changes in the regulatory 
environment and progress made in its CSO control program. In 1991, DWU requested that 
Metro participate in a joint CSO-control alternative analysis to find ways to control discharges 
into Lake Union from Seattle's system and into Elliott Bay at the Denny Regulator Station 
from Metro's system. In 1992, a joint Denny WaylLake Union CSO Control Project was 
submitted as a candidate for Coastal Cities Grant funds, and the Denny project was accelerated 
in order to take advantage of the potential $35 million in grant funding which is to become 
available for the project in 1995. 

The Denny WaylLake Union CSO Control Project which Metro has identified as part of this 
update would meet the City's goal of controlling Lake Union discharges to one event per year, 
would control Metro's Dexter Regulator overflows to one event per year, and would meet 
Metro's interim goal of reducing CSO discharges at the Denny Regulator to approximately 50 
percent of the baseline overflow. Metro has identified various control alternatives including 
separation, storage, conveyance, and treatment options. Through workshop review and 
consultant evaluation of the CSO-control options, Metro selected a preferred alternative. 

Pescriotion of Proposed Action 

Metro's preferred alternative for the Denny WaylLake Union CSO Control Project is a new 
18-foot diameter, 6,800-foot long tunnel under Mercer Street. The tunnel would run from 
Dexter Avenue to Elliott Avenue. The alternative also includes a 2.5 MG concrete storage 
tank near the Denny Regulator Station, two pump stations, a new outfall in Elliott Bay, and 
necessary piping and regulators. 

Environmental Consequences of Proposed Action 

The 1985 FEIS included environmental analysis of a Denny CSO treatment facility, Denny 
Way storage, Denny Way tunnellpartial separation, and Demy local partial separation. The 
current proposal is not significantly different from these CSO-control options analyzed in the 



TABLE 1 
SUMMARY OF POTENTIAL 

ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 
FOR CSO FACILITIES IN GENERAL 

IDENTIFIED IN THE 1985 FEIS AND 1986 FSEIS 

Q?&- 
Earth Resources 

Air Resources 

Water Resources 

Biological 
Resources 
Energy 

Built Environmeg 
Environmental 
Health 

Land and 
Shorelime Use 

Aesthetics 

Recreation 

Historic1 
Archaeological 
Resources 

Transportation 

ENWROYhlEVTAL IMPACTS I MITIGATION MEASURES 

CATAD improvemem - increased storage could 
increase or prolong odor escaping from manholes or 
vents. 
Sewer sep- - dust from consrmction, diesel 
fumes and emissions from heavy equipment, odors 
from stored wastewater during construction. - . . .  
Treatment f a c w  - odors. 
CSO control benefits water quality by reducing 
pollutants entering water bodies through CSOs. 
CSO control benerits aauatic olants and animals as 
water quality improves. 
Consumption of energy to run vehicles and 
equipment during construction and by operation of 
new facilities. 

. Construction - noise levels could increase 
temporarily. 

. L k m a x h  - temporary dust, noise and traffic 
disru~tion. ~ ~ 

Most CSO projects in shorcline zone. 
CSO proiecrs located undersound except for 
rnanholeiids. vent oioes or;lectrical boxes at or . . 
above ground. but views not significantly changed. 

m CSO reducuon benefits recreauod water use and 
aesthetic appreciation by improving water quality. . !2onstructioq - may disturb previously 
undocumented cuitural remains. 

- generate little vehicular traffic except 
occasional disinfectant deliveries by truck or rail. 

Minimize erosion and 
sedimentation. 
Dispose of excavated 
material at approved 
landfill. 
Air filters could be installed 
to minimize odors. 
Disinfection of CSOs prior 
to storage. 
Ozonation or carbon 
treatment of pump station 
or headworks ventilation. 

Maintain construction 
equipment and vehicles in 
good condition. 
Use mufflers in order to 
minimize noise. 

Survey conducted during 
design to assess potential 
for fmding archaeological 
or historic resources. 
hogram developed to 
protect resources during 
consauction. 



previous SEPA document. Therefore, the environmental impacts would be the same as those 
described in the 1985 FEIS. 

Metro and the City of Seattle are currently conducting on project-level NEPA and SEPA 
environmental evaluation of the joint Denny WaylLake Union CSO Control Project which are 
scheduled for completion by the end of 1996. 

Mitisation Measures 

The 1985 FEIS included general mitigation measures for various types of CSO-control 
facilities and specific measures for the Denny project. Table 1 provides a summary of the 
mitigation measures for general CSO-control facilities and Table 2 provides a summary of the 
specific measures for the Denny Project. Additional specific mitigation measures will be 
identified as part of the project-specific evaluation. 

N. HARBOR CSO PIPELINE 

Metro's CSO Program is responsible for reducing the number of CSO events and volume of CSO 
discharges within Metro's system. A 1987 agreement Ecology requires Metro to reduce system- 
wide CSOs by 75 percent by the year 2006. The 1985 FEIS included Harbor Regulator station 
storage as an alternative CSO control project. The 1995 CSO Update proposes to utilize excess 
capacity in the new West Seattle Tunnel for storage rather than constructing a separate storage 
facility. 

If a conveyance pipeline is constructed between the regulator and the pump station, Metro could 
optimize the tunnel operation to reduce CSOs at the Harbor Regulator. However, Harbor 
Regulator flows can only be stored when Alki average wet weather non-storm flows entering the 
west end of the tunnel are less than 19 million gallons per day (MGD), which would occur 
approximately 55 times per year. The flows stored in the tunnel would be slowly released to the 
Elliott Bay Interceptor (EBI) for transport to West Point Treatment Plant for secondary treatment. 

Descriotion of Prooosed Action 

The Harbor CSO Pipeline would be a 54-inch gravity sewer from the Harbor Regulator to the 
splitter structure at the new West Seattle Pump Station, constructed concurrently with the West 
Seattle Forcemain. The Harbor CSO Pipeline would be approximately 1,350 feet long and 
placed in the same trench excavated for the West Seattle Forcemain in Harbor Avenue. The 54- 
inch pipeline would be placed a minimum of three feet below the 30-inch forcemain. 

Cumulative impacts are reduced by placing two pipelines in the same trench rather than 
constructing the pipelines in separate trenches and at separate times. The environmental impacts 



TABLE 2 
SUMMARY OF POTENTIAL 

ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 
SPECIFICALLY IDENTIFIED IN THE 1985 FEIS AND 1986 FSEIS 

FOR A DENNY TREATMENT OR STORAGE FACILITY 

RESOURCE 
Natural Envirm 
Earth Resources 

Air Resources 

Water Resources 

Biological 
Resources 

Built E n v i r o m  
Environmental 
Health 
Land and 
Shoreline Use 
Aesthetics 

Recreation 

Historici 
Archaeological 
Resources 
Transportation 

!It 
Excavation and fdl for vault underground and 
connecting pipelines and outfall. 
Construction - temporary increase in dust and other 
airborne emissions from construction vehicles; 
equipment and diesel fumes. 
C&mim - potential for odor. 
CSO discharges to Duwamish River and Elliott Bay. 
Extension of outfall would increase dilution rate and 
improve water quality near shore. 
Increase volume discharge of effluent, but effluent 
would be treated, disinfected, discharged M e r  
offshore, and greater diffusion due to greater depth. I 
Im~rovement of water quality and near shore waters I 
by ;educing CSO di~char~eswould benefit fish and 
wildlife from the reduction in the toxicant levels and 
otherwise improved habitat. 
Discharge of treated effluent would reduce water 
quality within the zone of initial dilution that could 
lead to a change in habitat and thereby in the fish 
and benthic communities. 

Temporaly increase in noise from trucks and I 
equipment. 
Dust, noise and traffic disruption; located in the I 

. Temporarily increase truck and vehicular traffic on 
adjacent streets. 
No streets would likely be obst~cted during 
construction, but a portion of the parking lot at park 
might be temporarily unavailable. 

shoreline zone. 
Located underground in Myrtle Edwards Park with 
access, vent pipes and electrical box visible at the 
surface. 
Would not obstruct current views from adjacent 
properties, streets, or the park. 
Park would be closed to recreation use in the 
immediate area of construction. . Improvements to near shore water quality could 
enhance aesthetic experience of the park. 

= Park located on fill which would reduce likeliiood 
of discovering archaeological or historic resources. 

Park restored/landscaped. 
Architecmral treatment or 
planting to screen the 
access or above-ground 
vent and electrical box. 
Affected area restored and 
reopened after construction. 
Schedule construction to 
avoid high-use. 



associated with the Harbor CSO Pipeline are similar to those described and analyzed in the 1985 
FEIS for the Harbor Regulator storage and in both the 1985 FEIS and 1986 FSEIS for 
construction and operation impacts of pipelines. Table 1 presents a summary of potential 
environmental impacts for CSO facilities, in general. Metro is currently conducting a project- 
level SEPA and NEPA review of the Harbor CSO Pipeline. Impacts and mitigation measures for 
building pipelines were addressed in the 1985 FEIS and 1986 FSEIS. 

. . Mtttgation Measures 

Table 1 presents a summary of mitigation measures for CSO facilities, in general. A project- 
level environmental analysis is currently in process. Additional specific mitigation measures will 
be identified as part of the project-specific evaluation. 

V. HENDERSONIMARTIN LUTHER KING WAY CSO ENGINEERING 
EVALUATION 

E l i i t i o n  of CSOs to Lake Washington has been a continuing priority in Metro's CSO 
control planning, and until recently it was believed that all Lake Washington CSOs had been 
controlled. However, Metro recently discovered new evidence of overflows to the lake from 
the South Henderson Street Pump Station and the Martin Luther King Way overflow weir in 
1994. Annual estimated overflows total 10 MG at the Henderson location and 88 MG at the 
Martin Luther King location. 

Description of Propose&Action 

The overflows at the Henderson Street Pump Station and the Martin Luther King Way 
overflow weir are believed to be the result of heavy inflow and infiltration to the system in 
those two areas. Metro believes that controlling inflow and may be a cost effective 
way to preventing overflows. As a result, Metro has undertaken an engineering evaluation of 
the area to locate major sources of inflow to obtain a better understanding of the problem at 
these locations, and to make recommendations for controlling it. The evaluation is scheduled 
to be completed by the summer of 1995. Once the engineering evaluation has been completed, 
a specific control project or projects will be selected. 

ntal C~~f~eepences  of Proposed Action 

The potential solutions for the HendersonIMartin Luther King Way overflows (e.g., 
separation, storage and conveyance) were all addressed at a plan level in the 1985 FEIS and 
1986 FSEIS. Comprehensive data of the overflow problems at the Henderson Street Pump 
Station and Martin Luther King Way overflow weir are needed by Metro in order to determine 
the best resolution of the overflow problem. Once these studies are completed, Metro will 
conduct a project-level environmental review to identify specific impacts and mitigation 
measures. 
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APPENDIX E 

RESULTS OF CSO MONITORING 
PROGRAM 



CSO Monitoring Results (1986-1991) 



CSO OVERFLOW MONITORING PROGRAM 

Introduction 

Metro's NPDES sampling program calls for discharge sampling 
of five CSO sites annually through 1992 to meet requirements 
of WAC 173-245-040 (2) (a) (i) and condition S11.Cl of the 
West Point Treatment Plant's National Pollutant Discharge 
Elimination System (NPDES) permit. Appendix A lists 
stations, sample numbers, dates when samples were taken, and 
the status of each site in the monitoring program. Nine 
stations were selected for sediment quality sampling and 
four discharge samples for each CSO under overflow 
conditions were to be collected to supplement previous 
monitoring efforts. Sediment sampling requirements were 
completed in 1990. 

1988-1991 CSO Discharue Oraanics AnalVses Results 

Organics analyses results are presented in Table 7 (Pages 
24-35) and Appendix B describes Metro's trace organics 
analyses procedures. Summaries of organics analyses 
results are available for Ballard Siphon, Brandon, 
Connecticut, East Ballard PI, Norfolk St., and Third Ave. 
West. 

Ballard Siphon CSO 

No pesticides or PCBs were detected in the Ballard CSO 
sample. BNA and VOA results were typical of wastewater. 
Chlorinated solvents, acetone, and xylene were detected in 
the VOA analysis while phenols, polycyclic aromatic 
hydrocarbons (PAHs), and phthalates were present in the BNA 
analysis. Acetone, a common solvent frequently detected in 
wastewater, was present at 31 ppb, methylene chloride at 13 
ppb, and tetrachloroethylene at 16 ppb. All remaining 
organics which were detected had concentrations less than 5 
P P ~  - 
Brandon CSO 

No pesticides or PCBs were detected in the Brandon CSO 
sample. Volatile organics included low levels of chloroform 
and 1,1,l-trichloroethane. BNAs included low levels of 
polycyrlic aromatic hydrocarbons (PAHs), phthalates, 
methylphenol, and benzoic acid. The highest concentration 
noted was 15 ppb of 1,1,l-trichloroethane and BNAs did not 
exceed 10 ppb. 



TABLE 7A 

CSO DISCHARGE ORGANICS DATA 

(in ppb or u@L) 

Sample # 
Station 
NPDES Serial Number 

8800302 8800301 8800300 
Denny Way Lander St. Micnigan St. 

won  W O ~ O  WOS 

PRIORITY POLLUTANT ORGANICS 

ACIDS 

PHENOL 
2-CHLOROPHENOL 
4-CHLORO-3-METHYL PHENOL 
2.4-DICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2.3.4.6-ETRACHLOROPHENOL 
PENTACHLOROPHENOL 
2-NITROPHENOL 
4-NITROPHMOL 
2.4-DINITROPHENOL 
2.4-DIMETHYLPHENOL 
4.6-DINITRO-2-METHYLPHENOL 
2-METHYLPHENOL (0-CRESOL) 
3-MNYLPHENOL (M-CRESOL) 
4-METHYLPHENOL (P-CRESOL) 
BENZOIC ACID 

BASES 

N-NlTROSODIMETnYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
BENZIDINE 
3.3-DICHLOROBENZIOINE 
PYRlDlNE 
ANAUNE 
4-CHLOROANILINE 
2-NITROANILINE 
3-NITROANIUNE 
4-NKROANILINE 

NEUTRALS 

1.2-DICHLOROBENZENE 
1.3-DICHLOROBENZENE 
1 +DICHLOROBENZENE 
1.2.4-TRICHLOROBENZENE 
HEXACHLOROBWZENE 
NITROBENZENE 
HEXACHLOROEMANE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROBUTADIENE 
TRICHLOROB~AOIENE 
TEIRACHLOROBUTADIENE 



TABLE 78 

CSO DISCHARGE ORGANICS DATA 

(in ppb or uUL) 

Sarnoie x 
Station 
NPDES Serial Number 

8800302 8800301 8800300 
Denny Way Lander St. Michigan St. 

W027 W030 W039 

NEUTRALS 

PENTACHLOROBUTADIENE 
BlS (2-CHLOROETHYL) ETHER 
81s (2-CHLOROISOPROPYL) N E R  
4-CHLOROPHENYL PHENYL ETHER 
4-BROMOPHENYL PHENYL ETHER 
BlS (2-CHLOROETHOXY) METHANE 
2.4-DINITROTOLUENE 
2.6-DINITROTOLUENE 
NAPHTHALENE 
2-METHY LNAPTHALENE 
FLUORENE 
ACENAPHTHENE 
ACENAPHMHYLENE 
ANTHRACENE 
PHENANTHRENE 
FLUROANTHENE 
PYRENE 
CHRYSENE 
BENZO (A) ANTHRACENE 
BENZO (A) PYRENE 
BENZO (6) FLUORANTHENE 
BENZO 00 FLUORANTHENE 
INDENO (1.2.3-C.D)PYRENE 
OlBENZO (A-H) ANTHRACENE 
BENZO (G.H.1) PERYLENE 
2-CHLORONAPHTHALENE 
DlMElHYL PHTHALATE 
DlESHYL PHTHALATE 
Dl-N-BUTYL PHTHALATE 
BENZYL BUML PHTHALATE 
01-N-OCTYL PHTHALATE 
BlS (2-ETHYLHWL) PHTHALATE 
BENZYL ALCOHOL 
DIBENZONRAN 
1-2. DIPHENYLHYDWNE 
ISOPHORONE 

PCBS AND PESTICIDES 

TOTAL PCBs 
AROCLOR 1016 
AROCLOR 1221 
AROCLOR 1272 
AROCLOR 1242 

. AROCLOR 1248 



TABLE 7C 

CSO DISCHARGE ORGANICS DATA 

(in PPO or U ~ L )  

Sample # 
Slalion 
NPDES Serial Number 

8800302 8800301 8800300 
Denny way Lander St. Michigan St. 

W027 W030 W039 

PCBS AND PESTICIDES 

AROCLOR 1254 
AROCLOR 1260 
ALPHA-BHC 
BETA-BHC 
DELTA-BHC 
GAMMA-BHC (LINDANE) 
4.4-DOE 
4.4-000 . 
4.4-DOT 
ALDRIN 
DIELDRIN 
ENDRIN 
ENDRIN ALDEHYDE 
CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
MNOXYCHLOR 
ENDOSULFAN l 
ENOOSULFAN II 
ENDOSULFAN SULFATE 
TOXAPHENE 
2.3.7.8-TCDD 

DEMETON 
GUTHION 
MALATHION 
MlRM 
PARATHION 

M N Y L  CHLORIDE 
MNYLENE CHLORIDE 
CHLOROFORM 
CHLOROMETHANE 
CHLOROETHANE 
1.1-DICHLOROETHANE 
1.2-DICHLOROETHANE 
1.1.1-TRICHLOROETHANE 
1.1.2-TRICHLOROETHANE 
1.1 .I .2-TEIRACHLORONANE 
1 .1,2.2-T€rRACHLOROETnANE 
VINYL CHLORIDE 
1.1 -0ICHLOROElHYLENE 
TRANS-1.2-DICHLOROETHYLENE 
CIS-1.2-DICHLOROETHYLENE 



TABLE 70 

CSO DISCHARGE ORGANICS DATA 

(in ppb or uUL) 

Sample X 
Station 
NPDES Serial Number 

8800302 8800301 8800300 
Denny Way Lander St. Michigan St. 

W027 W030 W039 

TRICHLOROETHYLENE 2.00 
TEFRACHLORONYLENE 4.50 
1 .I .2-TRICHLOROETHYLENE 
1.2-DICHLOROPROPANE 
CIS-1.3-OICHLOROPROPENE 
TRANS-1.3-DICHLOROPROPENE 
M N Y L  BROMIDE 
DICHLOROBROMOMNANE 
CHLORODIBROMOMETHANE 
BROMOFROM 
DICHLORODIFLUOROM~ANE 

J TRICHLOROFLUOROMNANE 
ACROLEIN 
ACRYLONITRILE 
CARBON TETRACHLORIDE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
81s (CHLOROMETHYL) NER 
2-CHLOROETHYL VINYL ETHER 
CARBON DISULFIDE 
ISOBVTANOL 
ACETONE 
VINYL ACETATE 
2-BUTANONE (MEN 
4-METHYL-2-PENTANONE (MIBK) 
2-HEXANONE 
TOTAL WLENE 
STRYENE 



TABLE 7E 

CSO DISCHARGE ORGANICS DATA 

(in ppa or ug/L) 

Sample W 8909716 9000289 9000887 
Station Ballard Siphon Brandon St. Norfolk St. 
NPDES Serial Number WOO3 WW1 W044 

PRIORIN POLLUTANT ORGANICS 

ACIDS 

PHENOL 
2-CHLOROPHENOL 
4-CHLORO-3-METHYL PHENOL 
2.4-DICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2.3.4.6-mRACHLOROPHENOL 
PEMACHLOROPHENOL 
2-NKROPHENOL 
4-NITROPHENOL 
2.4-DINITROPHENOL 
2.4-DIMEIHYLPHENOL 
4.6-DINITRO-2-METHYLPHENOL 
?-METHYLPHENOL (O-CRESOL) 
3-METHYLPHENOL (M-CRESOL) 
4-METHYLPHENOL (P-CRESOL) 
BENZOIC ACID 

BASES 

N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROWLAMINE 
N-NITROSODIPHENYLAMINE 
BENZlDlNE 
3.3-DICHLOROBENZIDINE 
PYRlDlNE 
ANAUNE 
4-CHLOROANIUNE 
2-NITROANIUNE 
3-NlTROANIUNE 
CNITROANIUNE 

NEUTRALS 

1.2-DICHLOROBENZENE 
1 .&DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
1 -2.4-TRICHLOROBENZENE 
HMACHLOROBENZENE 
NITROBENZENE 
HMACHLOROETHANE 
HEUCHLOROCYCLOPENTADIENE 
HMACHLOROBUTADIENE 
TRICHLOROBUTADIENE 
mRACHLOROBUTADlENE 



TABLE 7F 

CSO DISCHARGE ORGANICS DATA 

(in ppD or uWL) 

Sample X 
Station 
NPDES Serial Number 

8909776 9000289 9000887 
Ballard Siphon BralrdOn St. Norfolk St. 

WOO3 W041 WOW 

NEUTRALS 

PENTACHLOROBUTADIENE 
BIS (2-CHLOROETHYL) ETHER 
BIS (2-CHLOROISOPROPYL) ETHER 
4-CHLOROPHENYL PHENYL ETHER 
4-BROMOPHENYL PHENYL ETHER 
BlS (2-CHLOROElHOxv) METHANE 
2.4-DINITROTOLUENE 
2.6-DINITROTOLUENE 
NAPHTHALENE 
2-METHYLNAPTHALENE 
FtUORENE 
ACENAPHTHENE 
ACENAPHWHYLENE 
ANTHRACENE 
PHENANTHRENE 
FLUROANTHENE 
PYRENE 
CHRYSENE 
BENZO (A) ANTHRACENE 
BENZO (A) PYRENE 
BENZO (0) FLUORANTHENE 
BENZO (0 FLUORANTHENE 
INDENO (1.2.3-C.D)PYRENE 
oremzo (A-H) ANTHRACENE 
BENZO (G.H.1) PERYLENE 
2-CHLORONAPHMALENE 
DIMETHYL PHTHALATE 
QIETHYL PHTHALATE 
Dl-N-BUNL PHTHALATE 
BENZYL BUTYL PHTHALATE 
Dl -N-OWL PHMALATE 
BIS (2-ETHYLHDCTL) PHTHALATE 
BENZYL ALCOHOL 
DIBENZOFURAN 
1-2. DIPHENYLHY DRAZINE 
ISOPHORONE 

PCBs AND ?ESTIC!DES 

TOTAL PCBs 
AROCLOR 1016 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1 2 a  



TABLE 7G 

CSO DISCHARGE ORGANICS DATA 

(in ppa or ug/L) 

Sample t 
Station 
NPDES Serial Number 

8909776 9000289 9000887 
Ballard Siphon Brandon St. Norfolk St. 

WOO3 WO41 WOM 

PCBs AND PESTICIDES 

AROCLOR 1254 
AROCLOR 1260 
ALPHA-BHC 
BETA-BHC 
DELTA-BHC 
GAMMA-BHC (LINDANEJ 
4.4-DOE 
44-000 
4.4-DOT 
ALDRIN 
DIELDRIN 
ENDRIN 
ENDRIN ALDEHYDE 
CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
MNOXYCHLOR 
ENDOSULFAN I 
ENDOSULFAN I1 
ENDOSULFAN SULFATE . 
TOXAPHENE 
2.3.7.8-TCDD 

DEMETON 
GUTHION 
MALATHION 
MIREX 
PARATHION 

M N Y L  CHLORIDE 
METHYLENE CHLORIDE 
CHLOROFORM 
CHLOROMETHANE 
CHLOROETHANE 
1.1-DICHLOROETHANE 
1.2-DICHLOROETHANE 
1 .I .l-TRICHLOROETHANE 
1 .1.2-TRICHLOROETHANE 
1 ,I. 12-'ETRACHLOROETHANE 
1 .l.2.2-TETRACHLOROEFHANE 
VINYL CHLORIDE 
1 ,l-DICHLOROEPIYLENE 

, TRANS-1.2-OICHLORONYLENE 
CIS-1.2-DICHLOROETHYLENE 



TABLE 7H 

CSO DISCHARGE ORGANICS DATA 

(in ppo or u@L) 

Sample X 
Station 
NPDES Serial Number 

8909T16 9000289 9000887 
Ballard Siphon Brandon St. Nortolk St. 

WOO3 W041 W W  

TRICHLOROETHYLENE 
TETRACHLORONYLENE 
1,1,2-TREHLORO€niYLENE 
1.2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPENE 
TRANS-1.3-DICHLOROPROPENE 
M N Y L  BROMIDE 
DICHLOROBROMOMNANE 
CHLORODIBROMOMETHANE 
BROMOFROM 
OlCHLORODlFLUOROMETHANE 
TAICHLOROFLUOROMNANE 
ACROLEIN 
ACRYLONITRILE 
CARBON TETRACHLORIDE 
BENZENE 
TOLUENE 
EMYLBENZENE 
BlS (CHLOROMElHYL) N E R  
2-CHLOROETHYL VINYL ETHER 
CARBON DlSULFlOE 
ISOBUTANOL 
ACETONE 
VINYL ACETATE 
2-BUTANONE (MU() 
4-MNYL-2-PENTANONE (MIBQ 
2-HEXANONE 
TOTAL XYLENE 
r n Y E N E  



TABLE 71 

CSO DISCHARGE ORGANICS DATA 

(in ppb or uWL) 

Sample # 8900177 8900174 8909689 
Station M Ballard X I  3rd A V ~ .  west Connecticut 
NPDES Serial Number WOO4 WOO8 W029 

PRIORllY POLLUTANT ORGANICS 

ACIDS 

PHENOL 
2-CHLOROPHENOL 
4-CHLORO-3-METHYL PHENOL 
2.4-DICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2.3.4.6-TETRACHLOROPHENOL 
PENTACHLOROPHENOL 
2-NITROPHENOL 
4-NITROPHENOL 
2.4-DINKROPHENOL 
2.4-DIMETHYLPHENOL 
4.6-DINITRO-2-METHYLPHENOL 
2-METHYLPHENOL (0-CRESOL) 
3-METHYLPHENOL (M-CRESOL) 
4-METHYLPHENOL (P-CRESOL) 
BENZOIC ACID 

BASES 

N-NKROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NITROSOOIPHENYLAMINE 
BENUDINE 
3.3-DICHLOROBENZIDINE 
PYRlDlNE 
ANAUNE 
4-CHLOROANILINE 
2-NITROANIUNE 
3-NITROANIUNE 
4-NITROANILINE 

NEUTRALS 

1 S-DICHLOROBENZENE 
1.3-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
1.2.4-TRICHLOROBENZENE 
HEXACHLOROBENZENE 
NrnOBENZENE 
HEXACHLOROETHANE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROBUTADIENE 
TRICHLOROBUTADIENE 
TETRACHLOROBUTADIENE 



TABLE 7J 

cso DISCHARGE ORGANICS DATA 

(in ppb or ugL) 

Samole k 
Station 
NPOES Serial Number 

89001 77 89001 74 8909689 
East Ballard 1)l 3rd Ave. West Connect~cut 

WOO4 WOO8 W029 

NEUTRALS 

PENTACHLOROBUTAOIENE 
BIS (2-CHLOROEIHYL) ETHER 
81s (2-CHLOROISOPROPYL) N E R  
4-CHLOROPHENYL PHENYL EWER 
4-BROMOPHENYL PHENYL ETHER 
BlS (2-CHLOROETHOXY) METHANE 
2.4-DINITROTOLUENE 
2.6-DINITROTOLUENE 
NAPHTHALENE 
2-MEWYLNAPTHALENE 
FLUORENE 
ACENAPHTHENE 
ACENAPHYTHYLENE 
AMWRACENE 
PHENANTHRENE 
FLUROANTHENE 
PYRENE 
CHRYSENE 
BENZO (A) ANTHRACENE 
BENZO (A) PYRENE 
BENZO (0) FLUORANTHENE 
BENZO (K) FLUORANTHENE 
INDENO (1 -2.3-C.D)PYRENE 
OIBENZO (A-H) ANTHRACENE 
BENZO (G.H.1) PERYLENE 
2-CHLORONAPHWALENE 
DIMEFIYL PHTHALATE 
O l E m L  PHTHALATE 
Dl-N-BUTYL PHTHALATE 
BENZYL B W L  PHTHALATE 
01-N-OWL PHTHALATE 
BlS (2-NYLHEC/L)  PHTHALATE 
BENNL ALCOHOL 
DlBENZOFURAN 
1-2. DIPHENYLHYDRAUNE 
ISOPHORONE 

X B S  ANO PEST1C:DES 

TOTAL PCBs 
AROCLOR 1016 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 



TABLE 7K 

CSO DISCHARGE ORGANICS DATA 

(in ppa or ug/L) 

Sample # 
Station 
NPDES Serial Number 

8900177 8900174 8909689 
East Bailara #l 3ra Ave. West Cannocticut 

WOO4 WOO8 W029 

PCBs AND PESTICIDES 

AROCLOR 1254 
AROCLOR 1260 
ALPHA-BHC 
BEFA-BHC 
DELTA-BHC 
GAMMA-BHC (LINDANE) 
4.4-DOE 
4.4-DDD 
4.4-DOT 
ALDRlN 
DIELDRIN 
ENORIN 
ENDRIN ALDEHYDE 
CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXlDE 
METHOXYCHLOR 
ENDOSULFAN I 
ENDOSULFAN II 
ENDOSULFAN SULFATE 
TOXAPHENE 
2.3.7.8-TCDD 

DEMETON 
GUTHION 
MALATHION 
MIRE< 
PARATHION 

M N Y L  CHLORIDE 
MNYLENE CHLORIDE 
CHLOROFORM 
CHLOROMmHANE 
CHLORONANE 
1 .I -DICHLOROmHANE 
1.2-DICHLORO€WiANE 
1 .I .I -TRICHLOROmHANE 
1 .l.2-TRICHLOROETnANE 
1 .I .1.2-TRRACHLORONANE 
1.1.2.2-TERACHLOROEMANE 
VINYL CHLORIDE 
1 .l -DICHLOROmHYLENE 
TRANS- 1.2-DICHLOROETHYLENE 
CIS- 1.2-DICHLOROECiYLENE 



TABLE 7L 

CSO DISCHARGE ORGANICS DATA 

(in DDD or ug/L) 

Sample i 
Station 
NPOES Serial Number 

8900177 89001 74 8909689 
East Ballard X1 3rd Ave. Wen Connecticut 

WOO4 WOO8 W029 

TRICHLOROEIHYLENE 
rnACHLOROETHYLENE 
1.1 2-TRICHLOROEFHYLENE 
1.2-DICHLOROPROPANE 
CIS-1 -3-DICHLOROPROPENE 
TRANS-1.3-OICHLOROPROPENE 
METHYL BROMIDE 
DICHLOROBROMOMETHANE 
CHLORODIBROMOMETHANE 
BROMOFROM - - 
DICHLOROOIFLUOROMETHANE 
TRICHLOROFLUOROMEMANE 
ACROLEIN 
ACRYLONITRILE 
CARBON TETRACHLORIDE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
BlS (CHLOROMETHYL) EiHER 
2-CHLOROETHYL VINYL EWER 
CARBON DlSULFlDE 
ISOBUTANOL 
ACETONE 
VINYL ACETATE 
2-BUTANONE ( M M  
4-METHYL-2-PENTANONE (MIBK) 
2-HEXANONE 
TOTAL YXLENE 
STRYENE 



connectieut Reguiator CSB 

No pesticides or PCBs were detected. The only volatile 
organics detected were low levels of benzene, toluene, and 
xylene, and acetone (a common solvent). The primary 
contaminants in the BNA fraction were PAHs, 4-methylphenol, 
and benzoic acid. With the exception of 22 ppb of the 
ubiquitous plasticizer bis (2-ethylhexyl) phthalate, all of 
the BNA concentrations were less than 5 ppb. PAWS are fuel 
combustion products that are commonly detected in stomwater 
and wastewater samples. Methylphenol is a common 
disinfectant found in wastewater. Benzoic acid is a 
naturally occurring compound (most berries contain 0.05 
percent). 

East Ballard #1 CSO 

Only low levels of organics were present. No PCBs or 
pesticides were detected. The volatile organics found were 
those found in fuels (benzene, toluene, and xylene), 
degreasers (tetrachloroethylene and methylene chloride) and 
drinking water (chloroform). Phthalates, PAHS, and phenol, 
semivolatile organics commonly found in storm and wastewater 
samples, were detected. 

Norfolk St. CSO 

Very few organics were detected in the Norfolk CSO sample. 
No pesticides or PCBs were present. Volatile organics 
detected in the Norfolk sample included low levels of 
tetrachloroethylene and acetone. Semivolatile organics for 
the Norfolk sample included traces of two phthalates. 

Third AVe. West CSO 

Only low levels of organics were present. No PCBs or 
pesticides were detected. The volatile organics found were 
those found in fuels (benzene, toluene, and xylene), 
degreasers (tetrachloroethylene and methylene chloride) and 
drinking water (chloroform). Phthalates, PAHs, and phenol 
(semivolatile organics commonly found in storm and 
wastewater samples) were detected. 

1988-1991 CSO Discharue Metals and Conventionals Analyses 
Results 

Metals and conventionals analyses results were compared to 
typical CSO pollutant levels (see Metro's Toxicant 
Pretreatment Planning Study Technical Report A2: Collection 
System Evaluation, 1984) in Table 8 (Pages 37-39). These 
"typicalN pollutant levels were derived from an analysis of 
CSO discharges and West Point treatment plant influent 
during storm events. They represent a theoretical average 
Metro CSO. Some variation from these values on an 



CSO DISCHARGE METALSICONVENTIONALS DATA 

METALS 

ALUMINUM 
ARSENIC 
BERYLLIUM 
CADMIUM 
CHROMIUM 
COPPER 
'IRON 
LEAD 
MANGANESE 
MERCURY 
NICKEL 
SELENIUM 
SILVER 
ZINC 

WOO3 
Ballard 

MIN MAX MEAN 
VALUE VALUE VALUE 

NllN2 (MGILI @Q!LJ IMFIL) 7- 

414 1.3000 1.5000 1.3500 
113 0.0020 0.0020 0.0020 
oI4 
014 
4N 0.0064 0.0100 0.0075 
414 0.0270 0.0400 0.0365 
414 1.5000 1.9000 1.7000 
414 0.0600 0.0700 0.6250 
414 0.0410 0.0590 0.0478 
214 0.0003 0.0003 0.0003 
W4 
W3 
014 
414 0.1400 0.2200 0.1700 

WOO3 
Ballard 

MIN MAX MEAN 
VALUE VALUE VALUE 

CONVENTIONALS NUN2 NGIL) (MGI1) (MGILI 

BOD 414 22.00 35.00 27.75 
COD 414 64.00 115.00 89.75 
TOTAL-SS 4# 58.14 0400 71.79 
VOLATILE-SS 4 23.26 37.33 31.15 
OIL-GREASE W4 5.70 8.00 6.93 

W04 1 
Brandon SI. Oullall 

MIN MAX MEAN 
VALUE VALUE VALUE 

PIIN2 (MGILi. @GJJ IMGIL) 

414 1.5000 9.5000 4.9750 
314 0.0040 O.M)80 0.0060 
014 
O N  
4/4 0.0100 0.0600 0.0275 
4H 0.0290 0.0860 0.0565 
4/4 2.2000 14.0000 7.0000 
I 0.0400 0.1000 0.0750 
414 0.0490 0.3200 0.1780 
214 0.0002 0.0004 0.0003 
414 0.0200 0.0500 0.0350 
?I4 0.0070 0.0070 0.0070 
214 0.WO 0.0070 0.0060 
414 0.1300 0.3400 0.2350 

W041 
Brandon St. Oulfall 

MIN MAX MEAN 
VALUE VALUE VALUE 

NllN2 (MGKI &$3& - 

W044 
Norlolk Reg. 

MIN MAX MEAN TYPICAL CSO VALlJES 
VALUE VALUE VALUE (TPPS REPORT) 

NllN2@Q!LJ (MGILI IMGIL) @GJJ - 
414 2.8000 3.7000 3.4250 4.600000 
114 0.0040 0.0040 0.0040 0.010000 
014 0.000067 
014 0.002800 
414 0.0070 0.0100 0.0090 0.033000 
414 0.0200 0.0440 0.0333 0.072400 
414 3.5000 5.1000 4.5250 3.700000 
314 0.0300 0.0400 0.0333 0.140000 
4H 0.1000 0.1500 0.1375 O.lW000 
414 0.0002 0.0007 0.0004 0.000260 
2/4 0.OlDD 0.0100 0.0100 0.030000 
1N 0.01M) 0.0100 0.0100 
011 0.005000 
4 0.0870 0.1500 0.1143 0.210000 

W044 
Norfolk Reg. 

MIN MAX MEAN TYPICAL CSO VALUES 
VALUE VALUE VALUE (TPPS REPORl) 

NllN2 /MGnl (MGII.) - 

NOTE: A BLANK CELL INDICATES THAT A CONSTITUENT WAS NOT DETECTED 



TABLE 80 

CSO DISCHARGE METALSICONVENTIONALS DATA 

ALUMINUM 
ARSENIC 
BERYLLIUM 
CADMIUM 
CI IROMIUM 
COPPER 
IRON 
LEAD 
MANGANESE 
MERCURY 

W 
NICKEL 

0)  SELENIUM 
SILVER 
ZINC 

CONVENTIONALS 

BOD 
COD 
TOTAL-SS 
VOLATILE-SS 
OIL-GREASE 

W029 
Connecllcut 

MIN MAX MEAN 
VALUE VALUE VALUE 

NllN2 &$&J NGIL) - 

MIN MAX MEAN 
VALUE VALUE VALUE 

NllN2 p&kJ IMOIC) IMGIL) - 

WOO8 
3rd Ave. Wesl 

MIN MAX MEAN 
VALUE VALUE VALUE 

NllN2 (MGIU rn IMGI1) - 

WOO8 
3rd Ave. Wesl 

MIN. MAX MEAN 
VALUE VALUE VALUE 

N1M2 (MGU p&kJ p&kJ - 

NOTE: A BLANK CELL INDICATES THAT A CONSTITUENT WAS NOT DETECTED 

WOO4 
E. Ballard 81 

MIN . MAX MEAN NPICALCSOVALUES 
VALUE VALUE VALUE (TPPS REPORT) 

NllN2 a (MGI1) @!&) (MGI1) - 

WOO4 
E. Ballard H 

MIN MAX MEAN NPICAL CSO VALUES 
VALUE VALUE VALUE (TPPS REPORT) 

N11N2 IMGn) (MGILI (MGI1) (MGI1) - 



TABLE 8C 

CSO DISCHARGE METALS/CONVEFmONALS DATA 

NPOESI 

METALS - 
ALUMINUM 
ARSENIC 
BERYLLIUM 
CADMIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MANGANESE 
MERCURY 
NlCKa 
SELENlUM 
SILVER 
ZINC 

NPDES Y 

BOD 
COO 
TOTAL-SS 
VOLATILE-SS 
OIL-GREASE 

w o s  
Michigan 

MEAN 
VALUE 

5.80000 
0.00910 
0.00700 
0.00170 
0.04200 
0.060W 
5.1w00 
0.22000 
0.1 1000 
0.00027 
0.02900 

0.00420 
0 . 2 0 ~  

wos 
Michigan 

MEAN 
VALUE 
w 

49.00 
100.00 
98.00 

W030 
Lander 

MEAN 
VALUE 

w 
5.10000 
0.01m 
0.00009 
o.MH10 
0.07100 
0.15000 
4.9wM3 
0.11000 
0.1WM) 
0.001 1 
0.0noo 

0.00170 
0.28000 

W030 
Wec 

MEAN 
VALUE 

NGlll 

55.00 
n a o o  
130.00 
64.00 
7.00 

won 
Denny 

MEAN 
VALUE 

w 
290600 
0.01wo 
0.00003 
0.00200 
0.02300 
0.07300 
230000 
0.15000 
o.OMXX1 
0.W039 
0.02700 

0.01400 
0 . m  

won 
Denny 

MEAN 
VALUE 
(MORI 

7200 
180.00 
100.00 
60.00 
10.00 

TYPICAL CSO VALUES 
CFpPS REPORT) 

0 

TYPICAL CSO VALUES 
CrpPS REPORT) 

IMWL) 



individual basis are to be expected and do not represent a 
violation of regulatory standards. Other studies have 
reported large variations in toxicant concentrations in 
CSOs, however for Metro's Toxicant Pretreatment Planning 
Study Technical Report A2 the variability was less 
significant. 

A value of zero is assumed for constituents below the 
detection limit in computing arithmetic mean values in Table 
8. The typical CSO pollutant level is not available for 
selenium. Typical CSO pollutant levels are geometric mean 
values. 

Ballard CSO 

The mercury mean constituent level was above the typical CSO 
pollutant level in the Ballard CSO sample. All other mean 
constituent concentrations were at or below typical CSO 
pollutant levels. 

Brandon CSO 

Aluminum, iron, manganese, nickel, silver, zinc, total 
suspended solids, and oil-grease mean constituent levels 
were above the typical CSO pollutant levels in the Brandon 
CSO sample. All other mean constituent concentrations were 

at or below typical CSO pollutant levels. 

Connecticut CSO 

Aluminum, cadmium, copper, iron, manganese, mercury, silver, 
zinc, BOD, total suspended solids, volatile suspended 
solids, and oil-grease mean constituent levels were above 
typical CSO pollutant levels in the Brandon CSO sample. All 
other mean constituent concentrations were at or below 
typical CSO pollutant levels. 

Denny Way CSO 

Copper, lead, mercury, zinc, BOD, COD, and oil-grease mean 
constituent levels were above typical CSO pollutant levels 
in the Denny Way CSO. All other mean constituents were at 
or below typical CSO pollutant levels. 

East Ballard #1 

The oil-grease mean constituent level was above the typical 
CSO pollutant level. All other mean constituent 
concentrations were at or below typical CSO pollutant 
levels. 

Lander St. CSO 



Aluminum, beryllium, cadmium, chromium, copper, iron, 
manganese, nickel, zinc, total suspended solids, and 
volatile suspended solids mean constituent levels were above 
typical CSO pollutant levels. All other mean constituent 
levels were at or below typical CSO pollutant levels. 

Michigan cSo 

Aluminum, beryllium, cadmium, chromium, iron, lead, 
manganese, and mercury mean constituent levels were above 
typical CSO pollutant levels. All other mean constituent 
concentrations were at or below typical CSO pollutant 
levels. 

Norfolk CSO 

Iron, total suspended solids, and oil-grease mean 
constituent levels were above the typical CSO pollutant 
levels in the Norfolk CSO sample. All other mean 
constituent concentrations were at or below typical CSO 
pollutant levels. 

Third Ave. West CSO 

Mercury, silver, and oil-grease mean constituent levels were 
above the typical CSO pollutant levels in the Third Ave. 
West CSO. All other mean constituent concentrations were at 
or below typical csO pollutant levels. 

Organics analyses results for CSO marine sediments are 
reported in Table 9 (Pages 42-53). 

Results 

Metals/conventionals analyses results are presented in Table 
10 (page 54). 



TABLE 9A 

CSO MARINE SEDIMENT ORGANICS DATA 

Sample X 
Station 
NPDES Serial Number 

8900560 8900561 8900563 
Ballard Siphon M Ballard #1 3rd Ave. Wesl 

WOO3 WOO4 WOO8 

PRIORITY POLLUTANT ORGANICS 

ACIDS 

PHENOL 
2-CHLOROPHENOL 
4-CHLORO-3-METHYL PHENOL 
2.4-DICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2.3.4.6-TETRACHLOROPHENOL 
PENTACHLOROPHENOL 
2-NITROPHENOL 
4-NITROPHENOL 
2.4-DINITROPHENOL 
2.4-DIMETHYLPHENOL 
4.6-DINITRO-2-METHYLPHENOL 
2-METHYLPHENOL (0-CRESOL) 
3-METHYLPHENOL (M-CRESOL) 
4-MNYLPHENOL (P-CRESOL) 
BENZOIC ACID 

BASES 

N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NKROSODIPHENYLAMINE 
BENZIDINE 
3.3-DICHLOROBENZIDINE 
PYRIDINE 
ANALINE 
4-CHLOROANILINE 
2-NITROANIUNE 
3-NITROANIUNE 
4-NITROANIUNE 

NEUTRALS 

1.2-DICHLOROBENZENE 
1.3-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
12.4-TRICHLOAOBENZENE 
HEXACHLOROBENZENE 
NITROBENZENE 
HEXACHLOROEWANE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROBUTADIENE 
TRICHLOROBUTAOIENE 
TETRACHLOROBUTADIENE 



TABLE 96 

CSO MARINE SEDI?&ENT ORGANICS OAT4 

(in ppb or uUL) 

Sample X 
Starion 
NPOES Serial Number 

8900560 8900561 8900563 
Bailard Siphon East Ballard X I  3rd Ave. West 

WOO3 WOO4 WOO8 

N M R A L S  

PENTACHLOROBUTAOIENE 
BlS (2-CHLORONYL) ETHER 
BlS (2-CHLOROISOPROPYL) ETHER 
4-CHLOROPHENYL PHENYL ETHER 
4-BROMOPHENYL PHENYL ETHER 
BlS (2-CHLOROETHOW METHANE 
2.4-OINITROTOLUENE 
2.6-OINITROTOLUENE 
NAPHTHALENE 
2-METHYLNAPTHALENE 
FLUORENE 
ACENAPHTHENE 
ACENAPHYMYLENE 
ANTHRACENE 
PHENANTHRENE 
FLUROANTHENE 
WRENE 
CHRYSENE 
BENZO (A) ANTHRACENE 
BENZO (A) PYRENE 
BENZO (6) FLUORANTHENE 
BENZO (K) FLUORANTHENE 
INDEN0 (1.2.3-C.D)PYRENE 
OlBENZO (A-H) ANTHRACENE 
BENZO (G.H.1) PERYLENE 
2-CHLORONAPHTHALENE 
DIMETHYL PHTHALATE 
OIETHYL PHTHALATE 
O I -N -BWL PHTHALAE 
BENZYL BUTYL PHTHALATE 
OI-N-OCTYL PHTHALATE 
BlS (2-ETHYLHEXYL) PHTHALATE 
BENNL ALCOHOL 
DIBENZOFURAN 
1-2. OIPHENYLHYORAUNE 
ISOPHORONE 

PCBS AX0 PESTlCiOES 

TOTAL PCBs 
AROCLOR 1016 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 



TABLE 9C 

CSO MARINE SEDIMENT ORGANICS DATA - 
(in apo or ug /~ )  

Sample # 
Station 
NPDES Serial Numbel 

8900560 8900561 8900563 
Ballard Siphon East Bailard #I  3rd Ave. West 

WOO3 WOO4 WOO8 

PCBS AND PESTICIDES 

AROCLOR 1254 
AROCLOR 1260 
ALPHA-BHC 
BETA-BHC 
DELTA-BHC 
GAMMA-BHC (LINDANE) 
4.4-ODE 
4.4-DDD 
4.4-DOT 
ALDRIN 
DIELDRIN 
ENDRIN 
ENDRIN ALDEHYDE 
CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXICHLOR 
ENDOSULFAN l 
ENDOSULFAN I1 
ENDOSULFAN SULFATE 
TOXAPHENE 
2.3.7.8-TCDD 

DEMETON 
GUTHION 
MALATHION 
MIREX 
PARATHION 

METHYL CHLORIDE 
METHYLENE CHLORIDE 
CHLOROFORM 
CHLOROMrnANE 
CHLOROETHANE 
I .I -DICHLOROEFHANE 
1.2-DICHLOROEWANE 
1.1 .I -TRICHLOROETHANE 
1 -1.2-TRICHLOROETHANE 
1.1 .l.2-TETRACHLOROEWANE 
1.1.2.2-TETRACHLOROETHANE 
VINYL CHLORIDE 
1 .I -0ICHLOROEFnYLENE 
TRANS-1.2-DICHLOROETHYLENE 
CIS-1 9-DICHLOROETHYLENE 



TABLE 90 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppb or uglL) 

Sample # 
Station 
NPDES Serial Numbef 

8900560 8900561 8900563 
Ballam Siphon East Ballard #I. 3rd Ave. west 

WOO3 WOO4 WOO8 

TRICHLOROEMYLENE 
TrnACHLORONYLENE 
1.1.2-TRICHLORORHYLENE 
1 -2-OICHLOROPROPANE 
CJS-1 3-OICHLOROPROPENE 
TRANS-1.3-DICHLOROPROPENE 
METHYL BROMIDE 
OICHLORO8ROMOMETHANE 
CHLORODl8ROMOMETHANE 
BROMOFROM 
OICHLOROOIFLUOROMETHANE 
TRICHLOROFLUOROMETHANE 
ACROLEIN 
ACRYLONITRILE 
CARBON T€lRACHLORIDE 
BENZENE 
CHLOROBENZENE 
TOLUENE 
NYLBENZENE 
BIS (CHLOROM€WYL) ETHER 
2-CHLORONYL VINYL EWER 
CARBON DISULFIOE 
ISOBUTANOL 
ACETONE 
VINYL ACETATE 
2-BUTANONE ( M M  
4-MNYL-2-PENTANONE (MIBK) 
2-HEXANONE 
TOTAL W E N E  
STRYENE 



TABLE 9E 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppb dry or ug/L) 

Sample # 
Station 
NPDES Serial Number 

8900564 8900565 4006687 
Montlake Dener Ave Brandon St. 

W014 WOO9 W041 

PRlORllY POLLUTANT ORGANICS 

ACIDS 

PHENOL 
2-CHLOROPHWOL 
4-CHLORO-3-METHYL PHENOL 
2.4-DICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2.3.4.6-TETRACHLOROPHENOL 
PENTACHLOROPHENOL 
2-NITROPHENOL 
4-NITROPHENOL 
2.4-DINtlROPHENOL 
2.4-DIMiXiYLPHENOL 
4.6-DINITRO-2-METHYLPHENOL 
2-MiXiYLPHENOL (0-CRESOL) 
3-METHYLPHENOL (M-CRESOL) 
4-METHYLPHENOL (P-CRESOL) 
BENZOIC ACID 

BASES 

N-NITROSODIMNYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
BENUDINE 
3.3-DICHLOROBENZIDINE 
PYRlDlNE 
ANAUNE 
4-CHLOROANILINE 
2-NITROANILINE 
3-NRROANIUNE 
4-NISROANIUNE 

NEUTRALS 

1.2-DICHLOROBENZENE 
1.3-DICHLOROBENZENE 
1 A-DICHLOROBENZENE 
1.2.4-TRICHLOROBENZENE 
HEXACHLOROBENZENE 
NrnOBENZENE 
HEXACHLOROEFnANE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROBLJTADIENE 
TRICHLOROBLTADIENE 
TrmACHLOROBUTADlENE 



TABLE 9F. 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppa or ug/L) 

Sample X 
Station 
NPDES Serial Number 

8900564 8900565 9006687 
Monllake Dexter Ave Brandon St. 

W014 WOO9 W041 

NEUTRALS 

PENTACHLOROBUTADIENE 
BIS (2-CHLOROETHYL) ETnER 
BIS (2-CHLOROISOPROPYL) ETHER 
4-CHLOROPHENYL PHENYL ETHER 
4-BROMOPHENYL PHENYL ETHER 
BIS (2-CHLOROEWOXY) MEMANE 
2.4-DINITROTOLUENE 
2.6-DINITROTOLUENE 
NAPHTHALENE 
2-MEMYLNAPTHALENE 
FLUORENE 
ACENAPHTHENE 
ACENAPHYTHYLENE 
ANTHRACENE 
PHENANTHRENE 
FLUROANTHENE 
PYRENE 
CHRYSENE 
BENZO (A) ANTHRACENE 
BENZO (A) PYRENE 
BEN20 (8) FLUORANTHENE 
BENZO (K) FLUORANTHENE 
INDEN0 (1.2.3-C.D)PYRENE 
DIBENZO (A-H) ANTHRACENE 
BENZO (G.H.1) PERYLENE 
2-CHLORONAPHTHALENE 
DIMETHYL PHTHALATE 
DIEWYL PHTHALATE 
Dl-N-BUTYL PHMALATE 
BENZYL BUNL PHTHALATE 
Dl-N-OWL PHTHALATE 
81s (2-E~HYLHEXYL) PHTHALAE 
BENNL ALCOHOL 
OIBENZOFURAN 
1-2. DlPHENYLHYDRAZlNE 
ISOPHORONE 

PCBs AND PESTICIDES 

TOTAL PCBs 
AROCLOR 101 6 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 



TABLE 9G 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppo or ug/L) 

Sample n 
Station 
NPDES Serial Number 

8900564 8900565 9006687 
Montlake Dexter Ave Brandon St. 

W014 WOO9 WO4l 

PCBS AN0 PESnClDES 

AROCLOR 1254 
AROCLOR 1260 
ALPHA-BHC 
BETA-BHC 
DELTA-BHC 
GAMMA-BHC (LINDANO 
4.4-ODE 
44-DDD 
4.4-DOT 
ALDRIN 
DIELDRIN 
ENORIN 
ENDRIN ALDEHYDE 
CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
MNOXYCHLOR 
ENOOSULFAN I 
ENDOSULFAN l l  
ENDOSULFANSULFATE 
TOXAPHENE 
2.3.7.8-TCDD 

OEMETON 
GUTHION 
MALATHION 
MlREX 
PARATHION 

METHYL CHLORIDE 
METHYLENE CHLORIDE 
CHLOROFORM 
CHLOROMrnANE 
CHLOROETHANE 
1 .I -DICHLOROETHANE 
1.2-OICHLOROETHANE 
1 .I .I-TRICHLOROETHANE 
1.1.2-TRICHLOROETHANE 
1.1.1.2-TEIRACHLORONANE 
1,1.2.2-TETRACHLORONANE 
VINYL CHLORIDE 
1 .l-DICHLOROETHYLENE 
TRANS-1.2-DICHLORONYLENE 
CIS-19-DICHLOROETHYLENE 



TABLE 9H 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppD or ug/L) 

Sample X 
Slation 
NPDES Serial Number 

8900564 6900565 9006687 
Montlake Dexter Ave Brandon St. 

W014 WOO9 W041 

TRICHLOROEMYLENE 
TETRACHLOROEMYLENE 
1.1 2-TRICHLOROEMYLENE 
1.2-DICHLOROPROPANE 
CIS-1 .3-DICHLOROPROPENE 
TRANS-? .3-DICHLOROPROPENE 
M N Y L  BROMIDE 
DICHLOROBROMOMETHANE 
CHLORODIBROMOMETHANE 
BROMOFROM 
DICHLORODIFLUOROMETHANE 
TRICHLOROFLUOROMEMANE 
ACROLEIN 
ACRYLONITRILE 
CARBON mRACHLORlDE 
BENZENE 

TOLUENE 
ETHYLBENZENE 
B E  (CHLOROMEMYL) ETHER 
2-CHLOROETHYL VINYL ETHER 
CARBON DlSULFlDE 
ISOBUTANOL 
ACETONE 
VINYL ACETATE 
2-BUTANONE (MEW 
4-MEMYL-Z-PENTANONE (MIBK) 
2-MEXANONE 
TOTAL XYLENE 
STFlYENE 



TABLE 91 

CSO MARINE SEDIMENT ORGANICS DATA 

(in PpD dry or ug(L) 

Sample Y 9006691 9006690 9006688 
Station 8W. Michigan Eighlh Ave. NorfDik Sl. 

NPDES Serial Number WO42 W W  W W  

w 
ACIDS 

PHENOL 
2-CHLOROPHENOL 
4-CHLORO-3-MFIWYL PHENOL 
2.4-DICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2.3.4.6-~RACHLOROPHENOL 
PENTACHLOROPHENOL 
2-NITROPHENOL 
4-NITROPHENOL 
2.4-DINITROPHENOL 
2.4-DIMEMYLPHENOL 
4.6-DINITRO-2-METHYLPHENOL 
2-METHYLPHENOL (0-CRESOL) 
3-METHYLPHENOL (M-CRESOL) 
4-METHYLPHENOL (P-CRESOL) 
BENZOIC ACID 

BASES 

N-NITROSODIMETHYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NmROSODIPHENYLAMINE 
BENZlDlNE 
3.3-DICHLOROBENZIDINE 
PYRlDlNE 
ANAUNE 
4-CHLOROANILINE 
2-NITROANIUNE 
3-NITROANIUNE 
4-NITROANIUNE 

1.2-DICHLOROBENZENE 
1.3-DCHLOROBENIENE 
1 A-DICHLOROBENZENE 
1.2.4-TRICHLOROBENZENE 
HEXACHLOROBENZENE 
NITROBENZENE 
HEXACHLOROETHANE 
HEXACHLOROCYCLOPENTADlENE 
HBACHLOROBUTADIENE 
TRICHLOROBUTAOIENE 
TETRACHLOROBUTADIENE 



TABLE 9J 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppb or ug/L) 

Sample # 
Station 
NPDES Serial Number 

9006691 9006690 9006688 
S.W. Michigan Eighlh Ave. Norfolk St. 

W042 W040 WO44 

NEUTRALS 

PENTACHLOROBUTADIENE 
81s (2-CHLOROEl'HYL) ETHER 
8 s  (2-CHLOROISOPROPYL) ETHER 
4-CHLOROPHENYL PHWYL ETHER 
4-BROMOPHENYL PHENYL ETHER 
BIS (2-CHLOROETHOXY) METHANE 
2.4-DINJTROTOLUENE 
2.6-DINITROTOLUENE 
NAPHTHALENE 
2-METHYLNAPTHALENE 
FLUORENE 
ACENAPHMENE 
ACENAPHYlHYLENE 
ANTHRACENE 
PHENANTHRENE 
FLUROANTHENE 
PYRENE 
CHRYSENE 
BENZO (A) ANTHRACENE 
BENZO (A) PYRENE 
BENZO (8) FLUORANTHENE 
BENZO (K) FLUORANTHENE 
INDENO (1 d.3-C.D)PYRENE 
DlBENZO (A-H) ANMRACENE 
BENZO (G.H.1) PERYLENE 
2-CHLORONAPHTHALENE 
DIMETHYL PHMALATE 
DIETHYL PHTHALATE 
DI-N-BLJTYL PIITHAUTE 
BENNL BUTYL PHTHALATE 
DI-N-OCNL PHTHAIATE 
BIS (2-NYLHEXYLI PHTHALAE 
BENZYL ALCOHOL 
DIBENZOFURAN 
1-2. DiPHENYLHYDRAZINE 
ISOPHORONE 

PCBs AND PESTICIDES 

TQTAL Peas 
AROCLOR 101 6 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 



CSO MARINE SEDIMENT ORGANICS DATA 

(In ppb or uglL) 

Sample # 
Station 
NPDES Serial Numbel 

9006691 9006690 9006686 
S.W. Michigan Eighth Ave. Norfolk St. 

W042 W040 WOM 

- - 

PCBS AND PESTICIDES 

AROCLOR 1254 
AROCLOR 1260 
ALPHA-BHC 
BETA-BHC 
DELTA-BHC 
GAMMA-BHC (LINDANE) 
4.4-DDE 
4.4-DDD 
4.4-DOT 
ALDRIN 
DIELDRIN 
ENDRIN 
ENORIN ALDEHYDE 
CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
M€tHOXYCHLOR 
ENDOSULFAN I 
ENDOSULFAN I1 
ENDOSULFAN SULFATE 
TOXAPHME 
2.3.7.8-TCDD 

DEMETON 
GUTHION 
MALATHION 
MlRM 
PARATHION 

MRHYL CHLORIDE 
MEIHYLENE CHLORIDE 
CHLOROFORM 
CHLOROMNANE 
CHLORO€rHANE 
1 .1 4ICHLOROETHANE 
1.2-OICHLOROETHANE 
1 .I .I -TRICHLOROETHANE 
I -1.2-TRICHLOROETHANE 
1.1 .1 ,2-TETRACHLOROETHANE 
1 .1 .2.2-TRRACHLORORHANE 
VINYL CHLORIDE 
1 ,I  -DICHLOROETHY LENE 
TRANS-12-DICHLOROmYLENE 
CIS-1.2-DICHLORONYLENE 



TABLE 9L 

CSO MARINE SEDIMENT ORGANICS DATA 

(in ppb or ug/L) 

Sample W 9006691 9006690 9006688 

Station S.W. Michlgan ~ igh th  Ave. Norfolk St. 

NPDES Serial Number W042 W040 W640 

TRICHLOROETHYLENE 
TrnACHLOROEFI-IYLENE 
1.1 -2-TRICHLOROEFI-IYLENE 
I ,2-DICHLOROPROPANE 
CIS-1.3-OICHLOROPROPENE 
TRANS-1 .IDlCHLOROPROPENE 
METHYL BROMIDE 
DICHLOROBROMOMETHANE 
CHLOROOIBROMOMETHANE 
BROMOFROM 
DICHLORODIFLUOROMETHANE 

I TRlCHLOROFLUOROMEElANE 
ACROLEIN 
ACRYLONlTF4ILE 
CARBON TETRACHLORIDE 
BENZENE 

TOLUENE 
ETHYLBENZENE 
BIS (CHLOROMETHYL) ETHER 
2-CHLOROETHYL VINYL EMER 
CARBON DISULFIOE 
ISOBUTANOL 
ACETONE 
VINYL ACmATE 
2-BUTANONE (MDO 
4-MEMYL-2-PENTANONE (MIBQ 
2-HEXANONE 
TOTAL XYLENE 
STRYENE 



TABLE 10 

CSO MARINE SEDIMENT METALSlCONVENTlONALS DATA 

NPDESl 
STATION 

WOO3 WOO4 WOO8 W014 
BALLARD EAST 3RD AVE. MONTLAKE 

SIPIION BALLARD I 1  WEST OVER. 

WOO9 
DEXTER 

AVE. 

W04 1 W042 
BRANDON S.W. 

ST. MICIIIGAN 

W040 W044 
EIGHTH NORFOLK 

AVE. ST. 

% SOLIDS 25 58 45 77 

METALS - 
ALUMINUM 
ARSENIC 
BERYLLIUM 
CADMIUM 
CIIROMIUM 
COPPER 
IRON 
LEAD 
MANGANESE 

V1 
MERCURY 

-a  NICKEL 
SELENIUM 
SILVER 
ZINC 

NPDESY WOO3 WOO4 WOO8 W014 
BALLARD EAST 3RD AVE. MONTLAKE 

SIPHON BALLARD I 1  WEST OVER. 

WOO9 
DEXTER 

AVE. 

W04 1 W042 
BRANDON S.W. 

ST. MICHIGAN 

W040 W044 
EIGI ITH NOnFOL K 

AVE. ST. 

CONVENTIONALS 

SULFIDE 1212.00 270.90 190.00 4.03 
COD 640000.00 206896.00 266666.00 155844.00 
TOT VOL SOLIDS 256000.00 91379.00 55555.00 24675.00 
TOC 84000.00 36206.00 22000.00 11039.00 
OIL-GREASE 2600.00 4400.00 1800.00 410.00 

NOTE: A BLANK CELL INDICATES THAT A CONSTITUENT WAS NOT DETECTED 



CSO Monitoring Results (1992-1993) 



CSO MONITORING PROGRAM 

Metro's National Pollutant Discharge Elimination System (NPDES) CSO sampling program 
requires discharge and sediment sampling of five CSO sites annually through 1992 to meet 
requirements of WAC 173-245-040 (2) (a) (i) and condition Sl1.Cl of the West Point Treatment 
Plant's NPDES permit Appendix A lists stations, sample numbers, dates when samples were 
taken, and the status of each site in the monitoring program. Wme stations wen selected for 
sedimmt quality sampling and four discharge samples for each CSO under overflow conditions 
were to be collected to supplement previous monitoring efforu. Sediment sampling requirements 
were completed in 1990. Diiharge sampling requirements remain for five discharge locations. 
Eighth Avenue (W040). Chelan Avenue (W036). and Dexter Avenue (WOO91 require all four 
samples be taken, while one sample remains for West Michigan (W042) and Montlake (W014). 

Successful sampling was inhibid during the 1992193 reporring period due to inadequate storm 
events and equipment failures. Sampling attempts wen: not completed for West Michigan 
W042), Eighth Avenue (W040). Gelan Avenue (W036), Montlalre (W014). or Dexter Avenue 
WOOS). 

The CSO sampling program will be completed once samples are successfully collected for the five 
rrmaining CSO locations. Upon completion of Metro's sampling efforts, the data will be fully 
analyzed and consolidated as a complete report so that Metro can present a comprehensive 
overview of the results of the CSO sampling program. 



CSO Monitoring Results (1993-1994) 



ibfetro 199Y199.1 Annual Combined Sewer Overflow Reuort 

CSO MONITORING PROGRAM 

Introduction 

Metro's National Pollutant Discharge Elimination System (NPDES) CSO sampling program 
requires discharge and sediment sampling of five CSO sites annually through 1992 to meet 
requirements of WAC 173-245-040 (2) (a) (i) and condition S11.CI of the West Point Treatment 
Plant's NPDES permit. Appendix A lists stations, sample numbers, dates when samples were 
taken, and the status of each site in the monitoring program. Nine stations were selected for 
sediient quality sampling and four discharge samples for each CSO under ovedow conditions 
were to be colfected to supplement previous monitoring efforts. Sediment sampling requirements 
were completed in 1990. Discharge sampling requirements remain for four stations. Eighth 
Avenue (WO40), Chelan Avenue (W036), and Dexter Avenue (WO09) require all four samples be 
taken, while one sample remains for Montlake (W014). 

Metro is in the process of developiig a comprehensive site-specific baseline study plan for 
chemical and biological analysis of the sediment to meet additional NPDES requirements. Metro 
is required to collect sediment samples to check compliance with Washington State sediient 
standards. Implementation of the plan will supplement previous monitoring efforts. 

1993H994 Discharae Samolinq Status 

The fourth sampling round was collected at West Michigan on October 6, 1993. Table 7 provides 
available concentrations of metals and conventionals. Successful sampling was inhibited for 
remaining sampling locations during the 199311994 reporting period due to inadequate storm 
events and equipment failures. Sampling attempts were not completed for Eighth Avenue 
(W040), Chelan Avenue (W036), Montlake (W014), or Dexter Avenue (W009). Grab samples 
will be obtained in the 199411995 wet weather season to complete Metro's regulatory obligations 
if there are sdicient storm events. 

The CSO sampling program will be completed once samples are successfUlly collected for the 
four remaining CSO locations. Upon completion of Metro's sampling efforts, the data will be f l y  
analyzed and consolidated as a complete report so that Metro can present a comprehensive 
overview of the results of the CSO sampling program. 

Organics Resultr 

No pesricides or PCBs were detected in the Piest Michigan discharge sample. Eg!! !weis of 
volatile organics typically used as industrial solvents were found including toluene (17 ppb), 
acetone (37 ppb), and 2-butanone (10 ppb). Semi-volatile organics for the West Michigan sample 
included traces of 1,4-dichlorobenzene and benzyl butyl phthalate. 

Other organics that exceeded detection limits include benzyl alcohol (2.3 ppb), 4-methylphenol 
(26 ppb), benzoic acid (21 ppb), and coprosantol(69 ppb). 



Metro 1993/199J Annual Combined Sewer Overflow Reoort 

Metals and Conventionals Results 

High levels of lead, copper, total suspended soiids (TSS) and chemical oxygen demand (COD) 
were detected in the West Michigan discharge sample. The high level of TSS may have been due 
to the discharge of sediments that have built up at the outfall gate. 

Other metals and conventionals that exceeded detection limits include aluminum (7.7 ppb), 
chromium (.02 ppb), iron (8.9 ppb), nickel (.02 ppb), and total oil and grease (32 ppb). 
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TABLE 7: CSO DISCRARGE DATA 

I I I 
Locator: 
Locator descnption: 
Collectdate: 
Lab sample number: 1 L2224-1 

I I I 

Sta. 0701 67 1 I 
W. Michigan CSO -- W042 1 I 

6-0ct-93 ! 



TABLE 7: CSO DISCHARGE DATA 



TABLE I: CSO DISCHARGE DATA 

Benzyl Butyl Phthalate i 1.1 i 0.6 I 1 
Benzo(A)AnMracene <MDL 0.6 1 1 
Chrysene - - .  I < 
R 3'-nirhlnrnhnmidinn I # 

MDL 1 U.0 I I 

-MDL I i 2 
cMDL O h  I 1 



TMLE 7: CSO DISCHARGE DATA 

Gamma-BHC (Undone) I <MDL 1 0.05 I 0.1 
Heptachlor 1 <MDL 1 0.05 1 0.1 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
CHLOROMEWANE 

VTNYL ACETATE <MDL ' 5 10 

<MDL 
zMDL 
cMDL 
<MDL 

?-BUTANONE (MEK) <RDL 
4-METHYL-2-PENTANONE (MIBK) / sMDL 

5 

2-HEXANONE 
TOTAL XYLENES 
STYRENE 

0.05 I 0.1 
0.3 1 0.5 - 

.lo 

<MDL 
4 D L  
<MDL 

0.5 

I 

1 

5 1 10 
1 1 10 
1 2 
1 

1 

2 

2 

I 





APPENDIX F 

BASIS OF CAPITAL COST ESTIMATES 



Basis for construction of Figure 4-2 

Figure 4-2 presents accumulated capital costs and estimated CSO volume reduction 
effectiveness for the projects included in the 1988 Plan and for additional projects 
identified as necessary in this 1995 CSO Update. The projects, phasing, cost estimates, 
and estimated effectiveness are shown in Table F-1. The first column of Table F-1 
includes the projects considered in construction of Figure 4-2. These include those 
projects identified in the 1988 Plan or in this Update. The second column of Table F-1 
includes the project capital cost estimates from the 1988 Plan. The third column presents 
the 1988 costs inflated to 1994 for better comparison with estimates made in preparation 
of this 1995 CSO Update. 1988 costs were inflated by the ratio of the Engineering News 
Record Construction Cost Index in 1994 (approximately 5500) to that in 1988 
(approximately 4740). 

The fourth column of Table F-1, entitled "Actual cost or 1995 estimate," includes the 
actual costs incurred for the Phase 1 and 2 projects of the 1988 Plan that have been 
completed or will be completed by late 1997. These figures include the impact of grants 
received for the Alki and Fort Lawton projects. Also for these projects, the figures 
presented include only that portion of the total costs for the Alki and Fort Lawton 
projects that were assigned to the CSO program. The assignment and listing of actual 
costs is contained in the Memorandum from Rob Moritz of Metro dated 8/9/94 that is 
included in this appendix. For Phases 3 and 4, the fourth column of Table F-1 includes 
the 1995 Metro CIP estimates for the Denny Way/Lake Union CSO Control F'roject, the 
HendersonMartin Luther King Way CSO Engineering Evaluation, and the Harbor CSO 
Pipeline projects that are the projects identified in this 1995 CSO Update as the CSO 
control program for the next five years. The cost estimate for the Denny WayLake 
Union CSO Control Project is the total project budget of $120 million, less an assumed 
grant of $26 million and the City of Seattle contribution of $24 million. 

For Phase 4, Table F-1 shows the Michigan and Kingdome/Industrial Area separation 
projects. The cost estimate shown in column 4 reflects the estimate for these projects, 
including the CSO storage elements recommended in the recent predesign studies 
discussed in Chapters 4 and 5. The cost estimates from the predesign studies have been 
increased to reflect the higher contingencies (30 percent) and allied costs (35 percent) 
currently used in estimating project costs for this Update. The recommended Brandon 
separationlstorage project was not included in this phase. 

The fifth column of Table F-1 includes the estimate of the effectiveness of each phase in 
CSO volume reduction based on the new Metro model results. The 1988 Plan assumed 
that the projects through phase 4 would achieve 75 percent reduction. Results of the new 
model indicate that these will actually achieve only about 62 percent reduction. Thus, a 
list of additional projects was selected from the Draft Task 4 Development of 
Alternatives report for addition to reach the 75 percent objective. These projects 
represent one approach to achieving the 75 percent objective and may vary depending on 
RWSP priority and scheduling decisions. The projects selected to construct the "1995 
Estimate" line on Figure 4-2 include CSO storage tanks at the Martin Luther King Way 



TabIe F-l. Basis o i  Figure 4-2 

Project 
Phase 1 
HanfordlBayview 
CATAD modifications 
Diagonal 

Subtota 
Phase 2 
Alki SW plant 
Carkeek SW plant 
Ft Lawton Tunnel 
University 
Lander separation 

Subtota 
Phase 3 
Denny Way 
Henderson Engr. Evaluation 
Harbor pipeline 

Subtota 
Phase 4 
Michigan Separation 
Kingdomellnd Sep. 

Subtota 
Additional Projects needed 
to reach 75% reduction 

MLK Way storage 
Henderson Storage 
Denny Treatment elements 
Brandon Seplstorage 

Subtota 
Additional Projects needed 
to reach one eventlyear 

Additional ~roiects 

Project Cost in $thousands 

20,100 
4,200 

24,300 

Estimated 
cumulative 

CSO 
controled 

(a) 
1988 Plan 

cost 

10,800 
1,800 

11,100 
22,300 

in Phase 1 
46,000 

Source of actual or 1995 cost 
estimate 

23,323 
4,873 

28.196 

20,000 

20,000 

1988 
Plan 

inflated to 
1994(f) 

12,532 
2,089 

12,880 
25,876 

53,376 

24,300 
7,300 

31,600 

Actual 
cost or 
1995 

estimate 

3,008 
2,995 

2 
6,005 

23.207 

23,207 

27,000 
5,500 

21,000 

(a) Assumes West Point flow set point of 440 mgd. 
(b) Cost shown for Denny Way is total project budget of $120 million less $24 million City contribution 

and $26 million anticipated grant funding. 
(c) Brown and Caldwell, "Drafl Task 4 Report. Development of Alternatives," June 1994. 
(d) Expands Denny project to include treatment elements for disinfection and enhanced solids removal. 
(e) Achieves 100 percent control of permited CSO locations by reducing frequency of untreated discharges 

to one event per year or less. Annual volume reduction is about 85 percent. 
(9 Inflated by the ratio of ENR Index in 1988 and 1994 or about 550014740, 

8,450 
2,913 
2,874 

20.141 
20,336 
54,714 

28,196 
8,470 

36,667 

Task 4-storage (c) 
Task 4-storage (c) 
Task 4 (c),(d) 

17,000 
70,500 

NA 

70.000 
415 
750 

71,165 

Rob Moritz memo dated 8/9/94 
Rob Moritz memo dated 8/9/94 
Rob Moritz memo dated 8/9/94 

37 

30,000 
35,000 
65,000 

75 

Rob Moritz memo dated 8/9/94 
Rob Moritz memo dated 8/9/94 
Rob Moritz memo dated 8/9/94 
Rob Moritz memo dated 8/9/94 
Rob Moritz memo dated 8/9/94 

51 

Task 4-includes storage (c) 

Nigel Lewis, 1995 Metro CIP (b) 
Nigel Lewis, 1995 Metro CIP 
Nigel Lewis, 1995 Metro CIP 

62 

Task 4-includes storage (c) 
Task 4-includes storage (c) 



and Henderson ovefflows. In addition, it was assumed that the Denny WayLake Union 
CSO Control Project would be upgraded to add elements to the storage tank in that 
project to enhance suspended solids removal. This is intended to bring the project to a 
full one event per year level of control by providing required treatment. To complete the 
achievement of 75 percent volume reduction, the additional projects also include the 
Brandon separationlstorage project recommended in the predesign for Michigan. 

To achieve one event per year controls, the 1988 Plan developed a list of partial 
separation projects that were representative of a potential approach and costs to achieve 
this objective. To generate the 1995 Estimate line on Figure 4-2, alternative projects 
were selected from the Draft Task 4 Development of Alternatives report. These include 
the following: 

Projects Included in One Event per Year Controls in 1995 
Estimate 

CSO Location Project Description Estimated 
Project Cost, 

$million 

8th Ave S 1.0 MG storage 5.8 
W. Michigan 
Chelan 
Norfolk 
Hanford 
Lander 
King 
S. Magnolia 
Rainier @ Hanford 
Terminal 11 5 
UnivIMontlake total 
3rd West 
Ballard 
11th Ave W 
Alki beaches total 
North Beach 

Total 

Conveyance upgrade 
4.0 MG storage 
0.7 MG storage 
Vortex Treatment 
Vortex Treatment 
2.2 MG storage 
1.3 MG storage 
0.6 MG storage 
0.5 MG storage 
7.5 MG storage 
5.5 MG storage 
0.4 MG storage 
1.7 MG storage 
1.6 MG storage 
storagelpump upgrade 

The fifth column of Table F-1 includes the estimates of the effectiveness of each project 
group or phase based on use of Metro's new model. These values are used together with 
the subtotal costs for each group as the plotting coordinates on Figure 4-2. 



Once projects are implemented to achieve the one event per year control level, overflows 
are expected to only occur once per year on average at each ovefflow location. Since 
there will still be overflows about once per year, there will remain an annual ovefflow at 
each location, even though the frequency has been reduced. Estimates made with 
Metro's new model suggest that the annual volume reduction after these one event per 
year projects will be approximately 85 percent of the 1981-83 baseline volume. Thus, 
about 400 MG of ovefflow can be expected each year on average after all CSO locations 
are controlled to the one event per year level. 



In nspomo to ref. (r), endosue (1) is fmarrlcd. All pmjcns ars wholly Mid  to 
CSO cats  with axcqoon of AM, Carksd: and rbe Polt Lawton tunnel. Tho CSO costs 
for AUd were d e t c m d  by calculzdng the inaemcnral to transfa the CSO'a to West 
Poht or Raton faciliw, an uw oerf (i. j and k). The CSO coats for Cadretk were derived 

Aceordiagl . total funding on CSO projsu was 550.0 naIlIl0~'thrwgh 1993 and L L f~rcdast & bl23.8 idlion fmm 1994 rhmugh 2000. for total CSO funding of 5173.6 



CSO COSTS BY PROJECT , 

CSO Only Prdjects 
(In Thousands) 

) ~ o t a l  Combined 1 5,1141 9,1231 14.237 
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