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EXECUTIVE SUMMARY 
This report summarizes the background and findings of King County’s Water Quality 
Assessment and Monitoring Study (Study). The Study was undertaken to explore ways to 
optimize water quality improvements in waterbodies where the County is planning 
projects to reduce the frequency of combined sewer overflows (CSO) to an average of one 
untreated overflow per site per year over a 20-year moving average. Reducing CSO 
frequency to this degree is known as CSO “control” and is required by the terms of King 
County’s CSO consent decree and by King County’s National Pollutant Discharge 
Elimination System (NPDES) permit issued by the Washington State Department of 
Ecology.  

Reducing CSO Frequency: Helping Restore Healthy 
Waters in the Region  
The early development of Seattle 
and surrounding areas included 
some remarkable engineering 
achievements such as linking Puget 
Sound and Lake Washington 
through the construction of the Lake 
Washington Ship Canal. The fast-
paced development and growth also 
created environmental problems the 
region is still grappling with today.  
 
Water quality is one such problem. 
The greater Seattle area is graced 
with magnificent waterbodies—the 
Duwamish Estuary, Lakes 
Washington and Union, Elliott Bay, 
and Puget Sound—but years ago 
these waters were treated as open 
sewers. In the 1950s, residents 
voted to clean up Seattle area 
waters. The vote led to the 
construction of a regional 
wastewater system in the 1960s. 
Instead of emptying untreated 
sewage directly into the Duwamish 
Estuary, Elliott Bay and Puget 
Sound, and emptying effluent from 
10 secondary treatment plants to 
Lake Washington, pipes now carry the sewage to regional secondary treatment plants 
before discharging to Puget Sound.  

 

The Water Quality Assessment and Monitoring 
Study addresses four questions: 

1. What are the existing and projected water 
quality impairments in the Duwamish River, 
Elliott Bay, and Lake Union/Ship Canal?  

2. How do County CSOs contribute to the 
identified impairments?  

3. How do other sources contribute to the 
identified impairments? 

4. What activities are planned through 2030 that 
could affect water quality in the receiving 
waters? 

The CSO control program is addressing three 
questions based on Study findings: 

5. How can CSO control projects and other 
planned or potential corrective actions be 
most effective in addressing the impairments? 

6. How do various alternative sequences of CSO 
control projects integrated with other 
corrective actions compare in terms of cost, 
schedule, and effectiveness in addressing 
impairments? 

7. What other possible ways, such as 
coordinating projects with Seattle and altering 
the design of planned CSO control projects, 
could make CSO control projects more 
effective and/or help reduce the costs to WTD 
and the region of completing all CSO control 
projects by 2030? 
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A large part of Seattle’s sewer system was built during a time when it was common practice 
to combine both sanitary sewage and stormwater in the same pipes. The West Point 
Treatment Plant treats most of these combined sanitary and storm sewer flows. However, 
during heavy storms, the wastewater conveyance system is overburdened and some of the 
combined flow overflows at set locations and discharges to area waterbodies to prevent 
sewer backups into homes and businesses in the system. King County and the City of 
Seattle own and manage CSO discharge locations in the city; both agencies are working to 
reduce the CSO frequency at each location down to the state requirements of an average of 
no more than one untreated overflow per year over a 20-year moving average.  
 
On July 3, 2013, the United States District Court for the Western Washington District 
entered a Consent Decree between the United States (the Environmental Protection 
Agency), the State of Washington (the Department of Ecology), and King County which 
requires King County to complete nine projects to control the County’s 14 remaining 
uncontrolled CSO outfalls by 2030, As required by State law, King County updates its CSO 
control plan about every five years. Before each update, the County reviews the entire CSO 
Control Program against conditions that have changed since the last update. The most 
recent update occurred in September 2012, when the King County Council’s passage of 
Ordinance 17413 approving an amendment to the County’s long-term CSO control plan. 
The plan contains the nine projects described in the County’s CSO Consent Decree, 
including construction of underground storage tanks, green stormwater infrastructure, and 
wet weather treatment facilities. 
 

Water Quality Assessment and Monitoring Study: 
Designed to Guide Investments to Improve Water 
Quality 

Ordinance 17413 also calls for 
completion of a Water Quality 
Assessment and Monitoring Study 
(“Study”) to inform the next CSO 
control plan update due to the 
Washington State Department of 
Ecology in 2018. Between 2015 and 
2030, King County and the City of 
Seattle will invest over $1 billion on 
projects to reduce the frequency of 
CSOs to below the permit-required 
standard of an average of one 
untreated discharge per year per site 
over a 20-year moving average. The 
Study was commissioned to ensure 
the County’s investments in these 
projects are well planned and timed.  

 

King County has a long history of monitoring 
water quality and using the data in decision 
making 
 
Starting with the public vote to form Metro in the 
1950s, water quality data has been used as a key 
factor when making major infrastructure and 
policy decisions. Metro/King County now has 
decades of monitoring data that allows for 
assessment of water quality improvements or 
declines over time. The breadth of data types, and 
the number of years the data have been collected, 
makes King County’s monitoring programs 
extremely valuable for assessing overall 
effectiveness of environmental programs and 
policies. 
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The scope of work for the Study includes seven questions. Four questions were addressed 
by the assessment, and the answers are summarized below. The remaining three questions 
are being addressed by the CSO Control Program as part of the 2018 update. 
 
The Study assessed past and present 
water quality conditions in the 
waterbodies where the County’s 
remaining 14 CSOs that overflow more 
than an average of once per year 
discharge: Lake Union/Ship Canal, Elliott 
Bay, and the Duwamish Estuary. The 
assessment estimated annual contaminant 
loadings to these study areas from 
different pollutant pathways, reviewed 
planned projects to understand how 
contaminant loadings may change, and 
identified impairments that will remain in 
2030. Nine technical reports describe 
different aspects of water quality in the 
study areas. 
 
Although uncertainties remain because of 
insufficient data or limitations in study 
scope, conclusions from the Study are 
sufficiently robust to inform the CSO 
Control Program and support ongoing 
efforts to restore local waters. 

Actions in the Past 50 Years Have Improved Water 
Quality in Several Ways 
Investments in projects and implementation of regulations throughout the region have 
substantially improved water quality in Lake Washington, Lake Union/Ship Canal, Elliott 
Bay, and the Duwamish Estuary in the past 50 years:  

• Nutrient levels in receiving waters improved dramatically following construction of 
the regional wastewater system. Excess phosphorus in the Lake Washington was 
causing large cyanobacteria blooms, whose decay produced odors and reduced the 
amount of dissolved oxygen available for fish and other aquatic life. Phosphorus 
levels in the lake dropped to near natural levels within a few years of the diversion 
of treated sewage effluents to Puget Sound. There have been long-term 
improvements in bacteria, nutrient, and dissolved oxygen levels over the past 
several decades. 
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• Pathogen levels (as indicated by fecal coliform bacteria) in the study areas have 

substantially dropped over the last 45 years. CSO control, stormwater management, 
and other improvements 
implemented in the 
watersheds have likely 
contributed to this success, 
including use of 
agricultural best 
management practices and 
management of on-site 
septic systems.  

• Concentrations of 
sediment contaminants 
have declined as the result 
of multiple remediation 
activities, particularly in 
Elliott Bay and the 
Duwamish Estuary. 

These improvements are even 
more impressive considering King 
County’s population growth and 
land use changes during the same 
timeframe. 
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Despite Improvements, Some Aspects of Water 
Quality Is Still Impaired in the Three Study Areas  
The Study identified the following impairments in study area waterbodies: 

• Bacteria concentrations remain above Washington State standards. 
• Summer surface temperatures have been warming over time especially in the Lake 

Union/Ship Canal. 
• Periodic summer low dissolved oxygen and high salinity levels at depth in Lake 

Union make the area inhospitable for freshwater aquatic life. 
• Multiple metals and organic chemicals in sediments do not meet state standards.  

 
King County CSOs Contribute to Identified Impairments 
An analysis of how contaminants enter the study areas done as part of the Study showed 
that discharges from King County’s 14 CSOs that overflow more than an average of once 
per year contribute about 85 percent of the annual loadings of fecal coliform bacteria to the 
three study areas. This analysis also showed that discharges from City of Seattle’s CSOs that 
overflow more than an average of once per year contribute about 8 percent, and other 
pathways combined contribute about 7 percent. King County’s CSOs that discharge more 
than an average of once per year contribute a number of additional contaminants to the 
receiving waters but at substantially lower annual loads than contributions from other 
pathways.  
 

 
 
 
 

 

Equipment Failure and Flooding at the West Point Treatment Plant on 
February 9, 2017, Does Not Change the Findings of this Study 
King County’s West Point Treatment Plant experienced an equipment shutdown early on 
February 9, 2017, while also receiving maximum inflows of combined wastewater and 
stormwater. This event caused extensive damage to the treatment plant and untreated 
discharges from an emergency bypass outfall that day and again on February 15 and 16. 
Following this incident, West Point provided primary treatment with disinfection until 
the secondary treatment process was restarted in late April, 2017.  
 
Monitoring conducted to assess the impacts of the incident on water quality in Puget 
Sound is being conducted and will be presented separately. However, King County does 
not expect to see changes to long-term water quality trends in the study area or changes 
to the conclusions of the Water Quality Assessment and Monitoring Study because this 
study used decades of data and the event happened over a comparatively short period of 
time.  
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Other Pathways Contribute to Identified Impairments 
The major pathways for contaminant loadings other than bacteria are as follows: 

• Direct stormwater discharges to the study area waterbodies and/or flows from the 
upstream watersheds contribute the majority of the annual loads of nutrients, 
polychlorinated 
biphenyls (PCBs), 
polybrominated 
diphenyl ethers 
(PBDEs), and most 
metals. Contaminant 
loadings from flows 
from the upstream 
watersheds (i.e., the 
Green River and Lake 
Washington) represent 
the combined loadings 
of all sources and 
pathways throughout 
the watersheds, 
including stormwater 
discharges from 
upstream jurisdictions 
in the watersheds. 

• Leaching from marine 
vessel antifouling paint 
contributes the largest 
known copper loads.  

• Leaching from 
creosote-treated wood 
pilings contributes the 
largest known 
polycyclic aromatic 
hydrocarbons (PAHs) 
loads. 

Planned Actions Will Reduce Contaminant Loadings 
Even Further by 2030 
 
A range of actions is likely to improve water quality in the study areas by 2030: 

• Reduction in Frequency of Untreated CSO Discharges. Implementation of King 
County’s CSO control plan and the City of Seattle’s Integrated Plan by 2030 to reduce 
the frequency of untreated CSO discharges to an average of once per year at each 
site over a 20-year moving average, in accordance with Consent Decrees and state 

The Study reviewed contaminant loadings from a number of 
pathways to study area waterbodies. 
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requirements, is projected to reduce annual bacteria loading to the study areas by 
about 80 percent.  

• Copper source control. Implementation of Washington State’s limits on the copper 
content in antifouling vessel paint for small recreational vessels and in automobile 
brake pads is projected to reduce copper loading to the study areas by 50 percent by 
the early 2020s. 

• Creosote-treated wood piling removal. The planned removal of about 11,000 
creosote-treated wood pilings is projected to reduce PAH loadings to Elliott Bay and 
the Duwamish Estuary by about one-third by 2030. 

• Contaminated sediment cleanup. Remediation of contaminated sediment sites is 
projected to reduce contamination levels in the study areas. In particular, levels of 
PCBs, other organic chemicals, and metals in Duwamish Estuary sediments are 
projected to decline as the cleanup plan for the Lower Duwamish Waterway 
Superfund site is implemented. While some remediation projects have been 
identified in Lake Union/Ship Canal, less improvement is projected to occur in Lake 
Union/Ship Canal than in the other study areas because no cleanup strategy has 
been developed for a large fraction of the sediments in Lake Union/Ship Canal 
relative to the other study areas.  

• Stormwater management and treatment. Improvements in stormwater 
management by the City of Seattle and other jurisdictions in the study areas and 
upstream watersheds are projected to reduce loadings of multiple contaminants. 
The City is planning capital projects that include construction of stormwater 
treatment systems. Planned projects and programs, including both operational and 
source control efforts, will decrease the annual loadings of all contaminants studied 
to some degree. 

• Behavioral changes. The cumulative impacts of changes in behavior by area 
residents can substantively affect water quality, although the degree of change and 
impact is difficult to quantify. Examples of behaviors that can have a positive impact 
on water quality include preventing oil leaks through better vehicle maintenance 
and using nontoxic cleaning products. 

Because of data and scope limitations, the Study did not estimate changes to future 
contaminant loadings for all known factors that affect water quality. For example, the Study 
did not quantify changes to contaminant loadings that may result from climate change, 
population growth, new and redevelopment, future strengthening of requirements of 
municipal stormwater National Pollutant Discharge Elimination System permits, or 
planned projects in the upstream watersheds. These factors are likely to have a mixed 
impact on water quality and, thus, are not assumed to substantially change the overall 
findings on changes to contaminant loadings by 2030. 
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Water Quality Challenges Will Remain in 2030 Unless 
the Region Does More  
 
King County’s population has 
doubled since the mid-1960s to 
more than 2 million people and is 
expected to keep growing into the 
foreseeable future. Maintaining 
and improving water quality while 
also accommodating growth and 
development are challenges that 
cannot be understated.  
 
Even with compliance with National Pollutant Discharge Elimination System permits and 
implementation of planned projects and programs, many water quality challenges are 
anticipated to remain in 2030 in the study areas because: 

• Freshwater surface temperatures are likely to be above state standards, a condition 
exacerbated by climate change, and may continue to pose risks to salmonids and 
other fish and wildlife. 

• Even after the frequency of untreated CSO discharges is reduced at all locations to 
meet CSO Consent Decree and State requirements of an average of once per year 
over a 20-year moving average, fecal coliform bacteria levels are likely to exceed 
state standards in the three study areas. This conclusion is based on estimated 
ongoing loadings from direct stormwater discharges, untreated discharges from 
CSO that occur an average of once per year over a 20-year moving average, 
upstream watersheds, and local creeks. 

• Leaching from antifouling paint on commercial and large recreational vessels is 
projected to remain the largest pathway for copper to enter the study areas. 

• Leaching from creosote-treated wood pilings is projected to remain the largest 
pathway for PAHs to enter the study areas. 

• PCBs, metals, and other organic chemicals in sediments are likely to remain above 
state standards and/or remediation goals in the study areas. 

• Flows from stormwater discharges and upstream watersheds into the study areas 
are projected to continue to represent a substantial pathway for nutrients and a 
number of metals and organic chemicals.  

• During the summer, elevated salinity and low dissolved oxygen conditions in the 
deep waters of Lake Union are likely to continue to make these waters inhospitable 
to freshwater species. 
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Recommended Next Steps for the Region 
 

Washington State and the region have a 
track record of improving water quality. 
The data show that investments made 
over the last five decades have made the 
region’s waterbodies cleaner and safer. 
Analyses indicate that reducing the 
frequency of CSOs to an average of one 
untreated discharge per year per site 
over a 20-year moving average will 
substantially improve bacteria levels in 
the study areas and that other planned 
water quality improvement projects and 
programs will greatly decrease the levels 
of copper and PAHs in water and the 
levels of metals and organic 
contaminants in sediments by 2030. Modest improvements are anticipated for other 
contaminants.  
 
To continue the progress being made to address current water quality impairments and to 
address impairments projected to remain in 2030, the assessment identifies the following 
actions to continue to improve water quality. Some of these actions are already in progress 
or planned, and others are proposed: 

• Reduce the Frequency of Untreated CSO Discharges. King County and the City of 
Seattle are committed to meet CSO Consent Decree and State requirements to 
reduce the frequency of untreated CSO discharges to an average of once per year 
over a 20-year moving average at each site. Barring unforeseen circumstances, King 
County and the City of Seattle anticipate completing projects to meet their CSO 
control requirements by 2030. King County will use the Study findings, along with 
engineering and legal information, during development of the 2018 update to its 
long-term CSO control plan to evaluate possible alternative approaches for 
achieving this goal, explore partnerships, and assess the timing and sequencing of 
projects to increase water quality benefits to the region. The design, sequencing, and 
deadlines for the projects are set forth in King County’s CSO Consent Decree and 
cannot be modified without the concurrence of EPA, Ecology, and the Court. King 
County’s CSO Consent Decree and its current plan calls for constructing nine 
projects by 2030 to reduce the frequency of untreated CSO discharges to an average 
of once per site per year over a 20-year moving average. 

• Implement planned water quality improvement projects and programs. The 
Study identified over 100 stormwater improvement, piling removal, remediation, 
and regulatory water quality improvement projects and programs that are 
scheduled for implementation by 2030. Additional projects are likely to be identified 
and funded over the next 15 years. While not sufficient to fully address all of the 
water quality concerns the region faces, these planned actions will improve 

 
King County scientists brave the weather on the 
SoundGuardian research vessel to collect samples 
from area waterbodies. 
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receiving water quality. It is essential that the region ensures that these planned 
actions be implemented and that municipal stormwater permit requirements 
continue to be strengthened over time and implemented by all jurisdictions. 

• Monitor changes and add to the body of knowledge over time. The Study 
recommended several monitoring programs and research studies to track changes 
in water quality over time, address uncertainties identified in the Study, and track 
and adjust implementation of water quality improvement projects. These include: 

o Continue and expand long-term water quality monitoring programs, 
o Conduct additional monitoring and studies to fill data gaps, 
o Undertake water quality modeling for parameters that are projected to not 

meet water quality standards to better understand concerns, 
o Assess the effectiveness of stormwater controls and permit implementation, 
o Identify and control sources of bacteria, 
o Track climate change impacts to aid in CSO and stormwater planning, and 
o Assess the feasibility and benefits of increased stormwater management 

requirements for development and redevelopment. 

• Do more for water quality. It is recommended that King County and its partners 
implement additional water quality improvement projects and programs to build on 
this region’s long-standing commitment to clean water, a healthy environment, and 
an outstanding quality of life for its residents. These projects and programs would 
continue to reverse and address the impacts from past and ongoing actions, 
population growth, development, and climate change throughout the watersheds. 
Implementing them would likely require watershed-scale coordination, with 
participation from governments, non-governmental organizations, tribes, 
businesses, and residents. Example actions include: 

o Implementation of Washington State Department of Ecology’s Pollutant 
Loading Assessment to create a tool that will help determine ways to reduce 
ongoing sources of pollution, 

o Construction of stormwater flow control and water quality treatment where 
none currently exist, and implementation of other stormwater programs 
beyond permit requirements, such as are being discussed by the Our Green 
Duwamish partnership, 

o Tree plantings along all waterways and throughout the watersheds to reduce 
instream temperatures, 

o New regulations to control pollution at the source, 
o Upgrades to the Ballard Locks , 
o Removal of additional creosote-treated  pilings, 
o Contaminated site remediation, both on land and in sediments, where none is 

currently planned, 
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o Expansion of the restrictions on the use of copper content of vessel 
antifouling paint to expand the number and variety of vessels affected, 

o Coordination of public outreach and education across the region to more 
universally improve water quality while also meeting regulatory 
requirements in a more cost-effective manner,  

o Implementation of the salmon recovery plans, and 
o Preservation of priority open space throughout the watersheds.  
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1.0 INTRODUCTION 
This report summarizes the approach, findings, and recommendations of the Water Quality 
Assessment and Monitoring Study (“Study”). King County undertook the Study to inform 
the 2018 update to its combined sewer overflow (CSO) control plan and inform future 
activities undertaken by King County and other entities to improve water quality in the 
region.  
 
The following sections in this introductory chapter provide background on efforts to 
reduce the frequency of CSO discharges, the Study, and its study areas. The chapter 
concludes with a description of the content and organization of this report. 

1.1 Reducing the Frequency of CSO Discharges 
Improves Water Quality 

King County owns and operates a regional wastewater system that serves 1.7 million 
people in a 420-square-mile area in Washington State. The wastewater system is the 
largest in the Puget Sound region. It collects and treats wastewater from 34 local sewer 
utilities, including the City of Seattle. 
 
Up through the early 20th century, many cities constructed combined sewers to collect 
both wastewater and stormwater runoff in the same pipes. The combined sewers carried 
untreated flows directly to waterbodies. Today, combined flows are sent to treatment 
plants for treatment before being discharged to waterbodies. Untreated overflows occur 
only at designated locations during heavy storms when flows exceed the capacity of sewers 
and treatment plants.  
 
Most combined sewer flows now receive treatment before entering waterbodies 

 
When combined sewers were constructed in 
Seattle, sanitary sewage and stormwater runoff 
were discharged to the nearest waterbody with 
no or minimal treatment. 

 
Flow in combined sewers now receives 
treatment prior to discharge at either a 
secondary treatment plant or a wet-weather 
treatment plant, except during heavy rainfall 
when excess flow is released untreated.  
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In King County, combined sewers are only located in 
the City of Seattle. About one-third of the City of 
Seattle has a combined sanitary and storm system, 
one-third of the city has a separated sanitary and 
storm system, and the remaining one-third of the city 
has a partially separated sanitary and storm system. 
King County owns 38 CSO locations and the City of 
Seattle owns 86 CSO locations within the city limits. 
During heavy rainfall, these CSOs discharge to Puget 
Sound, Duwamish Estuary, Elliott Bay, Lake Union, 
Lake Washington Ship Canal (Ship Canal), and Lake 
Washington. 
 

 
Reducing the frequency of untreated 
CSO discharges protects public health 
and the environment. CSO discharges 
contain harmful disease-causing 
organisms and a number of chemicals. 
King County and the City of Seattle are 
well on their way to reducing the 
frequency of untreated discharges at 
each CSO location to meet the CSO 
Consent Decree and state requirements 
of no more than one untreated 
discharge per year on a 20-year moving 
average. Only 14 of the County’s and 36 
of the City’s locations still discharge 
more than an average of once per year. 
These CSO locations are in the 
Duwamish Estuary, Elliott Bay, and Lake 
Union/Ship Canal. 
 
King County updates its long-term CSO 
control plan about every five years. The 
most recent update (plan amendment) 
was approved in September 2012 by the 
King County Council through Ordinance 
17413. The plan includes nine projects 
to reduce the frequency of untreated 
discharges at 14 locations where 
discharge occurs more than an average 
of once per year. The projects involve 
construction of underground storage 
and conveyance facilities, green 

 

Controlled CSO: A CSO location 
that meets the Washington State 
standard of no more than an 
average of one untreated 
discharge per year. King County’s 
permit requires use of a 20-year 
moving average for calculating 
CSO control. 
Uncontrolled CSO: A CSO 
location that has more than one 
untreated discharge per year 
over a 20-year moving average. 
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stormwater infrastructure, and/or wet weather treatment facilities. Other improvements 
to the wastewater conveyance system, including control projects already under way at 
other CSO locations, are described in the County’s Regional Wastewater Services Plan.1 
 
The City of Seattle’s (2015a) approved Integrated Plan outlines three phases for reducing 
the frequency of untreated CSO discharges to an average of once per year per site over a 
20-year moving average. The Integrated Plan identifies a large joint storage project with 
King County to control CSOs in the Ship Canal. The plan also includes multiple individual 
CSO control projects. Seattle’s projects include a mix of sewer system improvements (such 
as installing automated gates in the system), increased conveyance, and offline storage. 
Seattle also plans to expand its natural drainage system program in the Ballard 
neighborhood to reduce the amount of stormwater entering the combined sewer system 
and help decrease CSO discharges to the Ship Canal. 
 
In 2013, both King County and the City of Seattle entered into separate consent decrees 
with the United States (EPA) and Washington State (Ecology) requiring CSO control.  In 
accordance with the CSO Consent Decrees and State requirements, the County and the City 
plan to control all of their CSO outfalls by 2030. 

1.2 Water Quality Assessment and Monitoring 
Study: A Call for Science-Based Decision-
Making  

In 2012, The King County Executive recommended to the King County Council that a study 
be completed to assess past and present water quality in local waters, to review benefits 
from and inform decision-making about planned water quality improvement projects and 
programs, and to identify water quality concerns likely to remain after completion of 
planned projects and programs unless other actions are taken. The study was to update 
and expand the methods and results of an assessment of the benefits of CSO control 
completed in 1999 (King County, 1999).  
 
In response to the Executive’s recommendation, the Council passed the following:  

• Ordinance 17413 (September 2012), which not only approves King County’s 2012 
CSO control plan amendment but also calls for completion of a Water Quality 
Assessment and Monitoring Study to inform the next planned amendment due to 
Ecology in 2018. 

  

                                                        
1 Information on the Regional Wastewater Services Plan can be found here: 
http://www.kingcounty.gov/depts/dnrp/wtd/capital-projects/system-planning/regional-wastewater-
services-plan.aspx.  

http://www.kingcounty.gov/depts/dnrp/wtd/capital-projects/system-planning/regional-wastewater-services-plan.aspx
http://www.kingcounty.gov/depts/dnrp/wtd/capital-projects/system-planning/regional-wastewater-services-plan.aspx
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• Motion 13966 (September 2013) 
approving the Study scope of work. 
The scope included seven study 
questions (see box). The Study 
addressed the first four questions. 
The County’s CSO Control Program 
team is using the results of the Study 
to address the last three questions 
during preparation of the 2018 CSO 
control plan update.  

 
The Study focused on the waterbodies 
where King County’s 14 remaining CSOs are 
located that discharge more than an 
average of once per year: Lake Union/Ship 
Canal, Duwamish Estuary, and Elliott Bay. 
The three-year study included the following 
elements: 

• Review of available water, sediment, 
and tissue quality data to assess 
existing conditions and long-term 
trends in the study areas 

• Analysis of where more data are 
needed and completion of additional 
monitoring and data analysis to 
better describe existing conditions 

• Estimation of the types and amounts 
of contaminants that enter study 
area waterbodies and, to the extent possible, predicting the impacts of planned 
future projects and programs on contaminant loadings 

Nine technical reports were prepared as part of the study, as shown in the table below.  
 
 
 
 
 
 
 
 
 
 
 
 

 
The Water Quality Assessment and 
Monitoring Study addresses four questions: 

1. What are the existing and projected water 
quality impairments in the Duwamish River, 
Elliott Bay, and Lake Union/Ship Canal?  

2. How do County CSOs contribute to the 
identified impairments?  

3. How do other sources contribute to the 
identified impairments? 

4. What activities are planned through 2030 
that could affect water quality in the 
receiving waters? 

The CSO control program is addressing three 
questions based on Study findings: 

1. How can CSO control projects and other 
planned or potential corrective actions be 
most effective in addressing the 
impairments? 

2. How do various alternative sequences of 
CSO control projects integrated with other 
corrective actions compare in terms of cost, 
schedule, and effectiveness in addressing 
impairments? 

3. What other possible ways, such as 
coordinating projects with Seattle and 
altering the design of planned CSO control 
projects, could make CSO control projects 
more effective and/or help reduce the costs 
to WTD and the region of completing all 
CSO control projects by 2030? 
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Report and Citation Objective Study 
Question 

Area reports: 
• Elliott Bay (King County, 2017b) 
• Lake Union/Ship Canal (King 

County, 2017c) 
• Duwamish Estuary (King County, 

2017a) 

Review and analyze existing scientific and 
technical data on impairments in Lake 
Union/Ship Canal, Duwamish Estuary, 

and Elliott Bay. 1 

Data gap study selection report (King County, 
2017h) 

Identify and select studies to be 
completed as a part of the assessment in 

order to improve understanding of 
conditions in the study areas. 

1 

Data gap reports: 
• Bacteria (King County, 2017d) 
• Contaminants of emerging concern 

(King County, 2017f) 
• Literature review of conservative 

sewage tracers (King County, 
2017i) 

Conduct targeted data gathering, 
monitoring, and literature review to fill 
some of the identified gaps in scientific 

data on water quality in the three 
receiving waters. 

1,2 

Loadings (2015) report (King County, 2017e) Identify and quantify the contaminants 
entering waterbodies through various 

pathways. 
2, 3 

Future (2030) loadings report (King County, 
2017g) 

Identify planned activities that will affect 
water quality. Estimate changes in 

contaminant loads through pathways in 
the next 15 years. 

1,2,3,4 

1.3 Three Study Areas Include Sites of Future CSO 
Control Projects 

A total of 26 CSOs discharge to waterbodies in the study areas more than an average of 
once per year: 10 King County and 5 Seattle uncontrolled CSOs discharge to the Duwamish 
Estuary and Elliott Bay more than an average of once per year; 4 King County and 7 Seattle 
uncontrolled CSOs discharge to Lake Union/Ship Canal more than an average of once per 
year. 
 
The study areas are largely in Seattle, although the Duwamish Estuary extends south into 
Tukwila and a small sliver of unincorporated King County. The land areas that drain 
directly to the study areas consist primarily of high-density urban uses, including 
residential, commercial, and industrial uses. Much of the shoreline along the Duwamish 
Estuary and Elliott Bay is devoted to commerce and industry and is home to the Port of 
Seattle. Commercial, tribal, and recreational fishing takes place in these waterbodies, as do 
extensive recreational activities like scuba diving, boating, and beach activities.  
 
Past activities contributed to water pollution in the study areas: 

• Erosion from logging, land grading, and reconfiguration of the landscape resulted in 
the transport of large quantities of sediment and nutrients to the waterbodies. 
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• Discharges of untreated and poorly treated sewage from residencies and businesses 
contributed pathogens, organic matter, nutrients, and chemical contaminants to the 
waterbodies. 

 
 

 
10 King County and 5 Seattle CSOs discharge to the Duwamish Estuary and Elliott Bay more than an 
average of once per year; 4 King County and 7 Seattle CSOs discharge to Lake Union/Ship Canal more 
than an average of once per year. 
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• Liquid waste discharges from energy production, manufacturing, wood processing, 
food processing, shipping, and other industries contributed industrial chemicals and 
organic material to the waterbodies. 

• Stormwater drainage systems were constructed without any ability to store or treat 
stormflows. The systems transported pollutants to receiving waters and also caused 
erosion in streams and rivers. 

 Lake Union Ship Canal 
Study Area 

The Lake Union/Ship Canal study area 
includes the waters flowing out of Lake 
Washington into the Montlake Cut, Portage 
Bay, Lake Union, the Fremont Cut, and Salmon 
Bay upstream of the Hiram M. Chittenden 
Locks (Locks). The Locks regulate water levels 
in lakes Union and Washington and separate 
the salt water of Puget Sound from the fresh 
water of Lake Union.  
 
Lake Union, Lake Washington, and Puget 
Sound used to be separate waterbodies with 
no navigable waterway connecting them. Lake 
Washington’s outlet was at the southern end 
of the lake into the Black River. The Black 
River joined the Cedar River and Green River 
to form the Duwamish River (Blomberg et al., 
1988). In 1906, the White River was diverted 
from the Green River watershed to the Puyallup River watershed, which reduced flows to 
the Duwamish River. Once the Locks and Ship Canal were opened in 1917, Lake 
Washington’s outflow was diverted from the Black River to the Ship Canal, and the lake’s 
water level was dropped by about 2.7 meters, further reducing flows in the Duwamish 
River. 
 
Industry is located primarily along Salmon Bay and the Fremont Cut, while mid- and high-
density residential and commercial developments are located along the shores of Lake 
Union and Portage Bay. Commercial and industrial marinas are common throughout the 
system. More than 400 houseboats and floating homes reside on Lake Union and Portage 
Bay. Gas Works Park, site of the former Seattle Gas Light Company gas plant, is on the north 
shore of Lake Union, and the Port of Seattle’s Fisherman’s Terminal, a commercial and 
recreational boat moorage site, remains active in Salmon Bay. Extensive boating activity 
occurs on Lake Union/Ship Canal, and swimming and fishing are commonly observed (King 
County, 2003). 
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Elliott Bay Study Area 
Before the region was developed, much of Elliott Bay’s shoreline was a complex tidal marsh 
habitat that frequently flooded. Beginning in the late 1800s, the estuarine tidelands in 
Elliott Bay were filled, drained, and dredged to support increased industrial and port 
activities both in Elliott Bay and upstream in the Duwamish Estuary; this activity included 
construction of Harbor Island (Blomberg et al., 1988).  

The Elliott Bay study area includes the downtown Seattle waterfront and the parts of Elliott 
Bay east of a line drawn between Duwamish Head in West Seattle and Magnolia Bluff near 
Smith Cove. This area is also known as Inner Elliott Bay, which is open to Outer Elliott Bay 
and Puget Sound to the west and receives freshwater inflows from the Duwamish Estuary. 
Inner Elliott Bay is primarily devoted to commerce and is bordered by high-intensity 
development in the commercial and residential areas of downtown Seattle. Outer Elliott 
Bay is bordered by mixed-use lands including medium- to low-intensity development, 
developed open spaces, and forested/undeveloped lands, the largest of which includes 
Discovery Park. The Port of Seattle owns and operates several piers, shipping and cruise 
terminals, parks, and the Bell Harbor Marina in Elliott Bay. Additional uses of Elliott Bay 
include fishing, boating, scuba diving, and beach activities. Recreational fishing also occurs 
at several docks and marinas.  

Duwamish Estuary Study Area 
The Duwamish Estuary includes the East and West waterways and the Lower Duwamish 
Waterway. Over the years, the Duwamish Estuary was dredged and straightened (King 
County, 1999), but the shape of the estuary has not changed much in the last 30 years. The 
Duwamish Estuary receives freshwater flows from the Duwamish River and Green River 
watershed. At the mouth of the estuary, tidal exchanges occur between Elliott Bay, the East 
and West waterways, and the Lower Duwamish Waterway.  

The East and West waterways and the 5-mile Lower Duwamish Waterway south of Harbor 
Island support heavy and light industrial operations, including cargo handling and storage 
at the Port of Seattle, marine construction, boat manufacturing, marina operations, 
concrete manufacturing, paper and metals fabrication, food processing, and airplane parts 
manufacturing. 

1.4 Content and Organization of this Report 

The remaining chapters in this report present the following information: 
• Chapter 2 describes past, ongoing, and planned actions aimed at improving water

quality in the study areas and beyond.
• Chapter 3 presents the approach used to complete the Study, including the

pollutants and pathways that were evaluated.
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• Chapter 4 highlights major Study findings for the study areas, including dramatic 
declines in some pollutants in the past 50 years and estimated declines through 
2030.  

• Chapter 5 presents study conclusions, particularly in regard to areas of concern that 
will persist beyond 2030.  

• Chapter 6 recommends steps that regional partners, including King County, can take 
in the near future to continue to improve water quality in the area. 
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2.0 PAST, ONGOING, AND PLANNED 
ACTIONS ARE IMPROVING REGIONAL 
WATER QUALITY  

This chapter describes actions undertaken in the past 50 years and actions planned to 
improve water quality by 2030 in the study areas and beyond.  
 
Restoration of water quality in the Seattle area began with 
a public vote in 1958 to clean up Lake Washington. The 
vote prompted the formation of the Municipality of 
Metropolitan Seattle (Metro) to build a regional 
wastewater system. Later, in 1972, the passage of the Clean 
Water Act called for the preservation and restoration of 
water quality throughout the United States. The act 
established the National Pollutant Discharge Elimination 
System (NPDES) that regulates the discharge quality from 
point sources such as wastewater treatment plants and CSO 
and stormwater outfalls. 
 
Key efforts since the start of Metro and passage of the Clean 
Water Act have brought about tremendous improvements 
in water quality in the study areas: 

• Most industries route their industrial wastewater to the regional wastewater 
system for treatment before discharge. 

• Contaminated sites in and adjacent to the study area waterbodies are being cleaned 
up through federal and state programs. 

• More regulations are in place to address the increasing recognition that stormwater 
runoff carries pollutants to waterbodies. 

• Other laws and regulations, such as the ban on phosphorus in laundry detergents 
and residential lawn fertilizers, have reduced the use and release of pollutants to 
waterbodies. 

King County, City of Seattle, Washington State Department of Transportation, and other 
agencies and businesses are continuing to implement new programs and new projects that 
will build on the region’s history of investing in water quality improvements.  
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2.1 The Region Eliminated Most Untreated Sewage 
Discharges; the Effort Continues with 
Reductions in Frequencies of CSO Discharges  

The volume of discharges of untreated and poorly treated sewage decreased from about 20 
to 30 billion gallons per year in the early 1960s to less than 5 billion gallons per year by the 
mid-1980s.  
 
Less than half of the sewage in the Seattle area received treatment prior to the creation of 
Metro. At that time, 60 outfalls discharged untreated wastewater into the Duwamish 
Waterway, Elliott Bay, and Puget Sound. In addition, effluent from 10 secondary treatment 
plants and untreated combined sewer overflows discharged into Lake Washington, which 
caused excessive algae growth, unpleasant odors, and fecal bacterial pollution at swimming 
beaches. 
 
Metro made a huge investment in regional infrastructure during its first decade. By the end 
of the first 10-year construction program, Metro had built dozens of wastewater pump 
stations, more than 100 miles of large sewer trunks and interceptors, and large regional 
treatment plants in the City of Renton and at West Point in the City of Seattle. Rerouting 
sewage treatment plant discharges from Lake Washington to these plants brought 
tremendous improvements in water quality. The lake’s water transparency (measured as 
the depth a white and black disc – known as a Secchi disc – can be seen in the lake water) 
went from a low of 2.5 feet in 1964, to 10 feet in 1968, to 21 feet in the mid-1970s. 
 
Building on this initial success, Metro continued to make substantial infrastructure 
investments to protect and improve water quality: 

• In the 1970s, the Elliott Bay Interceptor was completed and discharges to the 
Duwamish River were diverted to the West Point Treatment Plant.  

• In 1979, Metro adopted its first CSO control plan, before the once-per-year 
discharge requirement was in force.  
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• In the 1980s, the Renton Treatment Plant (now called South Treatment Plant) was 
expanded and in 1986 its effluent discharge was diverted from the Green River to 
Puget Sound. The 1988 CSO control plan was prepared in response to Ecology’s 
1987 definition of control as one untreated discharge per year.  

• In the 1990s, the West Point Plant was upgraded to provide secondary treatment 
and Metro merged with King County. A 30-year comprehensive capital plan for the 
wastewater system—the Regional Wastewater Services Plan (RWSP)—was adopted 
by the King County Council in 1999. The RWSP included the CSO control projects 
that were under way and projects in the 1999 CSO control plan amendment that 
have been carried forward with revisions in subsequent plan amendments. 

• In 2005, two major projects reducing the frequencies of untreated CSO discharges to 
once per year over a 20-year average were completed that were under way during 
development of the RWSP: Mercer/Elliott West and Henderson/Norfolk. Both 
projects included construction of large storage tunnels and wet weather treatment 
facilities that provide primary treatment and disinfection of combined sewer flows.  

• Additional recent improvements include construction of the Brightwater Treatment 
Plant and substantial investments to maintain and upgrade conveyance systems. 

 

 
A visible plume of untreated sewage flows into Puget 
Sound from West Point (circa 1963). 

The West Point Treatment Plant now treats sewage 
to secondary standards before discharge from a long 
outfall into Puget Sound. 

 
The annual volume of combined sewage discharged from King County CSOs since 1988 and 
from City of Seattle CSOs since 1990 has declined by nearly 70 percent (Seattle 2015a). By 
2030, the CSO control projects in King County’s 2012 long-term control plan and the City of 
Seattle’s 2015 Integrated Plan are projected to reduce average annual untreated CSO 
discharges by about 572 million gallons. These efforts will result in an estimated 80 
percent reduction from annual average 2010−2013 discharge volumes. Following 
completion of the County’s two planned wet weather treatment facilities, an additional 615 
million gallons of combined sewer flows will receive primary treatment and disinfection  

http://www.magnoliahistoricalsociety.org/blog/wp-content/uploads/2012/08/sewage3-c1963.jpg
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each year before discharge to the Duwamish Estuary and Elliott Bay (King County, 
unpublished data). In addition, Seattle’s Capacity, Management, Operations, and 
Maintenance program, which is based on a proactive maintenance approach, will continue 
to reduce the volume and frequency of sanitary sewer overflows. 
 
King County’s regional wastewater and wet-weather treatment plants must meet the 
requirements of NPDES permits issued by Washington State. Influent, effluent, and 
receiving waters are monitored to verify that water quality limits are met. 

2.2 Industrial Wastes Discharge to the Regional 
Sewer System 

It was common practice in the first half of 
the 20th century for industries near the 
Lake Union/Ship Canal, Duwamish Estuary, 
and Elliott Bay study areas to directly 
discharge untreated wastewater to nearby 
waterways. These discharges contained a 
variety of contaminants, including 
petroleum products, organic waste (from 
food processing), heavy metals, and 
industrial chemicals such as polychlorinated 
biphenyls (PCBs). The completion of the 
regional wastewater system, along with 

 
The estimated annual volume of King County CSOs has significantly declined since 1988 and will 
continue to decline through 2030. 

A King County Industrial Waste Inspector 
working to improve water quality in the 
Duwamish Estuary. 
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passage of the federal Clean Water Act, prompted a major change in the management of 
industrial wastes. 
 
Metro/King County, City of Seattle, and Ecology efforts led to the regulation of all 
significant industrial dischargers in Seattle. King County’s Industrial Waste Program issues 
permits with appropriate contaminant limits to industrial dischargers that allow discharge 
to the sewer system instead of receiving waters. Many industrial dischargers pretreat their 
wastewater prior to discharge to ensure compliance with their discharge permits.2 

2.3 Stormwater Management Requirements Are 
Strengthening and Treatment Systems Are 
Planned  

Throughout much of the 1900s, stormwater management in the Puget Sound region 
involved conveying stormwater downhill as fast as possible to avoid flooding of developed 

land during heavy rains. Except those areas 
within Seattle with combined or partially 
separated sewers, the storm drains 
discharged directly to nearby waterbodies. 
Simple catch-basins were often used to 
remove some sediment and prevent pipes 
from clogging, but no other treatment was 
implemented. Ecology and King County 
(2011) identified stormwater as the largest 
pathway for contaminant loading to Puget 
Sound. Key elements of a robust 
stormwater program include pollution 
source control via a variety of methods, 
construction of stormwater flow control 
and water quality treatment facilities, and 
proper operation and maintenance of the 
stormwater conveyance and treatment 
system. 

 The Region Responds to Concern over Effects of 
Stormwater Runoff 

In the 1980s, concerns were raised about impacts to wetlands, creeks, and rivers in terms 
of erosion and harm to aquatic life from the transport of pollutants from urban landscapes 
in uncontrolled stormwater flows. Several actions were taken in response to these 
concerns: 

                                                        
2 For more information on the Industrial Waste Program, see 
http://www.kingcounty.gov/services/environment/wastewater/industrial-waste.aspx.  

 
Separated sewer systems collect stormwater 
and wastewater in separate pipes; only 
stormwater goes to waterbodies when it rains. 

http://www.kingcounty.gov/services/environment/wastewater/industrial-waste.aspx
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• In the mid-1980s, King County started to develop long-term plans for individual 
creek basins to reduce stormwater impacts on the creeks.  

• By 1990, the County had developed the region’s first stormwater design manual to 
require flow control and treatment as part of new development above certain 
square footage and dollar thresholds.3 

• In 1995, Ecology, under authority from EPA and the Clean Water Act, issued its first 
municipal stormwater NPDES permits to King County, Seattle, Tacoma, Snohomish 
County, Pierce County, and Clark County. These permits required development of a 
stormwater management program plan to comply with permit components aimed at 
reducing the amount of pollution entering waterbodies from stormwater.  

• In 2007, most other cities and counties in Western Washington received their first 
municipal stormwater NPDES permits. The requirements for these smaller 
jurisdictions were not as extensive as those for the first set of permits, but still 
included a similar combination of activities.  

As municipal stormwater NPDES permits 
are renewed every five years, they have 
evolved to better manage stormwater runoff 
and lessen the impact on surface water 
quality. The latest NPDES stormwater 
permit requires the use of low impact 
development (LID) as the preferred 
approach for stormwater management. LID 
applies methods, such as green stormwater 
infrastructure, that minimize impervious 
surfaces and manage stormwater at the 
source to reduce the volume and velocity of 
runoff leaving a site. By 2030, Ecology is 
scheduled to issue to King County and the 
City of Seattle three additional stormwater permit renewals; each permit renewal will 
likely include stronger stormwater treatment requirements.  
 
Municipal stormwater permit holders must comply with stormwater-specific total 
maximum daily load (TMDL) requirements identified by Ecology for specific waterbodies. A 
TMDL is a numerical value representing the highest loading of a pollutant a surface 
waterbody can receive and still meet water quality standards. Ecology prepares TMDLs for 
waterbodies that do not meet state standards for pollutants. Any amount of pollution over 
the TMDL level needs to be reduced or eliminated to achieve clean water goals. Current 
stormwater permits include requirements for seven TMDLs in King County.4 Six TMDLs are 

                                                        
3 The stormwater design manual can be found here: http://kingcounty.gov/services/environment/water-
and-land/stormwater/documents/archived-documents.aspx. 
4 For information on TMDLs, see 
http://www.ecy.wa.gov/programs/wq/stormwater/municipal/phaseIpermit/2016Mod/2016phaseI-
Appendix2.pdf. 

Rain gardens in public rights-of-way in 
Seattle’s High Point neighborhood. 

http://kingcounty.gov/services/environment/water-and-land/stormwater/documents/archived-documents.aspx
http://kingcounty.gov/services/environment/water-and-land/stormwater/documents/archived-documents.aspx
http://www.ecy.wa.gov/programs/wq/stormwater/municipal/phaseIpermit/2016Mod/2016phaseI-Appendix2.pdf
http://www.ecy.wa.gov/programs/wq/stormwater/municipal/phaseIpermit/2016Mod/2016phaseI-Appendix2.pdf
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for fecal coliform bacteria, and one TMDL is for total phosphorus. Most of these TMDLs are 
in the upstream watersheds of the study areas. Between now and 2030, it is likely that 
additional TMDLs will be developed and will have requirements incorporated into 
municipal stormwater permits. 
 
Several studies have assessed the infrastructure needs to retrofit Puget Sound’s urban 
areas with stormwater flow control and treatment to fully manage stormwater (Bissonette 
and Parametrix, 2010; King County, 2012a; King County, 2014). The infrastructure needs 
are extensive and are likely to include a combination of smaller treatment systems on most 
plots of land and larger treatment systems for every neighborhood.  

 The City of Seattle Will Implement Stormwater Treatment 
Projects and Programs  

Seattle’s 2015 Integrated Plan identifies three stormwater treatment and control projects 
that aim to improve water quality. The projects were selected based on total water quality 
benefit to specific basins, including reduction of key contaminants for human exposure 
(PCBs and fecal coliform) and ecological exposure (phosphorus and PCBs). These projects 
are anticipated to achieve load reductions of 10 to over 100 times greater than the CSO 
projects deferred to later dates as part of the Integrated Plan.  
 
The three projects are as follows: 

• The recently implemented Street Sweeping 
Expansion Arterials program focuses on 
sweeping about 5,600 annual curb-miles of 
arterials to remove potential stormwater 
contaminants in drainages to the study 
areas. 

• Implementing Natural Drainage System 
Partnering projects in Thornton, Pipers, and 
Longfellow Creeks. Of these, only the 
Longfellow Creek Natural Drainage System 
project is in one of the study areas. This 
project is a regional green stormwater 
infrastructure project to construct bioretention facilities (engineered rain gardens) 
in separated storm sewer system basins in the Longfellow Creek basin. (Longfellow 
Creek is a tributary of the Duwamish Estuary.) These bioretention facilities, 
scheduled for completion by 2025, will be designed to reduce loads of PCBs, metals, 
bacteria, and other contaminants.  

• By 2025, the South Park Water Quality Facility project will install a basic active 
treatment system with capacity to remove about 80 percent of the total suspended 
solids from 74 million gallons of stormwater runoff in an average year. If left 
untreated, the contaminants associated with these solids would discharge to the 
Lower Duwamish Waterway.  

 
Street sweeper in Seattle helps prevent 
potential contaminants from entering 
storm drains. 
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In addition to the projects in the Integrated Plan, Seattle intends to construct the Capitol 
Hill Water Quality Improvement project (known as the Swale on Yale project) in 2017 and 
2018. This project will construct four blocks of stormwater retention swales in the Capitol 
Hill neighborhood. The swales are expected to treat an annual average of 150 million 
gallons of stormwater runoff that would otherwise flow untreated into Lake Union (Seattle, 
2015c). 

 Other Agencies Will Include Stormwater Treatment in 
Their Projects 

Additional capital projects planned by other agencies include stormwater treatment to 
improve water quality in Seattle. 

• The replacement and expansion the State Route 520 floating bridge and 
interchanges from Interstate 5 to Medina includes enhanced stormwater treatment 
in many locations (FHA and WSDOT, 2011).  

• Portions of the project area for the Alaskan Way Viaduct Replacement Program 
(State Route 99) currently discharge to Elliott Bay without treatment. By 2023, the 
project will reduce the acreage of pollutant-generating impervious surface that 
drains to surface waters and will also treat some stormwater not previously treated 
(WSDOT et al., 2011).  

• The Elliott Bay Seawall Project, which is replacing the existing seawall along the 
shoreline of downtown Seattle, includes source control and stormwater treatment 
and is expected to have a net benefit on Elliott Bay water quality due to reductions 
in stormwater pollutants (City of Seattle, 2013). As part of the project, 
approximately 80 creosote-treated wood pilings will be removed from the bay (City 
of Seattle, 2013), which will result in decreased loads of polycyclic aromatic 
hydrocarbons (PAHs) to the water. Additionally, habitat will be restored through a 
number of measures including riparian revegetation. 

• Waterfront Seattle is a multi-year program to rebuild Seattle’s waterfront following 
removal of the Alaskan Way Viaduct. Waterfront Seattle includes a rebuilt Elliott Bay 
Seawall, a new surface street providing access to and from downtown, and new 
parks, paths, and access to Elliott Bay. By 2030, this project is expected to (1) reduce 
flow volumes in the combined sewer system by diverting a portion of the 
stormwater runoff from the system to the separated storm drain system, (2) reduce 
the overall quantity of pollutants in stormwater runoff by converting pollutant-
generating impervious surfaces to non-pollutant generating surfaces, and (3) 
improve the quality of discharges to Elliott Bay by treating runoff from urban areas 
(City of Seattle, 2016a).5 

                                                        
5 For information on the Waterfront Seattle project, see http://waterfrontseattle.org/ and 
http://waterfrontseattle.org/Media/Default/pdfs/AWPOW_FEIS/1031_newfilenames/AWPOW_Final_EIS_Oc
t_2016.pdf. 

http://waterfrontseattle.org/
http://waterfrontseattle.org/Media/Default/pdfs/AWPOW_FEIS/1031_newfilenames/AWPOW_Final_EIS_Oct_2016.pdf
http://waterfrontseattle.org/Media/Default/pdfs/AWPOW_FEIS/1031_newfilenames/AWPOW_Final_EIS_Oct_2016.pdf


The 2015 Combined Sewer Overflow Water Quality Synthesis 

King County 18 October 2017 

2.4 Ongoing Efforts Are Cleaning Up Sediment 
Contamination 

Much of the contaminated sediment in the study areas has been removed or capped and 
more will be remediated before 2030. Sediment remediation follows the requirements of 
the Federal Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA) (“Superfund”) and the Washington State Model Toxics Control Act (MTCA). 
These laws govern the identification and remediation of sites contaminated with hazardous 
substances. 

• Superfund sites. In King County, 29 sites are listed in the Superfund database.6 Many of 
the sites require hazardous waste removal or containment only. Others require additional 
cleanup. Much of the contaminated sediments in the Lower Duwamish Waterway and 
Harbor Island sites have already been removed or capped with clean sediment. EPA 
recently issued its cleanup plan for the remaining contamination in the Lower Duwamish 
Waterway. The plan requires removal of the most contaminated sediments, placement of a 
thin cap over sediments with relatively lower contaminant levels, and natural recovery and 
monitoring for the least contaminated sediments. It is expected to take at least 17 years to 
meet the cleanup goals once remediation begins.   

• MTCA sites. In King County, over 1,000 MTCA sites are in need of investigation and/or 
cleanup, and nearly 2,000 other MTCA sites have been designated as needing “no further 
action.”7 The no-further-action determination was made following site cleanup or, in some 
instances, further investigation that determined cleanup was not warranted. The majority 
of MTCA sites in King County are in the Duwamish Estuary and Lake Union watersheds. 
Several contaminated sediment sites in the Duwamish Estuary and Elliott Bay have already 
been cleaned up through the MTCA process. Each cleanup project removes or contains 
hazardous waste to eliminate environmental exposures. 

 Lake Union/Ship Canal: Ten Sites Are in Various Stages of 
Sediment Cleanup  

Ecology has identified 10 sites in the Lake Union/ship Canal study area, totaling over 100 
acres on mostly state-owned aquatic lands, where sediments are contaminated as a result 
of historical maritime and industrial activities. Four sites—two in Lake Union and two in 
Salmon Bay—are awaiting cleanup, four Lake Union sites are in early stages of cleanup, and 
two other Lake Union sites have completed the cleanup process. Contaminants of concern 
include bioaccumulative contaminants, in particular tributyltin and PCBs (Ecology, 2008).8 
Widespread sediment contamination in Lake Union/Ship Canal has not been holistically 
addressed with a system-wide plan.  
 

                                                        
6 Superfund database: https://www.epa.gov/superfund/search-superfund-sites-where-you-live. 
7 MTCA information: https://fortress.wa.gov/ecy/gsp/SiteSearchPage.aspx. 
8 Chemicals that accumulate in living organisms so that their concentrations in body tissues continue to 
increase are called bioaccumulative. 

https://www.epa.gov/superfund/search-superfund-sites-where-you-live
https://fortress.wa.gov/ecy/gsp/SiteSearchPage.aspx
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The Gas Works site in north Lake Union has been identified as a highly contaminated area 
(King County, 2017c). The 
upland portion of the site 
underwent an 
environmental cleanup in 
2000 and 2001, which 
included placement of 2 
feet of clean topsoil over a 
protective barrier 
(Ecology, 2014a). A 
groundwater remediation 
system was installed and 
operated from 2001 
through 2006. Offshore 
sediment investigations 
found high levels of PAHs. 
Under an agreed order 
with Ecology, the City of 
Seattle and Puget Sound 
Energy are conducting 
remedial investigations and feasibility studies for these contaminated sediments. In-water 
cleanup of contaminated sediments is expected to begin no earlier than 2021.  

 Duwamish Estuary/Elliott Bay: Extensive Cleanup Is 
Occurring  

Four Superfund sites in the Duwamish Estuary/Elliott Bay are in various stages of cleanup:  

• The Pacific Sound Resources site, formerly known as the Wyckoff West Seattle Wood 
Treating facility, is located on the southwest shore of Elliott Bay. Over half of the site is on 
either intertidal or subtidal lands. Creosote and related hazardous constituents were 
discharged onto the ground during operation. Cleanup of contaminants, including creosote 
and PAHs, was completed in 2005 and follow-up work is currently under way (EPA, 2009).  

• The Harbor Island Superfund site includes both the industrialized upland area of the island 
and nearshore marine sediment. A wide variety of industrial activities occurred on this 
complex site (EPA, 2010). The site is in various stages of the cleanup process for a mix of 
contaminants, including petroleum products, paint additives, PCBs, PAHs, arsenic, lead, 
mercury, tributyltin, and dioxins/furans.  

• The majority of the Lockheed West Seattle Superfund site, a former shipyard, is located in 
Elliott Bay; a small section lies in the West Waterway. Paint, metal scrapings, and sandblast 
grit from boat refurbishing activities were discharged directly to Elliott Bay, resulting in 
contamination of the sediments. Contaminants include metals, PCBs, tributyltin, and 
petroleum products (Lockheed Martin, 2012). Sediment cleanup is expected to begin in 
2018. 
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• The Lower Duwamish Waterway Superfund site covers a 5-mile stretch of the Lower 
Duwamish Waterway upstream from the southern end of Harbor Island. Six early cleanup 
actions have been completed since 2003 (Lower Duwamish Waterway Group, 2010). 
Future cleanup measures will begin after agreements are established between state and 
federal agencies and the responsible parties. Measures will include 105 acres of dredging, 
24 acres of sediment capping, and 48 acres of enhanced natural recovery (EPA, 2014). A 
Source Control Work Group, led by Ecology and including EPA, City of Seattle, and King 
County, is working to reduce and eliminate ongoing sources of contamination to the 
waterway through actions such as outreach and education, removing sediments from 
stormwater pipes, and identifying and controlling sources of pollution in the stormwater 
drainage system. 

Ecology has listed two future sediment cleanup sites in Elliott Bay: Colman Dock (Pier 
53/54/55) and near the County’s King St CSO (Piers 46/47/48). Cleanup at Colman Dock is 
proposed as part of the Multimodal Terminal at Colman Dock project scheduled for 
construction between 2016 and 2021 (WSDOT, 2014). Sediment cleanup plans for the area 
surrounding the King Street CSO have not yet been prepared. 

 

S Hinds St (S107)1,2 

Diagonal Ave (S111)2 
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2.5 Projects Will Remove Over 11,000 Creosote-
Treated Wood Pilings in Elliott Bay and 
Duwamish Estuary 

Four projects in Elliott Bay and the 
Duwamish Estuary likely to be 
completed prior to 2030 involve the 
removal of over 11,000 creosote-
treated wood pilings, a source of PAHs. 
Three of the four projects (Pier 62-63, 
Colman Dock, and Pier 48) are located 
along a three-quarter mile stretch of 
the Seattle waterfront, adjacent to the 
Elliott Bay Seawall Project. These 
projects include installation of pilings 
made of alternative materials to limit 
PAH releases. The fourth project, Pier 

24, involves the removal of derelict pilings in the southeast corner of the East Waterway. 
No piling removal projects were identified in Lake Union/Ship Canal. 

2.6 Other Laws, Regulations, and Actions Work to 
Improve Water Quality 

In addition to NPDES permits that regulate stormwater and wastewater discharges, the 
federal government and Washington State have promulgated multiple laws and 
requirements aimed at reducing water pollution, including the following: 

• Restricting use of tributyltin and copper in vessel antifouling paint. The 
undersides of marine and freshwater vessels are usually coated with antifouling 
paint to slow the growth of organisms such as algae and barnacles on vessel hulls 
and enhance vessel performance and life expectancy. 

o In the past, tributyltin was used as the main biocide in antifouling paint. 
Accumulation of tributyltin in sediment as well as fish and wildlife tissue led 
to a series of increasing restrictions, culminating in a complete ban of 
tributyltin in antifouling paints in 2008.  

o Copper-containing antifouling paints entered widespread use after the ban of 
tributyltin. Antifouling paints currently contain between 20 and 70 percent 
copper as the active ingredient (Lydecker, 2015). To reduce the amount of 
copper entering waterbodies from leaching from antifouling paint, 
Washington State (Chapter 70.300 RCW) passed a law that limits the content 
of antifouling paint to 0.5 percent copper on recreational vessels less than 65 
feet long, both on the hulls of new vessels (by 2018) and the application on 
currently owned vessels (by 2020). 

 
Reinforced concrete pilings can replace creosote-
treated wood pilings and reduce release of PAHs to 
the environment. 
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• Limiting ocean discharge of human wastes. Regulators have expanded the no-
discharge zones for human waste from marine vessels and have imposed treatment 
requirements for even larger zones. 

• Banning production and/or use of harmful chemicals. Multiple industrial 
chemicals and pesticides have been banned from manufacture and/or use in the 
United States or in Washington State. Examples of banned chemicals include PCBs9, 
the pesticide dichlorodiphenyltrichloroethane (DDT), and the flame retardants 
polybrominated diphenyl ethers (PBDEs). 

• Limiting phosphorus use. Washington State banned phosphorus in laundry 
detergent, automatic dishwasher soap, and residential turf fertilizers. 

• Protecting groundwater. Washington State improved protection of groundwater 
from contamination by regulating underground injection wells and requiring 
jurisdictions to protect areas with a critical effect on recharge of groundwater used 
for potable water supplies. 

• Reducing copper releases from automobile brakes. In 2010, Washington State 
enacted the Better Brakes Rule (WAC 173-901) to reduce the amount of toxic 
materials in automotive brake pads and shoes. The abrasion of brake pads deposits 
copper and other metals onto roadways, which are then washed into surface waters 
by stormwater runoff. Ecology estimated that approximately 15 to 20 percent of the 
total copper released into Puget Sound comes from brake pad wear (Ecology, 2011). 
Through the phased reduction of toxic metals in brake pads, an estimated 90 
percent less copper will be released from brake pads by 2021 (Ecology, 2013). 

• Implementing measures to improve air quality. The Puget Sound Clean Air 
Agency (PSCAA) enforces federal and state air quality regulations in King, Kitsap, 
Pierce, and Snohomish counties. Air can deposit contaminants directly onto surface 
waters and landscapes where the contaminants wash off with stormwater runoff 
into surface waters. In its 2014─2020 strategic plan, PSCAA outlines a long-term 
vision and objectives to improve air quality associated with diesel emissions, 
maritime activities, wood smoke and outdoor burning, and emission control 
technology (PSCAA, 2014). 

• Setting pollutant limits for vessel discharges: 
o EPA issues Vessel General Permits (VGPs) under the NPDES program to 

cover incidental discharges (deck runoff, bilgewater, graywater) into waters 
from commercial vessels greater than 79 feet long and for ballast water from 
commercial vessels of all sizes (EPA, 2013). The current VGPs will expire on 
December 18, 2018. The Small Vessel General Permit (sVGP) covers 
incidental discharges into waters from commercial fishing vessels and non-
recreational vessels less than 79 feet. Vessels will be required to obtain 
coverage through the sVGP starting December 18, 2019. Future VGPs and 
sVGPs will likely strengthen currently established pollutant discharge limits.  

                                                        
9 Use of PCBs in closed systems, such as electric transformers, is still allowed, as is the inadvertent generation 
of small levels (less than 50 parts per million) in the manufacture of industrial products. 
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o The U.S. Congress passed the Clean Boating Act in 2008 as an amendment to 
the Clean Water Act. The act requires EPA to identify discharges incidental to 
the normal operation of recreational vessels for which it is reasonable and 
practicable to develop management practices (such as release of antifouling 
and corrosion-control agents, transport of aquatic nuisance species, 
bilgewater, cleaning and maintenance discharges, fishing waste, and 
graywater). Management practices have not yet been developed but, once 
enacted, are expected to help limit the amount of pollution entering waters.  

2.7 Behavioral Changes Can Lead to Substantial 
Environmental Benefits 

Although future behavioral changes cannot be predicted, the cumulative impacts of 
individual actions and behaviors are known to be important contributors to surface water 
quality. Examples include properly disposing of pet feces, trash, and litter; using natural 
lawn maintenance practices; choosing alternative transportation modes; selecting non-
polluting boat paint; and disconnecting downspouts from sewers.  
 
Shifts in public perception can encourage behavioral changes that can impact water quality. 
All entities that hold municipal stormwater NPDES permits are required to provide public 
education and outreach regarding the impacts of stormwater pollution and to encourage 
behavior changes that can reduce impacts.  
 
Policy decisions to build new transportation infrastructure that favors alternative modes, 
such as public transportation, walking, and biking, may decrease the motor vehicle miles 
traveled in the stormwater basins contributing to the study areas and in the upstream 
watersheds. Individual behavior can also be influenced by the state of the national and 
world economy, weather patterns, technological changes, and other factors that are 
difficult for local government programs and policies to influence. 
 

 
Community members from King and Snohomish counties attend natural yard care class on the 
Brightwater Treatment Plant campus. 
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3.0 HOW THE STUDY ASSESSED 
EXISTING AND ESTIMATED FUTURE 
CONDITIONS 

This chapter summarizes the approach used in the Water Quality Monitoring and 
Assessment Study to answer the study questions.  
 
The Study reviewed and analyzed a variety of data collected by a number of agencies and 
collected new information to assess past, current, and projected future conditions in the 
study area waterbodies where 14 King County CSOs discharge more frequently than once 
per year on average. The analyses were based on a mix of long-term ongoing water quality 
monitoring programs that track changing conditions over time, short-term studies 
intended to answer specific questions, and national research on various topics.  
 
Temporal, spatial, and methodological differences in the data restricted comparison and 
analysis of long-term trends for some contaminants evaluated. In addition, limits in the 
scope of the study precluded other analyses, such as water quality modeling to better 
predict future conditions and detailed site-specific research into local copper and PAH 
leaching rates. Despite these limitations, the Study represents a comprehensive review that 
the region can use with confidence to plan and evaluate future water quality actions. 

3.1 Existing Data Shed Light on Water, Sediment, 
and Tissue Quality  

The Study analyzed decades of data for the study areas on a wide range of contaminants 
(see table below): 

• The water quality data were collected by King County, Ecology, the U.S. Geological 
Survey, and the U.S. Army Corps of Engineers.  

• The sediment chemistry data were collected by multiple organizations, including 
King County, City of Seattle, Port of Seattle, The Boeing Company, and Ecology.  

• The tissue chemistry data were collected by King County, the Washington State 
Department of Fish and Wildlife, and others.  

When adequate data were available, the data were statistically analyzed for trends over 
time and for differences by location. Data were also compared to Washington State water 
and sediment quality standards, which serve to protect fish, wildlife, and human health 
from contaminant impacts. 
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Contaminants Evaluated in Water 

Fecal pollution 
Fecal pollution, as indicated by the presence of fecal coliform bacteria, can 
cause illness in swimmers and people who consume shellfish from 
exposure to pathogens such as bacteria, viruses, and protozoa. 

Temperature and 
oxygen 

High temperatures and low dissolved oxygen levels can cause a wide 
range of impacts, including death, to fish and other aquatic life. 

Nutrients 

Nutrients, including different forms of nitrogen and phosphorus, are 
essential for plant life. However, high levels of nutrients can cause excess 
growth of algae, which, after dying, can decay and deplete oxygen levels, 
potentially killing fish. 

Suspended solids 
and turbidity 

Suspended solid concentrations are often related to erosion. Erosion can 
occur at construction sites or other land areas, or can occur in a river or 
stream at high flows. Excess erosion in a river or stream can drastically 
damage habitat needed by fish and other biota. Excess solids in the water 
can settle to the bottom and smother habitat for benthic organisms and fish. 

Salinity and 
conductivity in 
freshwater 

Excess dissolved salts and other ions in fresh water can impact freshwater 
fish and other aquatic life’s ability to regulate salinity levels in their bodies. 
Higher density saline water at depths in freshwater lakes can also alter the 
timing of seasonal mixing and oxygen recharge of water layers. 

Metals  

Metals, such as copper and zinc, can dissolve in water. At high enough 
levels, they can cause acute effects on fish and other aquatic life. At lower 
levels, they can cause long-term chronic effects, such as behavioral or 
reproductive impacts. 

Organic chemicals  

Organic chemicals, such as polycyclic aromatic hydrocarbons (PAHs), 
phthalates (commonly used plasticizers), chlorinated pesticides, and 
polychlorinated biphenyls (PCBs), can have a wide range of impacts, 
including direct health impacts to fish and other aquatic life. Thousands of 
organic chemicals are not routinely monitored in the environment, such as 
personal care products, pharmaceuticals, and many pesticides. These 
chemicals are generally referred to as “chemicals of emerging concern” 
because little data are available on their environmental levels or on their 
potential impacts to fish, wildlife, and human health. 

Contaminants Evaluated in Sediment 

Metals and organic 
chemicals  

Because of their tendency to sorb to sediments and organic matter, metals 
and organic chemicals may accumulate in sediment. Elevated levels of 
metals and organic chemicals in sediment may be harmful to fish and other 
aquatic life. 

Contaminants Evaluated in Fish and Shellfish Tissue 

Metals and organic 
chemicals  

Some metals and organic chemicals can bioaccumulate in the tissues of 
fish and other aquatic life, leading to health risks to people and other 
organisms that eat seafood. 

3.2 New Research Adds to Understanding of 
Existing Conditions in the Study Areas 

Early in the Study, multiple topics were identified where additional data would improve 
understanding of existing conditions in the study areas, including contaminants 
contributed by CSOs. Planning-level estimates of the scopes and budgets that would be 
needed to implement the new research to address each topic were developed. The 



The 2015 Combined Sewer Overflow Water Quality Synthesis 

King County 26 October 2017 

identified research topics were prioritized based on their affordability, projected 
completion time, and ability to answer study questions and provide information to the 
County’s CSO Control Program. Three new research topics were selected and completed as 
part of the Study:  

• Collection and analysis of new bacteria data to better understand sources and 
pathways of bacteria. 

• A literature review to see if other researchers have identified chemicals that can be 
used to effectively track sewage as a source of contamination in surface waters 
(sewage tracers). The presence and concentration of tracers in the study areas is of 
interest because this information could potentially be used to prioritize CSO control 
and as a baseline for post-construction monitoring of CSO control projects. 

• Collection and analysis of new data from surface waters regarding the presence of a 
select group of contaminants of emerging concern.  

3.3 Pollution Loadings Were Estimated for 10 
Pathways to the Study Areas  

Flow volumes and contaminant concentration data 
were analyzed to understand the amounts of 
contaminants entering the study areas from different 
pathways. 
 
Existing (2015) annual loadings of 14 pollutants were 
estimated for 10 pathways. Five other pathways were 
identified but contaminant loadings were not estimated 
because of insufficient information. Future (2030) 
loadings were estimated for the same pollutants and 
pathways by assessing the effects of planned future 
projects, regulations, and other actions. The 10 
pathways included in the loadings estimates are as 
follows:  

• Upstream watersheds (Lake Washington for 
Lake Union/Ship Canal and the Green River for 
Elliott Bay and Duwamish Estuary). Contaminant 
loadings from flows from the upstream 
watersheds (i.e., the Green River and Lake 
Washington) represent the combined loadings of all sources and pathways 
throughout the watersheds, including stormwater discharges from upstream 
jurisdictions in the watersheds. 

• Local tributaries that flow directly into the study areas 
• Stormwater discharged directly into the study areas 
• Bridge runoff 

 
What is a source? 
In this report, source is defined as 
the object or activity from which a 
contaminant is initially released to 
environmental media (air, surface 
water, groundwater, soil). For 
example, CSOs and stormwater are 
pathways that carry pollution to 
waterbodies, but the sources are 
from human activities.  
 
What is a pathway? 
A pathway is the route or method 
by which contaminants are 
transported from sources and 
released to the study areas. 
Pathway is also used to refer to 
situations where numerous similar 
sources (such as creosote-treated 
wood pilings) are in the 
waterbodies. 
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 Pathways of contamination evaluated 
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• Uncontrolled CSOs that discharge more frequently than once per year on average 
• Controlled CSOs that discharge less frequently than once per year on average 
• Wet weather treatment facilities 
• Atmospheric deposition 
• Antifouling paint on boat bottoms 
• Creosote-treated wood pilings  

Loadings from five pathways were not quantified: 

• Vessel discharge 
• Sacrificial anodes on boats 
• Groundwater 
• Shoreline erosion  
• Puget Sound 

Although additional pathways may exist that contribute contaminants to the study areas, 
the major known pathways with available data were included in this analysis. Antifouling 
paint and creosote-treated wood pilings could be considered as sources, but the loading 
analyses included the entire population of vessels and pilings and therefore considered 
them as pathways.  
 
The study estimated the contributions of 
contaminants to the study areas through 
the pathways. It did not assess internal 
loadings, such as sediment resuspension 
and release of contaminants from the 
sediments, nor did it address declining 
sediment levels within the study areas 
from ongoing and planned sediment 
cleanup activities. Estimates of internal 
loadings would require a sophisticated, 
dynamic sediment transport model that 
was outside the scope of the Study. 
 
  

The WQAMS evaluated loadings of 14 
contaminants 
 
Fecal coliform bacteria 
Nutrients:  
• Total nitrogen 
• Total phosphorus 
• Total suspended solids 

Metals: 
• Total arsenic 
• Total copper 
• Total lead 
• Total mercury 
• Total zinc 

Organic chemicals: 
• Benzyl butyl phthalate (BBP) 
• Bis(2-ethylhexyl)phthalate (BEHP) 
• Total polycyclic aromatic hydrocarbons (PAHs) 
• Total polybrominated biphenyl ethers (PBDEs) 
• Total polychlorinated biphenyls (PCBs) 
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3.4 An Independent Science and Technical Review 
Team Gave Expert Advice 

A Scientific and Technical Review Team reviewed Study methods and results. The mission 
of this external team of experts was to ensure transparency and credibility of the study. 
Members are technical experts in water quality, environmental science, and engineering 
who are otherwise unaffiliated with King County. 
 

Name Position Affiliation 

Virgil Adderley Principal Engineer Portland Bureau of Environmental Services (formerly) 
Thames Tideway Tunnel (currently) 

Mike Brett Professor of Environmental 
Engineering University of Washington 

Jay Davis Resource Contaminants 
Specialist U.S. Fish and Wildlife Service 

Ken Schiff Deputy Director Southern California Coastal Water Research Project 

John Stark Director  Washington Stormwater Center, Washington State 
University  

3.5 Regional Partners Participated in the Study 

Regional partners provided feedback on methods and data interpretation throughout the 
course of the Study: 

• City of Seattle staff members were involved throughout the Study. This partnership 
was essential to the success of the Study because of the significant overlap of county 
and city wastewater and stormwater responsibilities. The City provided data and 
modeling tools that were included in the analyses. 

• Staff and managers from Ecology were regularly briefed during the Study. The 
project team incorporated their detailed and comprehensive feedback into final 
documents. 

• Government to government briefings were held with staff from the Muckleshoot and 
Suquamish Indian tribes 

• Other briefings were held with staff and managers from the Port of Seattle and non-
governmental organizations including the Duwamish River Cleanup Coalition, 
Futurewise, The Nature Conservancy, and Puget Soundkeeper Alliance. 

3.6 Data and Scope Limitations Leave Some 
Uncertainties  

The Study uncovered uncertainties that limited the strength and breadth of some of the 
conclusions. The uncertainties stemmed from the following limitations: 
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• Water quality data limitations. While extensive data are available for the study 
areas, data were lacking for some contaminants in some locations. These limitations 
were partially addressed through the three investigations conducted as part of the 
Study to enhance understanding of current conditions. 

• Pathway data limitations. The project team could not estimate loadings from all 
pathways because of a lack of data, and estimates for some pathways were based on 
national-level datasets when local datasets would have been preferable. In addition, 
the ongoing water quality benefits of programmatic stormwater actions throughout 
the study areas and upstream watersheds could not be estimated because no 
methods or data are available to quantify the overall water quality benefits of 
implementing all of the requirements of the municipal stormwater NPDES permits. 

• Project scope limitation. Scope and schedule limitations prevented the project 
from quantitatively assessing all factors that will affect future water quality. The 
project did not quantitatively assess impacts of climate change, population growth, 
new and redevelopment, increasing municipal stormwater NPDES permit 
requirements, and planned projects in the upstream watersheds when assessing 
changes in contaminant loads by 2030. In addition, the benefits from 142 planned 
projects and programs identified in the upstream watersheds and human behavior 
change were evaluated qualitatively. The project also did not explicitly model future 
water quality in the study areas based on projected future load reductions 
associated with planned water quality improvement projects. 

Even with these uncertainties, the general conclusions regarding existing conditions, the 
importance of CSO control for improving water quality, and the identified future water 
quality concerns are believed to be robust. 
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4.0 STUDY FINDS SOME WATER QUALITY 
IMPROVEMENTS IN RECENT DECADES 
AND SOME ONGOING WATER 
QUALITY CONCERNS 

Review of past activity and historical water quality data found that actions taken to date by 
King County, City of Seattle, Ecology, and others have substantially improved some aspects 
of water quality in the study areas in the last 50 years. This is especially true in regard to 
bacteria, nutrients, and dissolved oxygen in the water column and metals and organic 
chemicals in bottom sediments. Even with this success, the Study found that bacteria, 
temperature, and dissolved oxygen in water and many metals and organic chemicals in 
sediment, water, and fish tissue are not meeting state standards in the study areas. 

4.1 Water Temperatures Are Warmer than Optimal 
for Fish and Other Aquatic Life 

Decades of water temperature data were assessed to understand past and present 
conditions in all three study areas. In the Lake Union/Ship Canal, temperatures have been 
getting warmer since the mid-1980s. Temperatures in the Duwamish Estuary and Elliott 
Bay have not consistently increased or decreased since monitoring began in the 1970s. 
Although scope limitations precluded estimating or modeling future changes, regional 
climate change models suggest that surface water temperatures will likely increase as the 
result of climate change. 

 Lake Union/Ship Canal Temperature Is Increasing  
Temperatures in Lake Union/Ship Canal have increased at a rate of 0.02 °C to 0.04 °C per 
year since routine monitoring began in the mid-1980s. These 
statistically significant warming rates are similar to the 
warming rates observed in Lake Washington (0.046 °C per 
year) between 1964 and 1998 (Arhonditsis et al., 2004). In 
both Lake Union and Lake Washington, warmer temperatures 
have triggered earlier onset and longer duration of 
stratification, which in turn has caused the spring 
phytoplankton bloom to occur earlier in the year (Winder and 
Schindler 2004).10 
 

                                                        
10 The thermal stratification of lakes refers to a change in the temperature at different depths in the lake, and 
is due to the change in water's density with temperature. Cold water is denser than warm water.  

Periods of peak water 
temperature may be 
associated with high 
mortality of spawning 
salmon migrating 
through Lake 
Union/Ship Canal. 
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Washington State has identified 
Lake Union/Ship Canal as an 
impaired waterbody because of 
temperature. Periods of peak water 
temperature may be associated with 
high mortality of spawning salmon 
migrating through Lake Union/Ship 
Canal, as was observed in 1998 and 
2004. Summer surface water 
temperatures routinely exceed 
20 °C and occassionally exceed 
21.5 °C, a known thermal barrier to 
migrating salmon (Ecology, 2002). 
Warm daily temperatures (15.5 °C–
20 °C) are associated with prespawn 
mortalitiy, thermal stress, and 
reduced reproductive success. 

 Elliott Bay Water Temperature Is Stable, with Occasional 
Exceedances of Standards  

Summer surface water temperatures in Elliott Bay are generally warmer near the shore 
than in the middle of the bay. Along the shore, summer temperatures occasionally exceed 
16 °C, which is the state standard for Inner Elliott Bay. In Outer Elliott Bay, summer 
temperatures occasionally exceed 13 °C, which is the state standard for Puget Sound. State 
standards for temperature were developed to protect aquatic life such as salmon.  
 
Temperatures in Elliott Bay are greatly influenced by large-scale climate patterns, and no 
definitive trend for the overall bay could be discerned from the data. Open water locations 
show declining temperature trends. Most beach sites show no changes over time; 
temperature has increased at one site on the waterfront. 

 Duwamish Estuary Temperature Is Stable, with 
Occasional Exceedances of Standards 

The state standard for temperature for the Duwamish Estuary is 17.5 °C, calculated as a 
seven-day average daily maximum (7-DADMax). Insufficient temperature data are 
available to calculate the 7-DADMax temperature in the Duwamish Estuary, but available 
data show that summer surface temperatures occasionally exceed the state standard. It is 
likely that a more robust data set would show more frequent exceedances of the standard. 
Upstream of the Duwamish Estuary, Ecology has identified the Green River and several of 
its tributaries as impaired because of high temperatures and has developed TMDLs for 
temperature for the Lower Green River and Newaukum Creek. 
 
Temperatures in the Duwamish Estuary do not appear to have changed much over the past 
several decades. Slight increases in the West Waterway, a slight decrease at depth at the 

 
Summer water temperatures in southern Lake Union 
have increased since the mid-1980s. 
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South Park Bridge in the Lower Duwamish Waterway, and a few changes at other locations 
were observed. 

4.2 Dissolved Oxygen Levels Are Increasing in the 
Duwamish Estuary; Levels Are Low Deep in 
Lake Union/Ship Canal and Elliott Bay  

Dissolved oxygen (DO) is required for respiration by aquatic life. DO levels in the 
Duwamish Estuary have been showing steady improvement over time; little change is 
noted in Lake Union/Ship Canal or Elliott Bay. DO levels in surface waters in all study areas 
meet the levels needed by aquatic life. Levels at depth in Lake Union and Elliott Bay may be 
too low to support aquatic life during summer and fall.  
 
Estimating future DO concentrations was not part of the scope of the Study. It is possible, 
however, that increased water temperatures as a result of climate change could result in 
decreased DO levels over time because warmer water holds less DO than cooler water. 

 Summer Stratification Limits Oxygen in the Bottom Layer 
of Lake Union  

Lake Union stratifies every summer, with warmer and more oxygenated water at the 
surface and cooler and less oxygenated water at depth. In summer, the deeper waters in 
Lake Union routinely have less than 2 mg/L of DO, preventing these deeper waters from 
serving as a thermal refuge for migrating salmonids. The DO barrier forces salmonids in 
Lake Union/Ship Canal to experience thermal stress in the upper water column. The lake 
typically remains stratified for four to six months each year.  
 
Stratification in Lake Union, with low DO at depth, is natural and typical for this size lake in 
this type of climate, although excess nutrients, salinity, and organic matter can result in 
stronger stratification that lasts longer each summer. Because many lakes stratify and have 
low DO at depth in summer, the state standard for DO in lakes is not set at an absolute 
value. Instead, the standard for Lake Union/Ship Canal is based on limiting human impact 
to less than 0.2 mg/L reduction in DO from natural conditions when DO is less than 9.5 
mg/L. No studies have been done to assess human impacts on DO levels in Lake Union. 

 Summer Stratification Naturally Limits Oxygen at Depth in 
Elliott Bay  

Similar to Lake Union, Elliott Bay naturally stratifies in the summer, with warmer and more 
oxygenated water at the surface and cooler and less oxygenated water at depth. This 
pattern is compounded by upwelling of deep, low-DO Pacific Ocean waters into Puget 
Sound in the fall. At depth, summer DO levels routinely do not meet the state standard (6 
mg/L in Inner Elliott Bay and 7 mg/L in Outer Elliott Bay). DO levels near the surface 
usually meet the state DO standard. Levels occasionally drop below the standard along the 
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waterfront. Also similar to Lake Union, the state standards limit human impact to less than 
0.2 mg/L reduction in DO relative to natural conditions. Ecology modeled DO throughout 
South Puget Sound and most of the Puget Sound Central Basin to assess whether human 
activities may be causing DO impacts greater than the state standard (Ecology, 2014b).11 
Modeling results showed that some areas of South Puget Sound and east of Vashon-Maury 
Island in the Central Basin may have DO impacts of greater than 0.2 mg/L from human 
activities but that DO in Elliott Bay does not appear to be impacted to the same degree. DO 
levels in the bay have not significantly changed since routine monitoring began in the 
1990s. 

 Duwamish Estuary Oxygen Levels Have Improved Since 
the Mid-1970s 

The dynamic interactions between outflowing fresh water from the Duwamish Estuary and 
Elliott Bay salt water limit 
phytoplankton blooms in the 
Duwamish Estuary. As a result, 
limited oxygen demand occurs 
at depth in the Duwamish 
Estuary. DO levels typically 
remain above 6.5 mg/L, and 
often above 7 mg/L, throughout 
the estuary and upstream into 
the Green River. The state 
standard for DO in the 
Duwamish Estuary is 6.5 mg/L. 
DO concentrations occasionally 
fall below the standard in 
summer and fall. 
 
Concentrations of DO have 
increased over time at several 

locations in the Green River watershed and the Duwamish Estuary. These increases are 
statistically significant and are likely associated with diversion of the South Plant effluent 
outfall from the Green River to Puget Sound and 1986 and with reduced nutrient loading to 
the river. 

4.3 Salinity is a Concern in Lake Union 

Salinity is a measure of the dissolved salt content in water; it impacts the chemistry, 
density, and biological processes in the water. Oceanic waters typically have dissolved salts 
of about 30–34 parts per thousand (ppt), estuarine waters have salinity of 1−30 ppt, and 
fresh waters have salinity less than 1 ppt.   
                                                        
11 For more information on Ecology’s modeling, see 
http://www.ecy.wa.gov/programs/wq/PugetSound/DOModel.html). 

 
The amount of dissolved oxygen in the Duwamish River has 
increased since the mid-1970s. 

http://www.ecy.wa.gov/programs/wq/PugetSound/DOModel.html
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Salinity in Elliott Bay and the Duwamish Estuary are at naturally occurring levels: 

• In the estuarine waters of Elliott Bay, salinity varies from between about 31 ppt at 
depth in Outer Elliott Bay to a low of about 20 ppt on the surface near the mouth of 
the Duwamish Estuary along the Seattle waterfront where salinity is influenced by 
river flows.  

• In the Duwamish Estuary, fresh water from the Green-Duwamish watershed tends 
to flow above a salt wedge that extends upriver from Elliott Bay. The length of the 
salt wedge depends on tides and freshwater flows. During low river flows and high 
tides, the salt wedge extends to about river mile 10. During high flows and low tides, 
the salt wedge extends to about river mile 7.9.12 Salinity on the surface decreases 
upstream. 

Salinity in Lake Union/Ship Canal is influenced by operation 
of the Locks, which introduces salt water from Puget Sound 
into the Ship Canal. Drains built into the base of the Locks 
allow salt water upstream of the Locks to flow back to Puget 
Sound and minimize the volume of salt water that remains 
upstream of the Locks. Even with operation of the drains, salt 
water remains and moves upstream into Lake Union every 
summer during periods of heavy Locks usage and low flows 
through Lake Union/Ship Canal. 

 
Salinity concentrations in the bottom layer of Lake Union can reach 9 ppt during summer, 
which is well above the salinity tolerance of freshwater species. The salinity in the bottom 
layer greatly contributes to the strength of the stratification in Lake Union and also the 
decrease of oxygen in the lower layer during summer. The salt in Lake Union typically 
flushes out through the Locks by the end of stratification in November. In 2002 and 2013, 
however, the lake did not fully mix during the fall and the salt layer remained throughout 
the year. The reasons for these exceptions are as follows: 

• In 2002, a malfunction of the salt drains introduced a large volume of salt water to 
the lake before the drains were repaired.  

• In 2013 and 2014, the U.S. Army Corps of Engineers conducted experiments with 
false lockages (including intentionally turning off the salt drains at times in 2014) to 
evaluate their ability to reduce temperatures upstream of the Locks. The purpose of 
these experiments was to assess whether operational changes at the Locks could 
improve temperature conditions for salmon. 

Ecology has set an operational goal for the Locks of 1 ppt salinity near the University 
Bridge just east of Lake Union in Portage Bay to prevent salt water from entering Lake 
Washington. Salinity at the University Bridge did not exceed Ecology’s operational goal 
between the time monitoring began (in 2002) and 2013. In 2014, Ecology set a higher 
temporary goal to allow for the testing of different methods of operating the Locks to 
reduce upstream temperatures. Salinity at the University Bridge peaked between 2 ppt and 
3 ppt during this time. 
                                                        
12 River mile designations start at the southern tip of Harbor Island (river mile 0) and move upstream.  

Salinity concentrations 
in the bottom layer of 
Lake Union can reach 9 
parts per thousand (ppt) 
during summer, which is 
well above typical levels 
for freshwater lakes. 
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4.4 Fecal Coliform Bacteria Levels Have Improved 
but Do Not Routinely Meet Standards 

Fecal coliform bacteria are produced by all mammals. These bacteria are routinely sampled 
as indicators of fecal contamination, which is known to contain multiple pathogenic 
bacteria, viruses, protozoa, and parasites and can present a substantial public health risk.  
 
Fecal coliform bacteria concentrations in surface waters can vary widely between sites and 
times. The lifespan of fecal coliform bacteria can be short in surface waters depending on 
environmental conditions, and many sources of fecal pollution are intermittent. To account 
for this variability, two types of state standards have been promulgated:  

• The first standard is meant to indicate long-term water quality concerns and is not 
to be exceeded by the geometric mean (an estimate of typical concentrations) of 10 
or more samples.  

• The second standard, known as the “peak” standard, is meant to protect the public 
from higher risks of illness from sewage discharges or spills and is not to be 
exceeded in more than 10 percent of the samples.  

 Different numeric standards apply to 
each waterbody in the study areas 
because of the different uses of the 
waterbodies. All three waterbodies are 
listed as impaired by Ecology for fecal 
coliform bacteria.  
 
King County and City of Seattle CSOs 
that discharge more frequently than an 
average of once per year are the largest 
contributors (90 percent) to the annual 
load of fecal coliform bacteria to the 
study areas, followed by direct 
stormwater discharges. The Green 
River also contributes substantial 
bacteria to the Duwamish Estuary each 
year. Other pathways were estimated to 
contribute lesser amounts of bacteria. 
 
Analysis of data from King County’s 
long-term monitoring sites in the study 
areas and in the upstream watersheds 
shows that fecal coliform bacteria levels 

have been steadily declining at most sites since monitoring began in the 1970s. These 
reductions in concentrations are likely due to actions implemented throughout the region 
over the past several decades. Data are insufficient for determining the degree of 
improvement from different actions, but it is likely that efforts to reduce untreated sewage  

 
This graph for the Lower Duwamish Waterway is an 
example of how bacteria levels are declining in the 
study areas – even as the region’s population 
continues to grow. 
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discharges have substantially contributed to these reductions. 
Although levels are declining, portions of the study areas 
exceed state standards for bacteria. 
 
The amount of bacteria entering the study areas each year is 
estimated to decline by about 80 percent by 2030. The 
majority of this change is attributed to planned reductions in 
the frequency of discharges from CSOs. The estimated load 
reductions from other planned water quality improvement 
projects were small relative to those from reducing the 
frequency of CSO discharges. 

 Bacteria Levels in Lake Union/Ship 
Canal Routinely Meet State 
Standards, Except in Salmon Bay 

In Lake Union/Ship Canal, fecal coliform bacteria 
concentrations are generally lowest near the inlet from Lake Washington at the Montlake 
Cut and highest near the Locks. Concentrations at the Montlake Cut routinely meet both the 
geometric mean and peak state standards. Fecal coliform bacteria levels in Salmon Bay 
near the Locks occasionally exceed both state standards.  
 
The bacteria study conducted as a part of the Study identified the following: 

• Salmon Bay has the greatest concentrations of bacteria in both dry and wet weather. 
Bacteria concentrations during wet weather are likely a result of CSO and 
stormwater discharges. Dry weather data indicate that additional pathways are 
contributing bacteria loads to this area.  

• Some bacteria found in Salmon Bay in dry weather are from human sources, 
demonstrated by analysis of a human-feces specific genetic tracer. This finding 
suggests the presence of illicit sanitary sewer connections to the separated storm 
sewer system, sanitary sewer failures or leaks, homeless populations without 
proper sanitary sewer services, illicit discharges from vessels, or other unknown 
sources. 

• Houseboats do not appear to be contributing to bacteria levels in Lake Union. 

 Bacteria Levels in Nearshore Elliott Bay Routinely Exceed 
State Standards 

In Elliott Bay, fecal coliform bacteria concentrations are generally higher during the rainy 
season than the dry season and are also higher along the shoreline than offshore. Several 
shoreline sampling sites routinely exceed the geometric mean and peak standards. 
Offshore Elliott Bay sites have not exceeded the state geometric mean standard since 2004, 
and while some individual samples have exceeded the state peak standard, fewer than 10 
percent of samples have exceeded the standard since 2005.  

Reducing the frequency 
of CSO discharges will 
greatly reduce bacteria 
levels in the study areas 
 
Uncontrolled CSOs are the 
largest contributor (over 90 
percent) to the annual load 
of fecal coliform bacteria to 
all three study areas, 
followed by direct 
stormwater discharges. 
Annual loads of bacteria to 
the study areas are 
projected to decline by 
about 80 percent by 2030. 
The vast majority of this 
change will result from 
planned CSO control. 
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The bacteria study conducted as a part of the Study identified the following: 

• Duwamish Estuary flow discharging into Elliott Bay during storms is the dominant 
pathway of bacteria. High bacteria concentrations from the estuary flow north in the 
bay along the Seattle waterfront. 

• Additional wet weather bacteria concentrations appear to be entering the 
waterbody near Piers 90 and 91.  

• Observed dry weather concentrations, including around marinas, are low indicating 
that dry weather bacteria sources or pathways do not pose a problem. 

 Bacteria Levels in the Duwamish Estuary Routinely 
Exceed State Standards 

In the Duwamish Estuary, fecal coliform bacteria concentrations are higher during the 
rainy season than the dry season. Bacteria levels are also higher at a site near river mile 3.0 
in the Lower Duwamish Waterway than further downstream or upstream. Several 
locations routinely do not meet the state geometric mean and peak standards, including a 
site on the Green River before it flows into the Duwamish River.  
 
The bacteria study identified the following: 

• The East Waterway has the highest concentrations of bacteria during both wet and 
dry conditions. Wet weather pathways include CSOs and stormwater. Dry weather 
concentrations indicate that unknown sources and pathways are contributing to 
bacteria in this area. 

• Some bacteria in the East Waterway during dry conditions are from human sources, 
demonstrated by analysis of a human-feces specific genetic tracer. This finding 
suggests the presence of illicit sanitary sewer connections to the separated storm 
sewer system, sanitary sewer failures or leaks, homeless populations without 
proper sanitary sewer services, illicit discharges from vessels, or other unknown 
sources. 

• Elevated concentrations of bacteria from upstream of the study area were observed 
during both wet and dry weather. However, these bacteria do not appear to be 
associated with human sources.  

• Elevated concentrations of bacteria enter the study area from tributaries (such as 
Hamm and Longfellow creeks), which may be an important bacteria pathway into 
the estuary.  

4.5 Nutrient Levels Have Steadily Declined Since 
the 1970s 

Nutrients in surface water are essential for living organisms. Various forms of nitrogen and 
phosphorus naturally occur in all surface waters, but human activities, such as sewage 
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disposal and land clearing, can increase nutrient levels. These elevated nutrient levels can 
contribute to increased phytoplankton and other aquatic plant growth, a condition known 
as eutrophication, and decay of these plants may reduce DO in surface waters. In the Puget 
Sound region, the availability of phosphorus typically limits plant growth in fresh waters 
and the availability of nitrogen typically limits plant growth in marine waters. There are no 
state standards for nutrients in Lake Union/Ship Canal, Elliott Bay, or the Duwamish 
Estuary, other than standards for ammonia 13(a form of nitrogen) for both fresh and 
marine waters.  
 
Nutrient loadings do not appear to be contributing to water quality concerns in the study 
areas. Higher nutrient levels in the mid-1900s in Lake Washington and Lake Union/Ship 
Canal resulting from discharge of secondary treated sewage effluents and combined sewer 
overflows have steadily declined following construction of the regional wastewater system.  
 
Upstream watersheds were identified as the largest nutrient loading pathway to Lake 
Union/Ship Canal and the Duwamish Estuary, mainly because 
these watersheds contain nearly 20 times more land area than 
the lands that drain directly to the study areas. The nutrient 
load entering Elliott Bay from Puget Sound was not estimated 
but is likely to be large given the natural circulation patterns 
and the intrusion of nutrient-rich deep ocean water into the 
Sound. Nutrients that enter the study areas from upstream 
watersheds appear to be near natural background levels, and 
changes to these upstream levels were not assessed. All other 
pathways contribute less than one-tenth of the estimated 
nutrient loadings of the upstream watersheds. 
 
Annual phosphorus and nitrogen loads are projected to remain largely unchanged in 2030, 
with perhaps a small decline of about 1 percent.  

 Nutrients in Lake Union/Ship Canal Are Likely Near 
Naturally Occurring Levels 

Phosphorus concentrations in Lake Washington rose during the first half of the 1900s, 
mostly from increased sewage flow. The poor water quality in the lake was one of the main 
drivers for construction of the regional wastewater system. By 1970, phosphorus 
concentrations had returned to nearly natural conditions, although direct stormwater 
discharges and input from the Sammamish basin likely contribute higher-than-natural 
nutrient loads. A similar pattern is expected for Lake Union, even though data are not 
available prior to the 1990s. 

                                                        
13 Analytical methods for measuring ammonia typically measure total ammonia nitrogen (or Ammonia-N). 
Ammonia-N is the sum of un-ionized ammonia and ammonium. Of these, un-ionized ammonia typically 
represent 0.1 to 4 percent of Ammona-N. The Washington State water quality standard for ammonia is for un-
ionized ammonia. To compare measured Ammonia-N concentrations to the un-ionized ammonia standard, 
un-ionized ammonia concentrations are calculated based on temperature and pH. 

Upstream watersheds 
appear to be the largest 
contributor of nutrients 
to the study areas. 
Nutrients in the 
watersheds appear to 
be at or near natural 
background levels. 
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Nutrient levels in Lake Union/Ship Canal appear to be approaching naturally occurring 
levels. In general, nutrient concentrations in Lake Union/Ship Canal are similar to or 
slightly higher than concentrations in Lake Washington. In terms of algal growth, Lake 
Union/Ship Canal can be considered a moderately productive lake and Lake Washington 
can be considered to be between low and moderately productive.  

 Nutrients in Duwamish Estuary Have Substantially 
Decreased  

Nutrient concentrations in the Duwamish Estuary have declined over time. Phosphorus 
concentrations have declined significantly at all sites in the estuary and upstream in the 
Green River watershed since monitoring began in the 1970s.  
 
From the 1960s through the 1980s, concentrations of phosphorus and total ammonia 
nitrogen in the Duwamish River downstream of the South Treatment Plant outfall were 
elevated and rising. After Metro constructed a tunnel to Duwamish Head and a new outfall 
into Puget Sound, phosphorus and ammonia concentrations in the Duwamish River 
dropped dramatically. Ammonia concentrations in the Duwamish River near the old outfall 
have not exceeded the state standard since 1987. 

 
After the regional wastewater system was completed, phosphorus levels in Lake Washington improved 
substantially and now appear to be at natural levels. (Source: University of Washington historical data, 
begun in the 1950s by W.T. Edmonson and provided by D.E. Schindler.) 
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 Elliott Bay Nutrient Levels Appear To Be Stable 
Nutrient concentrations in Elliott Bay vary seasonally and are inversely related to 
phytoplankton growth. Analysis of data available from the mid-1990s to present shows no 
statistically significant trends in nutrient concentrations at most sites in Elliott Bay. A site 
near the South Treatment Plant outfall showed increases in nitrate + nitrite-N (dissolved 
inorganic forms of nitrogen) and phosphorus concentrations at certain depths, and a site in 
southwestern Elliott Bay showed a decrease in total ammonia nitrogen concentrations at 
certain depths. An analysis concluded that about 10 percent of all nitrogen entering Central 
and South Puget Sound comes from human sources (Ahmed et al., 2014), which suggests 
that nitrogen in Elliott Bay is likely elevated above natural background levels. 

4.6 More Data Are Needed on Metals and Organic 
Chemicals in Water  

After entering the study areas, metals and organic chemicals may stay in the water, 
accumulate in sediments, or bioaccumulate in the tissues of fish and other aquatic life. 
Concentrations of metals do not exceed state standards or EPA Human Health Criteria in 
any of the study area waterbodies. However, there are insufficient recent data to conclude 
that metals are not of concern, especially because some fish appear to be highly sensitive to 
dissolved metals.  

 
After treated effluent from South Plant was diverted to a new Puget Sound outfall, total 
ammonia nitrogen levels in the Duwamish River dropped and have continued dropping over 
time. 
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 Limited Data Show that Metals and Organic Chemicals in 
Water Do Not Exceed Standards  

In Lake Union/Ship Canal, the most recent data on metals and organic chemicals in water 
indicate the following: 

• Metals concentrations do not exceed water quality criteria. Arsenic, copper, lead, 
mercury, nickel, and zinc appear to be slightly higher in Salmon Bay near the Locks 
relative to the rest of Lake Union/Ship Canal.  

• Data collected between 2000 and 2004 indicate that concentrations of organic 
chemicals do not exceed Washington State’s acute water quality criteria for aquatic 
life. Elevated detection limits and data quality issues make it difficult to compare 
these data to chronic water quality criteria for the protection of aquatic life or to 
EPA Human Health Criteria for consumption of water and/or seafood.  

• Recent (2011−2012) high-resolution PCB congener analyses found that some water 
samples do not meet the EPA Human Health Criteria for consumption of organisms. 
Levels of BEHP (a phthalate) in some samples were also detected above the EPA 
Human Health Criteria. 

In general, recent data on metals and organic chemicals in Elliott Bay are insufficient to 
characterize water quality: 

• Metals were sampled at only one site in Elliott Bay in the last decade, and no data 
exist from the Seattle waterfront where concentrations are likely to be the highest. 
Concentrations do not exceed the Washington State acute or chronic water quality 
criteria for the protection of aquatic life. 

• Organic chemicals were sampled at only two sites in Elliott Bay in the last decade. 
Data indicate that chemical concentrations do not exceed Washington State’s acute 
water quality criteria for aquatic life. Elevated detection limits and data quality 
issues make it difficult to compare to chronic water quality criteria for protection of 
aquatic life or to compare to the EPA Human Health Criteria for consumption of 
seafood. High-resolution PCB congener analyses in 2005 found that most samples 
exceeded the EPA Human Health Criteria for consumption of aquatic organisms. 

Similar to Elliott Bay, recent data on metals and organic chemicals from the water column 
in the Duwamish Estuary are insufficient for assessing current water quality conditions: 

• Metals were sampled at only one site in the Duwamish Estuary in the last decade. 
Data indicate that metals concentrations do not exceed the Washington State acute 
and chronic water quality criteria for the protection of aquatic life. 

• Organic chemicals were sampled at only one site in the Duwamish Estuary in the 
last decade. Data indicate that chemical concentrations do not exceed Washington 
State’s acute water quality criteria for aquatic life. Elevated detection limits and data 
quality issues make it difficult to compare to chronic water quality criteria for 
protection of aquatic life or to compare to the EPA human health criteria for 
consumption of seafood. High-resolution PCB congener analyses in 2005 found that 
most samples exceeded the EPA Human Health Criteria for consumption of seafood. 
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New Data Show that Some Organic Chemicals of 
Emerging Concern Are Present in the Study Areas but 
Their Impacts Are Uncertain 

To better understand current water quality conditions, the Study team sampled the study 
areas for 139 organic chemicals not previously analyzed in these waters. These chemicals 
are known as chemicals of emerging concern (CECs) and include a range of 
pharmaceuticals and personal care products (King County, 2017f): 

• Eleven different CECs were detected in Lake Union/Ship Canal and 22 CECs were
detected in Elliott Bay and the Duwamish Estuary.

• Metformin, an oral diabetes medicine that helps control blood sugar and is typically
prescribed in high doses, was detected at substantially higher concentrations in
Elliott Bay than in Lake Union/Ship Canal or the Duwamish Estuary. Metformin
concentrations in Elliott Bay were much higher than the measured concentrations of
the other CECs detected in the study areas. These higher levels may be due to the
treated wastewater effluent discharged into Puget Sound.

• Caffeine was detected at low levels in all samples from Lake Union/Ship Canal and
in some samples from Elliott Bay and the Duwamish Estuary.

• Aside from metformin and caffeine, 20 other pharmaceuticals, personal care
products, and pesticides were detected in some samples at low concentrations.

Earlier CEC research (King County, 2007) included a pilot monitoring survey between 2002 
and 2004 for a select group of endocrine disrupting chemicals (EDCs) in marine waters, 
major lakes, rivers, smaller streams, and stormwater in King County. EDCs (a subset of 
CECs) are chemicals that mimic hormones in biological systems and may cause a variety of 
reproductive and other non-lethal health impacts. The primary purpose of the pilot 
monitoring survey was to determine if these chemicals are present in different types of 
waters and, if so, at what levels. Sixteen EDCs were analyzed. Of these, four were detected 
most frequently, including a synthetic human hormone, a natural human hormone, a 
surfactant breakdown product, and three phthalates. Seven of the EDCs were detected less 
frequently, and five were never detected. EDC concentrations in King County waters were 
largely comparable to concentrations found elsewhere in the nation. 

The potential impacts of most of these CECs and EDCs at these levels on fish, wildlife, and 
human health are generally unknown. The synthetic hormone (17- α ethynylestradiol) was 
detected in county surface waters at concentrations within the effects range documented in 
the scientific literature. Studies by the National Oceanic and Atmospheric Administration 
documented altered spawning cycles in English Sole in Elliott Bay and related the change to 
exposure to EDCs (Johnson et al., 2008). 

Literature Review Reveals that no Single Chemical Will 
Work as a Sewage Tracer 

A literature review was conducted to identify chemicals or other tracers that can be used to 
identify the presence and to estimate the amount of sewage in waters. The review found 



The 2015 Combined Sewer Overflow Water Quality Synthesis 

King County 44 October 2017 

that although there are several promising candidate sewage tracers, such as metformin, a 
commonly prescribed diabetes medicine, no single chemical or tracer has been identified 
elsewhere that can be used successfully to trace sewage. Several combinations of chemicals 
may work, but more research is warranted. 

 Upstream Watersheds and Stormwater Runoff Are Major 
Pathways for Most Metals and Organic Chemicals to the 
Study Areas  

Metals: Copper Concentrations Will Decline by About One-Third by 2030 

The Study estimated annual loads of 
four metals (arsenic, copper, lead, 
mercury, and zinc) from pathways into 
the study areas. Key findings from this 
analysis are as follows: 

• The largest contribution of arsenic appears to be from upstream watersheds, likely 
at or near natural background levels. All other pathways contribute substantially 
less arsenic loads than upstream watersheds. 

• The largest contribution of copper enters the waterbodies from antifouling paint 
that leaches from vessels, followed by upstream watersheds.  

• The largest contributions of 
lead, mercury, and zinc appear 
to be from upstream 
watersheds and from direct 
stormwater discharges to the 
study areas. 

In 2030, these metals are likely to 
enter the upstream watersheds 
through several sources and 
pathways. Estimated reductions, with 
the exception of copper, are not large 
relative to the total metals loadings. 
Annual loads of copper are projected 
to decline by over one-third by 2030, 
primarily as a result of new 
restrictions on copper content in 
antifouling paint. Vessels that 
continue to have copper-containing 
antifouling paint on their hulls and 
stormwater runoff are projected to 
contribute the majority of copper at 
that time. Smaller reductions in 

Contaminant Largest Pathway 
PAHs  Creosote-treated pilings 
Copper Copper boat bottom paint  
Arsenic, phthalates, lead, 
mercury, zinc, PBDEs, PCBs 

Upstream watersheds and 
direct stormwater runoff 

 
Safely removing and disposing of antifouling 
boat paint.  
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copper loads will occur from efforts such as the Better Brake Rule and stormwater 
treatment projects. 

Organic Chemicals: PAHs in Elliott Bay and Duwamish Estuary Will 
Decline by an Estimated 32 Percent by 2030 

Annual loads from pathways into the study areas were estimated for BEHP, PAHs, PBDEs, 
and PCBs. Key findings are as follows: 

• The majority of BEHP entering Lake Union/Ship Canal is estimated to come from the 
upstream watershed via Lake Washington. Although no BEHP data are available for 
the Green River, it likely is the major pathway for the Duwamish Estuary and Elliott 
Bay because BEHP is a ubiquitous contaminant in surface waters. 

• About 98−99 percent of PAHs estimated to enter the study areas originates from 
leaching of creosote-treated wood pilings in the waterbodies14. The City of Seattle 
banned installation of new creosote-treated pilings as of January 2013, but the 
existing pilings will continue to leach PAHs into the environment until they are 
removed. Direct stormwater discharges also contribute PAHs to the study areas. 

• About three-fourths of the PBDEs entering Lake Union/Ship Canal are estimated to 
come from the upstream watershed via Lake Washington. Direct stormwater 
discharges to Lake Union/Ship Canal contribute the next largest loads. No PBDE 
data are available for the Green River upstream of the Duwamish Estuary and Elliott 
Bay, but similar results are expected because PBDEs are ubiquitous contaminants in 
surface waters. 

• The two pathways that contribute the most PCBs to the study areas are the 
upstream watersheds and direct stormwater discharges. Direct deposition from the 
atmosphere and uncontrolled CSOs are estimated to contribute the next largest PCB 
loads. The estimated annual amount of PCB loading from the Green River to the 
Lower Duwamish Waterway was similar to recent instantaneous loading estimates 
from the U.S. Geological Survey (Conn and Black, 2014). While further research may 
be warranted, PCB concentrations in upstream watersheds appear to be at or near 
levels that are associated with global PCB atmospheric transport mechanisms.  

Annual PAH loads are projected to decline about 32 percent in Elliott Bay and the 
Duwamish Estuary, mainly from the planned removal of creosote-treated wood pilings. 
Furthermore, the leaching rate of PAHs from pilings declines with age. Other water quality 
improvement projects will produce small reductions in PAHs compared to the reductions 
from piling removal. Total annual loads of PCBs, PBDEs, and BEHP are estimated to decline 
by less than 10 percent by 2030 from planned water quality improvement projects. The 
estimated declines are small compared to the total loads entering the study areas from the 
upstream watersheds.  
                                                        
14 PAH leaching rates from creosote treated pilings were based on the results of leaching studies done 
elsewhere in the country, combined with estimates of the numbers, ages, and size of pilings in the study areas. 
While use of data from elsewhere in the country introduces uncertainty into the loading estimates, the 
uncertainty is not believed to be so big as to change the overall conclusions about the importance of creosote 
treated pilings as the major pathway of PAHs to the study areas. 
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4.7 Concentrations of Many Metals and Organic 
Chemicals in Sediment Are above Standards 

The concentrations of many metals and organic compounds are above Washington’s 
Sediment Management Standards in at least some of the sediments in all three study areas. 
Because they may enter the food chain, metals and organic chemicals in sediments may 
adversely affect benthic organisms, fish, wildlife, and the health of people who consume 
seafood. 
 
In Lake Union/Ship Canal, elevated concentrations of metals and organic chemicals have 
been measured in sediments throughout the study area with 
some spatial variability. Areas of contamination are the result of 
historical and currently operating discharge and depositional 
sites. Sediment contamination may adversely affect aquatic 
organisms. In general, sediment sampling and analysis found the 
following: 

• Sediments in Salmon Bay and Lake Union are more 
contaminated than in Portage Bay, the Montlake Cut, and 
Lake Washington’s Union Bay.  

• In Lake Union and Salmon Bay, the most widespread metal contaminants in 
sediments were nickel, arsenic, mercury, silver, lead, copper, and chromium; the 
most widespread organic chemicals were tributyltin, total PAHs, phthalates, total 
PCBs, and dibenzofuran.  

• The community of organisms that lives in the bottom sediments of Lake Union/Ship 
Canal is composed of more pollution-tolerant species and is less diverse than 
communities in Lake Washington and Lake Sammamish, which indicates an 
adversely impacted community. 

Elliott Bay has elevated contaminant 
concentrations in sediment north of Harbor 
Island and along the Seattle waterfront. 
Several sites in Elliott Bay have been 
remediated, but sites remain with 
contaminants exceeding the state Sediment 
Management Standards. Contaminants in 
the Elliott Bay sediments include metals, 
phthalates, dibenzofuran, chlorobenzenes, 
PAHs, and PCBs. 
 
Extensive sediment contamination has 
been documented in the Duwamish 
Estuary, and the Lower Duwamish Waterway was declared a Superfund site in 2001. 
Identified contaminants in sediments of the Lower Duwamish Waterway include metals, 
PAHs, PCBs, chlorobenzene, phthalates, and dibenzofuran. Multiple other sites in the 

The composition of 
sediment-dwelling 
organisms in Lake 
Union/Ship Canal 
indicates a community 
that is adversely 
impacted by sediment 
contamination. 

 
Contaminated sediments being removed from 
the Lower Duwamish Estuary. 
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Duwamish Estuary with sediment contamination have also been identified. Similar 
contaminants of concern have been found at these sites as were found in the Lower 
Duwamish Waterway. 
 
Area-weighted average PCB concentrations in the surface sediments of the Lower 
Duwamish Waterway are estimated to have declined by about 50 percent since the site’s 
Superfund designation and implementation of several early cleanup actions. The selected 
final cleanup action in the Lower Duwamish Waterway is projected to further reduce area-
weighted average PCB concentrations to 50−95 percent below current levels (LDWG, 2012; 
EPA 2014). 

4.8 Levels of Metals and Organic Chemicals in Fish 
and Shellfish Tissue Pose Consumption Risks 
in Elliott Bay and Duwamish Estuary 

Recent data on fish and shellfish tissue from Elliott Bay indicate the following: 

• PAHs, PCBs, PBDEs, and DDT are the most abundant organic contaminants 
measured in clam tissue from Elliott Bay.  

• In 2012−2013, the Washington State Department of Fish and Wildlife found that 
four Elliott Bay locations (Myrtle Edwards Park, Four Mile Rock, Pier 59, and Smith 
Cove) have the highest PAH concentrations in mussel tissue in Puget Sound (WDFW, 
2014).  

The Washington State Department of Health has issued fish and 
shellfish consumption advisories for Puget Sound, including Elliott 
Bay.  
 
Analysis of fish and shellfish tissue samples from the Duwamish 
Estuary found the following: 

• PCBs, PAHs, and metals are the most abundant 
contaminants measured in tissue. PBDEs were not 
measured.  

• PAHs are highest in clams, mussels, and benthic 
invertebrates from numerous locations.  

• Total arsenic was detected in all tissue samples; inorganic arsenic concentrations 
are highest in clams.  

• Total PCB concentrations are highest in Dungeness crab hepatopancreas, English 
sole, and shiner surfperch; lower concentrations were found in clams and mussels.  

• The West Waterway has the lowest total PCB concentrations of all locations 
sampled.  

Because of elevated contaminants found in fish and shellfish tissues, the Washington State 
Department of Health has issued fish consumption advisories for the Duwamish Estuary.  

The Washington 
State Department of 
Health has issued 
fish and shellfish 
consumption 
advisories for the 
Duwamish Estuary 
and Puget Sound, 
including Elliott 
Bay.  
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Fish and shellfish tissue data are very limited for Lake Union/Ship Canal. Further study and 
analyses in Lake Union/Ship Canal are necessary to understand the persistence of 
contaminants in relation to tissue, the threat to human and environmental health resulting 
from consumption of contaminated seafood, and the movement of contaminants through 
the food chain. However, given the concentrations of metals and organic chemicals in Lake 
Union/Ship Canal sediment, it is likely that some metals and organic chemicals in resident 
fish and shellfish tissue are at levels that may pose health risks to individuals who consume 
resident fish and shellfish. 
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5.0 SOME WATER QUALITY CONCERNS 
ARE LIKELY TO PERSIST IN 2030 
DESPITE PLANNED ACTIONS  

This chapter summarizes existing conditions, planned actions to improve water quality in 
the study areas, and estimated changes in contaminant loadings from these actions. The 
chapter ends with conclusions about water quality concerns likely to remain in 2030 if no 
additional actions are taken. The information is organized by the study questions included 
in the scope for the Study. 

5.1 Even with Improvements, Water Quality 
Impairments Remain  

Investments throughout the region have substantially improved some aspects of water 
quality in Lake Union/Ship Canal, Elliott Bay, and the Duwamish Estuary over the past 50 
years. Available data show the following: 

• Dramatic improvements in nutrient levels in receiving waters following 
construction of the regional wastewater conveyance and treatment system.  

• Long-term improvements in bacteria, nutrient, and DO levels over the past 20 to 30 
years.  

• Decline of concentrations of sediment contaminants in the Duwamish Estuary and 
Elliott Bay as the result of multiple remediation activities. 

Less positively, bacteria concentrations remain above state standards in the study areas, 
summer surface temperatures have been warming over time especially in Lake Union/Ship 
Canal, low DO and high salinity make the deeper waters in Lake Union inhospitable for 
freshwater aquatic life during summer stratification, and concentrations of several metals 
and organic chemicals in sediments do not meet state standards.  

5.2 County and City CSOs Contribute to Some 
Identified Impairments  

The frequency of untreated discharges from King County and City of Seattle CSOs will be 
reduced to an average of one untreated discharge per outfall per year over a 20-year 
average by 2030 and 2025, respectfully in accordance with the CSO consent decrees and 
State requirements. 
 
King County’s CSOs that discharge more than an average of once per year currently 
contribute about 85 percent of the annual loadings of fecal coliform bacteria to Lake 
Union/Ship Canal, Elliott Bay, and the Duwamish Estuary. The City of Seattle’s CSOs that 
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discharge more than an average of once per year currently contribute about 8 percent, and 
all other pathways combined contribute about 7 percent of annual loadings of fecal 
coliform bacteria to the study areas. King County and City of Seattle CSOs that discharge 
more than an average of once per year also contribute a number of additional contaminants 
to the receiving waters but at substantially lower annual loads than contributions from 
other pathways.  

5.3 Other Pathways Contribute to Identified 
Impairments 

The major pathways for contaminant loadings other than bacteria are as follows: 

• Direct stormwater discharges to the receiving waters and/or flows from the 
upstream watersheds (Lake Washington and the Green River) contribute the 
majority of the annual loads of nutrients, PCBs, PBDEs, and most metals.  

• Leaching from vessel bottom antifouling paint contributes the largest known copper 
loads.  

• Leaching from creosote-treated wood pilings contributes the largest known PAH 
loads. 

5.4 Activities Are Planned Through 2030 that Could 
Affect Water Quality in the Receiving Waters  

A range of actions is likely to improve receiving water quality through 2030: 

• Reduction in CSO Discharge Frequency. King County and City of Seattle capital 
projects will reduce the frequency of 
untreated CSO discharges to an 
average of once per year over a 20-
year moving average at all locations 
by 2030 in accordance with federal 
consent decrees and permit 
requirements. These projects are 
projected to reduce annual bacteria 
loading to the study areas by about 80 
percent. This decline is anticipated to 
substantially improve water quality.  

• Copper limits. Implementation of 
Washington State’s limits on the 
copper content of antifouling vessel 
paint for small recreational vessels 
and in automobile brake pads is 
projected to reduce copper loading to the study areas by about 50 percent. 

 
Rain gardens and cisterns on private 
properties are capturing stormwater from 
roofs to reduce CSO volumes. King County and 
the City of Seattle provide rebates for these 
installations through the RainWise Program. 
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• Fewer creosote-treated wood pilings. The planned removal of about 11,000 
creosote-treated wood pilings is projected to reduce PAH loadings to Elliott Bay and 
the Duwamish Estuary by about one-third. Additional pilings not included in 
planned projects may be removed and deteriorating pilings may also be replaced 
during this period. 

• Contaminated sediment cleanup. Remediation of contaminated sediment sites is 
projected to reduce contamination levels in the study areas. In particular, levels of 
PCBs, other organic chemicals, and metals in Duwamish Estuary sediments are 
projected to decline as the cleanup plan for the Lower Duwamish Waterway 
Superfund site is implemented. Less improvement will likely occur in Lake 
Union/Ship Canal than in the other study areas because no system-wide 
remediation plan is in place. 

• Stormwater management and treatment. Improvements in stormwater 
management by Ecology, City of Seattle, King County, and other jurisdictions in the 
study areas and upstream watersheds are projected to reduce loadings of many 
contaminants. The City is planning capital projects that include construction of 
stormwater treatment systems. Required (through stormwater permits) and 
discretionary improvements in stormwater management, including both 
operational and source control efforts, will likely decrease the annual loadings of all 
contaminants studied to some degree. 

• Behavioral changes. The cumulative impacts of changes in behavior by area 
residents can substantively affect water quality, although the degree of change and 
impact is difficult to quantify. Multiple actions and programs are under way to 
influence behavior to reduce contaminant releases to the watersheds, including 
campaigns to fix automobile leakages, pick up pet wastes, and use natural lawn care 
methods. 

5.5 Some Water Quality Impairments Are Projected 
to Persist in 2030 

While continued improvements in the study areas are anticipated, especially for bacteria in 
all study areas and chemical contamination in Duwamish Estuary sediments, impairments 
are likely to remain in 2030. 

 Climate Change Will Likely Raise Water Temperatures  
Long-term trends show increasing surface water temperatures in Lake Union/Ship Canal 
and in some of the creeks that feed the upstream watersheds. These increasing trends are 
expected to continue as rising air temperatures influence water temperatures. This 
phenomenon is likely to also increase water temperatures in the Duwamish Estuary and 
Elliott Bay. While surface water temperatures for 2030 were not modeled, they will likely 
cause further stress to the region’s cold-water fish. 
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 Summer Low Oxygen and High Salinity in Lake Union at 
Depth Will Remain 

Low DO and elevated salinity in the lower depths of Lake Union occur every summer from 
salt water entering through the Locks and lower flows entering from Lake Washington. 
This issue will remain in 2030, assuming continued operation of the Locks. Elevated 
salinity may be detrimental to freshwater organisms that live in bottom sediments or in the 
lower depths of the lake. Predicted sea level rise may potentially exacerbate the problem. 

 Fecal Bacteria Levels Will Likely Exceed Water Quality 
Standards  

Although 2030 bacteria concentrations were not modeled as part of this study, ongoing 
contributions from a combination of pathways, including direct stormwater discharges, 
upstream watersheds, and untreated CSO discharges occurring an average of once per year 
over a 20-year moving average, suggest that fecal bacteria will not meet the state standards 
in 2030. The detailed bacteria study conducted along the shorelines in the study areas as 
part of this study underscored the importance of these pathways. 

 Ongoing Pathways Will Load Copper to the Study Areas 
There are limited data on copper 
concentrations in water in the study 
areas. The data do not show a violation 
of the state standard, although even 
low levels of copper in water have 
been found to cause adverse effects in 
salmonids. The projected 50 percent 
reduction in copper loading to the 
study areas by 2030 from 
implementation of Washington State 
antifouling paint and brake pad 
regulations will likely lead to 
measurable decreases in ambient 
water concentrations and less risk to aquatic life.  
 
The remaining copper pathways in 2030 are as follows: 

• Vessels not affected by the law to limit copper in antifouling paint are estimated to 
contribute about 50 percent of all annual copper loadings to the study areas.  

• The majority of the remaining copper loading is anticipated to come from upstream 
watersheds.  

• Copper from direct stormwater discharges to the watersheds is anticipated to 
contribute between 1 to 10 percent of the annual copper loadings. 
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 Remaining Creosote-Treated Pilings Will Release PAHs 
An estimated 63,000 creosote-treated wood pilings are in the study areas. The planned 
replacement of about 11,000 of these pilings in Elliott Bay with new steel or concrete 
pilings will substantially reduce PAH loadings by 2030, but the remaining creosote-treated 
pilings are estimated to contribute about 94 percent of all PAHs to the study areas. 

 Challenges to Preventing and Managing Stormwater 
Pollution Will Grow as the Region Grows 

Upstream watersheds, which are nearly 20 times larger than the lands that drain directly to 
the study areas, and direct stormwater discharges to the study areas were identified as 
substantial contributors to annual loadings for a number of contaminants. Stormwater 
runoff contributes bacteria, solids, metals, and organic chemicals to receiving waters, and 
stormwater discharges to small tributaries contribute excess flows that can cause erosion 
and an unnatural flow regime for fish and wildlife. 
 
The Study did not estimate load reductions from future improvements to public and 
private stormwater facilities and operations, except from a select list of projects and 
programs where reductions were quantifiable. Loadings from upstream watersheds and 
direct stormwater discharges will likely decline over time for a variety of reasons, including 
implementation of current and future municipal stormwater NPDES permits in the 
watersheds; regional actions, such as retrofitting and using underground injection wells to 
manage stormwater; strengthened municipal stormwater NPDES permit requirements 
with each permit cycle; and future implementation of industrial stormwater NPDES 
permits for commercial properties. 
 
The magnitude of the loadings from direct stormwater discharges and upstream 
watersheds underscores the importance of implementing the NPDES permits. It is 
anticipated that stormwater management will be an ongoing challenge in this region 
because of land use changes, human activities, population growth, and frequent rains and 
their attendant contributions to stormwater contamination. Stormwater management 
programs to prevent and minimize contamination will be critical to further improve 
receiving water quality. These programs can include public education and outreach to 
promote behavioral change, product bans, operation, and maintenance of the stormwater 
systems, technical support and code enforcement actions, and construction of additional 
stormwater flow control and water quality treatment facilities. 

 PCBs and Other Contaminants Remain in Sediments and 
Tissue 

Sediment remediation in the Lower Duwamish Waterway is projected to result in long-
term declines in average PCB concentrations throughout the waterway. Even after 
remediation, PCBs and other chemicals will likely persist in the sediments of the Lower 
Duwamish Waterway. The projected declines in sediment concentrations will result in 
corresponding declines in PCB concentrations in fish and shellfish tissues. Limited 
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sediment cleanup activities are not likely to substantially reduce average concentrations of 
PCBs and other contaminants in the sediments of Lake Union/Ship Canal or Elliott Bay.  
 
It is likely that PCB loadings from the Green River and Lake Washington watersheds to the 
study areas will decline over time as global levels of PCBs continue to decline, as more local 
sources of PCBs are identified and controlled, and as stormwater treatment becomes more 
prevalent throughout the region.  
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6.0 RECOMMENDED NEXT STEPS FOR 
THE REGION 

Washington State and the region have a strong track record for improving water quality. 
The data show that regulations, policies, and investments over the last five decades have 
made the region’s waterbodies cleaner and safer. Analyses show that reducing untreated 
CSO discharges to a frequency of an average of once per year will substantially reduce 
bacteria levels. Analyses also show that other planned projects and programs will greatly 
reduce copper and PAH levels in water and metals and organic chemicals in sediments in 
the study areas by 2030. Modest improvements are likely for other contaminants as well.  
 
The data also show, however, that the region will need to do even more than what is 
currently planned to protect and restore water quality. This chapter describes 
recommendations that emerged from the Study for actions—some already planned and 
some not—that the region could undertake to improve its prospects for better water 
quality in the future. 

6.1 Reduce the Frequency of Untreated CSO 
Discharges 

King County and the City of Seattle have 
committed to reducing untreated CSO 
discharges to a frequency of an average of 
once per year over a 20-year moving 
average by 2030 in accordance with their 
CSO consent decrees and State 
requirements. The Study supports this 
investment, finding that reducing 
untreated CSO discharge frequency 
provides important water quality 
benefits, including substantial reductions 
in fecal coliform bacteria loading to the 
study areas. King County will use the 
Study findings, along with engineering 
and legal information, during 
development of the 2018 update to its 
long-term CSO control plan to evaluate alternative approaches for reducing untreated CSO 
discharge frequency, explore partnerships, and assess the timing and sequencing of 
projects to increase water quality benefits to the region. Any modifications to the design, 
sequencing, and/or deadlines of the projects set forth in King County’s CSO Consent Decree 
will require concurrence and consent from EPA, Ecology, and the Court. 

Green stormwater infrastructure can reduce flows 
to the combined sewer system during heavy storms 
and decrease CSO volumes discharging to 
waterbodies. 
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6.2 Implement Existing Regulations and Planned 
Water Quality Projects and Programs 

The Study identified water quality improvement projects and programs planned for 
implementation by 2030. Additional projects are likely to be identified and funded over the 
next 15 years. While not sufficient to fully address all the water quality concerns the region 
faces, the planned projects, such as reducing untreated CSO discharge frequency and 
removal of creosote-treated wood pilings, are anticipated to result in substantial 
improvements to receiving water quality. It is recommended that the region ensure that 
these planned water quality improvement projects and programs be implemented. It is also 
recommended that municipal stormwater permitees continue to undertake those measures 
necessary to meet permit requirements, which are likely to be strengthened over time. 

6.3 Monitor Changes Over Time 

The Study identified potential monitoring efforts to track changes in water quality over 
time, address identified uncertainties, and track implementation of water quality 
improvement projects. To the degree possible, it is recommended that King County and its 
regional partners implement these monitoring programs and other studies listed below: 

• Continue long-term water quality monitoring programs. King County, Ecology, 
U.S. Geological Survey, Washington State Department of Fish and Wildlife, City of 
Seattle, U.S. Army Corps of Engineers, University of Washington, and other 
organizations carry out long-term environmental monitoring that tracks changes in 
conditions over time. These long-term monitoring programs complement each other 
in parameters, locations, media, and timing to avoid duplication. To show whether 
the cumulative impact of activities is making a difference, it is recommended that 
these programs continue and that routine monitoring of metals and organic 
chemicals in water, sediment, fish, and shellfish be added or expanded. 

• Conduct additional monitoring and studies to fill data gaps. Data for several 
parameters evaluated in the Study 
were lacking in critical locations 
and/or for critical pathways or were 
inadequate for assessing long-term 
trends. These gaps limit the ability 
to assess existing conditions or 
relative contaminant loadings from 
different pathways. For example, no 
data from the Green River 
watershed were available on PBDEs, 
surface water phthalate data were 
afflicted with lab contamination 
issues, and limited water quality 
data were available from local 

 
King County scientists brave the weather on the 
SoundGuardian research vessel to collect 
samples from area waterbodies. 
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tributaries discharging to the Duwamish Estuary and Elliott Bay. In addition, PAH 
loading from leaching from creosote-treated wood pilings and copper loading from 
leaching from vessel antifouling paint were calculated by combining leaching rate 
data from national research studies (as opposed to local studies) with estimates of 
the numbers of pilings and vessels in the study areas. Finally, the investigation in 
CECs in the study area provided a snap-shop of current conditions for some CECs, 
but additional CECs may be present and no data are available to indicate if the 
concentrations are increasing or decreasing over time. It is recommended that 
additional monitoring and studies be conducted to fill data gaps identified in the 
Study in order to reduce uncertainties and improve loading estimates.  

• Undertake water quality modeling. Future water quality can be projected only 
through detailed water quality modeling, which was not part of the Study scope. 
Such modeling would allow for quantification of how water quality would change in 
response to changes in contaminant loadings. It is recommended that water quality 
modeling be conducted for estimating future concentrations of fecal coliform 
bacteria, PCBs, copper, and PAHs to inform future investments in water quality. 
Ecology is conducting a pollutant loading analysis for the Green-Duwamish 
watershed that includes detailed water quality modeling for most of these 
parameters (Tetra Tech, 2014). It is recommended that this study be completed. 

• Assess effectiveness of stormwater controls and permit implementation. The 
municipal stormwater NPDES permits established a regional stormwater 
monitoring program. The regional stormwater monitoring program is tracking the 
status and trends of receiving water quality, the effectiveness of stormwater 
programs and projects in improving water quality, and the approaches used to find 
sources of pollution. It is recommended that this monitoring program be carried 
over into the next permit cycle and beyond. It is also recommended that results from 
this effort be used to continue to improve permit terms.  

• Identify and control sources of bacteria. The detailed study on bacteria 
concentrations along the shorelines of the study areas demonstrated that bacteria 
levels are highly variable and appear in some situations to be associated with local 
human sources. It is recommended that additional site-specific monitoring be 
conducted to trace these sources of bacteria and allow for their control. Possible 
sources could include cross-connected pipes, illicit discharges, and homeless 
encampments. The effectiveness of the control could then be tracked through 
routine monitoring. 

• Track climate change impacts to aid in CSO and stormwater planning. King 
County, with supplemental funding from an Ecology grant, has an agreement with 
the University of Washington to develop more detailed information on climate 
change impacts on rainfall patterns in the Northwest. Modeling results and 
documentation are expected in 2017. After this project is completed, the County 
intends to assess climate change impacts on combined sewer volumes and CSO 
volumes and frequencies. The region would benefit from application of this 
information in assessing climate change impacts on other water resources, such as 
stormwater discharges and river flood sizes and frequencies.  
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6.4 Assess Feasibility and Benefits of Increased 
Stormwater Management Requirements for 
Development and Redevelopment  

King County’s population grew 
from less than one million to 
over two million people from 
1960 to 2015, and is projected to 
grow to 2.4 million people by 
2040 (Washington State, 2012). 
Substantial new and 
redevelopment will occur in the 
next 25 years to accommodate 
this growth.  
 
Detailed estimates have not been made of the numbers and types of stormwater 
management facilities projected to be built as part of new and redevelopment in King 
County, nor have the potential benefits to receiving water flows and quality been 
estimated. In general, redevelopment in urban areas is expected to include construction of 
stormwater flow control and water quality treatment infrastructure, such as ponds, vaults, 
and green stormwater infrastructure, where none previously existed. However, site 
feasibility and redevelopment thresholds may limit the potential for such improvements. 
 
It is recommended that a study be conducted that examines the relationship between 
redevelopment requirements for stormwater infrastructure and new and redevelopment 
projections for Seattle and throughout the watersheds. This study could do the following:  

• Account for factors that may limit stormwater management improvements, such as 
site feasibility, redevelopment thresholds, and the nature of the receiving waters. 

• Estimate the amount of stormwater infrastructure that will be built as part of new 
and redevelopment and estimate contaminant load reductions. 

• Evaluate possible regulations and incentives for maximizing stormwater 
management improvements during new and redevelopment. 

The results of this study could help the region leverage the redevelopment that occurs from 
population growth in addressing long-term stormwater management challenges. 

6.5 Routinely and Comprehensively Assess 
Progress on Water Quality Gains 

This Study provided an important opportunity to review available data in context, fill data 
gaps, assess current conditions, evaluate how conditions have changed, and project how 
conditions may change in the future. The region would benefit from routine comprehensive 
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reviews of current and projected future water quality conditions in the region, perhaps 
once each decade. These reviews could identify successes and areas where additional 
improvement is needed. The findings could then be considered in wastewater and 
stormwater infrastructure plan updates, land use planning, site cleanups, and other efforts. 

6.6 Build Partnerships to Implement Additional 
Water Quality Improvement Projects and 
Programs 

The Study has shown that currently planned projects and programs will not address all 
regional water quality concerns by 2030—that more work will be needed. This additional 
effort would likely require watershed-scale coordination and implementation, with 
participation from governments, nongovernmental organizations, tribes, businesses, and 
residents. The effort could include but not be limited to the following: 

• Identification and control of contaminant sources, such as is being facilitated by the 
Pollutant Loading Assessment,

• Construction of stormwater flow control and water quality treatment where none 
currently exist, and implementation of other stormwater programs beyond permit 
requirements, such as are being discussed by the Our Green Duwamish partnership,

• Riparian tree plantings throughout the watersheds to reduce instream 
temperatures,

• New regulations to control pollution at the source,
• Upgrades to the Ballard Locks,
• Removal of additional creosote-treated  pilings,
• Contaminated site remediation, both on land and in sediments, where none is 

currently planned, especially in those areas of Lake Union/Ship Canal where no 
remediation plans have been developed,

• Expansion of the restrictions on the use of copper content of vessel antifouling paint 
to expand the number and variety of vessels affected,

• Coordinate public outreach and education across the region to more universally 
improve water quality while also meeting regulatory requirements in a more cost-
effective manner,

• Implementation of the salmon recovery plans, and
• Preservation of priority open space throughout the watersheds. 
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