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EXECUTIVE SUMMARY 
This report documents a review of planned actions and projects and a planning-level 
assessment of their effects on future (circa 2030) contaminant loads and water quality in 
two study areas: Lake Union/Ship Canal and Duwamish Estuary/Elliott Bay. The 
assessment is a part of King County’s Water Quality Assessment and Monitoring Study, 
which was undertaken to explore ways to optimize water quality improvements in 
waterbodies where the County is planning combined sewer overflow control (CSO) 
projects. 
 

Background 
King County updates its combined sewer overflow (CSO) control plan about every five 
years. Before each update, the County reviews its entire CSO Control Program against 
conditions that have changed since the last update. In September 2012, the King County 
Council passed Ordinance 17413 approving an amendment to King County’s long-term CSO 
control plan. The plan includes nine projects to control the County’s remaining 14 
uncontrolled CSO locations by 2030 to meet the Washington State standard of no more 
than one overflow per year on average. The recommended projects involve construction of 
underground storage tanks, green stormwater infrastructure, wet weather treatment 
facilities, or a combination of approaches.  
 
Ordinance 17413 also calls for completion of a Water Quality Assessment and Monitoring 
Study to inform the next CSO control plan update due to the Washington State Department 
of Ecology in 2019. The assessment set out to answer the following questions: 

1. What are the existing and projected water quality impairments in receiving waters 
(waterbodies) where King County CSOs discharge? 

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? 
Three additional questions were identified to be addressed by the County’s CSO planning 
team based partly on the results of the assessment: 

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 actions, such as coordinating projects with the City of 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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Study Areas 
This study focused on the areas where uncontrolled CSOs discharge: 

• The Lake Union/Ship Canal study area, located in the City of Seattle, forms 
the mouth of the Cedar-Sammamish watershed. The waterbody’s surface 
area is approximately 1.5 square miles, representing about 0.2 percent of the 
watershed. The waterbody begins at the Montlake Cut where Lake 
Washington’s Union Bay drains into Lake Union’s Portage Bay. The Hiram H. 
Chittenden Locks, which separate the salt water of Puget Sound from the 
fresh water of Lake Union, define the western boundary of the study area.  

• The Duwamish Estuary/Elliott Bay study area is in the Green-Duwamish 
watershed. The study area begins at the confluence of the Green and Black 
rivers, where the Duwamish River starts, and continues downstream to the 
Duwamish Estuary and then the western boundary of Inner Elliott Bay. The 
surface area of the waterbodies is approximately 6.2 square miles, 
representing about 1 percent of the watershed. The study area is located in 
the City of Seattle, City of Tukwila, and a small area of unincorporated King 
County. The Duwamish Estuary and Inner Elliott Bay were evaluated 
together because they are interrelated: the freshwater discharge from the 
Duwamish Estuary influences environmental conditions in Elliott Bay and 
the flood tides from Elliott Bay affect conditions in the Duwamish Estuary.  

Study Approach 
This study estimates changes in contaminant loads between 2015 and 2030 based on 
identified projects, programs, and regulations. In a complementary study, current (2015) 
loadings were quantified for 14 contaminants of interest (COIs) from nine major pathways. 
(The COIs are shown in Table ES-1.) To estimate changes to these loadings, planned 
projects, programs, and regulations were reviewed, and when possible, their expected 
impact on loadings was quantified. Many of the identified projects did not have sufficient 
information to estimate their impact. 
 
Table ES-1. Contaminants of interest. 

Category Contaminant of Interest 
Indicator bacteria Fecal coliform 

Nutrients Total nitrogen 
Total phosphorus 

Solids Total suspended solids 

Metals 

Total arsenic 
Total copper 
Total lead 
Total mercury 
Total zinc 

Organic 
compounds 

Benzyl butyl phthalate (BBP) 
Bis(2-ethylhexyl)phthalate (BEHP) 
Total polycyclic aromatic hydrocarbons (PAHs) 
Total polybrominated biphenyl ethers (PBDEs) 
Total polychlorinated biphenyls (PCBs) 



Water Quality Assessment and Monitoring Study: Future Loadings 

King County  ix October 2017 

The pathways examined in the current and future loadings studies are as follows: 
• Stormwater runoff 
• Controlled CSOs 
• Uncontrolled CSOs 
• Loadings from upstream watersheds into the study areas 
• Wet-weather treatment facilities 
• Leaching from antifouling vessel paint 
• Leaching from creosote-treated pilings 
• Atmospheric deposition 
• Highway bridge runoff 

Planning documents published by state and local agencies and their designees were 
examined to identify planned actions and projects that could impact water quality in the 
study areas: 

• When quantitative data were available for a planned activity, a mean annual load 
change was estimated by modifying the inputs used in the analysis of current 
loadings (such as decreasing the volume of annual CSO discharges) or by subtracting 
the estimated load changes reported in a project’s documentation from the 
respective pathway loads.  

• For estimated future loadings from stormwater runoff, the data used were based on 
selected City of Seattle planned stormwater treatment and control projects. Only the 
areas treated by these projects were taken into consideration. The study was unable 
to account for current or future public or private stormwater facilities or 
operational activities, including existing stormwater treatment facilities, 
jurisdictions’ current or future stormwater management retrofit programs, other 
future structural stormwater projects, facilities built to meet development or 
redevelopment requirements, or the many anticipated additional operational 
stormwater management efforts required by National Pollutant Discharge 
Elimination System (NPDES) permits or other stormwater management programs. 

• A qualitative assessment was applied to planned activities that had no quantitative 
load data.  

• Impacts associated with population growth, climate change, and expected future 
regulations were discussed but not estimated.  

Changes in the loadings from atmospheric deposition, upstream watersheds, and local 
tributaries were not considered because information was limited on projects that will 
affect loadings from these pathways to the study areas between 2015 and 2030. 
 
The approach used is appropriate for estimating the relative magnitude of contaminant 
loadings from some of the major pathways and the relative magnitude to which planned 
projects will reduce these loadings. Results may be particularly useful in assessing changes 
to loadings from pathways where future load reductions can be quantitatively estimated, 
such as controlling CSOs. However, estimating changes in upstream and local stormwater 
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runoff loads was not straightforward because of many unknowns. The magnitudes of these 
unquantified programs and projects are expected to be substantial in regard to future 
loadings.  
 

Study Results 
For most COIs, a measureable change in water quality in the 15-year period (2015−2030) 
could not be predicted because of the relative magnitude of certain pathways and uncertainty 
regarding future loads. The results of this analysis, however, confirm that King County and City 
of Seattle investments in CSO control will benefit water quality through the substantial 
reduction in the load of fecal coliform bacteria. Furthermore, Washington State’s regulation of 
copper antifouling paint, the City of Seattle’s prohibition of new creosote-treated wood pilings, 
and plans to remove existing pilings will substantially reduce the load of copper and PAHs to 
surface waters.  
 
The estimated reductions are shown in Table ES-2. Key findings are as follows: 

• Reduction of fecal coliform bacteria loadings in both study areas is primarily due to CSO 
control. The decreased frequency of CSOs will likely also decrease the frequency of 
exceedances of Washington State water quality criteria for fecal coliform bacteria in the 
study areas (especially in Salmon Bay in the Lake Union/Ship Canal study area). When 
CSOs do discharge, however infrequently, the peak bacteria water quality criterion will 
likely be exceeded near the discharging outfalls. Stormwater runoff alone may continue 
to cause peak criterion exceedances as well. The combined discharges from stormwater 
outfalls, vessels (graywater and blackwater), the Green River, and infrequent CSO 
events will still be sizeable and may result in fecal coliform criteria exceedances. 

• The estimated reduction in copper in both study areas is primarily due to the expected 
effects of a statewide ban, effective in 2020, of the application of antifouling paint 
containing more than 0.5 percent copper to recreational vessels less than 65 feet long. 
While this law does not apply to all boats, the copper loading from the antifouling paint 
pathway is predicted to be reduced by approximately a factor of two by 2030. This 
reduction represents approximately half of the total calculated copper load to Lake 
Union/Ship Canal and a quarter of the total calculated copper load to Duwamish 
Estuary/Elliott Bay. The copper concentration in ambient water, especially near 
marinas, is expected to be lower as a result. Copper concentrations at the monitoring 
stations in the study areas do not exceed water quality criteria, but the antifouling paint 
regulation may reduce copper toxicity issues near marinas. 

• The annual PAH load is expected to decrease substantially in Elliott Bay as the result of 
the planned removal of about 13,000 creosote-treated pilings. PAHs were identified as 
a fish tissue and sediment quality impairment in the Duwamish Estuary and as 
exceeding the state marine sediment standard in Elliott Bay. However, the potential 
effect of the estimated PAH loading reduction on sediment and tissue contamination 
was not assessed. To better understand sediment loadings and changes in tissue 
concentrations, a sediment fate and transport model and a tissue contaminant 
transport model would be needed. This level of effort was beyond the scope and 
schedule of this assessment. 
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Table ES-2. Estimated changes in annual loads of contaminants of interest (2015 to 2030). 

Loadings were not quantified for planned actions shown in Italics. 

Contaminant 
of Interest 

(COI) 

Major Contributing 
Pathways (% of 
Estimated Total 
Annual Load) 

Planned Actions 
Affecting Pathway and 

COI (2015 to 2030) 

Estimated % Change for 
Quantified Projects 

Pathway 
Annual Load 

Total Annual 
Load 

Lake Union/Ship Canal 

Fecal 
coliform 
bacteria 

King County CSOs 
(65%) CSO control  −74% 

−74% Seattle CSOs (31%) CSO control −83% 

Stormwater runoff (4%)a 
Seattle Swale on Yale 
project; NPDES 
requirementsb 

0% 

Total copper 

Copper-based 
antifouling paint (74%) 

Regulation of copper-
based antifouling paint −52% 

−40% Upstream watershed 
(Lake Washington) 
(22%)a 

Regulation of copper 
brake padsc, upstream 
stormwater projects; 
NPDES requirementsb 

Not estimatedd 

Total PCBs 

Upstream watershed 
(Lake Washington) 
(51%)a 

Upstream stormwater 
projectsb; NPDES 
requirementsb 

Not estimatedd 

−14% 

Stormwater runoff 
(24%)a 

Seattle street sweeping 
expansion); Seattle 
Swale on Yale; NPDES 
requirementsb 

−12% 

Air deposition (10%)  
Not estimated 
(no planned 

projects) 
King County CSOs 
(10%) CSO Control −74% 

Seattle CSOs (4%) CSO Control −83% 
Duwamish Estuary/Elliott Bay 

Fecal 
coliform 
bacteria 

King County CSOs 
(92%) 

CSO control including 
treatment −85% 

-80% Stormwater runoff (2%)a 
Seattle South Park Water 
Quality Facility; NPDES 
requirementsb 

−6% 

Upstream watershed 
(Green River) (4%)a NPDES requirementsb Not estimatedd 

Total copper 

Copper-based 
antifouling vessel paint 
(49%) 

Regulation of copper-
based antifouling paint −50% 

−26% 

Upstream watershed 
(Green River) (40%)a 

Regulation of copper 
brake pads; NPDES 
requirementsb 

Not estimatedd 

Stormwater runoff (6%)a 

Regulation of copper 
brake pads; Seattle street 
sweeping expansion and 
South Park Water Quality 
Facility; NPDES 
requirementsb 

−21% 
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Contaminant 
of Interest 

(COI) 

Major Contributing 
Pathways (% of 
Estimated Total 
Annual Load) 

Planned Actions 
Affecting Pathway and 

COI (2015 to 2030) 

Estimated % Change for 
Quantified Projects 

Pathway 
Annual Load 

Total Annual 
Load 

Total PAHs Creosote-treated pilings 
(97%) ~13,000 pilings removed −37% −36% 

Total PCBs 

Upstream watershed 
(Green River) (61%)a 

NPDES requirementsb; 
upstream stormwater 
projectsb 

Not estimatedd 

−6% 

Stormwater runoff 
(15%)a 

Lower Duwamish 
Waterway Superfund 
source controlb; NPDES 
requirementsb; Seattle 
street sweeping 
expansion, South Park 
Water Quality Facility, 
and Longfellow Natural 
Drainage System 

−8% 

Air deposition (11%)  
Not estimated 
(no planned 

projects) 

King County CSOs 
(10%) 

CSO Control; Lower 
Duwamish Waterway 
Superfund source 
controlb 

−85% 

NPDES = National Pollutant Discharge Elimination System. 
a Does not consider municipal retrofit projects, development-triggered stormwater improvements, or projects/actions required by 
NPDES permits or other stormwater management regulations. 
b Not included in quantitative estimate (shown in italics). 
c In 2010, Washington State enacted the Better Brakes Rule (Chapter 173-901 WAC) to reduce the amount of toxic materials in 
automotive brake pads and shoes. 
d Outside of the study areas; not enough data. 
 
The load reductions from the stormwater runoff pathway are likely underestimated 
because the estimates only account for a few planned projects by the City of Seattle and do 
not account for quantity reductions and quality improvements from potential 
development- or redevelopment-triggered stormwater management projects or retrofit 
programs in the study areas. Operational and structural stormwater projects, as required 
by current and future NPDES permits or other stormwater management regulations, will 
also improve stormwater quality in the study areas and in the upstream watersheds; the 
magnitude of these impacts were not quantified but is expected to be substantial. A better 
understanding of the changes in stormwater quality within and upstream of the study 
areas from new regulations would require modeling, which was outside of the scope and 
schedule of this assessment.  
 
The estimated load reductions that were calculated are associated with planned 
stormwater treatment and control projects that are part of the City of Seattle’s Integrated 
Plan and other Seattle projects (such as the Swale on Yale Capitol Hill project). 1 The 
projects will treat about 1,600 million gallons of stormwater runoff out of the estimated 13 

                                                        
1 The Integrated Plan includes both CSO control and stormwater treatment/control projects that will be 
completed by 2030. 
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billion gallons discharged each year (12.3 percent). These projects are expected to have 
important site-specific impacts. However, the reductions are minor compared to the total 
contaminant load to the study areas. The area targeted by the planned projects is small 
relative to the entire area contributing stormwater runoff to the study areas.  
 
Load changes from the upstream watersheds were not evaluated because modeling fate 
and transport of contaminants in the upstream areas was beyond the scope of the Water 
Quality Assessment and Monitoring Study and because of the lack of quantifiable data 
necessary to calculate loads and load reductions. It can be expected, however, that the 
following changes in upstream water quality are likely to occur: 

• Water quality in near upstream areas (Lower Green River, Lake Washington, and 
their tributaries) will likely improve as the result of development- and 
redevelopment-triggered stormwater facilities, stormwater retrofits, and other 
stormwater management actions that will result in flow- and pollution-reducing 
measures.  

• The many municipal projects (planned and not yet planned) will likely result in 
some improvement of upstream mainstem and tributary water quality. 

• The combined effects of development and redevelopment on water quality are 
uncertain. Even though more development will occur, it will be subject to newer, 
more effective regulations. A significant amount of redevelopment will likely 
improve water quality relative to prior conditions. 

• Source control and sediment cleanup as part of Lower Duwamish Waterway 
Superfund project and other efforts are expected to result in decreased loading of 
PCBs in addition to other contaminants associated with these sources and 
sediments. 

 
The estimates compiled for this study represent a substantial step forward in improving 
the understanding of how regional and local changes and actions will affect contaminant 
loadings to the study areas. The estimates could be enhanced by further research in several 
areas, including climate change−caused alterations in precipitation patterns and the 
development of measurable metrics for stormwater management facilities and programs. 
Loads from unpredictable actions, such as unforeseen changes in economic activity, land 
use, projects, laws, and human behavior, will continue to pose challenges to prediction, and 
it is not clear how changes in loads for some contaminants will affect water quality 
conditions. 

Other Assessment Reports 
This report is one of several reports that have been prepared as part of King County’s 
Water Quality Assessment and Monitoring Study. Other reports are as follows: 

• Three reports describe existing conditions and long-term trends in the following 
study areas—Lake Union/Ship Canal, Elliott Bay, and the Duwamish Estuary.  

• A report documents the process used to assess identified data gaps for the study 
areas and select studies to fill prioritized gaps. 
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• Three reports discuss the methodology and results of selected data gap studies: a 
study of bacteria in wet and dry weather, a survey of contaminants of emerging 
concern, and a literature review of potential conservative sewage tracers.  

• A loadings report discusses present-day contributions of pollutants from various 
pathways, including stormwater runoff and CSOs, into the study areas and evaluates 
water quality impairments.  

• A final report summarizes these analyses and implications.  
 
King County will use the information from the Water Quality Assessment and Monitoring 
Study to inform the next CSO control plan update, including looking for opportunities to 
improve water quality outcomes, possibly reduce costs of CSO control projects, establish 
baseline conditions for post-construction monitoring of CSO control projects, and decide 
whether to pursue an integrated CSO control plan. The information from the assessment 
can also be used to inform regional efforts to continue to improve water and sediment 
quality. 
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ABBREVIATIONS AND ACRONYMS 
BBP benzyl butyl phthalate 
BEHP bis(2-ethylhexyl)phthalate 
BMP best management practice 
CCA chromate copper arsenate 
COI contaminant of interest 
CFU colony forming unit  
CSO combined sewer overflow 
EAA early action area 
Ecology Washington State Department of Ecology 
EPA U.S. Environmental Protection Agency 
FHA Federal Highway Administration 
FS feasibility study 
GIS geographic information system 
GMA Growth Management Act 
GSI green stormwater infrastructure 
HLKK Hanford-Lander-King-Kingdome 
HSPF Hydrological Simulation Program−Fortran 
HOV high occupancy vehicle 
IDDE illicit discharge detection and elimination 
LCL lower confidence limit 
LID low impact development 
LCCM land-cover change model 
LTCP long term control plan (CSO) 
Locks Hiram H. Chittenden Locks 
MG million gallons 
mgd million gallons per day 
MLK Martin Luther King 
MS4 municipal separate storm sewer system  
MTCA Model Toxics Control Act 
NDS natural drainage system 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List 
OU operable unit 
PAH polycyclic aromatic hydrocarbon 
PBDE polybrominated biphenyl ether 
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PCB polychlorinated biphenyl 
PLA Pollutant Loading Assessment 
PLM pollutant load model 
PSCAA Puget Sound Clean Air Agency 
PSRC Puget Sound Regional Council 
RCW Revised Code of Washington 
RI remedial investigation 
RM river mile 
ROD record of decision 
SCWG Source Control Work Group 
SPU Seattle Public Utilities 
SQS Sediment Quality Standards 
SR state route 
SUSTAIN System for Urban Stormwater Treatment and Analysis Integration (model) 
sVGP Small Vessel General Permit 
SWAMP Sammamish-Washington Analysis and Modeling Program 
TBT tributyltin 
TMDL total maximum daily load 
TSS total suspended solids 
UCL upper confidence limit 
VGP Vessel General Permit 
VOC volatile organic compound 
WAC Washington Administrative Code 
WLRD Water and Land Resources Division 
WRIA water resource inventory area 
WSDOT Washington State Department of Transportation  
WTD King County Wastewater Treatment Division 
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1.0 INTRODUCTION 
This report presents estimates of future contaminant loadings into the waterbodies in two 
study areas: Lake Union/Ship Canal and Duwamish Estuary/Elliott Bay. It was prepared as 
part of King County’s Water Quality Assessment and Monitoring Study, which was 
undertaken to explore ways to optimize water quality improvements in waterbodies where 
the County is planning combined sewer overflow (CSO) control projects.  
 
The sections in this chapter describe King County’s wastewater system and CSO Control 
Program, the Water Quality Assessment and Monitoring Study, and the scope, limitations, 
and study areas of this future loadings assessment. 

 King County Wastewater System 

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 area covers most of urban King 
County including Seattle, south Snohomish County, and a small portion of Pierce County 
(Figure 1-1).  
 
The wastewater system is the largest in the Puget Sound region. It includes over 350 miles 
of pipelines that collect wastewater from 34 local sewer utilities. The pipelines carry the 
wastewater to three regional treatment plants—West Point Treatment Plant in the city of 
Seattle, South Treatment Plant in the city of Renton, and Brightwater Treatment Plant in 
south Snohomish County—that treat and disinfect the wastewater before discharging it to 
Puget Sound. The County also owns two local treatment plants in the City of Carnation and 
on Vashon Island. 
 
Up through the early 20th century, most cities constructed combined sewers to collect both 
wastewater and stormwater runoff in the same pipes. The combined sewers carried 
untreated wastewater 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. These CSOs serve as constructed relief points to 
prevent sewer backups into homes and streets.  
 
Combined sewers are located in the Seattle portion of the regional wastewater system. 
Figure 1-1 shows the combined sewer area. Portions of this area contain separated and 
partially separated sewers. King County owns and operates 39 CSO locations and the City of 
Seattle owns and operates about 87 CSO locations in the city limits. The outfall pipes at 
these locations discharge to Puget Sound, the Duwamish Estuary, Lake Union/Ship Canal, 
and Lake Washington during large storms. 
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Figure 1-1. King County’s wastewater treatment system. 
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 CSO Control Program 

CSO control is required by Washington State and federal law. “Control” means reducing the 
number of untreated overflows from each location to once per year on a 20-year moving 
average. Controlling CSOs protects public health and the environment. CSO discharges 
contain harmful disease-causing organisms and a large number of chemicals.   
 
Since the regional wastewater system began operating in the 1960s, the County and City 
have reduced the volume of untreated wastewater discharges by around 28 billion gallons 
a year. Only 14 of the County’s and about half of the City’s CSO locations still require 
control. The County’s uncontrolled sites are located in the Duwamish Estuary, Elliott Bay, 
and Lake Union/Ship Canal.  
 
The King County Council approved an amendment in September 2012 to the County’s long-
term CSO control plan through Ordinance 17413. The U.S. Environmental Protection 
Agency (EPA) also approved the plan in 2013, and the plan was incorporated into the 
consent decree that the County entered into with the U.S. Department of Justice, EPA, and 
Washington State Department of Ecology (Ecology). The CSO control plan includes nine 
projects to control the remaining 14 uncontrolled CSOs by 2030. Four projects are in the 
Lake Union/Ship Canal area and five in the Duwamish Estuary and Elliott Bay areas.  
 
The City of Seattle’s Integrated Plan was approved in 2015. The plan includes both CSO 
control and stormwater treatment/control projects that will be completed by 2030. The 
City is also under a consent decree to complete its Integrated Plan. 

 Water Quality Assessment and Monitoring 
Study 

King County Ordinance 17413, approving the long-term CSO control plan, also calls for 
completion of a Water Quality Assessment and Monitoring Study to inform the next plan 
update, which is due to regulators in 2018. In September 2013, the County Council 
approved the assessment’s scope of work through Motion 13966. 
 
The objective of the assessment is to help ensure that investments in CSO control optimize 
water quality improvements in CSO sub-basins. It includes a scientific and technical 
analysis of existing water quality of the receiving waters where uncontrolled county CSOs 
discharge (Elliott Bay, Lake Union/Ship Canal, and the Duwamish Estuary), identification of 
water quality impairments, trends in water quality, assessment of sources contributing to 
impairments, and review of ongoing and planned activities to improve water quality. King 
County’s Wastewater Treatment Division (WTD) will use the information to prioritize and 
sequence CSO control projects, establish baseline conditions for post-construction 
monitoring of CSO control projects, and decide whether to pursue an integrated plan based 
on EPA guidelines.  
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An integrated planning process has the potential to identify efficiencies in implementing 
competing requirements that arise from separate wastewater and stormwater projects, 
including capital investments and operation and maintenance requirements. This approach 
can build partnerships among agencies and jurisdictions and can lead to more sustainable 
and comprehensive solutions, such as watershed-scale planning and management actions, 
retrofitting programs, and increased use of green stormwater infrastructure, that improve 
water quality, control flow, and support other attributes that enhance the vitality of 
communities.  
 
The Water Quality Assessment and Monitoring Study set out to generate information that 
will help answer the following study questions: 

1. What are the existing and projected water quality impairments in receiving waters 
(waterbodies) where King County CSOs discharge?2 

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? 
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 actions, such as coordinating projects with the City of 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? 

 
An external Scientific and Technical Review Team has been assembled to review the 
methodology and results of the assessment. After their review, a synthesis report will be 
written to aid in evaluating how to maximize water quality benefits from CSO 
improvements. Depending on assessment findings, the King County Council may decide to 
approve formation of an Executive's Advisory Panel of approximately 10 regional leaders. 
The panel would develop independent recommendations to the King County Executive on 
how planned county CSO control projects can best be sequenced and integrated with other 
projects in order to maximize water quality gains and minimize costs to ratepayers. 
 
Table 1-1 shows elements of the assessment and their associated study questions, 
deliverables, and estimated timeframes. As shown in the table, 10 studies and reports 
address Study Questions 1−4; the CSO Control Program will use the information in the 

                                                        
2 The federal Clean Water Act, adopted in 1972, requires that all states restore their waters to be “fishable and 
swimmable.” Washington's Water Quality Assessment lists the water quality status for waterbodies in the 
state (“303(d)” list) (http://www.ecy.wa.gov/programs/wq/303d/index.html).  

http://www.ecy.wa.gov/programs/wq/303d/index.html
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reports to address Study Question 5−7 (Figure 1-2). More information on the assessment is 
available at http://www.kingcounty.gov/environment/wastewater/CSO/WQstudy.aspx.  
 
Table 1-1. Elements of the Water Quality Assessment and Monitoring Study. 

Element Applicable 
Study 

Question 

Deliverable Timeframe 

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

1 Area reports: 
• Elliott Bay  
• Lake Union/Ship Canal 
• Duwamish Estuary  

2013–2017 

Identify and prioritize gaps in existing data. 1 Data gap analysis report 2014 

Conduct targeted data gathering and 
monitoring to fill some of the identified gaps in 
scientific data on water quality in these 
receiving waters. 

2,3 Data gap study reports: 
• Bacteria 
• Contaminants of 

emerging concern 
• Literature review of 

conservative sewage 
tracers  

2014–2017 
 

Identify the sources of impairments in the 
three waterbodies. 

2,3 Loadings report 2015–2017 

Identify changes in contaminant loadings 
between 2015 and 2030. 

1,2,3,4 Future loadings report 2017 

Summarize scientific and technical data 
collected and reviewed during the 
assessment and discuss planned and 
potential corrective actions for identified 
impairments in the waterbodies. 

1,2,3,4 Synthesis report 2017 

 

http://www.kingcounty.gov/environment/wastewater/CSO/WQstudy.aspx


Water Quality Assessment and Monitoring Study: Future Loadings 

King County  1-6 October 2017 

 
Figure 1-2. Sequence of response to study questions in the Water Quality Assessment and 

Monitoring Study. 

 Scope and Limitations of this Assessment 

Baseline water quality conditions in the study areas were documented in the “area” reports 
for Lake Union/Ship Canal, Elliott Bay, and the Duwamish Estuary (King County, 2017 a, b, 
and c). The reports include the evaluation of the most recent water and sediment quality 
data for these waterbodies and fish tissue quality for the Duwamish Estuary and Elliott Bay. 
 
This assessment of future loadings builds on the estimates of contaminant loadings 
presented in the “Loadings Report” (King County, 2017d): 

• The Loadings Report documents the evaluation of contaminant contributions from 
county CSOs and other pathways to the three waterbodies. These baseline current 
(circa 2015) contaminant loadings were calculated by using the most recent and 
reliable data available.  

• This future loadings report presents estimated changes to loadings from these 
pathways between 2015 and 2030. 

 
The purpose of both loadings reports is to present the results of planning-level analyses 
that will help the region assess and compare the relative magnitude of contaminant 
loadings from major pathways and the relative magnitude of changes in loadings from 
planned actions and projects. The information is organized into two study areas: Lake 
Union/Ship Canal and Duwamish Estuary/Elliott Bay (described below).  
 
The scope of the analyses of future loadings is limited as follows: 

• Future ambient water concentrations are not projected. Such an effort would 
require a sophisticated model that is beyond the scope and limitations of the Water 
Quality Assessment and Monitoring Study.  

• Three 
reports on 
existing 
data: 

• Lake 
Union/Ship 
Canal 

• Elliott Bay 
• Duwamish 

Estuary
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• Method to Trace 
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Study Questions 2-3: 
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• Summary 
and 
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Study 
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• CSO 
Control 
Program 
review 
process

Study 
Questions 5-7: 
Effective CSO 

sequences
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• The loadings estimates do not address ongoing sources and pathways of sediment 
contamination. The estimates represent the total mass entering the waterbodies and 
not the portion of the load that settles to the sediments (total sediment contaminant 
load).  

• Consistent with Study Question 1, the objective of the analyses is to project future 
conditions based on the actions and projects identified in answering Question 4 that 
are reasonably expected to occur. Only planned projects and laws already 
promulgated were reviewed. 

• Limitations of the data available for evaluation introduce a high level of uncertainty 
in the projections of mean annual contaminant loads. The effects of changes in 
population, land use, economic activity, human behavior, and climate are not clear, 
and future water quality conditions may be affected by many unforeseen factors.  

 Study Areas 

Contaminant loads were estimated for the Lake Union/Ship Canal and Duwamish 
Estuary/Elliott Bay study areas (Figure 1-3). Following are brief descriptions of each study 
area. The three area reports give more detailed descriptions (King County, 2017a, b, and c).  
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Figure 1-3. Lake Union/Ship Canal Duwamish and Estuary/Elliott Bay study areas and their 

watersheds. 
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1.5.2 Lake Union/Ship Canal 
Lake Union/Ship Canal forms the mouth of the Cedar-Sammamish watershed (Water 
Resource Inventory Area [WRIA] 8). The total area of the watershed is 614 square miles, 
located in both King and Snohomish counties. It contains two major rivers that drain to 
Lake Washington (Edmondson, 1977; King County, 2003): 

• The Sammamish River, which drains Lake Sammamish and tributaries, enters Lake 
Washington from the north and provides about 30 percent of the inflow to the lake.  

• The Cedar River enters the south end of Lake Washington and contributes about 50 
percent of the total inflow.  

 
The Lake Union/Ship Canal study area is approximately 24 square miles, representing 
about 4 percent of the watershed, all in the City of Seattle. The waterbody is 1.5 square 
miles. The area is divided into three sections: Portage Bay, Lake Union, and Salmon Bay 
(Figure 1-2). It begins at the Montlake Cut where Lake Washington’s Union Bay drains into 
Lake Union’s Portage Bay. The Hiram H. Chittenden Locks (Locks), which separate the salt 
water of Puget Sound from the fresh water of Lake Union, define the western boundary of 
the study area.  
 
The contribution of water from the immediate Lake Union/Ship Canal watershed (the area 
that does not drain to Lake Washington) is small relative to the inflow from Lake 
Washington; the water from this local watershed generally enters as surface runoff and 
through stormwater runoff and CSO outfalls (Tomlinson et al., 1977). A system of pipes 
maintains the surface elevation of Green Lake, an urban lake in north Seattle, by 
transporting overspill from Green Lake and stormwater runoff from the Densmore basin 
and from Interstate-5 to Lake Union/Ship Canal. 
 
Approximately 92 percent of the Lake Union/Ship Canal study area basin is developed: 21 
percent high intensity, 43 percent medium intensity, and 24 percent low intensity 
development and 4 percent developed open space. The medium intensity development is 
spread throughout the basin; areas of high intensity development are located along the 
southern end of Lake Union, the northern end of Salmon Bay, and at the northern end of the 
basin along State Route 99. 
 
Circulation patterns in the study are variable and are determined by several factors: 
volume of salt water entering the system via the Locks, wind, strength of stratification (City 
of Seattle, 1994), and inflow from the upstream watershed (Lake Washington) (Figure 1-2). 
Seasonal circulation patterns are as follows: 

• During the winter and spring months, circulation is likely dominated by inflow from 
Lake Washington. Water passes from Lake Washington through the Montlake Cut 
into Portage Bay, through northern Lake Union, out into Salmon Bay, and finally into 
Puget Sound through the Locks. Water stagnation in southern Lake Union may occur 
during periods of dominant north-to-south movement or minimal circulation (low 
wind and sustained low precipitation).  
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• During the summer when flow from Lake Washington and the immediate watershed 
is at a minimum and use of the Locks is at maximum, large volumes of salt water 
entering from lock operations may overwhelm the capacity of the saltwater barrier 
and drain at the Locks, causing a saltwater wedge to accumulate east of the Locks. 
Without mixing by strong winds, the cold and dense salt water may move through 
the Ship Canal to Lake Union, Portage Bay, and even Lake Washington. This 
phenomenon is termed “saltwater intrusion.”  

1.5.3 Duwamish Estuary/Elliott Bay 
The Duwamish Estuary/Elliott Bay study area is in the Green-Duwamish watershed (WRIA 
9). The watershed includes 484 square miles of Puget Lowland and Cascade ecoregions 
(King County, 2002) entirely located in King County. It extends from the crest of the 
Cascade Mountains at the headwaters of the Green River west into the Duwamish River just 
downstream of the confluence of the Black and Green Rivers to the mouth of the Duwamish 
Estuary where the East and West waterways empty into Elliott Bay and then Puget Sound.  
 
The Duwamish Estuary and Elliott Bay were evaluated separately in the area reports (King 
County, 2017b and c); the two waterbodies were analyzed together for the loadings 
estimates because of their tidal exchange. The freshwater discharge from the Duwamish 
Estuary greatly influences environmental conditions in Elliott Bay, and the flood tides from 
Elliott Bay affect conditions in the Duwamish Estuary.  
 
The Duwamish Estuary/Elliott Bay study area is approximately 28 square miles, 
representing about 6 percent of the watershed. The waterbodies are 6.2 square miles. The 
study area begins upstream at the confluence of the Green and Black Rivers, where the 
Duwamish River starts, and continues downstream to the Duwamish Estuary and then the 
western boundary of Inner Elliott Bay (Figure 1-2): 

• The Duwamish Estuary consists of the Lower Duwamish Waterway and the East and 
West waterways (divided by Harbor Island). In this report, river mile (RM) 
designations begin at the southern point of Harbor Island (RM 0) and increase 
moving upstream. 

• Elliott Bay is divided into two sections: (1) Inner Elliott Bay, east of a line drawn 
between Duwamish Head in West Seattle and Magnolia Bluff near Smith Cove, and 
(2) Outer Elliott Bay, east of a line drawn between Four Mile Rock and Alki Point. 
Outer Elliott Bay is not included in the study area. Discharges to Outer Elliott Bay 
are quickly diluted and transported into Puget Sound.  

 
Approximately 92 percent of the study area is developed: 34 percent high intensity, 29 
percent medium intensity, and 21 percent low intensity development and 8 percent 
developed open space. The majority of the medium and high intensity development is 
situated along the shoreline of Elliott Bay, south of Elliott Bay around Harbor Island, and 
along the east side of the Duwamish Estuary. Industrial development is primarily located 
around the Duwamish Estuary. Stretches of forested lands exist west of the Duwamish 
Estuary and make up most of the basin’s undeveloped area (6 percent). 
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The area receives the majority of its flow from the upstream watershed (Green River). The 
constant interface of fresh water from the Green River and salt water from Elliott Bay 
sometimes takes the form of a saltwater wedge in the upper half of the Duwamish Estuary 
(Windward Environmental, 2010). The freshwater lens atop the Duwamish Estuary enters 
Elliott Bay. The majority of this flow circulates counter-clockwise along Seattle’s waterfront 
and exits to Puget Sound along the northern half of the bay.   
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2.0 METHODOLOGY AND UNCERTAINTY 
This chapter describes the methodology used to estimate future contaminant loadings in 
the study areas. Also included is a discussion of the uncertainties in the methodologies and 
outcomes. 

 Estimating Future Loadings  

The methodology for estimating changes in contaminant loadings between 2015 and 2030 
to the study areas consisted of the following tasks: 

• Identify large-scale regional changes that will likely affect future water quality in the 
Cedar-Sammamish and Green-Duwamish watersheds, and qualitatively assess their 
effects on water quality. 

• Identify planned projects that could change loadings.  
• Estimate (either qualitatively or quantitatively depending on available data) 

changes in loadings of contaminants of interest through major pathways as the 
result of planned projects and promulgated regulations. 

2.1.1 Regional Changes that Could Affect Water Quality 
Large-scale regional changes predicted by 2030 that could affect water quality were 
identified. The changes, described in Chapter 3, include the potential impacts of population 
growth; climate change; future air quality, stormwater runoff, and wastewater regulations; 
transportation infrastructure; and shifting social and economic behaviors. Some of the 
potential effects of the changes are described qualitatively. As indicated above, loadings 
reductions from regulations already promulgated were estimated quantitatively. 

2.1.2 Planned Projects that Could Change Loadings 
Planning documents published by state and local agencies and their designees were 
examined for planned projects that would impact water quality in the study areas: 

• Documents included environmental impact statements; environmental assessments; 
capital improvement plans; capital facilities plans; surface water, drainage, and 
stormwater master plans; comprehensive plans; and total maximum daily load 
water quality implementation plans.  

• Agencies included municipalities, the U.S. Army Corps of Engineers, King County, the 
Washington State Department of Transportation, Ecology, Puget Sound Clean Air 
Agency, Port of Seattle, Sound Transit, Puget Sound Partnership, WRIA 8, WRIA 9, 
and the University of Washington. 

Planned projects ranged from small-scale stormwater retrofits and drainage improvements 
to large multi-year projects. For some planned projects, contaminant loadings were 
estimated. For many projects, especially smaller efforts, no such estimates were quantified, 
although qualitative estimates of changes in loadings were often made. When available, the 
quantitative estimates presented in the planning documents were used. In other cases, the 
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expected impacts were assessed qualitatively and relied on best professional judgement to 
estimate potential changes. 
 
A thorough review of the assumptions and overall quality of the loadings estimates 
provided in documents for the planned projects. A cursory evaluation determined that the 
estimates were suitable for this planning-level analysis.  

2.1.3 Qualitative Assessment Methodology 
For the qualitative assessment of planned projects that lacked data necessary to estimate a 
quantitative load change, a metric was developed to rate and sort the estimated impacts of 
projects on water quality in the study areas. Three factors were used in the metric: 
proximity of the project to the study area, project size, and project objective. Planned 
projects often impact multiple water quality parameters simultaneously. The qualitative 
assessment is described in more detail in Appendices A, B, and C. 

2.1.4 Quantitative Estimating Methodology 
Quantitative estimates of changes in loadings in the study areas relied on methods similar 
to those used in the Loadings Report (King County, 2017d). The changes were estimated in 
terms of 14 contaminants of interest (COIs) and 6 pathways. Importantly, the effort did not 
include identification of sources that contribute contaminants to the pathways.3 
 
Table 2-1 shows the COIs used in the loadings estimates. The COIs were identified from the 
three area reports prepared for Elliott Bay, Lake Union/Ship Canal, and Duwamish Estuary 
and from available water quality data (King County, 2017 a, b, and c).  
 
Table 2-1. Contaminants of interest in the study areas.  

Category Contaminant of Interest 
Indicator bacteria Fecal coliform 

Nutrients Total nitrogen 
Total phosphorus 

Solids Total suspended solids 

Metals 

Total arsenic 
Total copper 
Total lead 
Total mercury 
Total zinc 

Organic 
compounds 

Benzyl butyl phthalate (BBP) 
Bis(2-ethylhexyl)phthalate (BEHP) 
Total polycyclic aromatic hydrocarbons (PAHs) 
Total polybrominated biphenyl ethers (PBDEs) 
Total polychlorinated biphenyls (PCBs) 

                                                        
3 Pathways are the routes by which a contaminant is transported from its source or other intermediate media 
(air, surface water, groundwater, or soil) to the study areas. A source is the object from which a contaminant 
may be initially released to environmental media or released in a form that can be mobilized and transported 
in an environmental pathway. Examples of sources include industrial byproducts, creosote-treated wood 
pilings, pesticides, combustion of fossil fuels, brake pad abrasion, vessel antifouling paint, and human and 
animal feces. 
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Fourteen contaminant pathways were identified in the Loadings Report (King County 
2017d). The present-day and future loadings studies estimated the contributions of COIs to 
the study areas through these pathways. They did not assess internal loadings, such as 
sediment resuspension and release of contaminants from the sediments. Estimates of 
internal loadings would require a sophisticated dynamic sediment transport model. 
 
Table 2-2 lists the pathways and shows which pathways were considered in estimating 
contaminant loads: 

• Only nine of the pathways were considered in present-day estimates because of data 
limitations.  

• Only six of these pathways were considered in the future estimates because of 
uncertainties in how projects will affect loads for the other pathways.  

The sections that follow the table describe the pathways and, where applicable, the 
methods used to estimate present-day and future contaminant loads. Detail on methods for 
estimating present-day loads is available in the Loadings Report (King County, 2017d).  
 
Table 2-2. Contaminants pathways considered in present-day and future loadings estimates. 

Pathway Considered in Present-
Day Loadings 

Estimates 

Considered in Future 
Loadings Estimates 

Upstream watersheds   
Stormwater drainage basins   
Local tributaries   
Highway bridge runoff   
Combined sewer overflows a b 
Wet-weather treatment facilities   
Atmospheric deposition   
Vessel discharge   
Leaching from antifouling paint   
Leaching from sacrificial zinc anodes   
Leaching from creosote-treated pilings   
Groundwater   
Shoreline erosion   
Puget Sound   
a Controlled and uncontrolled CSOs were evaluated separately. 
b All CSOs are planned to be controlled by 2030. 

Upstream Watersheds 

The inflow from the upstream watershed through Lake Washington or the Green River is 
the greatest pathway by volume. The upstream watershed area makes up about 96 and 94 
percent of the Cedar-Sammamish and Green-Duwamish watersheds, respectively. The 
estimated present-day upstream contaminant loads were calculated by multiplying the 
annual mean and 95 percent lower confidence limit (LCL) and upper confidence limit (UCL) 
flow by the mean and 95 percent LCL and UCL observed concentrations of a contaminant. 
The flow volume of the Green River was estimated using a combination of existing gauged 
streamflow data and simulated model data; King County water quality monitoring data 
were used to estimate contaminant concentrations. Annual outflow from Lake Washington 
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into Lake Union/Ship Canal was estimated using a lake water budget, and water quality 
monitoring data from the Montlake Cut were used to estimate concentrations. Data 
limitations and uncertainty as to how planned projects will affect water quality precluded 
estimation of quantitative changes in loadings. 

Stormwater Drainage Basins 

Stormwater runoff and other overland flows (for example, excess landscape irrigation) 
result in surface runoff and sheet flow that drain to surface waterbodies. As surface runoff 
travels overland, contaminants can be entrained in the flow. The quantity and quality of 
overland flow that reaches surface waters are heavily influenced by the landscape through 
which it travels and the presence or absence of stormwater management facilities and 
programs. Pervious surfaces such as undeveloped land allow most overland flows to 
infiltrate into the ground; the remaining flow is directed to surface waters through a 
stormwater conveyance system. As the amount of impervious surface increases (streets, 
parking lots, rooftops), the amount of infiltration decreases and volumes of runoff increase.  
 
The Seattle Public Utilities (SPU) pollutant load model (PLM) (SPU, 2014) was used to 
estimate current and future loadings from the stormwater basins in Seattle, Port of Seattle 
properties, Tukwila, Burien, and unincorporated King County that drain into the study 
areas downstream of the upstream watersheds. Stormwater runoff quality data were 
obtained from monitoring data collected for the Western Washington National Pollutant 
Discharge Elimination System (NPDES) Phase I Stormwater Permit S8.D, from the National 
Stormwater Quality Database,4 and from PCB and PBDE congener data collected by King 
County in 2011 and 2012 (King County, 2013a). The mean and 95 percent LCL and UCL 
stormwater runoff contaminant concentrations were multiplied by the annual mean and 95 
percent LCL and UCL for stormwater volumes. This study was unable to account for current 
or future public or private stormwater facilities or operations. Estimated stormwater 
runoff loading reductions from identified planned projects with quantitative estimates 
were subtracted from estimates of current loadings to estimate future loadings. Changes in 
land use between 2015 and 2030 were not factored into the stormwater runoff load 
estimates. 
 
To account for the effects of Washington State’s 2010 Better Brakes Rule (Chapter 173-901 
WAC), an 18 percent reduction of the total copper load from stormwater runoff was used. 
The estimate assumes that 20 percent of the total copper in stormwater entering the study 
areas originates from brake pads and that a 90 percent reduction of the load from that 
source will lower the total copper load by 18 percent. 

Local Tributaries 

Flow from local tributaries consists of baseflow and stormflow from stream networks that 
discharge directly into a larger surface waterbody. No local tributaries drain to the Lake 
Union/Ship Canal study area. Seven local tributaries flow into the Duwamish 

                                                        
4 The S8.D monitoring did not include arsenic analysis. Arsenic data were submitted to the National 
Stormwater Quality Database from Portland, Oregon. 
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Estuary/Elliott Bay study area: Fairmont, Hamm, Longfellow, Puget, Riverton, and 
Southgate creeks, and an unnamed tributary. Portions of the local tributary catchment 
basins are in the combined sewer system; the other drainage areas are served by partially 
separated or fully separated sewer systems that contribute to the local tributary flow that 
directly discharges to the study area.  
 
To estimate current contaminant loadings from local tributaries, areal loading rates 
(mass/area/year) estimated from monitored tributaries in the Puget Sound watershed 
were extrapolated to the local tributary drainage basins (Herrera, 2007; Herrera, 2011). No 
changes in loadings were estimated because of data limitations and uncertainty as to how 
planned projects will affect water quality in local tributaries. 

Highway Bridges Runoff 

Motor vehicle bridges are conduits of stormwater runoff that may be discharged directly to 
the underlying surface water. Contaminants present in highway bridge runoff depend on a 
number of factors, such as vehicle traffic and types (commercial and non-commercial 
vehicles), bridge construction (asphalt, grated), frequency of sweeping, and whether the 
bridge is a drawbridge. There are 20 bridge crossings in the two study areas: 13 across the 
Duwamish Estuary/Elliott Bay and 7 across Lake Union/Ship Canal. 
 
Current contaminant loads from highway bridge runoff were calculated by multiplying the 
annual mean and 95 percent LCL and UCL rainfall by the bridge surface area by the mean 
and 95 percent LCL and UCL observed concentration of a contaminant. The estimated 
changes in loadings from bridge runoff as the result of planned projects were subtracted 
from estimated current loadings to estimate future loadings. 

Combined Sewer Overflows  

Combined sewer systems in the study areas convey both wastewater and stormwater 
through pipelines to a wastewater treatment plant for treatment and disinfection before 
discharge to Puget Sound. Heavy rains may overwhelm combined sewer and treatment 
plant capacity and result in overflows to local surface waters. These CSOs occur only inside 
the City of Seattle at designated locations (CSO outfalls) and serve as safety valves to 
prevent sewage backups into homes and streets.  
 
A total of 58 CSO outfalls, owned either by King County or the City of Seattle, are located in 
the two study areas (Table 2-3): 27 outfalls discharge to Duwamish Estuary/Elliott Bay and 
31 outfalls discharge to Lake Union/Ship Canal. CSOs are categorized as controlled 
(discharging once per year or less on average) and uncontrolled (discharging more than 
once per year on average). All CSO locations will be controlled by 2030. 
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Table 2-3. Current and future control status of combined sewer overflow outfalls in the Lake 
Union/Ship Canal and Duwamish Estuary/Elliott Bay study areas. 

Study Area Owner 

Current (2015) Future (2030) 
Controlled 

CSO Outfalls 
Uncontrolled 
CSO Outfalls 

Controlled 
CSOs 

Duwamish Estuary/ 
Elliott Bay 

King County 7a 10 17 
City of Seattle 5 5 10 

Lake Union/Ship Canal King County 3b 4 7 
City of Seattle 17 7 24 

a Includes King County’s Denny Way and Harbor Avenue CSOs, which are currently attaining control and are under 
supplemental compliance.  
b Includes King County’s Ballard and Dexter Avenue CSOs, which are currently attaining control and are under 
supplemental compliance. 

 
Four recently controlled county CSOs do not have adequate discharge data to estimate 
mean annual volumes. Modeled flow data were used for these CSOs. To estimate loadings 
from CSOs, the mean and 95 percent UCL and LCL annual CSO discharge volumes were 
multiplied by the mean and 95 percent UCL and LCL CSO contaminant concentrations, 
respectively. Future loadings were estimated using modeled CSO discharge volume data 
based on completion of all planned CSO control projects.  

Wet-Weather Treatment Facilities 

Excess flow in some parts of the combined sewer system is diverted to wet-weather 
treatment facilities for primary treatment during large storm events. Primary treatment 
includes removal of solids and disinfection. The County operates two wet-weather 
treatment facilities in the Duwamish Estuary/Elliott Bay study area. The Elliott West 
treatment facility discharges to Inner Elliott Bay near Myrtle Edwards Park, and the 
Henderson/Martin Luther King (MLK) treatment facility discharges to the Duwamish 
Estuary around RM 5.0. Both facilities are required to achieve a 50 percent total suspended 
solids (TSS) reduction annually and a maximum monthly fecal coliform geometric mean of 
no more than 400 colony forming units (CFU)/100 mL.  
 
Loads from the Elliott West and Henderson/MLK wet-weather treatment facilities were 
estimated based on monitored water quality data. Loads from the future Hanford #2-
Lander St-King St-Kingdome (HLKK) and Georgetown wet-weather treatment facilities, 
which will also discharge to the Duwamish Estuary/Elliott Bay study area, were estimated 
based on a 75 percent TSS reduction.5 The maximum 400 CFU/100 mL fecal coliform 
geometric mean was assumed for all wet-weather facilities.  
 
Contaminant loads for other chemicals were calculated based on statistically significant 
regression equations relating contaminant concentrations with TSS concentrations in 
monitored CSO effluent and then estimating the contaminant load reduction associated 
with a reduction in TSS. This method assumes that removal of TSS also removes 
                                                        
5 Future wet-weather treatment facilities are anticipated to have a technology-based requirement of at least 
50 percent TSS removal on an annual basis; however, a TSS removal rate of at least 60 percent is necessary to 
meet water quality-based requirements. Both facilities are being designed to achieve an 85 percent TSS 
removal rate. A conservative 75 percent removal rate was used in this analysis to account for uncertainty.  
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contaminants associated with TSS, such as particulate-bound chemicals. The contaminant 
data for untreated CSOs were used when there was no significant regression slope. For 
more detail, see Appendices D and E.  
 
Average annual flow discharge volumes from the wet-weather treatment facilities were 
estimated by compiling the most recent wet-weather treatment facility discharge volumes 
reported by the County. Annual wet-weather treatment facility contaminant loadings to the 
Duwamish Estuary/Elliott Bay were estimated by multiplying the mean and 95 percent 
UCL and LCL annual wet-weather treatment facility discharge volumes by the observed 
(Elliott West and Henderson/MLK) or predicted (Georgetown and HLKK) mean and 95 
percent UCL and LCL effluent contaminant concentrations, respectively. 

Atmospheric Deposition 

Atmospheric deposition of contaminants onto the surfaces of waterbodies in the study 
areas is the result of two factors: the emission of pollutants into the atmosphere and the 
atmospheric conditions that transport and deposit airborne pollutants. Air deposition rates 
were obtained from previous studies in the Cedar-Sammamish and Green-Duwamish 
watersheds to characterize atmospheric deposition of pollutants associated with different 
land use types and degrees of urbanization (King County, 2013a and b; King County, 
2015b).  
 
Current annual direct atmospheric loadings to the two study areas were estimated by 
calculating the mean and 95 percent UCL and LCL contaminant deposition rates and 
multiplied by the surface area of each study area waterbody. Atmospheric deposition 
occurring at other locations in the two watersheds was included in the loading estimates 
for the upstream watersheds, local tributary, stormwater, and CSO pathways. Future 
loadings were not estimated because of data limitations and uncertainty as to how planned 
projects will affect local air quality. 

Vessel Discharge 

During vessel operation and maintenance, numerous discharges occur that may influence 
surface water quality. Vessel discharges include bilge water, deck runoff and washdown 
water, propulsion engine effluent, generator engine effluent, fire main systems, fish hold 
and fish hold cleaning effluents, graywater (bathing, dish washing, laundry), and shaft 
packing gland effluent. The quantity and quality of vessel discharges vary by operation. 
Common contaminants include metals (arsenic, mercury, and zinc), nutrients, oils and 
greases, polycyclic aromatic hydrocarbons (PAHs), and volatile organic compounds (VOCs) 
(EPA, 2010).  
 
Current and future contaminant loadings were not estimated because of data limitations 
and uncertainty regarding the volume and quality of vessel discharges to the study areas. 
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Leaching from Antifouling Paint  

Copper-based antifouling paints are applied to vessel hulls to impede buildup of marine 
organisms that could damage the vessel and decrease fuel efficiency. The paint is designed 
to slowly leach copper at the hull surface to prevent marine fouling. Copper leaching from 
vessel hulls is toxic not only to the fouling organisms (barnacles, mussels, wood-boring 
worms) but also to a wide range of aquatic organisms including salmon species important 
to local fisheries. Washington State’s Clean Boating Act (Chapter 70.300 RCW) bans the use 
of antifouling paint with more than 0.5 percent copper by recreational vessels less than 65 
feet long (effective starting in 2020).  
 
For present-day copper loading estimates, loadings from antifouling paint were calculated 
from literature-based copper leaching rates, wetted hull surface area of the vessel, and 
length of time in the study area. Future copper loadings from antifouling paint were 
estimated by eliminating the copper load originating from recreational vessels less than or 
equal to 65 feet. The estimate assumes that all recreational boats of this size will adhere to 
the new regulation and that commercial and recreational vessels over 65 feet will not. The 
2011 vessel registration data for King County were used to determine the fraction of 
vessels under 65 feet. However, vessel length data are reported as four ranges: < 16 feet, 
16–20 feet, 21–40 feet, and > 40 feet. The data indicate that approximately 4 percent of 
registered vessels are over 40 feet (Ecology, 2012). Thus, this study assumed that 4 percent 
of vessels in the study areas were longer than 65 feet and would continue to apply copper-
based antifouling paint.  

Leaching from Sacrificial Zinc Anodes  

Sacrificial anodes are used to prevent galvanic corrosion on metal vessel hulls exposed to 
salt water. These anodes may be zinc, magnesium, or magnesium or aluminum alloys. The 
anode is preferentially corroded or “sacrificed,” producing a flow of electrons to the 
cathode that reduces or eliminates corrosion at the cathode. Sacrificial anodes continually 
corrode when immersed and require routine replacement to maintain sufficient mass and 
surface area for cathodic protection.  
 
On average, zinc anodes are estimated to be completely consumed every three to six years. 
Zinc is included as a COI in this study. However, the annual zinc load from sacrificial anodes 
was not estimated because of data limitations on the fraction of vessels that use zinc 
anodes (opposed to aluminum or magnesium anodes), the density of anodes applied, the 
zinc leaching rate in fresh water, and the anode replacement rates (King County, 2017d). 

Leaching from Creosote-Treated Pilings  

Chemical preservatives are often applied to wood used in outdoor applications to prevent 
growth on or within the wood and to prevent decay. Creosote, a coal tar-based distillate, is 
extensively used as a long-term wood preservative for marine and freshwater pilings 
(support structures), utility poles, and railway ties. The effective components in creosote 
are primarily PAHs, which account for approximately 90 percent of the composition. When 
treated wood is used in water applications (pilings), the preservatives leach from the wood, 
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mix with the water column, and a fraction may adsorb to sediments. The leaching rate is 
affected by a number of factors, including current speed, salinity, temperature, type of 
preservative, and age and method of the treatment process. 
 
Current annual PAH loads from pilings were calculated based on the estimated number of 
creosote-treated pilings in the study areas, the estimated surface of the pilings exposed to 
the water column, and literature-derived PAH leaching rates. Further detail on how each 
variable was derived is presented in the Loadings Report (King County, 2017d). Future 
reductions in loads were estimated by subtracting the number of creosote-treated pilings 
that are planned to be removed from the total number of existing pilings.  

Groundwater 

Groundwater is the water that collects and flows beneath the Earth’s surface and is formed 
from the infiltration of stormwater, snowmelt, and surface waters. Groundwater can seep 
into surface waters and often comprises the baseflow for rivers and streams. Leaching, 
which is the dissolution of soluble constituents (such as metals and VOCs) into water, can 
introduce contaminants into groundwater and surface water. Current and future 
contaminant loadings associated with groundwater were not estimated because data were 
limited. 

Shoreline Erosion  

Natural processes such as wind, surface water movement, and overland flow can erode 
shorelines and introduce soils and contaminants, if present, into surface waters. Vessel 
operations (propeller wash and boat wakes) can also contribute to erosion. Shoreline 
stabilization or armoring can reduce erosion.  
 
Because of data limitations, current and future contaminant loadings associated with 
shoreline erosion could not be estimated; however, some indirect effects of shoreline 
erosion were captured in the upstream pathway estimates. Much of the shoreline in the 
study areas is armored, and it is not expected that shoreline erosion is a substantial 
contaminant pathway. Shoreline erosion, however, may degrade local habitat. 

Puget Sound 

Water passing through Puget Sound’s Central Basin may enter Elliott Bay; the waters may 
also enter Lake Union/Ship Canal through the Locks. Because of data limitations, current 
and future contaminant loadings associated with Puget Sound were not estimated. 

 Uncertainty in Loading Estimates 

Contaminant loadings estimates inherently contain a large degree of uncertainty. These 
uncertainties stem from sampling location, hydrologic measurement, sample collection, 
sample preservation/storage, and laboratory analysis. Additional uncertainty results from 
extrapolation from instantaneous loads based on measured flow and concentration (both 
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have large daily, seasonal, and interannual variability) to longer periods (months to years) 
and extrapolation of loads estimated for a monitored location to unmonitored locations. 
 
A quantitative uncertainty analysis of all sources of error is beyond the scope of this 
assessment. In general, the approaches provide planning level estimates for comparing the 
magnitude of loadings from major pathways in the study areas. The 95 percent confidence 
intervals were estimated for water quality and flow data to identify the uncertainty around 
the mean and reflect the interannual variability of the data. If data or information was not 
available to estimate the mean or 95 percent confidence interval, a range of annual 
loadings were estimated as appropriate based on data and information available.  
 
The various methods and data limitations described below for estimating current and 
future loads should be considered when comparing the relative magnitude of pollutant 
loads for the different pathways. Conservatively, an order-of-magnitude uncertainty in 
loads exists when factoring together all the individual sources of uncertainty. Results 
presented in this report should be interpreted with consideration of that order-of-
magnitude uncertainty. Appendix G provides a brief qualitative assessment of confidence in 
the estimated current and future loads from the identified contaminant pathways. 

2.2.1 Uncertainties in Estimates of Current Loadings 
Uncertainty around the current load estimates is addressed in the Loadings Report (King 
County, 2017d). Each pathway examined relied on different types of information and 
different data sources to estimate loadings. The methodologies and results, therefore, for 
each pathway contain various levels of uncertainty. Among the uncertainties identified, the 
following were distinguished: 

• Contaminant concentrations and flow/discharge volumes: 
o Contaminant concentrations and flow vary in space and time; therefore, the 

monitoring data available are limited by the number of samples from a 
monitoring location and incomplete monitoring of a pathway across the 
study area. 

o Stormwater runoff volumes were based on SPU’s PLM. Uncertainty in model 
inputs is associated with runoff characteristics, pollutant load estimates by 
land use or source area, and spatial variability. Additionally, the PLM does 
not consider the water quantity or quality impacts of existing public or 
private stormwater facilities, facilities that will be built to meet development 
or redevelopment requirements, or facilities that will be built by jurisdictions 
as part of a retrofit program. Nor does the PLM estimate impacts from 
current or future stormwater management operations or baseflow volumes. 

o Green River streamflow volumes were estimated from a combination of 
HSPF model output (King County, 2013c) and monitored streamflow of the 
Green River at Auburn (U.S. Geological Survey Auburn Gauge 12113000).6  

                                                        
6 HSPF = Hydrological Simulation Program—Fortran. 
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• Areal loading (local tributaries). Areal loading rates from regional studies were 
used for local tributaries. Use of these data introduced additional uncertainty by not 
considering site-specific details and differences that may directly impact the 
contaminant load in the study area. 

• Vessel discharges, antifouling paint leaching, zinc anode leaching, and 
creosote-treated piling leaching. No site-specific data were available for leaching 
from antifouling paint and creosote-treated pilings. The loadings estimates for these 
pathways were based on literature values for leaching rates estimated from 
observations outside of the region. Inadequate information was available to assess 
loadings from vessel discharges and zinc anodes. 

2.2.2 Uncertainties in Estimates of Future Loadings 
Future loadings estimates include both the uncertainties inherent in current loadings 
estimates and the following additional uncertainties: 

• Contaminant concentrations. Concentrations were assumed to remain unchanged 
between current and future conditions in stormwater, CSOs, and upstream 
discharges. Except where noted, the 2030 loadings estimates reflect contaminant 
concentrations observed between 2000 and 2014. 

• Flow/discharge: 
o Future county CSO and wet-weather treatment facility discharges were based 

on the WTD 2010 modeling run (King County, 2012).  
o Future city CSO discharges were based on the City of Seattle’s hydraulic 

model (City of Seattle, 2012a). 
o Stormwater flow estimates do not reflect private facilities built to meet 

development and redevelopment regulations and public stormwater 
infrastructure retrofits or operational activities triggered by NPDES and 
municipal regulations. Only projects with quantified load reduction estimates 
were incorporated in the future loadings estimates 

o Flow/discharge volumes do not incorporate changes in precipitation 
patterns associated with climate change. 

• Antifouling paint leaching. It was assumed that all recreational boats under 65 
feet in the study areas would no longer leach copper. This assumption could lead to 
overestimation of the reduction. Newer paints may still have trace amounts of 
copper, and some boat operators may not adhere to the law. It was also assumed 
that boats over 65 feet would continue to use copper-based paint, although the 
market shift toward reduced copper paints may prompt owners of these boats to 
switch paints. 

• Creosote-treated piling leaching. Estimates of the number of treated wood pilings 
do not reflect reconstruction and demolition of docks that are not currently planned 
by municipalities. Likely, all treated pilings will be removed and replaced with 
untreated alternatives over the next century. 
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• Unquantified load changes from upstream planned actions. Future upstream 
loads could not be quantified because of insufficient knowledge of the quantitative 
impacts of upstream projects or regulatory changes on contaminant loads.  

• Unquantified load changes from new and redevelopment activities: 
o Stormwater load estimates do not account for stormwater quantity 

reductions and quality improvements resulting from development- and 
redevelopment-triggered stormwater management retrofits in areas of 
Seattle that contribute to a separated stormwater conveyance network. 

o CSO load estimates do not account for stormwater quantity reductions and 
quality improvements resulting from development- and redevelopment-
triggered stormwater management retrofits in areas of Seattle that 
contribute to the combined sewer conveyance system. 

o The upstream (Lake Washington and Green River) load projections do not 
account for stormwater quantity reductions and quality improvements 
resulting from development- and redevelopment-triggered stormwater 
management facilities and stormwater retrofit programs in Seattle, Tukwila, 
unincorporated King County, and other upstream municipalities. 

• Stormwater NPDES operational requirements. The load reductions associated 
with operational and programmatic stormwater management (such as maintenance 
of treatment facilities and conveyance systems, illicit connection and illicit discharge 
detection and elimination [IC/IDDE], and education and outreach) were not 
quantified as part of the stormwater, local tributary, or upstream load estimates. 
Estimating the quantitative impacts of operational stormwater management actions 
is difficult and the results would contain a high level of uncertainty. As part of 
Ecology’s Municipal Stormwater General Permit Regional Stormwater Monitoring 
Program, Status and Trends in Receiving Waters seeks to measure and analyze 
changes in Puget Lowland streams and Puget Sound urban shoreline areas as a 
result of municipal stormwater runoff management programs (Ecology, 2014a). The 
results of this effort will be useful to planners in projecting the benefits of future 
operational stormwater management. 

• Other stormwater management regulations. Changes in loadings causes by 
changes in stormwater management regulations for industrial and construction 
stormwater permits, total maximum daily load (TMDL) implementation plans, and 
underground injection control permits were not quantified as part of the 
stormwater, CSO, local tributary, or upstream load estimates. 

 

 

http://www.ecy.wa.gov/programs/wq/stormwater/municipal/rsmp/status.html
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3.0 OVERVIEW OF REGIONAL CHANGES 
This chapter discusses regional changes predicted to occur by around 2030 that could 
affect water quality in the Cedar-Sammamish and Green-Duwamish watersheds. Population 
growth and land use change, climate change, expected future regulations, and behavioral 
changes are reviewed. In addition to these changes, many unforeseen factors will affect 
water quality (for example, economic change) that are not discussed here. 
 
All changes discussed—with the exception of the effects of the regulation of copper in 
antifouling paints and vehicle brake pads—are not included in future loadings estimates 
because quantitative data are not available. The lack of quantitative data may add to the 
uncertainty of the estimates, as discussed in Chapter 2. Dates used to describe existing and 
future conditions in this chapter vary, depending on resources available for review. 

 Population Growth and Land Use Change 

Pressure from population growth will result in substantial new and redevelopment in the 
next 15 years. Population in King and Snohomish counties is predicted to grow by 
approximately 367,000 people between 2015 and 2030. (Table 3-1; Figure 3-1; 
Washington State, 2012; PSRC, 2016). King County will grow by about 237,000 (9 percent) 
and Snohomish County by about 130,000 (8.5 percent).  
 
In response to Washington State’s 1990 Growth Management Act (GMA), multiple planning 
agencies at the state and local levels established a regional planning organization called the 
Puget Sound Regional Council (PSRC). PSRC’s Vision 2040 growth strategy for the Central 
Puget Sound region allocates the majority of population growth to already urbanized cities, 
thereby lessening the development of currently undisturbed lands (PSRC, 2008 and 2009). 
 
The two major concerns associated with population growth are (1) land use change, 
specifically conversion of pervious to impervious surfaces and alterations made to 
shorelines, and (2) increase in the generation of pollutants by humans and their activities, 
including solid waste and wastewater generation and automobile usage. Overall, growth 
would be expected to cause the least amount of land use change in already urbanized areas 
and the most amount of change in sparsely developed areas. 

3.1.1 Land-Use Land-Cover Change 
This section compares recent and projected land-use land-cover data in order to estimate 
the amount of new development and redevelopment expected in the two watersheds. Data 
available for 2007 and 2026 were used to define existing and future conditions. 
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Table 3-1. Historical (1970─2015) and projected (2025─2030) populations in King and Snohomish Counties.  

County 
U.S. Census Data 

OFM 
Estimatea PSRC Projectionb 

1970 1980 1990 2000 2010 2015 2025 2030 
King 1,159,375 1,269,898 1,507,305 1,737,823 1,931,249 2,052,800 2,231,597 2,290,365 
Snohomish 265,236 337,720 465,628 606,024 713,335 757,600 852,034 887,400 
a Washington State Office of Financial Management, 2015. 
b Puget Sound Regional Council, 2016, Land Use Vision, unpublished data. 
 
 

 
 
Figure 3-1. Historical (1970─2015) and projected (2020─2030) populations of King and Snohomish counties. 
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Existing Land Use Conditions 

GIS data were used to characterize existing conditions. Satellite imagery taken in 2007 
classified land-use land-cover into 14 categories (Table 3-2) (University of Washington, 
2007). For this analysis, these categories were grouped into two classes: Developed and 
Not Developed. Developed categories were assumed to adversely alter stormwater runoff 
and may require stormwater mitigation. The 2007 land-use land-cover for the two 
watersheds is shown in Figure 3-2. 
 
Table 3-2. Land use categories and classes.  

Category Class 
Heavy Urban 

Developed 
(disturbed) 

Medium Urban 
Light Urban 
Cleared for Development 
Grass, Grasslands 
Agriculture 
Deciduous and Mixed Forest 

Not Developed 
(undisturbed) 

Coniferous Forest 
Clearcut Forest 
Regenerating Forest 
Non-Forested Wetlands 
Open Water 
Snow, Bare Rock 
Shorelines 
Source: University of Washington, 2007. 

Future Land Use Conditions 

Simulated future land-use land-cover conditions (2026) are shown in Figure 3-3. The 
simulation relied on output from a modeling framework that coupled a land-cover change 
model (LCCM) and an urban socioeconomic and transportation model (UrbanSim) (Alberti, 
2009).7 This is the only known framework available that predicts land uses in the study 
areas. The scenario used for the modeling was “Business as Usual,” which assumes the 
continuation of existing regulations and land use planning. The simulation was done for 
2007−2026 using the 14 land use categories shown in Table 3-2. 
 
To determine where new development is predicted to occur, land uses for 2007 and 2026 
were compared. Any change from a Not Developed to a Developed land use class was 
assumed to be new development. Redevelopment was defined as land use change resulting 
in densification (such as from Light Urban to Medium Urban or from Agriculture to Light 
Urban). Redevelopment in Heavy Urban land use areas is likely underestimated because 
this land use is defined as the most disturbed category and any increases in development 
intensity would not be recognized using the described approach.

                                                        
7 See http://urbaneco.washington.edu/wp/research/modeling-land-cover-change-in-central-puget-sound-
the-lccm-model/ for more information on the LCCM and UrbanSim models.  

http://urbaneco.washington.edu/wp/research/modeling-land-cover-change-in-central-puget-sound-the-lccm-model/
http://urbaneco.washington.edu/wp/research/modeling-land-cover-change-in-central-puget-sound-the-lccm-model/
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Figure 3-2. 2007 Land-use land-cover in the Cedar-Sammamish and Green-Duwamish watersheds. 
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Figure 3-3. Simulated 2026 land-use land-cover in the Cedar-Sammamish and Green-Duwamish watersheds.
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The amount of new development and redevelopment between 2007 and 2026 was 
assessed for each municipal separate storm sewer system (MS4) jurisdiction in the 
watersheds. MS4 boundary data were obtained from the Ecology GIS database (Figure 3-4) 
(Ecology, 2015). Table 3-3 shows the amount of new development and redevelopment for 
each MS4 jurisdiction and as a percentage of the total MS4 acreage.  

General findings for new development between 2007 and 2026 are as follows: 

• In terms of total area, unincorporated county lands are estimated to have the
greatest level of new development (11.8 percent and 9.1 percent of the
unincorporated MS4 area in the Cedar-Sammamish and Green-Duwamish
watersheds, respectively).

• Other major areas of new development are in the municipalities of Sammamish
(18.2 percent), Bellevue (6.7 percent), and Bothell (15.6 percent) in the Cedar-
Sammamish watershed and in the municipalities of Kent (5.2 percent), Auburn (8.5
percent), and Black Diamond (19.8 percent) in the Green-Duwamish watershed.

• In the City of Seattle, new development is expected to occur in 1.9 percent of the
MS4 area in the Cedar-Sammamish watershed and 2.9 percent in the Green-
Duwamish watershed.

• For the MS4 jurisdictions immediately upstream of the Duwamish Estuary, new
development is predicted in 3.1 percent of the City of Burien and 3.0 percent in the
City of Tukwila.

Redevelopment will outpace new development in the study areas and near upstream areas: 

• In the City of Seattle, 33.3 percent of the area draining to the Cedar-Sammamish
watershed is predicted to be redeveloped, more than six times the amount of newly
developed area.

• Of the land draining to the Green-Duwamish watershed from the cities of Seattle and
Tukwila 20 percent and 21.3 percent, respectively, are predicted to be redeveloped.

• Farther upstream, the amount of redevelopment may be similar to or less than the
predicted new development. This trend can also be observed in the cities of Black
Diamond, Sammamish, and Woodinville, and in unincorporated King and Snohomish
counties.
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Figure 3-4. Municipal separate storm sewer system (MS4) jurisdictions in the Cedar-Sammamish and Green-Duwamish watersheds.  
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Table 3-3. New development and redevelopment between 2007 and 2026 by watershed and 
municipal separate storm sewer system (MS4) jurisdiction. 

 MS4 
New Development Redevelopment Total MS4 

Area (acres) 
 

Acres % Total Acres % Total 

G
re

en
-D

uw
am

is
h 

Algona 2 0.7% 110 30.6% 360 
Auburn 1,100 8.5% 3,300 25.4% 13,000 
Black Diamond 890 19.8% 680 15.1% 4,500 
Burien 27 3.1% 410 47.7% 860 
Covington 380 10.0% 1,400 36.8% 3,800 
Des Moines 0 1.2% 4 26.9% 13 
Enumclaw 58 3.1% 600 31.6% 1,900 
Federal Way 66 8.4% 300 38.0% 790 
Kent 1,100 5.2% 6,300 30.0% 21,000 
Maple Valley 220 6.9% 1,100 34.4% 3,200 
Renton 400 6.6% 1,700 27.9% 6,100 
SeaTac 87 3.5% 980 39.2% 2,500 
Seattle 440 2.9% 3,000 20.0% 15,000 
Tukwila 180 3.0% 1,300 21.3% 6,100 
Unincorporated 
King County 21,000 9.1% 10,000 4.3% 230,000 
Total 25,951 8.4% 31,184 10.1% 309,123 

C
ed

ar
-S

am
m

am
is

h 

Beaux Arts 10 19.6% 22 43.1% 51 
Bellevue 1,400 6.7% 7,500 35.7% 21,000 
Bothell 1,200 15.6% 2,500 32.5% 7,700 
Brier 160 11.4% 680 48.6% 1,400 
Clyde Hill 3 0.4% 350 51.5% 680 
Edmonds 11 1.3% 270 31.8% 850 
Everett 180 5.5% 1,000 30.3% 3,300 
Hunts Point 34 17.9% 61 32.1% 190 
Issaquah 700 9.6% 1,400 19.2% 7,300 
Kenmore 480 12.3% 1,500 38.5% 3,900 
Kirkland 700 6.4% 4,600 41.8% 11,000 
Lake Forest 
Park 330 14.3% 970 42.2% 2,300 
Lynnwood 130 3.3% 1,200 30.0% 4,000 
Maple Valley 51 8.5% 180 30.0% 600 
Medina 45 4.9% 430 47.3% 910 
Mercer Island 320 8.0% 1,500 37.5% 4,000 
Mill Creek 310 10.3% 1,100 36.7% 3,000 
Mountlake 
Terrace 120 4.4% 1,100 40.7% 2,700 
Newcastle 390 13.4% 650 22.4% 2,900 
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 MS4 
New Development Redevelopment Total MS4 

Area (acres) 
 

Acres % Total Acres % Total 
Redmond 740 7.7% 2,900 30.2% 9,600 
Renton 550 6.2% 2,500 28.1% 8,900 
Sammamish 2,000 18.2% 3,300 30.0% 11,000 
Seattle 570 1.9% 10,000 33.3% 30,000 
Shoreline 99 2.4% 1,800 43.9% 4,100 
Woodinville 630 17.5% 1,000 27.8% 3,600 
Yarrow Point 11 4.8% 100 43.5% 230 
Unincorporated 
King/Snohomish 26,000 11.8% 25,000 11.4% 220,000 
Total 37,174 10.2% 73,613 20.2% 365,211 

3.1.2 Potential Implications of Development and 
Redevelopment on Water Quality 

Current municipal stormwater codes and regulations (such as the King County 2016 
Surface Water Design Manual and the City of Seattle 2016 Stormwater Code and 
Stormwater Manual) are intended to reduce or eliminate adverse hydrologic and water 
quality effects of new and redevelopment. However, the mitigation of all water quality 
impacts associated with new development and new impervious surfaces is not feasible 
(PSRC, 2008). While the growth strategy for Puget Sound will concentrate population 
growth in urban centers, development of undisturbed lands in the upper watersheds is still 
expected to occur and will likely impact water quality locally (PSRC, 2008). 
 
King County’s and the City of Seattle’s Stormwater Codes and Stormwater Manual dictates 
specific stormwater requirements, including on-site stormwater management, flow control, 
and water quality treatment, based on a number of factors. These factors include (1) area of 
land-disturbing activity, (2) area of new and replaced impervious surfaces, (3) type of 
project (single-family residential, roadway, parcel-based), (4) receiving water and 
downstream conveyance characteristics, and (5) other site-specific factors such as soil 
conditions and critical area issues. Adherence to the requirements may avoid or reduce 
potential negative stormwater quantity and quality outcomes associated with future 
development. 
 
Redevelopment in older urbanized areas provides the opportunity to retrofit areas that 
either lack or have inadequate stormwater facilities (PSRC, 2008). In the urban 
environment surrounding Lake Union/Ship Canal, the Duwamish Estuary, and Elliott Bay, 
redevelopment is not expected to negatively impact water quality and could lead to water 
quality improvements, including decreased discharge volumes and contaminant loads from 
stormwater and CSOs, as stormwater is better managed to meet mitigation requirements 
(EPA, 2006; King County, 2014b). The hydrologic and water quality improvements 
associated with redevelopment are not included in the future stormwater and CSO load 
estimates. They represent a large factor of and an uncertainty in the estimates. 
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The findings of the WRIA 9 Stormwater Retrofit Plan project support the supposition that 
water quality could improve through new development and redevelopment. King County 
examined the costs and benefits of stormwater mitigation between 2014 and 2040 in sub-
catchments of the Green-Duwamish watershed (King County, 2014a). The project applied 
the EPA SUSTAIN (System for Urban Stormwater Treatment and Analysis Integration) 
model and estimated that the future stormwater mitigation required for new and 
redevelopment will improve hydrologic and water quality indicators relative to 2014 
conditions (King County, 2014b). The estimates assumed that stormwater design 
requirements are triggered by development and that the most cost-effective solutions are 
selected. Whether development will trigger stormwater mitigation, however, depends on 
the size of the mitigation thresholds and on site feasibility considerations.  
 
The combined effects of development and redevelopment on water quality are uncertain. 
Even though more development will occur, much of it will occur in urban growth areas and 
will be subject to newer, more effective regulations. Moreover, a significant amount of 
redevelopment will likely improve water quality relative to prior conditions. 

3.1.3 Population Growth and Wastewater Generation 
Population growth will increase the volume of wastewater entering King County and City of 
Seattle conveyance systems. Between 2010 and 2030, average wet-weather flows are 
expected to increase from 74.59 million gallons per day (mgd) to 80.13 mgd at the West 
Point Plant and from 75.25 mgd to 88.53 mgd at South Plant (King County, 2014c). These 
projected flows do not account for decreased stormwater inflow associated with new 
development and redevelopment to the combined sewer system. An increase in CSO 
volume and frequency associated with increased wastewater generation is not expected 
because of the offsetting effects of CSO control, conveyance improvements, and stormwater 
mitigation. 

 Climate Change 

The intensity and volume of precipitation events greatly influence several pathways, 
including stormwater and CSOs. The most important predictor of whether CSO discharges 
will occur is the intensity of short-term precipitation events. Specifically, high rainfall over 
a short period is most strongly associated with the number and volume of CSO discharges. 
While it is possible to redesign the combined sewer system so that moderate precipitation 
events do not cause CSO discharges, the most extreme precipitation events will always 
result in some CSO discharges. It is not feasible from an engineering or cost perspective to 
design systems to accommodate the most extreme rainfall events.   
 
In Western Washington, extreme precipitation events are often associated with an 
atmospheric river, termed the Pineapple Express, that can transport very large amounts of 
moisture from the Hawaii region to narrow bands along the Pacific Northwest coast. In the 
King County area, this phenomenon causes intense (> 1 inch) rainfall events over a short 
period (one to two days) (Neiman et al., 2011). Pineapple Express events are also 
associated with an increased frequency of CSO discharges to surface waters.   
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Recent research has indicated that climate change may result in an increase of Pineapple 
Express events in the latter half of the 21st century, thereby increasing the frequency and 
intensity of extreme precipitation events (Warner et al., 2015). This increase could greatly 
complicate both the County’s and City’s future capacity to control CSO discharges. Storms 
with greater severity could increase the following: 

• Rates of river flooding and the undermining of nearby sewer pipes and facilities  
• Infiltration into pipes, resulting from higher water tables  
• Inflow of river and estuary water into combined sewer outfalls  

 
These impacts would increase the volumes of effluent discharged from CSO and 
stormwater outfalls, diminish the efficacy of stormwater and CSO mitigation efforts, and 
increase the volume of direct runoff (EPA, 2008; King County, 2012).  
 
In 2015, WTD began an investigation, in cooperation with the King County Water and Land 
Resources Division (WLRD) and the University of Washington, into the likely degree of 
change and timing in precipitation patterns in the county. WTD will use this research to 
help assess climate change impacts on the conveyance and treatment systems and develop 
appropriate responses (King County, 2015a).  
 
In the meantime, both the County and City are incorporating increased flow volumes 
associated with potential increases in storm severity in their long-term wastewater 
conveyance and CSO control plans (King County, 2012; King County, 2015a; City of Seattle, 
2015e). An increase in CSO discharge frequency in 2030 associated with climate change is 
not anticipated. However, climate change impacts on precipitation patterns further in the 
future may dramatically impact the County’s and City’s wastewater conveyance systems. 

 Regulations 

The State of Washington protects surface waters, groundwater, and sediment through the 
application of numeric and narrative water quality criteria. In order to meet surface water, 
groundwater, and sediment quality standards, discharge of wastewater and stormwater to 
waters of the state are regulated by permits, primarily NPDES permits. Also, EPA 
establishes national ambient air quality standards that are administered by Ecology and 
seven clean air agencies: Benton, Northwest, Olympic, Puget Sound, Southwest, Spokane, 
and Yakima. In addition to surface water and air quality regulations, future vessel 
regulations are discussed below.   

3.3.1 Municipal NPDES Stormwater Permits 
The first municipal NPDES stormwater permits were issued in 1995 for King, Pierce and 
Snohomish counties, the Washington State Department of Transportation (WSDOT), and 
the cities of Seattle and Tacoma (Ecology, 1995). Beginning in 2007, permits were also 
issued to smaller municipalities (less than 100,000 residents). To meet the requirements of 
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their permits, jurisdictions must develop a stormwater management program plan to 
comply with the following permit components (Ecology, 2015a and b):8 

• Legal authority to regulate and enforce discharges to the jurisdiction’s 
stormwater system (Phase I only). The jurisdictions must have codes, regulations, 
and an enforcement program that regulates discharge to the jurisdiction’s MS4 to 
prevent discharge of pollutants and non-stormwater discharges. 

• Control of runoff from new development, redevelopment, and construction 
sites. A program must be implemented to prevent and control the impacts of runoff 
from new development, redevelopment, and construction activities. Drainage 
design and source control rules must be used that are equivalent to those in 
Ecology‘s 2014 Stormwater Management Manual for Western Washington 
(Ecology, 2014b) and must meet established standards for staff training and 
inspections.  

• Structural stormwater controls (Phase I only). A structural stormwater controls 
program must be implemented to prevent or reduce impacts to waters of the state 
caused by discharges from the MS4. Impacts that must be addressed include 
disturbances to watershed hydrology and stormwater pollutant discharges. 

• Source control program for existing development (Phase I only). A program 
must be implemented to reduce pollutants in runoff from areas that discharge to 
Municipal Separate Storm Sewer Systems (MS4s) owned or operated by the permit 
holder. 

• Illicit connections/illicit discharge detection and elimination. An ongoing 
program must be implemented that is designed to prevent, detect, characterize, 
trace, and eliminate illicit connections and illicit discharges into the MS4. 

• Operation and maintenance. An operation and maintenance program must be 
implemented that ensures the proper functioning of stormwater flow control and 
treatment facilities, owned or regulated by the permittee. In addition, pollution 
prevention programs are required on jurisdictional properties, including a training 
component, with the ultimate goal of preventing or reducing pollutant runoff from 
municipal properties and operations. 

• Education and outreach. An education and outreach program must be designed 
and implemented to reduce or eliminate behaviors and practices that cause or 
contribute to adverse stormwater impacts and encourage the public to participate 
in stewardship activities. 

• Compliance with total maximum daily load requirements. Permit holders must 
comply with stormwater-specific TMDL requirements identified by Ecology. A 
TMDL is a numerical value representing the highest amount of pollutant a surface 
waterbody can receive and still meet water quality standards. Any amount of 
pollution over the TMDL level needs to be reduced or eliminated to achieve clean 
water. 

                                                        
8 Additional components that do not have direct or indirect water quality impacts, such as system mapping, 
government coordination, and public involvement, are also required but not listed here. 
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Although the MS4 NPDES permits are helping to reduce stormwater discharges, much more 
needs to be done. By 2030, state and municipal stormwater permits, codes, and regulations 
will likely be more effective than today’s regulations. Early permits and strategies for 
managing stormwater focused on reducing the risk of flooding by quickly conveying 
stormwater to receiving waterbodies and overlooked the potential impacts of these 
discharges. As stormwater permits were renewed every five years, they evolved to better 
manage stormwater runoff volumes and lessen the impact on surface water quality. Permit 
requirements for the smaller municipalities have gradually approached those assigned to 
the larger municipalities. The latest NPDES stormwater permit requires the use of low 
impact development (LID). LID applies methods that minimize impervious surfaces and 
manage stormwater runoff at the source, reducing the volume and pollutant load of runoff 
leaving a site through infiltration and discharging to groundwater.  
 
King County, City of Seattle, and other permitted municipalities will have been through 
three additional stormwater permit cycles by 2030. The permit-required actions, including 
control of stormwater runoff and pollutant loading, source control, IC/IDDE, and education 
and outreach, are expected to substantially reduce future loads from stormwater 
discharged through the region’s municipal treatment and conveyance systems. These 
reductions, however, were not quantified as part of this study.  
 
Six TMDLs with stormwater requirements are in effect in the Cedar-Sammamish 
watershed: 

• Cottage Lake – total phosphorus TMDL 
• North Creek – fecal coliform TMDL 
• Swamp Creek – fecal coliform TMDL 
• Issaquah Creek – fecal coliform TMDL 
• Little Bear Creek – fecal coliform TMDL 
• Bear-Evans Creek – fecal coliform TMDL 

 
Between now and 2030, it is possible that additional TMDLs will be instated with 
requirements for additional stormwater management by MS4s. 

3.3.2 Copper Brake Regulation 
In 2010, Washington State enacted the Better Brakes Rule (Chapter 173-901 WAC) to 
reduce the amount of toxic materials in automotive brake pads and shoes. The abrasion of 
brake pads deposits copper and other metals (cadmium, chromium, lead, mercury, and 
zinc) onto roadways, which are washed into surface waters by stormwater. Ecology 
estimated that approximately 15 to 20 percent of the total copper released into Puget 
Sound originates from brake pads (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). See Chapter 2 for the methods used to estimate future copper 
loadings. 
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3.3.3 NPDES Wastewater Discharge Permits 
Similar to NPDES stormwater permits, NPDES wastewater discharge permits for 
wastewater treatment plants are renewed every five years. Effluent limits for King County’s 
regional wastewater treatment plants have not changed over the past few permit cycles, 
but additional monitoring requirements have been added for the Elliott West and 
Henderson/MLK wet-weather treatment facilities that discharge into Elliott Bay and the 
Duwamish Estuary, respectively: 

• For the Elliott West facility, the permit requires (1) additional monitoring of 
dissolved oxygen, copper, and cyanide in effluent; (2) completion of a study to 
evaluate options for reducing copper and settable solids; and (3) assessment of 
strategies for reducing copper discharges through source control at the facility.  

• For the Henderson/MLK facility, copper and PCB monitoring is required for each 
discharge event.  

It is likely that monitoring and upland source control inspections will be required for the 
County’s two planned wet-weather treatment facilities to ensure that the effluent meets 
both numeric and narrative water quality criteria for the Duwamish Estuary/Elliott Bay. 
 
Both the City of Seattle and King County are required through their NPDES permits to 
implement pollution prevention programs focused on reducing the impact of CSOs on 
receiving waters. Best management practices (BMPs) to control pollutant sources in 
stormwater in CSO basins must be an element of each program. These programs are 
expected to improve CSO effluent quality. 
 
In addition to wastewater treatment plants, NPDES wastewater discharge permits are 
required for commercial or industrial operations that discharge to surface waters or have a 
significant potential to impact surface waters. Further, King County Industrial Waste 
Program administers regulations to make sure the wastewater generated by industries and 
discharged to the King County sewer system is treated properly. Many industries must 
pretreat wastewater before sending it to the sewer in order to protect the wastewater 
treatment process, workers, facilities, and water quality. 

3.3.4 Air Regulations 
Deposition of pollutants from the atmosphere can impact water quality. The Puget Sound 
Clean Air Agency (PSCAA) enforces federal and state air quality regulations in King, Kitsap, 
Pierce, and Snohomish counties. In its 2014─2020 strategic plan (PSCAA, 2014), PSCAA 
outlines a long-term vision and objectives, including the following: 

• Reduce diesel particulate in the air by 60 percent at highly impacted locations. 
• Reduce emissions from maritime activities (railroads, harbor vessels). 
• Reduce emissions from wood smoke and outdoor burning. 
• Identify polluting facilities and require appropriate emissions control technologies. 
• Reduce transportation greenhouse gas emissions to 1990 levels by 2020 and by an 

additional 25 percent by 2035. 
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3.3.5 Vessel Permits and Best Practices 
EPA issues Vessel General Permits (VGPs) under the NPDES permit program to commercial 
vessel operators.  

• VGPs regulate incidental discharges (deck runoff, bilgewater, and graywater) from 
commercial vessels greater than 79 feet long and the discharges of ballast water 
from commercial vessels of all sizes (EPA, 2013b). The current VGPs will expire on 
December 18, 2018.  

• The Small Vessel General Permit (sVGP) provides permit coverage for incidental 
discharges 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.  

 
The Clean Boating Act addresses discharges from non-commercial (recreational) vessels. 
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 management practices are reasonable and practicable to 
develop (such as release of antifouling and corrosion-control agents, transport of aquatic 
nuisance species, bilgewater, discharges related to cleaning and maintenance, fishing 
waste, and graywater). Once developed, these management practices can help limit the 
amount of pollution discharged into waters.  

3.3.6 Antifouling Paint Regulation 
In addition to identifying management practices as a result of the Clean Boating Act, 
Washington State is gradually phasing out the use of antifouling hull paint that contains 
copper (Chapter 70.300 RCW) to reduce copper loading to surface waters. Most vessels 
apply an antifouling paint that contains between 20 and 70 percent copper as the active 
ingredient (Lydecker, 2012). By 2020, recreational vessels less than 65 feet long will not be 
allowed to use antifouling paint with more than 0.5 percent copper. See Chapter 2 for 
methods used to estimate future copper loadings. 

3.3.7 New Pilings Regulation 
As part of its Shoreline Master Program Regulations enacted in 2013 the City of Seattle 
prohibits the use of wood treated with pentachlorophenol, creosote, chromate copper 
arsenate (CCA), or comparably toxic compounds for new decking or pilings (Chapter 
23.60A.152). It allows for repair of creosote-treated piles only if the piling is under a 
structure that is not being replaced or fewer than 50 percent of the existing pilings are in 
need of repair. When old creosote-treated pilings need to be replaced, this new regulation 
requires that the new pilings be made of a non-toxic material such as concrete or steel. 
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3.3.8 Other NPDES Permits 
Other NPDES permits are as follows: 

• The Industrial Stormwater General Permit applies to facilities conducting industrial 
activities that discharge stormwater to a surface waterbody or to a storm sewer 
system that drains to a surface waterbody. 

• The Boatyard General Permit applies to boatyards engaged in construction, repair, 
and maintenance of small vessels. 

• The Sand and Gravel General Permit regulates discharges of process water, 
stormwater, and water from mine dewatering into waters of the state associated 
with sand and gravel operations, rock quarries, and similar mining operations. The 
permit also covers concrete batch operations and hot mix asphalt operations. 

• The Construction Stormwater General Permit applies to operators engaged in 
clearing, grading, and excavating activities that disturb one or more acres and 
discharge stormwater to surface waters of the state. 

• The Upland Fin-Fish Hatching and Rearing General Permit applies to facilities in 
which fin-fish are hatched, fed, nurtured, held, maintained, or reared to reach the 
size of release or for market sale. 

 Behavioral Change  

Individual actions and behaviors accumulate to create major effects on water quality. 
Examples of behaviors that influence water quality include vehicle maintenance, pet feces 
handling, lawn and garden care methods, illegal dumping/littering, transportation choices, 
wood burning, boat paint selection, and residential stormwater management.  
 
Shifts in public perception can encourage behavioral changes that can both positively and 
negatively impact water quality. All NPDES-permitted entities are required to provide 
public education and outreach regarding the impacts of stormwater pollution and to 
encourage behaviors that will mitigate these impacts. These entities collaborate to address 
water quality outreach and communications regionally, using social marketing practices to 
research and test effective behavior change, incentives, and messaging. These strategies 
have been changing norms and project outcomes. 
 
Multiple regional outreach projects have demonstrated the impact of well-designed 
behavior change campaigns that have influenced attitudes and behaviors and have also 
improved the capacity of outreach staff as techniques and approaches are shared or 
franchised. One example is the Don’t Drip and Drive vehicle leaks campaign that has grown 
to a statewide partnership with nonprofits, auto associations, and local governments to 
address water pollution from vehicles. This project reinforces the provision and 
proliferation of infrastructure that favors alternative transportation modes, such as public 
transportation, walking, and biking, to decrease the number of motor vehicle miles traveled 
in the stormwater basins contributing to the study areas and upstream watersheds. 
Pollutants associated with motor vehicles that pose water quality impacts include heavy 
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metals (from car exhaust, worn tires, brake pads, and antifreeze), oils and grease (from 
leaks), PAHs (from car exhaust and oils), and other toxins in motor vehicle fluids. 
 
It is difficult to project future behavior. However, it is expected that as behavior change 
projects become more effective at addressing individual contributions to water quality 
degradation, counterproductive behaviors will lessen. This decrease will be due in part to 
the active environmental education campaigns throughout the region; better targeting and 
engagement of a diversity of audiences; continued expansion and improvement of 
alternative transportation options; and incentive programs for LID and retrofitting (green 
stormwater infrastructure). The magnitude of the impact of these behavioral shifts on 
contaminant loads to waterbodies cannot be readily quantified because of the high amount 
of uncertainty and limited funding for impact studies. 
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4.0 LAKE UNION/SHIP CANAL PLANNED 
ACTIONS AND ESTIMATED FUTURE 
LOADINGS 

This chapter summarizes planned actions that will take place between 2015 and 2030 that 
will change contaminant loads to the Lake Union/Ship Canal study area. It also presents 
estimates of future (2030) loadings in this study area based on existing conditions and the 
identified changes in loadings. 

 Planned Actions 

This section discusses the following planned actions that are expected to change 
contaminant loadings to the Lake Union/Ship Canal study area: CSO control, stormwater 
treatment and control, the State Route 520 project, contaminated sediment cleanup, and 
upstream projects.  

4.1.1 CSO Control 
Planned King County and City of Seattle CSO control projects are estimated to reduce 
average annual untreated CSO discharges in the study area by approximately 122 MG by 
2030, representing a 75 percent reduction between 2015 and 2030. These projects will 
reduce the frequency of discharges from each CSO site to once per year or less on average. 

King County CSOs 

King County’s 2012 long-term CSO control plan (LTCP) includes nine projects to control its 
remaining uncontrolled CSOs (King County, 2012). Four of these projects will control CSOs 
that discharge into the Lake Union/Ship Canal study area (11th Ave NW, 3rd Ave W, 
University, and Montlake) (Table 4-1). Project approaches are as follows: 

• Green stormwater infrastructure (GSI). GSI includes two components: RainWise 
and green streets. The RainWise Program is a voluntary program that gives rebates 
for installing rain gardens and/or cisterns on private property in basins where the 
County or City are controlling CSOs. Green streets are bioretention facilities 
(engineered rain gardens) built in public rights-of-way such as parking strips.  

• Conveyance improvements and offline storage. Conveyance pipelines will divert 
flow to other locations, and storage tanks or tunnels will hold the flow until 
downstream capacity allows transport to West Point for treatment. 
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Table 4-1. Planned King County CSO control projects in the Lake Union/Ship Canal study area. 

CSO 
Green Stormwater 

Infrastructure 
Increased 

Conveyance Offline Storage 
Completion 

Date 

Current Annual 
Discharge Volume 

(MG)a 

Expected 2030 
Annual Discharge 

Volume (MG)b 

LCL Ave. UCL LCL Ave. UCL 

11th Ave NW 

Up to 26% of the 
impervious area with 
RainWise and green 
streets 

Conveyance to 
Ballard Regulator 
with ~3,200 feet 
of up to 84-inch-
diameter pipe 

 2030 6.8 10.8 15.9 0.4 1.2 4.2 

3rd Ave W 
(Ship Canal 
project)   

Up to 7.23 MG 
storage (joint 
County/City)  
OR 
4.18 MG 
(County)  

2023 5.1 11.0 23.4 2.2 4.0 7.2 

Montlake 

Up to 19% of the 
impervious area 
mitigated with 
RainWise and green 
streets 

 

Up to 7.87 MG 
storage (joint 
County/City) 
OR  
6.6 MG (County)  

2028 9.5 22.8 43.1 5.9 10.9 20.3 

University 

Up to 24% of the 
impervious area 
mitigated with 
RainWise and green 
streets 

 

Up to 7.87 MG 
storage (joint 
County/City) 
OR 
2.94 MG 
(County)  

2028 49.2 78.3 124 8.5 15.7 29.5 

Source: (King County, 2012). 
LCL = lower 95 percent confidence interval. 
UCL = upper 95 percent confidence interval. 
MG = million gallons. 
a Estimated from monitored overflows 2005─2014. 
b Estimated from modeled data under controlled CSO conditions 1979─2009. 
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The County’s LTCP includes the Ship Canal project, a joint county/city project to control the 
3rd Ave W CSO location and multiple Seattle CSO locations. The County also developed an 
alternative project to control the 3rd Ave W CSO location if the joint project was found to 
be infeasible. In its Integrated Plan, the City has since proposed the Shared West Ship Canal 
Storage Tunnel, which would control the County’s 11th Ave NW and 3rd Ave W CSO 
locations and four city CSO locations (147, 150/151, 152, and 174) (City of Seattle, 2015d). 
The City estimated that the 11th Ave NW and 3rd Ave W CSOs would discharge 3.9 MG and 
3.1 MG, respectively, each year. The County’s volume estimates for these two locations, 
shown in Table 4-1, were used for the analysis of future loadings. 

City of Seattle CSOs 

The City of Seattle owns seven uncontrolled CSOs that discharge into Lake Union/Ship 
Canal (138, 139, 140, 147, 150/151, 152, and 174). The City’s 2015 Integrated Plan 
identified a large joint CSO control project and multiple small individual projects. The 
Shared West Ship Canal Storage Tunnel project would control four City CSOs (147, 
150/151, 152, and 174) in addition to the County’s 11th Ave NW and 3rd Ave W CSOs (City 
of Seattle, 2015d). The smaller projects would use offline storage and conveyance system 
improvements to control CSOs (Table 4-2). 
 
Seattle also plans to expand the Ballard Natural Drainage System Program (Seattle, 2015b). 
Installation of approximately 20 blocks of bioretention facilities (engineered rain gardens) 
in Ballard’s Loyal Heights neighborhood will reduce the volume of stormwater entering the 
combined sewer system, helping lessen CSO discharges to Salmon Bay. The CSO volume 
reduction associated with this program has not been quantified and is not included in 
estimates of future CSO annual discharge volumes. 
  



Water Quality Assessment and Monitoring Study: Future Loadings 

King County 4-4 October 2017 

Table 4-2. Planned City of Seattle CSO control projects in the Lake Union/Ship Canal study 
area.  

CSO 
Increased 

Conveyance 
Offline 
Storage 

Completion 
Date 

Current Annual 
Discharge Volume 

(MG)a 

Expected Annual 
Discharge Volume 

(MG)b 
LCL Ave. UCL LCL Ave. UCL 

138 Details to be 
determined 0.11 MG 2030 0.18 0.44 0.89 ─ 0.15 ─ 

139 

Not yet 
determined; will 
likely include pump 
station upgrades 

0.01 MG 2030 0.02 0.13 0.30 ─ 0.02 ─ 

140 

Not yet 
determined; will 
likely include pump 
station upgrades 

0.05 MG 2030 0.07 0.28 0.55 ─ 0.08 ─ 

147 

Not planned 

15.24 MG 
joint 
County/City 
storage 
tunnel 

2025 

6.7 12.6 18.7 ─ 1.5 ─ 

150/151 1.5 3.0 4.4 ─ 1.0 ─ 

152 15.6 32.6 45.5 ─ 3.6 ─ 

174 4.0 6.9 10.1 ─ 1.0 ─ 
Source: (City of Seattle, 2015d). 
LCL = lower 95 percent confidence interval. 
UCL = upper 95 percent confidence interval. 
MG = million gallons. 
 a Estimated from monitored overflows 2009─2014. 
b Estimated from modeled data under controlled CSO conditions 1978─2011 for 138, 139, and 140; estimated from modeled data under 
controlled CSO conditions 1978─2009 for 147, 150/151, 152, and 174. The City of Seattle’s Integrated plan did not estimate annual flow 
confidence intervals. 

4.1.2 City of Seattle Stormwater Treatment and Control 
The City of Seattle’s Integrated Plan identifies three stormwater treatment and control 
projects (City of Seattle, 2015d). Projects were selected based on total water quality benefit 
in each basin, including reduction of key contaminants for human exposure (PCBs and fecal 
coliform bacteria) and ecological exposure (phosphorus and PCBs). These projects could 
reduce loadings by 10 to over 100 times more than the CSO control projects whose 
implementation was deferred to later dates as part of the Integrated Plan. Two of the 
projects will impact the Lake Union/Ship Canal study area: 

• The Street Sweeping Expansion Arterials Program will (1) increase street sweeping 
curb-miles, (2) expand the sweeping season from 40 to 48 weeks per year, and 
(3) increase the sweeping frequency from biweekly to weekly for some routes. This 
program will remove potential stormwater contaminants (TSS, PCBs, metals, 
bacteria, and other particulate-bound pollutants) from approximately 2,000 curb-
miles annually in separated sewer basins in the immediate drainage to Lake 
Union/Ship Canal. Estimated load reductions from this program to the stormwater 
conveyance system are shown in Table 4-3. 

• The Capitol Hill Water Quality Improvement project (also known as the Swale on 
Yale) will be implemented in the stormwater drainage basins contributing to Lake 
Union/Ship Canal. The project involves construction of four blocks of stormwater 
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retention swales in the Capitol Hill neighborhood. The swales are expected to treat 
an annual average of 150 MG of stormwater that would otherwise flow into Lake 
Union (Seattle, 2015c). The City of Seattle estimated that TSS loadings will be 
reduced by 22,500 kg each year. Load reductions for metals were estimated based 
on the calculated percent reduction associated with bioswales from the 
International Stormwater BMP Database (Geosyntec and Wright Water Engineers, 
2015). Load reductions for PAHs, PBDEs, and PCBs were estimated by assuming a 
percent reduction equivalent to that of TSS (Table 4-4; Seattle, 2015d). 

 

Table 4-3. Estimated annual stormwater load reductions into Lake Union/Ship Canal from the 
Street Sweeping Expansion Arterials Program (kg/yr unless noted otherwise).  

Parameter Load Reduction 
Fecal Coliform (trillion CFU/yr) 1.55 
TSS 17,344 
Total phosphorus 12.1 
Total Kjeldahl nitrogen 35.2 
BEHP 0.064 
Total PAHs 0.037 
Total PBDEs Not estimated 
Total PCBs (g/yr) 1.6 
Arsenic 0.09 
Copper 2.72 
Lead 1.4 
Mercury (g/yr) 0.86 
Zinc 5.38 
Source: City of Seattle, 2015d. 

 
Table 4-4. Estimated annual stormwater load reductions into Lake Union from the Capitol Hill 

Water Quality Improvement project (kg/yr unless noted otherwise).  

Parameter 
Median Load 

Reduction 
Volume treated (acre-ft)a 469 
BEHPb 1.2 
Copper 5.4 
Lead 8.6 
Total PAHb 1.2 
Total PCB (g/yr)b 4.4 
Total PBDE (g/yr) b 8.6 
Total Phosphorus 26.1 
TSSc 22,500 
Zinc 20.6 
a Source: City of Seattle, 2011. 
b Estimated using percent reduction of TSS (62% removal 
efficiency estimated by City of Seattle, 2011. 
c Based on 62% removal efficiency. 
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4.1.3 State Route 520 Project 
The SR 520—I-5 to Medina Bridge Replacement and HOV—project will widen the State 
Route 520 corridor to six lanes from Interstate-5 in Seattle to Evergreen Point Road in 
Medina and restripe and reconfigure the corridor lanes from Evergreen Point Road to 92nd 
Avenue NE in Yarrow Point.9 The project will replace the vulnerable Evergreen Point 
Bridge (including the west and east approach structures), the Portage Bay Bridge, and local 
street bridges across SR 520.  
 
Current stormwater pathways from the project area are as follows: 

• Runoff from SR 520 discharges directly into Lake Union, Portage Bay, and Lake 
Washington.  

• Stormwater from the I-5/SR 520 interchange is conveyed north in storm drains to 
East Allison Street, where it flows west to an outfall in Lake Union. A 30-foot-deep 
stormwater pump station located between the I-5 southbound and express lanes 
just south of the Roanoke Bridge over SR 520 pumps stormwater into the storm 
drain system conveyed to East Allison Street.  

• Stormwater from the section of SR 520 between approximately 10th Avenue East 
and Montlake Boulevard NE is conveyed in storm drains and discharged to two 
outfalls in Portage Bay—one under the SR 520 structure at Boyer Avenue East and 
the other under the Montlake Boulevard NE eastbound off-ramp.  

• The Portage Bay Bridge discharges stormwater directly into Portage Bay. 
Even though Ecology requires only basic treatment (solids removal) for discharges to these 
waterbodies, WSDOT has included enhanced treatment in the project wherever possible to 
protect fish and aquatic habitat (FHA and WSDOT, 2011). Table 4-5 presents the estimated 
annual load reductions for TSS, copper, and zinc in stormwater entering Lake Union/Ship 
Canal and Lake Washington after project completion. Of this load, 700 kg TSS, 0.14 kg total 
copper, and 0.91 kg total zinc will be removed each year from runoff coming directly from 
the SR 520 Bridge over Portage Bay.  
 
Table 4-5. Estimated annual stormwater load reductions into Lake Union/Ship Canal and Lake 

Washington from the SR 520 project. 

Parameter 

Load Reduction (kg/yr) 
Lake Union/ 
Ship Canal 

Lake 
Washington 

TSS 3,200 8,070 
Copper  0.8 1.8 
Zinc 4.7 11.6 
Source: FHA and WSDOT, 2011. 

4.1.4 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: 
                                                        
9 HOV = high-occupancy vehicle. 
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• Four sites—two in Lake Union and two in Salmon Bay—are awaiting cleanup.  
• Four Lake Union sites are in early stages of cleanup. 
• The cleanup process at two Lake Union sites (Northlake Shipyard and Metro Lake 

Union) has been completed. 
 
Contaminants of concern include low levels of bioaccumulative contaminants, in particular 
tributyltin (TBT) and PCBs (Ecology, 2008).  
 
The Gas Works site in north Lake Union has been identified as a highly contaminated area 
(King County, 2017a). The uplands portion of the site underwent an environmental cleanup 
in 2000─2001 during which 2 feet of clean topsoil was placed over a protective barrier 
(Ecology, 2014c). A groundwater remediation system was installed and operated from 
2001 through 2006. Under an agreed order with Ecology, the City of Seattle and Puget 
Sound Energy are conducting remedial investigations and feasibility studies; in-water 
cleanup of contaminated sediments is expected to begin in 2017.  
 
Additional sediment remediation efforts will likely occur in the Lake Union/Ship Canal 
study area to address sediment contamination from the many years of industrial activities 
in the area (King County, 2017a). 

4.1.5 Upstream Projects 
A qualitative approach was used to rate and sort the estimated impacts of planned 
upstream projects on water quality in the study area (Appendix A). Projects were evaluated 
based on three metrics: proximity of the project to the study area, project size, and project 
objective. Impacts were ranked as high, medium, or low based on expected water quality 
improvements in the study area.  
 
Compliance with some NPDES MS4 permit requirements, such as illicit discharge 
elimination, operation and maintenance, and education and outreach, could not be 
evaluated under this framework. Stormwater management requirements for new and 
redevelopment are discussed in Chapter 3. Source control, TMDL-related, and structural 
stormwater control projects were assessed only if a specific capital project was identified. 
 
For the Lake Union/Ship Canal study area, 99 planned projects upstream of the Montlake 
Cut were assessed (Table 4-6) (see Appendix B for more detail): 

• Nine projects could have a high impact on water quality. All are CSO control 
projects. Eight of these projects will control CSOs to Union Bay (mouth of Lake 
Washington) or along the western shore of Lake Washington through improved 
conveyance and/or storage. The other project will reduce stormwater runoff to the 
combined sewer system through RainWise Program implementation. 

• Three projects could have a medium impact on water quality. Two of the projects 
will treat and reduce the volume of stormwater discharged to Lake Washington 
from northeast Seattle (Thornton Creek) and the SR 520 Bridge. Another project 
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will investigate and remove possible sources of copper and zinc discharging from 
Mercer Island to Lake Washington through the storm sewer system.  

• Eighty-seven projects could have a low impact on water quality. Approximately half 
of the projects would affect direct discharges to Lake Washington, and the other half 
would affect Lake Sammamish or tributaries upstream of Lake Washington (such as 
the Cedar and Sammamish rivers). 

 
Table 4-6. Number and ranked impact of planned upstream projects on water quality in the 

Lake Union/Ship Canal study area. 
Impact 

Ranking Project Type Project Objective 
Number of 
Projects 

High  CSO control Water quality 9 
Medium   Contaminant source identification and removal Water quality 1 
Medium  Stormwater treatment and volume reduction Water quality 2 

Low  Erosion control and reduction Drainage improvements 
and erosion control 6 

Low  General stormwater and wastewater 
improvements 

Drainage improvements 
and erosion control 19 

Low  Habitat restoration Drainage improvements 
and erosion control 1 

Low  Conservation and preservation Habitat restoration 4 

Low  General stormwater and wastewater 
improvements Habitat restoration 2 

Low Habitat restoration Habitat restoration 23 

Low  General stormwater and wastewater 
improvements Water quality 10 

Low  Habitat restoration Water quality 3 
Low  Public transportation Water quality 1 
Low  Stormwater treatment and volume reduction Water quality 18 

Total high impact projects 9 
Total medium impact projects 3 
Total low impact projects 87 

Total planned upstream projects  99 

 Estimated Reductions in Contaminant Loadings 

Table 4-7 shows the current (2015) and estimated future (2030) COI loads in the study 
area. Bar graphs of individual contaminant loads are presented in Appendix D.  
 
The estimates do not include the following: 

• Future upstream loads, because of a lack of data on the quantitative impacts of 
upstream projects on contaminant loads entering Lake Union/Ship Canal via the 
Montlake Cut.  

• Stormwater load reductions associated with current or future public or private 
stormwater facilities or operations, except for selected City of Seattle projects, were 
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not calculated. Thus, the stormwater pathway load is likely overestimated but the 
magnitude of overestimation is unknown. 

Uncertainties in both current and future load estimates are discussed in Chapter 2. 

 Conclusions 

In most cases, a conclusion cannot be drawn regarding measureable changes in COI loads 
between 2015 and 2030 in the Lake Union/Ship Canal study area, mainly because of the 
greater magnitude of the contaminant loads from certain pathways and the uncertainty 
surrounding the future loads from these pathways. However, substantial reductions in the 
annual load of fecal coliform bacteria and copper were estimated. These estimated 
reductions are primarily due to CSO control and a statewide ban on antifouling paint for 
recreational vessels under 65 feet. 
 
The projections given below are conservative to account for the inability to project 
quantitative changes in upstream contaminant loads and from stormwater projects (such 
as redevelopment-triggered stormwater controls). The upstream contribution is held 
constant; only the quantitative elements for stormwater reduction from the City of Seattle’s 
Integrated Plan and the environmental impact statement for the SR 520 project were used 
to estimate future stormwater loads (City of Seattle, 2015d; FHA and WSDOT, 2011). 

• Fecal coliform bacteria. CSOs are considered to be the major contributing pathway 
of bacteria. CSO control between 2015 and 2030 is estimated to more than halve the 
estimated present-day bacteria load. This decrease will likely result in decreased 
ambient water concentrations and will translate to decreased exceedances of state 
water quality criteria in Lake Union and Salmon Bay. (No criteria exceedances have 
occurred in the Montlake Cut in the past 10 years.) When CSOs do discharge, 
however infrequently, the peak bacteria water quality criterion will likely be 
exceeded near the discharging outfalls. Stormwater runoff alone may continue to 
cause peak criterion exceedances. 

• Copper. Inflow of antifouling paint from Lake Washington is the major contributor 
of copper to the study area. In 2020, the application of antifouling paint containing 
more than 0.5 percent copper to recreational vessels less than 65 feet long will be 
prohibited (Chapter 70.300 RCW). While this law does not apply to commercial 
vessels and recreational boats 65 feet or longer, a substantial reduction in copper 
loading from paint is estimated between 2015 and 2030. The reduction represents 
approximately half of the total copper load to the Lake Union/Ship Canal study area 
and will likely lead to measurable decreases in ambient water concentrations, 
especially near marinas where vessel density is greatest. 
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Table 4-7. Estimated reductions in contaminant loadings into Lake Union/Ship Canal study area between 2015 and 2030.  (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.)  

 

Fecal Coliform (trillion 
CFU/yr) TSS (10^3 kg/yr) Total Phosphorus (kg/yr) Total Nitrogen (kg/yr) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Lake Washington 33–67 – – 1,200–
1,900 – – 12,000–

18,000 – – 280,000–
390,000 – – 

Stormwater 
runoffa 

220–
1,770 

220–
1,760c 0% 510–

870 
470–
830 –6% 1,500–

2,400 
1,400–
2,300 –2% 14,000–

24,000 ─b 0% 

King County 
CSOs 

4,000–
33,000 

900–
9,900 –74% 32–128 8.0–38 –74% 340–

1,480 80–440 –74% 1,800–
8,000 

440–
2,390 –74% 

Seattle CSOs 1,500–
14,500 

380–
2,600 –83% 13–56 3.3–10 –83% 130–640 35–116 –83% 700–

3,500 18–630 –83% 

Highway bridges 0.13–
1.35 – – 3.2–6.4 – – 5.8–12 – – 0.0–940 – – 

Air deposition NA – – NA – – NE – – NE – – 
Antifouling paint NA – – NA – – NA – – NA – – 
Treated pilings NA – – NA – – NA – – NA – – 
Total quantified 
load 

5,000–
50,000 

1,500–
14,300 –74% 1,800–

3,000 
1,700–
2,800 –5% 15,000–

24,000 
15,000–
22,000 –4% 300,000–

430,000 
290,000–
420,000 –1% 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City of Seattle projects, were not included in the estimates. 
Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle Swale on Yale project did not estimate fecal coliform, total arsenic, total lead, total mercury, and BBP load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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Table 4-7 Estimated reductions in contaminant loadings into Lake Union/Ship Canal study area between 2015 and 2030. (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) (continued) 

 
Total PAHs (kg/yr) Total PCBs (g/yr) Total PBDEs (g/yr) BEHP (kg/yr) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percen

t 
Chang

e 
Curren
t (2015) 

Futur
e 

(2030) 

Mean 
Percent 
Change 

Curren
t (2015) 

Futur
e 

(2030) 

Mean 
Percen

t 
Chang

e 
Curren
t (2015) 

Futur
e 

(2030) 

Mean 
Percent 
Change 

Lake 
Washington 49–99 – – 110–

230 – – 670–
1,480 – – 100–

7,000 – – 

Stormwater 
runoffa 10–29 9.0–27 –8% 23–150 17–

150 –12% 160–
430 

150–
430d –5% 16–30 15–29 –6% 

King County 
CSOs 

0.39–
1.85 0.1–0.55 –74% 11–58 2.8–17 –74% 22–109 5.0–32 –74% 1.2–5.8 0.2–

1.71 –74% 

Seattle CSOs 0.16–
0.81 

0.04–
0.145 –83% 5.0–25 1.2–

4.6 –83% 9.0–47 2.3–
8.5 –83% 0.5–2.5 0.12–

0.45 –83% 

Highway bridges NE – – 0.15–
0.59 – – 0.1–7.3 – – NE – – 

Air deposition 1.0–1.2 – – 17–44 – – 11–59 – – NE – – 

Antifouling paint NA – – NA – – NA – – NA – – 

Treated pilings 890–
5,600 

890–
56,400 –0% NA – – NA – – NA – – 

Total quantified 
load 

900–
5,700 

900–
5,700 –0% 160–

490 
150–
430 –14% 900–

2,100 
840–
2,010 –5% 100–

7,000 
100–
7,000 0% 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City of Seattle projects, were not included in the estimates. 
Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle Swale on Yale project did not estimate fecal coliform, total arsenic, total lead, total mercury, and BBP load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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Table 4-7 Estimated reductions in contaminant loadings into Lake Union/Ship Canal study area between 2015 and 2030. (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) (continued) 

 
Arsenic (kg/yr) Copper (kg/yr) Lead (kg/yr) Mercury (kg/yr) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Lake Washington 770–
1,090 – – 1,100–

1,400 – – 61–120 – – 0.41–
0.79 – – 

Stormwater 
runoffa 15–24 15–24c 0% 160–

230 
110–
190 –23% 140–

240 
130–
230c –5% 0.07–

0.58 
0.07–
0.58c 0% 

King County 
CSOs 0.7–2.4 0.16–

0.71 –74% 9.0–38 2.1–11 –76% 7.0–29 1.7–
8.6 –74% 0.015–

0.064 
0.0037–
0.0191 –74% 

Seattle CSOs 0.27–
1.04 

0.069–
0.187 –83% 3.7–17 0.9–

2.9 –85% 2.8–13 0.7–
2.3 –83% 0.006–

0.028 
0.0016–
0.005 –83% 

Highway bridges 0.073–
0.118 – – 0.8–1.5 – – 0.5–2.6 – – 0.0–0.0 – – 

Air deposition 0.9–1.1 – – 23–28 – – 15–21 – – 0.024–
0.034 – – 

Antifouling paint NA – – 2,600–
5,300 

1,200–
2,600 –52% NA – –– NA – – 

Treated pilings NA – – NA – – NA – – NA – – 
Total quantified 
load 

790–
1,130 

790–
1,120 0% 3,900–

7,100 
2,400–
4,300 –40% 230–

430 
210–
390 –8% 0.5–1.5 0.51–

1.43 –4% 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City of Seattle projects, were not included in the estimates. 
Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle Swale on Yale project did not estimate fecal coliform, total arsenic, total lead, total mercury, and BBP load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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Table 4-7 Estimated reductions in contaminant loadings into Lake Union/Ship Canal study area between 2015 and 2030. (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) (continued) 

 
Zinc (kg/yr) BBP (kg/yr) Volume (MG) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Lake Washington 610–
1,000 – - NE – – 279,000-

365,000 – – 

Stormwater runoffa 770–
1,170 

740–
1,140 –3% 2.0–3.0 2.0–

3.0c 0% 30,000-
35,000 – – 

King County CSOs 36–134 9.0–40 –74% 0.15–
1.22 

0.036–
0.361 –74% 71–212 17–63 –74% 

Seattle CSOs 14–58 3.7–11 –83% 0.06–
0.53 

0.015–
0.095 –83% 29–92 7–17 –83% 

Highway bridges 4.4–8.7 – – 0.016–
0.035 – – 10–11 – – 

Air deposition 130–
170 – – NE – – NA – – 

Antifouling paint NE – – NA – – NA – – 
Treated pilings NA – – NA – – NA – – 
Total quantified 
load 

1,600–
2,600 

1,500–
2,500 –5% 2.2–4.8 2.1–

3.5 –14% – – – 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City Seattle projects, were not included in the estimates. 
Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle Swale on Yale project did not estimate fecal coliform, total arsenic, total lead, total mercury, and BBP load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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• PAHs. PAHs were identified as exceeding freshwater sediment benthic cleanup 
standards in Lake Union and Salmon Bay. No changes in loadings of PAHs are 
estimated between 2015 and 2030. Creosote-treated pilings are the major 
contributing pathway (98 percent) of PAHs in the study area. Dock redevelopment 
will eventually replace these pilings with metal, concrete, or plastic pilings, but no 
widespread effort in Lake Union/Ship canal is currently planned. Over the next 
century, it is likely that all treated pilings will be removed and replaced with 
untreated alternatives.  

• Other COIs. Inadequate data, mainly from uncertainties around future upstream 
and stormwater contaminant loads, are available to estimate whether the annual 
load of total phosphorus, total nitrogen, TSS, total arsenic, total lead, total mercury, 
total zinc, total PCBs, total PBDEs, BEHP, and BBP will change and whether ambient 
water quality conditions for these parameters will change.  
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5.0 DUWAMISH ESTUARY/ELLIOTT BAY 
PLANNED ACTIONS AND ESTIMATED 
FUTURE LOADINGS  

This chapter summarizes planned actions that will take place between 2015 and 2030 that 
will change contaminant loadings to the Duwamish Estuary/Elliott Bay study area and then 
presents estimates of future (2030) loadings and water quality conditions in this study 
area based on existing conditions and the load changes identified. 

Planned Actions 

This section discusses the following planned actions that are expected to change 
contaminant loadings to the Duwamish Estuary/Elliott Bay study area: CSO control, 
stormwater treatment and control, the Alaskan Way Viaduct Replacement and Elliott Bay 
Seawall projects, creosote-treated pilings removal, contaminated sediment cleanup, and 
upstream projects.  

5.1.1 CSO Control and Treatment 
King County and City of Seattle CSO control projects are estimated to reduce average 
annual untreated CSO discharges in the study area by approximately 450 MG by 2030, 
representing an 85 percent reduction between 2015 and 2030. These projects will reduce 
the frequency of discharges from each CSO site to once per year or less on average. 

King County CSOs 

The County’s 2012 LTCP includes nine proposed projects to control the remaining 
uncontrolled CSO locations (King County, 2012). Five of these projects will control the 10 
CSO locations that discharge into the Duwamish Estuary/Elliott Bay study area (King St, 
Kingdome, Lander St, Hanford #2, Chelan, Hanford #1, Brandon St, Terminal 115, S 
Michigan, and W Michigan) (Table 5-1).  
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Table 5-1. Planned King County CSO control projects in the Duwamish Estuary/Elliott Bay study area. 

CSO 

Green 
Stormwater 

Infrastructure 
Increased 

Conveyance 
Offline 
Storage 

CSO 
Treatment 

Completion 
Date 

Current Annual 
Discharge Volume 

(MG)a 

Expected 2030 
Annual Discharge 

Volume (MG)b 

LCL Ave. UCL LCL Ave. UCL 

Hanford #1  
Increase 
conveyance to 
Bayview Tunnel 

Up to 0.34 MG 
storage near 
Rainier Ave. 

 2019 19.7 39.0 67.6 0.03 0.1 0.2 

Brandon St 

 

New pipeline to 
convey flows 
from Brandon St 
Regulator to the 
new plant near 
S Michigan CSO 

 

Up to 66 
mgd of 
CSO 
treatment 

2022 

11.4 19.8 31.5 3.6 6.0 9.6 

S Michigan St 19.1 42.7 78.8 7.8 13.0 20.6 

Chelan Ave   Modify an 
existing pipeline 

Up to 3.85 MG 
storage near 
West 
Waterway 

 2023 3.4 10.4 30.0 2.5 4.1 6.4 

W Michigan St 
Up to 24% of 
impervious area 
mitigated with 
RainWise and 
green streets 

 

Up to 0.32 MG 
storage along 
W Marginal 
Way 

 2025 
1.0 1.7 2.6 0.3 0.6 1.0 

Terminal 115 1.0 2.1 3.3 1.2 2.4 4.7 

Hanford #2 

 

Modify existing 
pipeline to divert 
flows to new 
plant near 
Hanford #2 

 

Up to 151 
mgd of 
CSO 
treatment 

2030 

91.3 142 204 14.8 23.4 37.3 
Lander St 133 223 339 5.6 8.9 14.0 
King St 14.7 22.7 37.5 1.7 2.9 4.6 
Kingdome 9.7 19.8 41.1 9.2 14.6 22.0 
Source: (King County, 2012). 
LCL = lower 95 percent confidence interval. 
UCL =upper 95 percent confidence interval. 
MG = million gallons. 
mgd = million gallons per day. 
a Estimated from monitored overflows 2005─2014. 
b Estimated from modeled data under controlled CSO conditions 1979─2009. 
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Project approaches in the County’s LTCP are as follows: 

• Green stormwater infrastructure. GSI includes two components: RainWise and 
green streets. The RainWise Program is a voluntary program that gives rebates for 
installing rain gardens and/or cisterns on private property in basins where the 
County or City are controlling CSOs. Green streets refer to bioretention facilities 
(engineered rain gardens) built in public rights-of-way such as parking strips.  

• CSO treatment. Two wet-weather treatment facilities will be built. The County 
estimates that 615 MG of primary-treated and disinfected CSO effluent will be 
discharged annually into Duwamish Estuary/Elliott Bay from these two facilities 
(King County, unpublished data). Approximately 153 MG of primary-treated and 
disinfected effluent are discharged annually from existing county wet-weather 
treatment facilities. (See Appendix F for more information on contaminant loads 
from wet-weather treatment facilities.) 

• Conveyance improvements and offline storage. Existing pipelines will be 
modified or new pipelines will be built to convey flows to storage or treatment 
facilities, and new storage tanks will hold the flow until downstream capacity is 
available to transport the flow to West Point for treatment. 

City of Seattle CSOs 

The City of Seattle owns three uncontrolled CSO locations that discharge into the 
Duwamish Estuary/Elliott Bay study area (069, 107, and 111). The Integrated Plan 
includes three small offline storage and/or conveyance improvement projects to control 
CSOs at these locations (Table 5-2) (City of Seattle, 2015d). 
 
Table 5-2. Planned City of Seattle CSO control projects in the Duwamish Estuary/Elliott Bay 

study area. 

CSO 
Increased 

Conveyance 
Offline 
Storage  

Completion 
Date 

Current Annual 
Discharge Volume 

(MG)a 

Expected Annual 
Discharge Volume 

(MG)b 

LCL Ave. UCL LCL Ave. UCL 

069 Not planned 0.13 MG 
storage 2025 0.1 0.3 0.5 ─ 0.5 ─ 

107 

Repair leaking flap 
gate and install valve 
to prevent backups 
from King County 
Elliott Bay Interceptor  

0.50 MG 
storage 2030 0.6 1.6 3.0 ─ 0.01 ─ 

111 
Modify overflow 
structure and raise 
weir heights 

0.01 MG 
storage 2030 0.2 1.6 6.1 ─ 0.09 ─ 

Source: (City of Seattle, 2015d). 
LCL = lower 95 percent confidence interval. 
UCL = upper 95 percent confidence interval. 
MG = million gallons. 
 a Estimated from monitored overflows 2009─2014. 
b Estimated from modeled data under controlled CSO conditions 1978─2011 for 107 and 111; estimated from modeled data under 
controlled CSO conditions 1978─2009 for 069. 
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5.1.2 City of Seattle Stormwater Treatment and Control 
The City’s Integrated Plan identifies three stormwater treatment and control projects to 
improve water quality in the Duwamish Estuary/Elliott Bay study area (City of Seattle, 
2015d). Projects were selected based on total water quality benefit in each basin, including 
reduction of key contaminants for human exposure (PCBs and fecal coliform bacteria) and 
ecological exposure (phosphorus and PCBs). These projects could reduce loadings by 10 to 
over 100 times more than the CSO control projects whose implementation was deferred to 
later dates as part of the Integrated Plan. Contaminant load reductions associated with 
these projects are presented in Table 5-3. 
 
The following stormwater projects are included in the Integrated Plan for the study area: 

• Longfellow Creek Natural Drainage System (NDS). The NDS project is a regional 
GSI project that will construct bioretention facilities in separated storm sewer 
system basins. These facilities will be designed to reduce loads of PCBs, metals, 
bacteria, and other contaminants. Two types of bioretention systems will be 
constructed: (1) shallow infiltration rain gardens with no underdrains; and (2) rain 
gardens with underdrains (perforated pipes) to collect stormwater that passes 
through the bioretention media but does not infiltrate into native soils in an 
acceptable timeframe. The underdrains will collect the treated stormwater that does 
not infiltrate and convey it to a city stormwater system or underground injection 
control structure. The remainder of the treated stormwater will infiltrate or 
evaporate. Collectively, the NDS facilities will be designed to allow for 50 percent of 
the volume to be infiltrated and the other 50 percent to be discharged. 

• Street Sweeping Expansion Arterials Program. The Street Sweeping Expansion 
Arterials Program will focus on separated storm sewer system basins. The program 
will (1) increase street sweeping curb-miles, (2) expand the sweeping season from 
40 to 48 weeks per year, and (3) increase the sweeping frequency from biweekly to 
weekly for some routes. It will cover approximately 3,600 curb-miles in stormwater 
basins draining to Duwamish Estuary/Elliott Bay and will result in reduction of TSS, 
PCBs, metals, bacteria, and other particulate-bound pollutants to these waterbodies.  

• South Park Water Quality Facility. The objective of the South Park Water Quality 
Facility project is to reduce loads of total PCBs, metals, bacteria, and other pollutants 
to the Lower Duwamish Waterway. The South Park drainage is a highly 
industrialized area of approximately 238 acres (including 145 acres of impervious 
surface). Future changes in stormwater infrastructure may expand the drainage 
area to 278 acres. The main component of this project is installation of an active 
stormwater treatment system (such as Chitosan Enhanced Sand Filtration) with a 
capacity of 74 MG to remove about 80 percent of the TSS load (approximately 
24,700 kg) in an average year. If left untreated, the contaminants associated with 
this volume of stormwater would discharge to the waterway.  
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Table 5-3. Estimated annual stormwater load reductions into Duwamish Estuary/Elliott Bay 
study area associated with City of Seattle Integrated Plan stormwater projects 
kg/yr unless noted otherwise).  

Parameter Longfellow Natural 
Drainage System 

Street Sweeping Expansion 
Arterials Program 

South Park Water 
Quality Facility 

Fecal coliform (trillion 
CFU/yr) 2.7 2.78 52.7 

TSS 1,173 31,200 24,700 
Total phosphorus 2.1 21.8 46 
Total Kjeldahl nitrogen Not estimated 63.3 Not estimated 
Total nitrogen Not estimated Not estimated Not estimated 
BEHP 0.03 0.12 0.29 
Total PAHs Not estimated 0.067 Not estimated 
Total PBDEs (g/yr) 0.45 Not estimated 4.7 
Total PCBs (g/yr) 0.30 2.92 6.9 
Arsenic Not estimated 0.16 Not estimated 
Copper 0.2 4.89 4.5 
Lead Not estimated 2.52 Not estimated 
Mercury Not estimated 0.0016 Not estimated 
Zinc 1.8 9.69 29 
Source: City of Seattle, 2015d. 

5.1.3 Alaskan Way Viaduct Replacement Program 
The Alaskan Way Viaduct Replacement Program includes projects led by WSDOT, King 
County, City of Seattle, and Port of Seattle. The Federal Highway Administration is a partner 
in this effort. Major elements include an underground tunnel, new surface highway 
stretches, and demolition of the viaduct. Drainage improvements and water quality 
treatment are included. 
 
Portions of the project area currently discharge to Elliott Bay without treatment. After 
project completion, the amount of pollutant-generating impervious surfaces in the area 
that drains to surface waters will be reduced and water quality treatment will be provided 
for the remaining impervious surfaces (WSDOT et al., 2011). Table 5-4 shows estimated 
contaminant loads to stormwater for current and post-project conditions. Other portions of 
the project area will continue to drain to the combined sewer system and to Elliott Bay; 
these drainages are included in CSO loadings projections. 
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Table 5-4. Estimated contaminant loads to stormwater runoff in the Duwamish Estuary/Elliott 
Bay study area for existing conditions and for expected conditions following 
Alaskan Way Viaduct replacement (kg/yr). 

Parameter 

Existing 
Conditions 

Median Load  

Expected 
Conditionsa 
Median Load  

Stormwater 
Load 

Reduction  
Percent 

Reduction 
TSS 27,480 17,290 10,190 37% 

Total copper 5.71 3.76 1.95 34% 

Total zinc 35.0 22.7 12.3 35% 
Source: WSDOT et al., 2011. 
a Expected condition is the Bored Tunnel (Preferred Build) alternative in WSDOT et al., 2011. 

5.1.4 Elliott Bay Seawall Project 
The Seattle Department of Transportation is implementing the Elliott Bay Seawall Project, 
which is replacing the existing seawall along the shoreline of downtown Seattle between 
South Washington Street in the south and Broad Street in the north.  
 
The Seawall Project is expected to have a net benefit on Elliott Bay water quality as the 
result of reductions in pollutants in stormwater that enters Elliott Bay (City of Seattle, 
2012b; City of Seattle, 2014). Measures to reduce stormwater pollution include treatment 
prior to discharge and source control, which will reduce loading of TSS, copper, zinc, and 
benzo(a)pyrene (a PAH) to Elliott Bay (Table 5-5). Treatment would likely reduce other 
contaminants such as PCBs and phthalates, but these reductions were not estimated (City 
of Seattle, 2015d). The project will not change CSO discharge volumes or frequencies. 
 
The project will remove approximately 80 creosote-treated pilings from Elliott Bay (City of 
Seattle, 2012b). The removal will result in a decreased load of PAHs that leach from treated 
pilings (see “Creosote-Treated Piling Removal” below).  
 
Table 5-5. Estimated contaminant loads to Elliott Bay for existing conditions and for expected 

conditions following Elliott Bay Seawall Project completion (kg/yr).  

Parameter 

Existing 
Conditions 

Median Load  

Expected 
Conditionsa 
Median Load  

Stormwater 
Load 

Reduction  
Percent 

Reduction 
TSS 2,476 705 1,771 72% 

Total copper 0.56 0.41 0.15 28% 

Total zinc 3.29 2.19 1.1 33% 

Benzo(a)pyrene 0.00193 0.00132 0.00061 32% 
Source: City of Seattle, 2012b. 
a Expected condition is the Preferred Build alternative in City of Seattle, 2012b. 

5.1.5 Creosote-Treated Piling Removal 
An estimated 20,000 and 59,000 creosote-treated wood pilings, a source of total PAHs, are 
located in Duwamish Estuary/ Elliott Bay (King County, 2017d). Five projects in the 
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Duwamish Estuary/Elliott Bay study area likely to be completed prior to 2030 would 
involve the removal of creosote-treated pilings. Three of the five projects (Pier 62-63, 
Colman Dock, and Pier 48) are located along a three-quarter mile stretch of the Seattle 
waterfront adjacent to the Seawall Project. The fourth project, Terminal 25, involves 
removal of derelict pilings in the southeast corner of the East Duwamish Waterway. The 
fifth project is part of the Lockheed West Superfund cleanup in SW Elliott Bay. Depending 
on the diameter of the pilings at the five locations and the PAH leaching rate, the total 
estimated annual reduction of PAH loads to Duwamish Estuary/Elliott Bay is between 640 
kg and 1,360 kg (Table 5-6). 
 
Table 5-6. Creosote-treated piling removal projects, estimated pilings removed, and 

estimated PAH load reductions to Duwamish Estuary/Elliott Bay study area.  

Removal 
Project 

Number of 
Pilings Removed 

PAH Load Reduction (kg/yr) 

Lower 
Estimate Mid Estimate Upper 

Estimate 
Pier 62-63 1,800 90 130 180 
Colman Dock 3,700 170 260 370 
Pier 48 4,000 190 290 400 
Terminal 25 1,700 90 140 200 
Seawall Project 80 2 7 14 
Lockheed West 1,700 90 140 200 
Total 26,300 640 980 1,360 

5.1.6 Alaskan Way, Promenade, and Overlook Walk Project 
The Alaskan Way, Promenade, and Overlook Walk project aims to transform Seattle’s 
central waterfront by capitalizing on the opportunity created by replacement of the 
Alaskan Way Viaduct and the Elliott Bay Seawall. Four contiguous projects would create a 
new transportation corridor between South King Street and Battery Street, construct new 
public open space along Elliott Bay adjacent to the new Alaskan Way, provide a major new 
pedestrian connection between the Pike Place Market and the waterfront, and improve 
east-west connections between downtown Seattle and the waterfront. 
 
The project is expected to benefit water quality (City of Seattle, 2015a). It would (1) reduce 
flow volumes in combined sewers by diverting a portion of the stormwater runoff from the 
combined sewer 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 pollutant-generating surfaces that was previously 
untreated. The project is expected to reduce TSS, copper, and zinc loadings (Table 5-7). 
Treatment would likely reduce other contaminants, but the City has not estimated these 
reductions. 
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Table 5-7. Estimated contaminant loads to Elliott Bay for existing conditions and for expected 
conditions following Alaskan Way, Promenade, and Overlook Walk project 
completion (kg/yr).  

Parameter 

Existing 
Conditionsa 
Median Load  

Expected 
Conditionsb 
Median Load  

Load 
Reduction  

Percent 
Reduction 

TSS 150 80 70 47% 

Total copper 0.06 0.05 0.01 17% 

Total zinc 0.33 0.19 0.14 42% 
Source: City of Seattle, 2015a. 
a Existing conditions are based on expected conditions following completion of the Alaskan Way Viaduct 
Replacement, Seawall, and Pike Place Market Waterfront Entrance projects. 
b Expected condition is the Preferred Build alternative in City of Seattle, 2015a. 

5.1.7 Sediment Cleanup 
Four Superfund sites in the Duwamish Estuary/Elliott Bay study area are in various stages 
of the cleanup process. The sites, described below, are Pacific Sound Resources, Lower 
Duwamish Waterway, Harbor Island, and Lockheed West Seattle.  
 
Ecology has identified additional cleanup sites for sediments at Colman Dock (Pier 
53/54/55) and near the County’s King St CSO (Piers 46/47/48). Cleanup at Piers 53/54/55 
is proposed as part of the Multimodal Terminal at Colman Dock project scheduled to be 
constructed between 2016 and 2021 (WSDOT, 2014). No plans have been made for 
sediment cleanup in the area surrounding the King St CSO. 

Pacific Sound Resources – Cleanup Complete 

The Pacific Sound Resources site, formerly known as the Wyckoff West Seattle Wood 
Treating facility, is located on the south shore of Elliott Bay. Over half of the site is on either 
intertidal or subtidal lands. The upland property was purchased by the Port of Seattle in 
1994. Creosote and related hazardous constituents were discharged onto the ground 
during operation, seeped into shallow groundwater, and eventually discharged into 
subtidal sediments immediately to the north. Hazardous constituents were also disposed of 
directly onto the site’s intertidal areas. Cleanup of contaminants, including creosote and 
PAHs, was completed in 2005 and follow-up work is under way (EPA, 2009).  

Harbor Island – Cleanup Partially Complete 

The Harbor Island Superfund site in the Duwamish Estuary includes both the industrialized 
upland area of the island and nearshore sediment. An EPA inspection in 1982 of the lead 
smelter facility formerly located on Harbor Island identified lead-contaminated soil. The 
inspection resulted in the listing of the site on the National Priorities List (NPL) in 1983. 
Sediment remediation has been completed for the Todd Shipyards operable unit (OU) and 
Lockheed Shipyard OU. In 2003, a “no action” record of decision (ROD) was issued for the 
West Waterway OU based on the determination that public health and the welfare of the 
environment were not at risk from contaminants identified in the waterway (EPA, 2003). 
For the East Waterway OU, a feasibility study (FS) for alternatives to clean up 
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contaminated sediments will be completed in late 2016. EPA will then issue an ROD for 
cleanup of the sediments. 

Lockheed West Seattle – Cleanup Planned 

The Lockheed West Seattle Superfund site is located west of the West Duwamish 
Waterway. The former shipyard property was sold to the Port of Seattle in 1992. 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, TBT, and petroleum products (Lockheed Martin, 2012). The remedial 
investigation (RI) report and cleanup FS were submitted to EPA and finalized in 2012 
(Lockheed Martin, 2012), and an ROD was issued in 2013 (EPA, 2013a). Sediment cleanup 
is expected to begin in 2018. 

Lower Duwamish Waterway – Cleanup Partially Complete 

In 2000, the City of Seattle, King County, Port of Seattle, and The Boeing Company formed 
the Lower Duwamish Waterway Group and signed an Administrative Order on Consent to 
conduct an RI/FS in the Lower Duwamish Waterway, with oversight by EPA and Ecology. In 
September 2001, a 5-mile stretch of the Lower Duwamish Waterway was listed on the NPL 
to address the sediment contamination and, in 2002, was designated as a Washington 
Model Toxics Control Act (MTCA) site (Lower Duwamish Waterway Group, 2010). 
 
In 2003, the Phase 1 RI was completed. Seven sites along the main waterway channel (RM 
0.0 to RM 5.0) were identified as the most contaminated areas in the waterway. These sites 
were designated as early action areas (EAAs) and scheduled for remediation prior to the 
larger Superfund cleanup effort. The EAAs and their status are as follows: 

• Duwamish/Diagonal (cleanup complete).  
• Trotsky Inlet (cleanup planned). The Trotsky Inlet site is under an MTCA order to 

conduct an RI/FS and develop a cleanup action plan. Contaminants include PCBs, 
PAHs, pesticides, and metals including arsenic and copper. 

• Slip 4 (cleanup complete).  
• Boeing Plant 2/Jorgensen Forge (BP2/JF) (cleanup complete).  
• Terminal 117 (cleanup complete). 
• Norfolk (cleanup complete).  

 
An RI was completed for the Lower Duwamish Waterway in 2010 and the FS, which 
identifies cleanup alternatives for the site, was completed in 2012 (Lower Duwamish 
Waterway Group, 2010 and 2012). EPA issued the ROD in November 2014 (EPA, 2014). 
Future cleanup measures will include 105 acres of dredging, 24 acres of sediment capping, 
and 48 acres of enhanced natural recovery. These measures seek to reduce health risks to 
people and aquatic life. The FS outlines ongoing actions to address the identified issues.  
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Lower Duwamish Source Control – Ongoing  

Ongoing contaminant sources need to be identified and eliminated prior to sediment 
cleanup to prevent recontamination of sediments. Ecology leads the interagency Source 
Control Work Group (SCWG). The SCWG shares information, discusses strategy, develops 
action plans, implements source control measures, and tracks progress for each of the 24 
sub-basins along the Lower Duwamish Waterway. The SCWG includes Ecology, the City of 
Seattle, King County, Port of Seattle, and EPA. Roles of SCWG members are as follows: 

• Ecology is the lead for source control at upland contaminated properties and 
properties that discharge directly to the waterway. 

• The City is the lead for source control in its storm drain systems. 
• The County is the lead for source control for discharges to the wastewater or 

combined sewer system. 
• EPA provides technical assistance and coordinates sediment investigations and 

cleanups. It is the lead for several sediment remediation sites. 

5.1.8 Upstream Projects 
A qualitative assessment was used to rate and sort the estimated impacts of planned 
upstream projects on water quality in the Duwamish Estuary/Elliott Bay study area 
(Appendix A). Projects were evaluated based on three metrics: proximity to study area, 
project size, and objective.  
 
Compliance with some NPDES MS4 permit requirements, such as illicit discharge 
elimination, operation and maintenance, and education and outreach, could not be 
evaluated under this framework. Stormwater management requirements for new and 
redevelopment are discussed in Chapter 3. Source control, TMDL-related, and structural 
stormwater control projects were assessed only if a specific capital project was identified. 
 
Forty-three planned projects upstream of the confluence of the Black and Green rivers 
were assessed. Potential impacts were ranked as high, medium, or low (Table 5-8): 

• One project—the Tukwila’s Storm Water Quality Retrofit Program—was identified 
as a medium project. This stormwater treatment and volume reduction project will 
retrofit Tukwila’s storm sewer system, which should affect stormwater discharged 
to the Duwamish Estuary and lower Green River.  

• Forty-two projects were identified as low impact projects for water quality in the 
study area but may have greater impacts on the Green River.  

Details on individual projects are presented in Appendix C. 
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Table 5-8. Number and ranked impact of planned upstream projects on water quality in the 
Duwamish Estuary/Elliott Bay study area. 

Impact 
Ranking Project Type Project Objective 

Number of 
Projects 

Medium  Stormwater treatment and volume reduction Water quality 1 

Low  Erosion control and reduction Drainage improvements 
and erosion control 3 

Low  General stormwater and wastewater 
improvements 

Drainage improvements 
and erosion control 5 

Low  Habitat restoration Drainage improvements 
and erosion control 1 

Low  Conservation and preservation Habitat restoration 4 

Low  General stormwater and wastewater 
improvements Habitat restoration 2 

Low Habitat restoration Habitat restoration 11 

Low  General stormwater and wastewater 
improvements Water quality 2 

Low  Habitat restoration Water quality 1 
Low  Public transportation Water quality 1 
Low Sewer improvements Water quality 2 
Low  Stormwater treatment and volume reduction Water quality 10 

Total medium impact projects 1 
Total low impact projects 42 

Total planned upstream projects  43 

 Estimated Reductions in Contaminant Loadings 

Table 5-9 shows the current (2015) and estimated future (2030) COI loads to Duwamish 
Estuary/Elliott Bay study area. Bar graphs of individual contaminant loads are presented in 
Appendix E.  
 
The estimates do not include the following: 

• Future upstream loads, because of a lack of data on the quantitative impacts of 
upstream projects on contaminant loads entering the study area.  

• Stormwater load reductions associated with current or future public or private 
stormwater facilities or operations, except for selected City of Seattle projects, were 
not calculated. Thus, the stormwater pathway load is likely overestimated but the 
magnitude of the overestimation is unknown. 

 
Uncertainties in both current and future load estimates are discussed in Chapter 2. 
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Table 5-9. Estimated reductions in contaminant loadings into Duwamish Estuary/Elliott Bay study area between 2015 and 2030.  (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) 

 

Fecal Coliform (trillion 
CFU/yr) TSS (10^3 kg/yr) Total Phosphorus (kg/yr) Total Nitrogen (kg/yr) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Green River 1,000–
5,000 – – 11,000–

32,000 – – 47,000–
73,000 – – 590,000–

870,000 – – 

Stormwater 
runoffa 

400–
3,700 

320–
3,620 –6% 1,000–

1,800 
900–
1,700 –5% 2,900–

4,900 
2,900–
4,900 –2% 23,000–

40,000 -b 
 

Local tributary 40–340 – – 110–
270 – – 570–

940 – – 9,000–
17,000 – – 

King County 
CSOs 

16,000–
132,000 

2,500–
20,400 –85% 140–

510 21–78 –85% 1,400–
5,900 

220–
910 –85% 8,000–

32,000 
1,200–
4,900 –85% 

Seattle CSOs 90–
2,450 

40–
460 –77% 0.8–9.4 0.31–

1.78 –77% 8.0–109 3.2–21 –77% 40–590 17–112 –77% 

Wet–weather 
treatment 
facilities 

1.7–19 11–29 135% 54–68 100–
110 68% 500–

1,420 
1,800–
2,700 148% NE >15,000 – 

Highway 
bridges NE – – 2.0–4.2 – – 8.0–28 – – 0.0–560 – – 

Air deposition NA – – NA – – NE – – NE – – 
Antifouling 
paint NA – – NA – – NA – – NA – – 

Treated pilings NA – – NA – – NA – – NA – – 
Total 
quantified load 

17,000–
144,000 

3,800–
29,800 –80% 12,000–

35,000 
12,000–
34,000 –1% 52,000–

86,000 
52,000–
83,000 –2% 630,000–

960,000 
630,000–
950,000 0% 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City Seattle projects, were not included in the 
estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle South Park Water Quality Facility and Longfellow Natural Drainage System did not estimate total PAH, total arsenic, total lead, total mercury, and BBP  load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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Table 5-9. Estimated reductions in contaminant loadings into Duwamish Estuary/Elliott Bay study area between 2015 and 2030. (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) (continued) 

 
Total PAHs (kg/yr) Total PCBs (g/yr) Total PBDEs (g/yr) BEHP (kg/yr) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Green River 25–88 – – 240–
1,410 – – NE – – NE – – 

Stormwater runoffa 16–49 16–49c 0% 50–430 40–
420 –8% 300–

820 
300–
810d –1% 30–56 29–55 –1% 

Local tributary 0.8–1.6 – – 16–116 – – 40–590 – – 1.5–5.0 – – 

King County CSOs 1.7–7.4 0.26–
1.14 –85% 50–230 8.0–36 –85% 90–430 14–67 –85% 5.0–23 0.8–

3.5 –85% 

Seattle CSOs 0.01–
0.137 

0.004–
0.026 –77% 0.3–4.3 0.11–

0.81 –77% 0.5–8.0 0.21–
1.51 –77% 0.03–

0.42 
0.011–

0.08 –77% 

Wet–weather 
treatment facilities NE >0.93 – NE >42 – NE – – 2.1–7.1 5.9–11 105% 

Highway bridges NE – – NE – – NE – – NE – – 

Air deposition 4.1–5.3 – – 70–190 – – 48–253 – – NE – – 

Antifouling paint NA – – NA – – NA – – NA – – 

Treated pilings 900–
5,500 

200–
4,200 –37% NA – – NA – – NA – – 

Total quantified 
load 

900–
5,700 

300–
4,300 –36% 400–

2,300 
410–
2,140 –6% 490–

2,100 
400–
1,720 –19% 38–91 37–75 –11% 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City Seattle projects, were not included in the 
estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle South Park Water Quality Facility and Longfellow Natural Drainage System did not estimate total PAH, total arsenic, total lead, total mercury, and BBP  load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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Table 5-9. Estimated reductions in contaminant loadings into Duwamish Estuary/Elliott Bay study area between 2015 and 2030. (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) (continued) 

 
Arsenic (kg/yr) Copper (kg/yr) Lead (kg/yr) Mercury (kg/yr) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Green River 740–
1,210 – – 1,700–

4,600 – – 610–
1,420 – – 2.1–5.1 – – 

Stormwater 
runoffa 29–46 29–45 0%c 310–

480 
230–
400 –21% 240–

410 
230–
410 –1%c 0.26–

0.86 
0.25–
0.86 0%c 

Local tributary 11–19 – – 29–45 – – 10–16 – – 0.062–
0.101 – – 

King County 
CSOs 2.9–9.5 0.44–

1.46 –85% 39–152 6.0–22 –86% 29–115 4.5–18 –85% 0.07–
0.26 

0.01–
0.039 –85% 

Seattle CSOs 0.017–
0.176 

0.006–
0.033 –77% 0.23–

2.81 
0.08–
0.52 –78% 0.17–

2.13 
0.07–
0.4 –77% 0.0004–

0.0047 
0.0001–
0.0009 –77% 

Wet–weather 
treatment 
facilities 

1.4–3.4 3.9–5.8 116% 27–176 55–
203 46% 8.0–45 23–59 91% 0.023–

0.082 
0.061–
0.119 92% 

Highway 
bridges NE – – 0.52–

0.98 – – NE – – NE – – 

Air deposition 3.9–4.9 – – 100–
120 – – 64–89 – – 0.1–

0.14 – – 

Antifouling 
paint NA – – 1,600–

4,900 
600–
2,900 –50% NA – – NA – – 

Treated pilings NA – – NA – – NA – – NA – – 
Total quantified 
load 

800–
1,300 

800–
1,300 0% 3,800–

10,500 
2,700–
8,300 –26% 1,000–

2,100 
900–
2,000 –3% 2.7–6.5 2.6–6.3 –2% 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City Seattle projects, were not included in the 
estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle South Park Water Quality Facility and Longfellow Natural Drainage System did not estimate total PAH, total arsenic, total lead, total mercury, and BBP  load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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Table 5-9. Estimated reductions in contaminant loadings into Duwamish Estuary/Elliott Bay study area between 2015 and 2030. (All 
estimates shown as range of 95 percent confidence intervals. Projected future total quantified loads hold upstream, 
highway bridges, air deposition, and vessel discharges constant.) (continued) 

 
Zinc (kg/yr) BBP (kg/yr) Volume (MG) 

Pathway 
Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Current 
(2015) 

Future 
(2030) 

Mean 
Percent 
Change Current (2015) 

Future 
(2030) 

Mean 
Percent 
Change 

Green River 4,700–
10,200 – – NE – – 280,000−360,000 – – 

Stormwater runoffa 1,800–
2,800 

1,800–
2,700 –2% 3.8–5.7 3.8–5.7 0%c 57,000−68,000 – – 

Local tributary 210–
390 – – NE – – 1,100−6,100 – – 

King County CSOs 150–
530 24–82 –85% 0.6–4.8 0.1–

0.75 –85% 310−840 50–130 −85% 

Seattle CSOs 0.9–9.9 0.34–
1.86 –77% 0.004–

0.09 
0.0014–
0.0169 –77% 1.8–16 0.7–2.9 −77% 

Wet–weather 
treatment facilities 60–151 200–

290 152% 0.28–
0.97 0.8–1.5 89% 160–340 780–950 270% 

Highway bridges 2.9–5.9 – – NE – – 8.0–9.5 – – 

Air deposition 570–
720 – – NE– – – NA – – 

Antifouling paint NE – – NA – – NA – – 
Treated pilings NA – – NA – – NA – – 
Total quantified 
load 

7,000–
15,000 

7,000–
14,000 –2% 4.8–12 4.7–7.9 –12% – – – 

NE = Not estimated because of limited data. 
NA = No available data, and pathway not expected to be meaningful contributor of COI. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City Seattle projects, were not included in the 
estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of overestimation is unknown. 
b Seattle stormwater projects did not estimate total nitrogen load reductions. 
c Seattle South Park Water Quality Facility and Longfellow Natural Drainage System did not estimate total PAH, total arsenic, total lead, total mercury, and BBP  load reductions. 
d Seattle street sweeping expansion project did not estimate total PBDE load reductions. 
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 Conclusions 

In most cases, a conclusion cannot be drawn regarding measureable changes in COI loads 
between 2015 and 2030 in the Duwamish Estuary/Elliott Bay study area, mainly because 
of the greater magnitude of the contaminant loads from certain pathways and uncertainty 
surrounding the future loads from these pathways. However, substantial reductions in the 
annual load of fecal coliform bacteria, copper, and PAHs were estimated. These estimated 
reductions are primarily due to CSO control, a statewide ban on antifouling paint for 
recreational vessels under 65 feet, and removal of creosote-treated pilings, respectively. 
 
The projections given below are conservative to account for the inability to project 
quantitative changes in upstream contaminant loads and from current or future public or 
private stormwater facilities or operations such as Tukwila’s Storm Water Quality Retrofit 
Program. The upstream contribution is held constant, and only the quantitative elements 
for stormwater reduction from the City’s Integrated Plan and the Elliott Bay Seawall, 
Alaskan Way Viaduct Replacement, and Alaskan Way, Promenade, and Overlook Walk 
projects were used to estimate future stormwater loads. 

• Fecal coliform bacteria. CSOs are considered to be the major contributing pathway 
of bacteria. CSO control between 2015 and 2030 is estimated to more than halve the 
estimated present-day bacteria load. This decrease will likely result in decreased 
ambient water concentrations and will translate to decreased exceedances of state 
water quality standards in the Duwamish Estuary and Elliott Bay. When CSOs do 
discharge, however infrequently, the peak bacteria water quality criterion will likely 
be exceeded near the discharging outfalls. Stormwater runoff alone may continue to 
cause peak criterion exceedances. 

• Copper. Inflow of antifouling paint from the Green River is the major contributor of 
copper to the study area. In 2020, the application of antifouling paint containing 
more than 0.5 percent copper to recreational vessels less than 65 feet long will be 
prohibited (Chapter 70.300 RCW). While this law does not apply to commercial 
vessels and recreational boats 65 feet or longer, a substantial reduction in copper 
loading from paint is estimated between 2015 and 2030. The reduction represents 
approximately a quarter of the total copper load to the Duwamish Estuary/Elliott 
Bay study area and will likely lead to measurable decreases in ambient water 
concentrations, especially near marinas where vessel density is greatest. 

• PAHs. PAHs were identified as sediment and fish tissue quality impairments. PAH 
loadings to the Duwamish Estuary/Elliott Bay study area are estimated to be 
reduced by 640 kg/yr to 1,360 kg/yr through removal of creosote-treated pilings as 
a part of the Colman Dock, Elliott Bay Seawall, Terminal 25, Pier 48, and Piers 62-63 
projects. Creosote-treated pilings are the major pathway (98 percent) of PAH 
loading. Dock redevelopment will eventually replace all pilings with metal, concrete, 
or plastic pilings, but no widespread effort is currently planned. The effects of the 
projected reductions on sediment quality were not assessed. 
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• Other COIs. Inadequate data, mainly from uncertainties around future upstream 
and stormwater contaminant loads, are available to estimate how and to what 
extent the annual load of total phosphorus, total nitrogen, TSS, total arsenic, total 
lead, total mercury, total zinc, total PCBs, total PBDEs, BEHP, and BBP will change 
and whether ambient water quality conditions for these parameters will change.  
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6.0 CONCLUSIONS 
This chapter summarizes the estimates of future loadings into the Lake Union/Ship Canal 
and Duwamish Estuary/Elliott Bay study areas, the limitations and uncertainty of the 
assessment of future loadings, recommendations for improved loadings data, and next 
steps in the Water Quality Assessment and Monitoring Study. 
 
The results of this analysis indicate that King County and City of Seattle investments in CSO 
control will benefit water quality through the substantial reduction in the load of fecal 
coliform bacteria to the study areas. Furthermore, Washington State regulation of copper 
antifouling paint, the City’s prohibition of new creosote-treated wood pilings, and plans to 
remove existing pilings will reduce the load of copper and PAHs to surface waters.  

 Estimated Changes in Contaminant Loadings 
by 2030 

This section presents conclusions from the analysis of current (2015) loadings to the study 
areas and estimates of changes in loadings between 2015 and 2030. 

6.1.1 Current (2015) Loadings 
The analysis of current loadings served as a baseline for this assessment of future 
contaminant loadings (King County, 2017d). Results of the analysis indicated that in 2015, 
none of the pathways evaluated represents the largest contributor for every contaminant 
of interest (COI):  

• The upstream watersheds and direct stormwater pathways were often estimated to 
contribute the greatest loads for most of the COIs (total nitrogen, total phosphorus, 
TSS, total lead, total mercury, total zinc, BBP, BEHP, PBDEs, and PCBs). When 
standardized to drainage area, stormwater typically contributed the greatest area-
weighted load of these contaminants, followed by CSOs, local tributaries, upstream 
watersheds, and, sometimes, air deposition. 

• Uncontrolled CSOs were estimated to contribute the greatest load of fecal coliform 
bacteria to the waterbodies.  

• Creosote-treated wood pilings were estimated to contribute the greatest load of 
PAHs. 

• Antifouling paint leached from boats was identified as one of the most significant 
pathways of total copper.  

6.1.2 Estimated Changes in Loadings from 2015 to 2030 
The estimated changes in the current loadings between 2015 and 2030 are shown in 
Tables 6-1 and 6-2. The tables list the major contributing pathways identified for each COI, 
current loadings, planned actions that will affect these pathways, and expected changes 
from current conditions for the Lake Union/Ship Canal and Duwamish Estuary/Elliott Bay 
study areas. The tables also give the reasons for including each COI in the assessment (King 
County, 2017a, b, and c). The expected future conditions represent an integration of the 
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estimated load reductions, planned projects, and uncertainty in load estimates for both 
current and future conditions. A pathway was considered major if it contributed at least 10 
percent of the total quantified load.  
 
For most COIs, a measureable change in water quality in the 15-year period could not be 
predicted because of the greater magnitude of the contaminant loads from certain 
pathways and uncertainty surrounding the future loads from these pathways. Substantial 
reductions in annual loads are expected for three COIs: 

• Fecal coliform bacteria in both study areas. This reduction is primarily due to CSO 
control. The decreased frequency of CSOs will likely also decrease the frequency of 
exceedances of water quality criteria for fecal coliform bacteria in the study areas 
(especially in Salmon Bay). When CSOs do discharge, however infrequently, the 
peak bacteria water quality criterion will likely be exceeded near the discharging 
outfalls. Stormwater runoff alone may continue to cause peak criterion exceedances 
as well. The combined discharges from stormwater outfalls, vessels (graywater and 
blackwater), the Green River, and infrequent CSO events will still be sizeable and 
may result in criteria exceedances. 

• Copper in both study areas. This reduction is primarily due to a statewide ban, 
effective in 2020, of the application of antifouling paint containing more than 0.5 
percent copper to recreational vessels less than 65 feet long (Chapter 70.300 RCW). 
While this law does not apply to all boats, the copper loading from the antifouling 
paint pathway is predicted to be reduced by approximately a factor of two by 2030. 
This reduction represents approximately half of the total copper load to Lake 
Union/Ship Canal and a quarter of the total load to Duwamish Estuary/Elliott Bay. 
These reductions are expected to lower the ambient water copper concentration, 
especially near marinas. Copper concentrations at the monitoring stations in the 
study areas do not exceed the water quality criteria, but the antifouling paint 
regulation may reduce copper toxicity issues near marinas. 

• PAHs in Elliott Bay, from removal of creosote-treated pilings as part of planned 
projects. Total reductions in PAH loadings have been estimated to be 640 kg/yr to 
1,360 kg/yr. 

 Limitations and Uncertainty of the Assessment 

Building on the present-day (2015) contaminant loadings estimates presented in the 
Loadings Report (King County, 2017d), this assessment estimated future (2030) 
contaminant loads into the study areas based on available information on planned projects, 
land use change, and state and local codes and regulations. While both present-day and 
future loadings estimates contain various degrees of uncertainty, they provide a planning-
level estimate of mean annual contaminant load reductions. The approach used is 
appropriate for assessing and comparing the relative magnitude of contaminant loadings 
from major pathways and the relative magnitude of the effects of planned projects on 
reduction of these loadings.  
 
Two factors should be considered in comparing the relative magnitude of annual 
contaminant loads: (1) limitations in the availability of datasets that sufficiently represent 
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the study areas both temporally and spatially, and (2) use of different methods congruent 
with the available data for estimating pollutant loadings for the various pathways. Site-
specific monitoring of water quality and flow from pathways of interest would be needed 
for a finer scale analysis. 
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Table 6-1. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Lake Union/Ship Canal study area.  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 

County, 2017a) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 
Pathway 

Annual Load 
Total Annual 

Load 

Fecal 
Coliform 
Bacteria 

Frequent 
exceedance of 
peak and 
geometric mean 
water quality 
standards (WQS) 
 
On 303(d) list for 
water 

King County 
CSOs (65%) CSO control  −74% 

−74% 

Seattle CSOs 
(31%) CSO control −83% 

Stormwater 
runoff (4%) 

Seattle street 
sweeping 
expansion; Seattle 
Swale on Yale; 
NPDES 
requirementsb 

0%a 

Total 
Suspended 
Solids 

Suspended solids 
may carry bound 
contaminants and 
impact habitat 

Upstream 
watershed 
(Lake 
Washington) 
(66%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not estimated 

─5% 

Stormwater 
runoff (30%) 

Seattle street 
sweeping 
expansion; Seattle 
Swale on Yale; 
NPDES 
requirementsb 

−6%a 

Total 
Nitrogen 

Excess nitrogen 
(and phosphorus) 
may cause 
increased 
productivity, which 
may seasonally 
impact dissolved 
oxygen 

Upstream 
watershed 
(Lake 
Washington) 
(94%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not estimated ─1% 

Total 
Phosphorus 

Excess 
phosphorus (and 
nitrogen) may 
cause increased 
productivity, which 
may seasonally 
impact dissolved 
oxygen  
 
On 303(d) list for 
water 

Upstream 
watershed 
(Lake 
Washington) 
(84%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not estimated 

─4% 

Stormwater 
runoff (11%) 

Seattle street 
sweeping 
expansion; Seattle 
Swale on Yale; 
NPDES 
requirementsb 

─2%a 

Total 
Arsenic 

Exceedance of 
State Sediment 
Quality (SQS) 
Freshwater 
Benthic Cleanup 
Standards  

Upstream 
watershed 
(Lake 
Washington) 
(98%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not Estimated ─0% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for 
selected City Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated 
but the magnitude of overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-1. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Lake Union/Ship Canal study area (continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 

County, 2017a) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Total 
Copper 

Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  
 
May pose 
toxicity to 
aquatic life in 
water column 

Copper-based 
antifouling 
paint (74%) 

Regulation of copper-
based antifouling 
paint 

─52% 

─40% Upstream 
watershed 
(Lake 
Washington) 
(22%)a 

Regulation of copper 
brake pads; upstream 
stormwater projects; 
upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

Total Lead 
Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  

Stormwater 
(60%) 

Seattle street 
sweeping expansion 
and Swale on Yale; 
NPDES 
requirementsb 

─5%a 

─8% Upstream 
watershed 
(Lake 
Washington) 
(27%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

King County 
CSOs (4%) CSO control ─74% 

Total 
Mercury 

Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  

Upstream 
watershed 
(Lake 
Washington) 
(57%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─4% 
Stormwater 
runoff (36%) 

Seattle street 
sweeping expansion 
and Swale on Yale; 
NPDES 
requirementsb 

─0%a 

King County 
CSOs (3%) CSO Control ─74% 

Total Zinc 
May pose 
toxicity to 
aquatic life in 
water column 

Upstream 
watershed 
(Lake 
Washington) 
(39%) 

Upstream stormwater 
projects; NPDES 
requirements 

Not 
estimated 

-5% 
Stormwater 
runoff (48%) 

Seattle street 
sweeping expansion; 
Seattle Swale on 
Yale; NPDES 
requirementsb 

─3%a 

Air deposition 
(8%)  Not 

estimated 
NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected 
City Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the 
magnitude of overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Figure 6-1. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Lake Union/Ship Canal study area (continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 

County, 2017a) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Benzyl butyl 
phthalate 

Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  

Upstream 
watershed 
(Lake 
Washington) 
(Not 
estimated)c 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

Not 
estimated 

Stormwater 
runoff (2–3 
g/yr)c 

Seattle street 
sweeping 
expansion; Seattle 
Swale on Yale; 
NPDES 
requirementsb 

─0%a 

King County 
CSOs (0.2–
1.2 g/yr)c 

CSO control ─74% 

Seattle CSOs 
(0.1–0.5 g/yr)c CSO control ─83% 

Bis(2-
ethylhexyl) 
phthalate 

Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  

Upstream 
watershed 
(Lake 
Washington) 
(99%) 

Upstream 
stormwater 
projects; NPDES 
requirements 

Not 
estimated 

Not 
estimated 

Stormwater 
runoff(1%) 

Seattle sweeping 
expansion; and 
Swale on Yale; 
NPDES 
requirementsb 

─6%a 

Total PAHs 
Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  

Creosote-
treated pilings 
(97%) 

 0% 0% 

Total PBDEs 

May pose toxicity 
to aquatic life in 
water column and 
sediments (no 
SQS) 
 
May 
bioaccumulate in 
tissue 

Upstream 
watershed 
(Lake 
Washington) 
(75%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─5% 

Stormwater 
runoff (17%) 

Seattle street 
sweeping 
expansion; Seattle 
Swale on Yale; 
NPDES 
requirementsb 

−5%a 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected 
City Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the 
magnitude of overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-1. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Lake Union/Ship Canal study area (continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 

County, 2017a) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Total PCBs 

Exceedance of 
SQS Freshwater 
Benthic Cleanup 
Standards  
 

Upstream 
watershed 
(Lake 
Washington) 
(51%)a 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─14% 
Stormwater 
runoff (24%) 

Seattle street 
sweeping 
expansion and 
Swale on Yale; 
NPDES 
requirementsb 

−12%a 

Air deposition 
(10%)  Not 

estimated 
King County 
CSOs (10%) CSO control −74% 

Seattle CSOs 
(4%) CSO control −83% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected 
City Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the 
magnitude of overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-2. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Duwamish Estuary/Elliott Bay study area. 

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 
County, 2017b 

and c) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Fecal 
Coliform 
Bacteria 

Frequent 
exceedance of 
peak and 
geometric mean 
water quality 
standards (WQS) 
 
On 303(d) list for 
water 

King County 
CSOs (92%) 

CSO control including 
treatment −85% 

─80% 

Stormwater 
runoff (2%) 

Seattle South Park 
Water Quality 
Facility; NPDES 
requirementsb 

−6%a 

Upstream 
watershed 
(Green River) 
(4%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

Total 
Suspended 
Solids 

Suspended solids 
may carry bound 
contaminants and 
also impact 
habitat 
 

Upstream 
watershed 
(Green River) 
(90%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─1% 

Stormwater 
runoff (7%) 

NPDES 
requirementsb; 
Seattle street 
sweeping expansion, 
South Park Water 
Quality Facility, and 
Longfellow Natural 
Drainage System 
(NDS) 

─5%a 

Total 
Nitrogen 

Excess nitrogen 
(and phosphorus) 
may cause 
increased 
productivity, 
which may lower 
dissolved oxygen 
seasonally 

Upstream 
watershed 
(Green River) 
(93%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 0% 

Total 
Phosphorus 

Excess 
phosphorus (and 
nitrogen) may 
cause increased 
productivity, 
which may lower 
dissolved oxygen 
seasonally 

Upstream 
watershed 
(Green River) 
(87%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─2% Stormwater 
runoff (6%) 

NPDES 
requirementsb; 
Seattle street 
sweeping expansion, 
South Park Water 
Quality Facility, and 
Longfellow NDS 

−2%a 

King County 
CSOs (4%) CSO control ─85% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City 
Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of 
overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-2. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Duwamish Estuary/Elliott Bay study area 
(continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 
County, 2017b 

and c) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change 
for Quantified 

Projects (2015−2030) 
Pathway 
Annual 
Load 

Total 
Annual 
Load 

Total 
Arsenic 

Exceedance of 
state Sediment 
Quality Standards 
(SQS) 
 
On 303(d) list for 
sediment and 
tissue (inorganic 
arsenic only) 

Upstream 
watershed 
(Green River) 
(94%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 0% 

Total 
Copper 

Exceedance of 
state SQS 
 
On 303(d) list for 
sediment 
 
May pose toxicity 
to aquatic life in 
water column 

Copper-based 
antifouling 
paint (49%) 

Regulation of 
copper-based 
antifouling paint 

−50% 

−26% 

Upstream 
watershed 
(Green River) 
(41%)a 

Regulation of 
copper brake pads; 
Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

Stormwater 
runoff  (6%)a 

Regulation of 
copper brake pads; 
NPDES 
requirementsb; 
Seattle street 
sweeping 
expansion, South 
Park Water Quality 
Facility, and 
Longfellow NDS 

−21%a 

Total Lead 

Exceedance of 
state SQS 
 
On 303(d) list for 
sediment 

Upstream 
watershed 
(Green River) 
(67%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─3% Stormwater 
runoff (22%) 

NPDES 
requirementsb; 
Seattle street 
sweeping 
expansion, South 
Park Water Quality 
Facility, and 
Longfellow NDS 

−1% 

King County 
CSOs (4%) CSO control ─85% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for 
selected City Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated 
but the magnitude of overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-2. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Duwamish Estuary/Elliott Bay study area 
(continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 
County, 2017b 

and c) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Total 
Mercury 

Exceedance of 
SQS 
 
On 303(d) list for 
tissue and 
sediment 
 
Fish advisory in 
place 

Upstream 
watershed 
(Green River) 
(77%) 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─2% 

Stormwater 
runoff (14%) 

NPDES 
requirementsb; 
Seattle street 
sweeping expansion, 
South Park Water 
Quality Facility, and 
Longfellow NDS 

0%a 

Total Zinc 

Exceedance of 
state SQS 
 
On 303(d) list for 
sediment 
 
May pose 
toxicity to 
aquatic life in 
water column 

Upstream 
watershed 
(Green River) 
(66%) 

Upstream stormwater 
projects; NPDES 
Requirementsb 

Not 
estimated 

─2% 

Stormwater 
runoff (21%) 

NPDES 
requirementsb; 
Seattle street 
sweeping expansion, 
South Park Water 
Quality Facility, and 
Longfellow NDS 

−2%a 

Total PAHs 

Exceedance of 
state SQS 
 
On 303(d) list for 
tissue and 
sediment 

Creosote-
treated pilings 
(97%) 

~13,000 pilings 
removed (Colman 
Dock; Piers 48, 62-
63, Terminal 25; 
Lockheed West, and 
Seawall projects) 

−37% ─36% 

Benzyl butyl 
phthalate 

Exceedance of 
state SQS  
 
On 303(d) list for 
sediment 

Upstream 
watershed 
(Green River) 
(Not 
estimated)c 

Upstream stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

Not 
estimated Stormwater 

runoff (3.8–5.7 
g/yr)c 

NPDES 
requirementsb; 
Seattle street 
sweeping expansion, 
South Park Water 
Quality Facility, and 
Longfellow NDS 

0%a 

King County 
CSOs (0.6–
4.8 g/yr)c 

CSO control -85% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City 
Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of 
overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-2. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Duwamish Estuary/Elliott Bay study area 
(continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 
County, 2017b 

and c) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Bis(2-
ethylhexyl) 
phthalate 

Exceedance of 
state SQS 
 
On 303(d) list for 
tissue and 
sediment 

Upstream 
watershed 
(Green River) 
(Not 
estimated)c 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

Not 
estimated Stormwater 

runoff (30─56 
g/yr)c 

NPDES 
requirementsb; 
Seattle street 
sweeping 
expansion, South 
Park Water Quality 
Facility, and 
Longfellow NDS 

─1%a 

King County 
CSOs (5.1─23 
g/yr)c 

CSO control ─85% 

Total PBDEs 

May pose toxicity 
to aquatic life in 
water column and 
sediments (no 
SQS) 
 
May 
bioaccumulate in 
tissue 

Upstream 
watershed 
(Green River) 
(Not 
estimated)c 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Unknown  

Stormwater 
runoff 
(300─820 
g/yr)c 

NPDES 
requirementsb; 
Seattle street 
sweeping 
expansion, South 
Park Water Quality 
Facility, and 
Longfellow NDS 

−1%a 

Not 
estimated Air deposition 

(48─250 g/yr)c  Not 
estimated 

Local 
tributaries 
(41−590 g/yr)c 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

King County 
CSOs (94–
430 g/yr)c 

CSO control ─85% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City 
Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of 
overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 
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Table 6-2. Major pathways for contaminants of interest, planned actions affecting pathways, 
and expected future conditions in Duwamish Estuary/Elliott Bay study area 
(continued).  

Contaminant 
of Interest 

(COI) 

Reason for 
Interest (King 
County, 2017b 

and c) 

Major 
Contributing 

Pathways 

Planned Actions 
Affecting Pathway 

and COI  
(2015 to 2030) 

Estimated % Change for 
Quantified Projects 

(2015−2030) 

Pathway 
Annual Load 

Total Annual 
Load 

Total PCBs 

Exceedance of 
state SQS 
 
On 303(d) list for 
tissue and 
sediment 

Upstream 
watershed 
(Green River) 
(61%) 

Upstream 
stormwater 
projects; NPDES 
requirementsb 

Not 
estimated 

─6% 

Stormwater 
runoff (15%) 

Lower Duwamish 
Waterway 
Superfund source 
controlb; NPDES 
requirementsb; 
Seattle street 
sweeping 
expansion, South 
Park Water Quality 
Facility, and 
Longfellow NDS 

−8%a 

Air deposition 
(11%)  Not 

estimated 

King County 
CSOs (10%) 

CSO Control; 
Lower Duwamish 
Waterway 
Superfund source 
controlb 

─85% 

NPDES = National Pollution Discharge Elimination System. 
a Stormwater load reductions associated with current or future public or private stormwater facilities or operations, except for selected City 
Seattle projects, were not included in the estimates. Thus, the stormwater runoff pathway load is likely overestimated but the magnitude of 
overestimation is unknown. 
b Not included in quantitative estimate. 
c Inadequate data for upstream pathway to estimate the percentage of the contribution of current loadings. 

6.2.2 Estimating the Effects of Planned Projects and Programs 
Available published documents were used to identify projects that are likely to affect water 
quality in the study areas, and quantified load changes were estimated for projects that 
include estimates of changes in loadings. Estimating changes in loadings is limited by the 
inability to identify all relevant projects that will occur between 2015 and 2030 and to 
estimate load changes associated with the projects that were identified. For some CSO 
control and stormwater management projects, load changes were estimated based on the 
reduction of the volume discharged. These estimated loads do not incorporate all planned 
activities, such as GSI retrofits and source control in the basins that drain to the Lower 
Duwamish Waterway. 
 
The data used for estimating future loadings from stormwater were based on planned 
stormwater treatment and control projects, and the estimates consider only the areas 
treated by those projects. It was not possible to consider stormwater management 
retrofits, future structural stormwater projects, and the many operational stormwater 
management efforts required by NPDES stormwater permits in the estimates of both future 
stormwater and upstream loadings.  
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The estimated load reductions associated with planned stormwater management projects 
that could be quantified are minor compared to the total contaminant load. The area 
targeted by the identified projects is small relative to the entire area contributing 
stormwater to the study areas. The projects are expected to treat about 1,600 million 
gallons of stormwater runoff out of the estimated 13 billion gallons discharged each year 
(12.3 percent). However, future stormwater load estimates are likely underestimated 
because they do not account for quantity reductions and quality improvements from 
potential redevelopment-triggered stormwater management retrofits in Seattle. 
Approximately 20 percent of the area in Seattle that drains to the Duwamish 
Estuary/Elliott Bay study area and approximately 30 percent of the area in Seattle that 
drains to Lake Washington or the Lake Union/Ship Canal study area may be redeveloped. 
Furthermore, these projections do not account for redevelopment in the densest land cover 
type (Heavy Urban), which makes up much of Seattle’s downtown core, industrial districts, 
and major thoroughfares and commercial districts.  
 
Operational and structural stormwater projects and programs currently in place and as 
required by NPDES stormwater permits issued by the state will also improve stormwater 
quality in the study areas and upstream; however, the magnitude of these impacts could 
not be quantified. Also, the effects of population, behavioral, and economic changes are not 
quantified. 
 
Source control and sediment cleanup as part of the Lower Duwamish Waterway Superfund 
project are expected to result in decreased loadings of PCBs, in addition to other 
contaminants associated with the sources and sediments. However, load reductions 
associated with these actions were not estimated. 

6.2.3 Estimating Changes in Loads from Upstream Watersheds 
and Atmospheric Deposition 

Because of insufficient data, future loadings from the upstream watersheds and 
atmospheric deposition pathways were not estimated.  
 
Because modeling the fate and transport of upstream contaminants was beyond the scope 
of this study and because of a lack of quantifiable data necessary to calculate loads and load 
changes, changes in upstream load contributions could not be estimated. General 
expectations of future water quality in upstream areas are as follows: 

• Water quality in near-upstream areas (Lower Green River, Lake Washington, and 
their tributaries) will likely improve as the result of stormwater management 
programs and other pollution-reducing measures that are being added to the 
current treatment and control infrastructure and operational programs, including 
existing private or public stormwater treatment facilities, jurisdictions’ current or 
future stormwater management retrofit programs, other future structural 
stormwater projects, facilities built to meet development or redevelopment 
requirements and the many anticipated additional operational stormwater 
management efforts required by NPDES permits or other stormwater management 
programs. 
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• The many municipal projects (planned and unplanned) will result in improvement 
of upstream mainstem and tributary water quality. 

• Two opposing forces—new pollutant-generating impervious surfaces and increased 
levels of structural and operational municipal and private stormwater management 
projects and programs—will have an unknown impact on water quality in areas 
farther upstream. 

 Recommendations for Improved Loadings 
Estimates 

This report documents an initial planning-level assessment—with a number of limitations 
and uncertainties—of planned projects that will affect contaminant loadings to the Lake 
Union/Ship Canal and Duwamish Estuary/Elliott Bay study areas. The following are 
recommendations for gaining additional information that would allow for an improved 
assessment of current and future contaminant loadings: 

• This study was unable to account for current or future public and private 
stormwater facilities and operations. Actions that would improve the loading data 
include developing a complete inventory of the following: 

o Existing private and public stormwater treatment facilities, including their 
functionality  

o MS4 jurisdiction’s current and future stormwater management retrofits 
programs, including other future structural stormwater projects 

o Private and public facilities that will be built to meet development or 
redevelopment requirements 

• Stormwater management programs are likely to become more effective through 
scientific improvements and effectiveness studies. Metrics could be developed for 
assessing the effectiveness of pollutant load reduction of operational stormwater 
management efforts required by NPDES permits or other stormwater management 
programs. 

• A better understanding of the effects of redevelopment-triggered stormwater 
infrastructure upgrades on stormwater and CSO flow volumes would improve 
future water quality projections. To do this, a land-use, BMP-integrated stormwater 
model (such as the EPA’s SUSTAIN or PV & Associates’ WinSLAMM) would need to 
be constructed. Such a model would accommodate shifts in land use, as predicted 
through the land-cover change model (LCCM) and the urban socioeconomic and 
transportation model (UrbanSim), and current and future stormwater BMPs, as 
required through the state’s Stormwater Management Manual (Ecology, 2014b) or 
equivalent (such as the City of Seattle, 2016). Rainfall pattern changes arising as a 
result of climate change could be incorporated in scenario analyses. The model 
would benefit King County and City of Seattle CSO and stormwater planning efforts.  

• Internal loading through sediment resuspension and contaminant desorption from 
sediments was not evaluated as a pathway in the current and future loadings 
assessments. A sediment transport model would help estimate these pathways and 
the impacts of planned sediment cleanup actions. 
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• Insufficient data were available to estimate groundwater contaminant loading. 
Groundwater quality and flow monitoring near the waterbodies is recommended to 
examine whether groundwater is a significant pathway. 

• A better understanding of leaching from creosote-treated pilings under local 
conditions would provide better estimates of the effects of these pilings in the 
waterbodies.  

• Field analysis to estimate the number of creosote-treated pilings in the study areas 
and occasional (every five or ten years) counts of pilings to track removal trends 
would improve the estimates of loadings from leaching of creosote-treated pilings.  

• Surveys of use of copper-based antifouling paint would improve estimates of the 
leaching of copper from boat-bottom antifouling paint. Organizations such as the 
Clean Boating Foundation are investigating which copper paint formulas are 
commonly used. An investigation of alternative biocides (such as zinc-based and 
organic biocides) would allow a better understanding of the efficacy of the 
alternatives and how long it would take copper antifouling paints to be phased out.  

• Insufficient data were available to assess whether zinc-based corrosion protection 
systems (sacrificial anodes) for boats and other marine infrastructure are a 
significant source of zinc to the waterbodies. Additional research on sacrificial 
anodes would help fill this information gap. 

• This assessment did not estimate the effects of planned projects and land use 
change on future contaminant loadings in the upstream watersheds. It is 
recommended that watershed and receiving water models be used to estimate 
changes in upstream loadings. The models could incorporate climate change 
scenarios and could benefit regional watershed planning. Existing models could be 
updated and calibrated and new models could be developed. 

o Ecology and EPA are developing a Pollutant Loading Assessment (PLA) to 
understand the relationship of water, sediment, and fish tissue quality in the 
Green-Duwamish River watershed and Lower Duwamish Waterway. The PLA 
approach consists of a linked watershed/receiving water/food web modeling 
system describing hydrology, hydrodynamics, and pollutant loading in the 
watershed. The model could incorporate loads from Puget Sound. 

o In the 2000s, the County developed the Sammamish-Washington Analysis 
and Modeling Program (SWAMP). SWAMP was a water quality and quantity 
monitoring and modeling project conducted to support a variety of potential 
water resource decisions for the majority of the greater Lake Washington 
watershed. This model could be updated with recent data and knowledge to 
gain an understanding of loadings from sources upstream of Lake 
Union/Ship Canal. 

• Insufficient data were available to estimate loadings from vessel discharges into the 
waterbodies. A survey of the discharge volume and quality from recreational and 
commercial vessels is recommended. 
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 Next Steps 

The next step in the Water Quality Assessment and Monitoring Study is to condense and 
synthesize the information presented in this and previous reports. A synthesis report will 
include a description of the ways the information can be used to assist in CSO control and 
other regional water quality planning activities. 
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APPENDIX A: Qualitative Assessment of 
Planned Future Activities—Methods 
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PROJECT METRIC APPLICATION 
Planned projects (e.g., capital projects, infrastructure alterations, regulatory changes, and 
educational programs) occurring within or upstream of the study areas were assessed for 
potential impacts on water quality within the study areas. Some planned projects included 
sufficient detail to allow for quantitative assessments of water quality impacts, including 
King County and the City of Seattle’s CSO remediation projects and specific stormwater 
reduction efforts such as natural drainage systems and treatment facilities. Other projects 
targeting water quality improvements, such as bank stabilization and public education 
campaigns, are less certain in outcomes and are more appropriately assessed qualitatively.  
 
The intent of the metric described here was to rate planned projects qualitatively in order 
to sort the projects by their potential impact on water quality within the study areas (low, 
medium or high). The metric utilized a scheme consisting of three factors: proximity of 
project to the study area, size of the project, and project objective.  
 
Structural, regulatory, and educational water quality improvement programs most often 
impact multiple water quality parameters simultaneously. Accordingly, this metric does 
not include factors related to individual contaminant parameters such as persistence, or 
contaminants with specific relevance to the study area (such as being the subject of 
identified impairments). These results do not inform the value or potential for water 
quality impacts in receiving waters other than the identified study areas. Below is an 
explanation of each of the factors. 
 
Factors 
 
Proximity of Project to the Study Area 
The proximity of a project to the study area can affect the quantity and quality of 
contaminant loadings entering the study area. Projects addressing pathways and sources 
that discharge directly to the study area typically have the greatest potential to impact 
contaminant loading and thus received the highest score (e.g., CSO control). Projects 
addressing discharges to an adjacent, immediately upstream, waterbody (e.g., Lake 
Washington, Green River) were given an intermediate score, whereas projects that address 
distant upstream pathways and sources (e.g., Lake Sammamish, Soos Creek) were scored 
lowest. When comparing projects of equal size and objective, the proximity to the study 
area was assumed to have the largest impact on water quality. Because projects were of 
varying size and objective, these factors were also considered.  
 
Size of Project 
The ability of a project to reduce loading into the study area corresponds to the size of the 
area the project is affecting. From least to greatest impact and score there are projects not 
greater than one city block (e.g., rain garden at a few residences along a street), 
neighborhood projects (e.g., SPU’s Swale on Yale), and multiple neighborhoods and basin-
wide projects (e.g., Hanford #2-Lander-King St-Kingdome CSO treatment plant). 
 
  



Water Quality Assessment and Monitoring Study: Future Loadings 

King County A-3 October 2017 

Project Objective 
The project’s primary objective was the final factor considered when assessing the 
potential water quality impact on the study areas. The project objective was categorized 
into one of three objectives: habitat restoration, drainage improvement and erosion 
control, or water quality improvement. Habitat restoration seeks to repair areas that have 
been subjected to habitat destruction. While it is beneficial to the immediate area and may 
reduce some contaminant loading, the primary intent of habitat restoration is not to reduce 
loading and therefore received the lowest score amongst the three objectives. The objective 
of drainage improvement and erosion control project is to alter the quantity of stormwater 
and sediments discharged to surface waters and thus by doing so improves the quality of 
receiving waters. Because of the secondary affects drainage improvement and erosion 
control projects have on receiving water quality, these types of projects were assigned an 
intermediate score. By definition water quality improvement projects have the greatest 
effect on water quality and were awarded the highest score.  
 
PROJECT RATING AND SORTING 
 
Data Availability 
Projects were assessed based on available published documents, such as environmental 
impact statements (EISs), capital investment/improvement plans (CIPs), and stormwater 
master plans.  
 
Projects’ Anticipated Impact 
Projects were rated by multiplying the factors’ scores thus producing a rating between 2 to 
100 (Table A-1). Projects were then sorted by their potential to impact water quality within 
the study area. Projects with a rating of 50 or more were anticipated to have a high impact. 
Projects with a rating less than 50 but greater than 20 were anticipated to have a medium 
impact, while projects with a rating of 20 or less were anticipated to have a low impact on 
water quality within the study area. The planned projects affecting the study areas were 
sorted by their potential to impact water and are listed in Appendices B and C Lake 
Union/Ship Canal and Duwamish Estuary/Elliott Bay, respectively.  
 
Table A-1. Metric used for the qualitative assessment of anticipated water quality impacts of 

planned projects 
Factor Score Qualification 

Proximity of Project 
to Study Area 

1 Impacts distant upstream waters 
3 Impacts waters adjacent  the study area 
5 Directly impacts the study area 

Size of Project 
1 Small (i.e., < one city block) 
3 Medium (i.e., neighborhood) 
5 Large (i.e., multiple neighborhoods, basin-wide) 

Project Objective 
2 Habitat Restoration 
3 Drainage Improvements and Erosion Control 
4 Water Quality Improvements 
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APPENDIX B: Qualitative Assessment of 
Planned Future Activities—Projects Affecting 
Lake Union/Ship Canal 
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Table B-1. Planned projects potentially affecting Lake Union/Ship Canal in Cedar-Sammamish Watershed. 
Entity Project Study Area Water Body 

Affected 
Project Category Project Description Results/Impacts Entity Level Estimated 

Completion 
Date 

Information Source Project Type Impact 

City of Seattle CSO 18 Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Modify existing CSO storage facility's 
overflow structure to achieve manufacturer's 
design performance. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle CSO 20 Lake Union/Ship 
Canal 

Lake Washington 
(Union Bay) 

CSO Reduction Construct a 0.16 MG off-line storage pipe, 
flows will be diverted to existing King County 
interceptor. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle CSO 28 Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Construct a 0.01 MG off-line storage pipe, 
flow will be discharged to King County 
interceptor. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle CSO 29 Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Construct a 0.02 MG off-line storage pipe, 
flow will be discharged to King County 
interceptor. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle CSO 31 Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Construct a 0.39 MG off-line storage pipe, 
flow will be discharged to King County 
interceptor. Storage shared with CSO 032. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle CSO 32 Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Construct a 0.39 MG off-line storage pipe, 
flow will be discharged to King County 
interceptor. Storage shared with CSO 031. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle CSO 36 Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Construct a 0.03 MG off-line storage pipe, 
flow will be discharged to King County 
interceptor. 

Improve wastewater 
conveyance 

Local 2025 The Plan to Protect Seattle's Waterways, Vol 2: 
Long Term Control Plan 

Water Quality High 

City of Seattle North Henderson           
(CSOs 44 and 45) 

Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Construct two new underground storage 
facilities in North Henderson for Seattle's 
CSOs 044 and 045.  

Improve wastewater 
conveyance 

Local 2018 http://www.seattle.gov/util/EnvironmentConservati
on/Projects/NorthHendersonBasin/Timeline/index.
htm 

Water Quality High 

King County/City 
of Seattle 

RainWise Lake Union/Ship 
Canal 

Lake Washington CSO Reduction Install rain gardens and cisterns at 
residential properties to help control 
stormwater runoff and prevent CSO. 

Reduce stormwater 
pollutants 

Local Ongoing http://www.kingcounty.gov/environment/wastewat
er/CSO/BeRainwise.aspx 

Water Quality High 

City of Mercer 
Island 

Basins 10 & 32b 
Dissolved Metals 
Source 
Identification 

Lake Union/Ship 
Canal 

Lake Washington Contaminant 
Source 
Identification and 
Removal 

Systematic investigation of the drainage 
systems in Sub-Basins 10 & 32b to identify 
any significant sources of dissolved copper 
and zinc entering the drainage system. A 
subsequent phase will involve source control 
and treatment of stormwater from the 
sources identified through this project. 

Reduce stormwater 
pollutants 

Local 2018 Mercer Island 2015 Capital Improvement Program Water Quality Medium 

City of Seattle Thornton Creek 
Natural Drainage 
System 

Lake Union/Ship 
Canal 

Lake Washington Stormwater 
Treatment and 
Volume Reduction 

Construction of bioretention and infiltration 
systems within the Thornton Creek basin to 
treat or remove 24 MG/yr (12 MG/yr 
infiltrated) of stormwater. 

Reduce stormwater 
pollutants 

Local 2025 The Plan to Protect Seattle's Waterways,  Vol 3 - 
Integrated Plan 

Water Quality Medium 

WSDOT SR520 Bridge Lake Union/Ship 
Canal 

Lake Washington, 
Union Bay, Portage 
Bay 

Stormwater 
Treatment and 
Volume Reduction 

Reconstruction of SR 520 Bridge including 
the treatment of stormwater through 
bioretention swales and stormwater 
treatment wetlands. 

Reduce stormwater 
pollutants 

State 2017 I-5 to Medina EIS & Water Resources Discipline Water Quality Medium 

City of Shoreline 10th Avenue NE 
Drainage 
Improvements 

Lake Union/Ship 
Canal 

Thorton Creek ► 
Lake Washington 

Stormwater 
Treatment and 
Volume Reduction 

Reduce flooding along 10th Avenue NE 
between NE 165th Street and NE 175th 
Street. Improvements will include improving 
system capacity by upsizing and adjusting 
slopes for existing ditches and pipes. 
Bioretention and infiltration facilities will be 
selectively added contingent upon feasibility. 

Reduce flooding and 
stormwater pollutants 

Local 2018 City of Shoreline 2015-2020 Capital Improvement 
Program 

Water Quality Low 

City of Mill Creek 16th Street SE East 
Basin Surface 
Water Retrofit 

Lake Union/Ship 
Canal 

North Creek ► 
Sammamish River 

Stormwater 
Treatment and 
Volume Reduction 

Design and construct a filter vault system to 
treat surface water runoff into North Creek. 
Treat stormwater on 164th St SE between 
North Creek and SR 527 

Reduce stormwater 
pollutants 

Local 2018 Mill Creek 2015-2021 Capital Investment Plan Water Quality Low 

http://www.seattle.gov/util/EnvironmentConservation/Projects/NorthHendersonBasin/Timeline/index.htm
http://www.seattle.gov/util/EnvironmentConservation/Projects/NorthHendersonBasin/Timeline/index.htm
http://www.seattle.gov/util/EnvironmentConservation/Projects/NorthHendersonBasin/Timeline/index.htm
http://www.kingcounty.gov/environment/wastewater/CSO/BeRainwise.aspx
http://www.kingcounty.gov/environment/wastewater/CSO/BeRainwise.aspx
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Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

City of Kirkland Annual 
Aging/Failing 
Infrastructure 
Replacement 
Project 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Regular replacement of surface water utility 
infrastructure that has surpassed expected 
and useful service lives and/or is 
experiencing other common system failures. 

Reduce stormwater 
pollutants 

Local Ongoing   Drainage 
Improvements and 
Erosion Control 

Low 

City of Bothell Annual Storm & 
Surface Water 
Capital 
Improvemetns 

Lake Union/Ship 
Canal 

Sammamish River & 
Tributaries 

General 
Stormwater and 
Wastewater 
Improvements 

Replace aging infrastructure, and correct 
existing storm and surface water 
deficiencies. Each year small miscellaneous 
improvements will be accomplished in 
addition to the continuation of the Flood 
Mitigation Program. 

Reduce stormwater 
pollutants 

Local Ongoing Bothell 2015-2021 Capital Facilities Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Issaquah Anti-Aircraft Creek 
Culvert 
Replacement 

Lake Union/Ship 
Canal 

Anti-Aircraft Creek ► 
Tibbetts Creek ► 
Lake Sammamish 

Erosion Control and 
Reduction 

Install a larger box culvert under Newport 
Way and construct a sediment retention 
facility to hold sediment and prevent flooding 
of the road. 

Reduce erosion Local 2016 Issaquah 2014-2019 Capital Facilities Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of 
Sammamish 

Beaver Lake Park - 
Lakeside 
Improvements 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Construct stormwater facilities in 
neighborhood drainage area and 
transportation capital improvement projects. 

Reduce stormwater 
pollutants 

Local Ongoing City of Sammamish 2015-2016 Biennial Budget Water Quality Low 

City of Bothell Blyth Creek Erosion 
Control 

Lake Union/Ship 
Canal 

Sammamish River & 
Tributaries 

Erosion Control and 
Reduction 

Reduce stream erosion in Blyth Creek by 
installing log structures and side slope 
stabilization. Work may also include 
renovating the City-maintained sediment 
basin to improve service and reduce 
maintenance. 

Reduce erosion Local 2016 Bothell 2015-2021 Capital Facilities Plan Drainage 
Improvements and 
Erosion Control 

Low 

Kirkland Brookhaven Pond 
Modifications 

Lake Union/Ship 
Canal 

Juanita Creek ► Lake 
Washington 

Stormwater 
Treatment and 
Volume Reduction 

Convert a pond to floodplain to provide 
storage. Establish plantings for habitat and 
to disperse flow as it 
enters the floodplain. Install Filterra systems 
along 100th Ave NE for water quality and to 
separate runoff from 100th Ave NE and NE 
127th Place. NE 127th Pl Drainage will 
discharge directly to 
Juanita Creek with no new Filterra units. 

Reduce stormwater 
pollutants 

Local 2019 Kirkland 2015-2020 Capital Improvement Program Water Quality Low 

Kirkland Champagne Creek 
Stormwater Retrofit 

Lake Union/Ship 
Canal 

Champagne Creek ► 
Lake Washington 

Stormwater 
Treatment and 
Volume Reduction 

Construct a 2,500 ft2 rain garden and install 
a flow splitter structure at end of existing 
driveway culvert. High flows bypass the rain 
garden via the existing asphalt ditch. 

Reduce stormwater 
pollutants 

Local 2018 Kirkland 2015-2020 Capital Improvement Program Water Quality Low 

City of Redmond City Center 
Groundwater 
Protection - 90th 
Street Pond Retrofit 

Lake Union/Ship 
Canal 

Sammamish River General 
Stormwater and 
Wastewater 
Improvements 

Construct improvements to address existing 
90th Street pond subsidence and water 
quality issues, as well as accommodate 
untreated stormwater currently being 
infiltrated in the wellhead protection zone. 

Reduce stormwater 
pollutants 

Local 2019 Redmond Capital Investment Strategy, 2013-2030 Water Quality Low 

King County Coal Creek Siphon 
and Trunk Parallel 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Provide additional capacity to existing 
pipeline along Coal Creek Parkway SE. 
Components include an inverted siphon, 
gravity siphon and three stream crossings. 

Improve wastewater 
conveyance 

Local 2014-2030 http://your.kingcounty.gov/dnrp/library/wastewater/
csi/ProgramUpdate/AppendixB.pdf 

Drainage 
Improvements and 
Erosion Control 

Low 

Kirkland Comfort Inn Pond 
Modifications 

Lake Union/Ship 
Canal 

Comfort Inn Pond ► 
Totem Lake ► 
Juanita Creek ► Lake 
Washington 

General 
Stormwater and 
Wastewater 
Improvements 

Reroute stormdrain at railroad to bypass 
pond/wetland then pipe to Totem Lake. 
Reduce contributing area to Comfort Inn 
pond/wetland from 24.75 acres to 16.45 
acres. 

Reduce stormwater 
pollutants 

Local 2016 Kirkland 2015-2020 Capital Improvement Program Water Quality Low 

Kirkland Cross Kirkland 
Corridor Water 
Quality Retrofit 

Lake Union/Ship 
Canal 

Juanita Creek ► Lake 
Washington 

Stormwater 
Treatment and 
Volume Reduction 

Construct runoff treatment facilities for 
existing pollution generating surfaces at nine 
intersections of the Cross Kirkland Corridor 
trail. 

Reduce stormwater 
pollutants 

Local Post-2020 Kirkland 2015-2020 Capital Improvement Program Water Quality Low 

http://your.kingcounty.gov/dnrp/library/wastewater/csi/ProgramUpdate/AppendixB.pdf
http://your.kingcounty.gov/dnrp/library/wastewater/csi/ProgramUpdate/AppendixB.pdf
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City of 
Woodinville 

Downtown 
Detention System 
Study and 
Improvements 

Lake Union/Ship 
Canal 

Bear Creek ► 
Sammamish River 

General 
Stormwater and 
Wastewater 
Improvements 

Conduct a study and construct a regional 
stormwater detention system for Downtown-
Little Bear Creek Corridor. 

Reduce stormwater 
pollutants 

Local 2020 City of Woodinville 2015-2020 Capital 
Improvement Plan 

Water Quality Low 

City of Bothell Downtown 
Revitalization Utility 
Improvements 

Lake Union/Ship 
Canal 

Sammamish River General 
Stormwater and 
Wastewater 
Improvements 

Replace aging infrastructure in the 
Downtown Revitalization Area, and correct 
existing storm and surface water 
deficiencies. 

Reduce stormwater 
pollutants 

Local Ongoing Bothell 2015-2021 Capital Facilities Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Mercer 
Island 

Drainage System 
Replacements 

Lake Union/Ship 
Canal 

Lake Washington Stormwater 
Treatment and 
Volume Reduction 

Replacement of aging and poorly functioning 
piped conveyance systems in 2017-2020 in 
neighborhoods such as Dawn Terrace and 
Tarrywood (sub-basin 39a outfall ahead of 
EMW shoulder improvement); 30" flume 
replacement (74th to 75th Ave. SE, sub-
basin 11); and 12" culvert replacement (east 
of EMW in sub-basin 39a). Upsize sub-basin 
17 (SE 28th to 30th), replace and add catch 
basins to collect sediment upstream of 
outfalls. 

Reduce stormwater 
pollutants 

Local 2020 Mercer Island 2015 Capital Improvement Program Water Quality Low 

City of Redmond Evans Creek 
Relocation 

Lake Union/Ship 
Canal 

Evans Creek ► Lake 
Sammamish 

Habitat Restoration Relocate approximately 4,500 feet of stream 
channel that currently runs through multiple 
industrial properties in a ditch to less 
developed areas. This project will establish 
adequate buffers, improve in-stream habitat 
and will allow for redevelopment of industrial 
properties currently impacted by the stream. 

Habitat improvement Local 2018 Redmond Capital Investment Strategy, 2013-2030 Habitat Restoration Low 

City of Bellevue Fish Passage 
Improvements 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Remove fish passage barriers such as 
impassable culverts, debris jams, or 
accumulated sediment, opening miles of 
spawning and rearing habitat for salmon 
populations. 

Reduce erosion, and habitat 
improvement 

Local Ongoing Bellevue 2013-2019 Capital Improvements Plan Habitat Restoration Low 

City of Kirkland Fish Passage 
Improvements 
(various) 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Improve fish passage through activities such 
as culvert replacement and restoration of 
open channels. 

Habitat improvement Local Ongoing Kirkland 2015-2020 Capital Improvement Program Habitat Restoration Low 

City of 
Sammamish 

Fish Passage 
Improvements 
(various) 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Replace culvert(s) for fish passage, Zaccuse 
and/or Ebright Creeks. 

Habitat improvement Local Ongoing City of Sammamish 2015-2016 Biennial Budget Habitat Restoration Low 

City of Shoreline Goheen Revetment 
Repair 

Lake Union/Ship 
Canal 

McAleer Creek ► 
Lake Washington 

General 
Stormwater and 
Wastewater 
Improvements 

This project will repair over 60-ft of a failing 
bank protection revetment located in a City 
drainage easement on the Goheen property. 
The revetment is located on McAleer Creek. 

Reduce erosion Local 2020 City of Shoreline 2015-2020 Capital Improvement 
Program 

Drainage 
Improvements and 
Erosion Control 

Low 

City of Lake 
Forest Park 

Hillside Creek 
Restoration 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Replace an 18" culvert on Hillside Creek that 
is under the 35th Ave NE entrance to 
Brookside Elementary with a 64" culvert to 
reduce flooding in area and enhance fish 
passage. Remove existing stream bypass 
system on Hillside Creek near subject 
culvert and replace with proper functioning 
high-flow bypass system that includes a fish 
exclusion component. Restore 200' of 
stream channel to enhance aquatic habitat 
and as an educational opportunity for the 
elementary students and residents. 

Reduce flooding, and habitat 
improvement 

Local 2018   Drainage 
Improvements and 
Erosion Control 

Low 



Water Quality Assessment and Monitoring Study: Future Loadings 

King County B-6 October 2017 

Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

City of 
Sammamish 

Inglewood Hill 
Drainage Trunkline 
and Non-motorized 
Improvement 
Project 

Lake Union/Ship 
Canal 

Lake Sammamish Stormwater 
Treatment and 
Volume Reduction 

Proposed collection and conveyance system 
that allows for the development and 
redevelopment of area properties. Provides 
enhanced water quality treatment for over 7 
acres of City roadway right of way. 

Reduce stormwater 
pollutants 

Local 2017 City of Sammamish 2015-2016 Biennial Budget Water Quality Low 

Kirkland Juanita Beach Park 
Development 
(Phase 2/3) 

Lake Union/Ship 
Canal 

Lake Washington Stormwater 
Treatment and 
Volume Reduction 

Implementation of park master plan 
improvements including low impact 
development improvements. 

Reduce stormwater 
pollutants 

Local Post-2020 Kirkland 2015-2020 Capital Improvement Program Water Quality Low 

King County Lake Hills Trunk & 
NW Lake 
Sammamish 
Interceptor Upgrade 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Repair, replace, and construct wastewater 
pipelines to convey 20-year peak 
wastewater flows projected through year 
2060. 

Improve wastewater 
conveyance 

Local 2014-2030 http://www.kingcounty.gov/environment/wtd/Const
ruction/East/LkHillsNWLkSam.aspx 

Drainage 
Improvements and 
Erosion Control 

Low 

City of Seattle Localized Flood 
Control Program 

Multiple Multiple General 
Stormwater and 
Wastewater 
Improvements 

This ongoing program provides flood control 
and local drainage and wastewater projects 
in under-served parts of Seattle to improve 
system capacity or increase the existing 
level of service. Candidate projects are 
identified through claims, complaints, 
studies, and field investigations. 

Reduce flooding and 
stormwater pollutants 

Local Ongoing http://www.seattle.gov/financedepartment/1520ad
optedcip/documents/SPUCAP.pdf 

Drainage 
Improvements and 
Erosion Control 

Low 

City of Bellevue Lower Coal Creek 
Flood Hazard 
Reduction Phase 1  

Lake Union/Ship 
Canal 

Lakes Washington 
and Sammamish 

General 
Stormwater and 
Wastewater 
Improvements 

This project will design and construct 
project(s) to reduce flooding from the 
Newport Shores reach of Coal Creek, 
located between I-405 and Lake 
Washington. Project components may 
include one or more of the following: 
increased storage capacity at the I-405 
regional pond, replacement of the five 
existing culverts downstream of the pond, 
targeted stream bank erosion protection, 
and improvements to the local storm 
drainage network. 

Reduce flooding and 
stormwater pollutants 

Local 2016 Bellevue 2013-2019 Capital Improvements Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Mill Creek Lower Mill Creek 
Road Basin Surface 
Water Retrofit 

Lake Union/Ship 
Canal 

Penny Creek ► North 
Creek ► Sammamish 
River 

Stormwater 
Treatment and 
Volume Reduction 

Design and construct a filter vault retrofit on 
the lower segment of Mill Creek Road that 
drains into Penny creek 

Reduce stormwater 
pollutants 

Local 2016 Mill Creek 2015-2021 Capital Investment Plan Water Quality Low 

City of Seattle Lower Taylor Creek 
Restoration Project 

Lake Union/Ship 
Canal 

Taylor Creek ► Lake 
Washington 

Habitat Restoration Increase the quality and amount of Taylor 
Creek and Lake Washington shoreline 
habitat, particularly for threatened juvenile 
Chinook salmon. 

Habitat improvement Local   http://www.seattle.gov/util/EnvironmentConservati
on/Projects/TaylorCreek/index.htm 

Water Quality Low 

City of Redmond Mackey Creek 
Rehabilitation 

Lake Union/Ship 
Canal 

Mackey Creek ► 
Bear Creek ► 
Sammamish River 

Habitat Restoration Replace culvert for fish and mammal 
passage, add large woody debris, and 
enhance in-stream complexity. Fence 
stream banks for buffer protection.  

Reduce erosion, and habitat 
improvement 

Local 2016 Redmond Capital Investment Strategy, 2013-2030 Habitat Restoration Low 

King County Map, prioritize, and 
restore degraded 
streams. 

Multiple Multiple Habitat Restoration Map, prioritize, and restore degraded 
streams. 

Habitat improvement Local     Water Quality Low 

City of Renton Maplewood Creek 
Basin Storm 
Improvements 

Lake Union/Ship 
Canal 

Maplewood Creek ► 
Cedar River 

Erosion Control and 
Reduction 

Improve the storm system that conveys 
Maplewood Creek drainage across 
roadways or storm systems that discharge at 
the top of steep slopes, causing erosion of 
the Maplewood Creek ravine. This will also 
reduce sediment input into Maplewood 
Creek that is deposited in the Maplewood 
Creek Sedimentation Facility and may 
reduce maintenance frequency of the facility. 

Reduce stormwater 
pollutants and erosion 

Local 2017 Renton 2015-2020 Capital Investment Program Drainage 
Improvements and 
Erosion Control 

Low 

City of Newcastle May Creek Basin 
Action plan 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Tree-retention and planting program to plant 
high levels of coniferous forest vegetation 
throughout the May Creek Basin for maturity 
in 50- to 100-year time frames. 

Reduce erosion, and habitat 
improvement 

Local Ongoing Newcastle Comprehensive Plan 20-Year Capital 
Facilities Program Summary 

Habitat Restoration Low 

http://www.kingcounty.gov/environment/wtd/Construction/East/LkHillsNWLkSam.aspx
http://www.kingcounty.gov/environment/wtd/Construction/East/LkHillsNWLkSam.aspx
http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
http://www.seattle.gov/util/EnvironmentConservation/Projects/TaylorCreek/index.htm
http://www.seattle.gov/util/EnvironmentConservation/Projects/TaylorCreek/index.htm
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City of Bellevue Minor Storm & 
Surface Water 
Capital 
Improvments 
Projects 

Lake Union/Ship 
Canal 

Lakes Washington 
and Sammamish 

General 
Stormwater and 
Wastewater 
Improvements 

Maintain aging systems, invest in new 
systems to meet capacity and renewal 
needs as a response to growth and demand, 
and relocate stormwater infrastructure for 
Sound Transit's East Link infrastructure.  

Reduce stormwater 
pollutants 

Local Ongoing Bellevue 2013-2019 Capital Improvements Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Renton Monroe Avenue NE 
& NE 2nd Street 
Infiltration System 
Improvements 

Lake Union/Ship 
Canal 

Cedar River Stormwater 
Treatment and 
Volume Reduction 

The project includes the design and 
construction of an additional infiltration 
system to increase the size of an existing 
infiltration system near the City Shops. The 
existing infiltration system surcharges, which 
has caused street flooding and private 
property damage during large storm events 
in the past. 

Reduce stormwater 
pollutants 

Local 2019 Renton 2015-2020 Capital Investment Program Water Quality Low 

City of Redmond Monticello Creek 
Flow Control, Low 
Impact 
Development and 
Water Quality 
Treatment 

Lake Union/Ship 
Canal 

Monticello Creek ► 
Bear Creek ► 
Sammamish River 

General 
Stormwater and 
Wastewater 
Improvements 

Install flow control and water quality controls 
in the contributing drainage area as part of 
efforts to rehabilitate the Creek. Specific 
projects will be identified following 
completion of the stream basin plan. 

Reduce stormwater 
pollutants and erosion 

Local 2020 Redmond Capital Investment Strategy, 2013-2030 Water Quality Low 

City of Redmond NE 76th Street 
Groundwater 
Protection 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Construct detention and water quality 
facilities and conveyance pipe to address 
existing system capacity and water quality 
issues, as well as accommodate stormwater 
currently being infiltrated in the wellhead 
protection zone. 

Reduce stormwater 
pollutants 

Local 2019 Redmond Capital Investment Strategy, 2013-2030 Water Quality Low 

City of Kirkland Neighborhood 
Drainage 
Assistance 
Program 

Lake Union/Ship 
Canal 

Lake Washington and 
Tributaries 

General 
Stormwater and 
Wastewater 
Improvements 

Design and construct small-scale flooding 
solutions occurring outside the public right of 
way. Projects qualifying for assistance 
include those situations that are too small to 
rank highly in the regular Surface Water CIP, 
will benefit several homes or businesses 
while serving a general public benefit, and 
are primarily caused by the cumulative 
impacts of upstream development 

Reduce flooding Local Ongoing Kirkland 2015-2020 Capital Improvement Program Drainage 
Improvements and 
Erosion Control 

Low 

King County North Mercer and 
Enatai Interceptor 
Parallels 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Replace aging sewer pipes that serve North 
Mercer Island, southwest portion of Bellevue 
and the Town of Beaux Arts Village in order 
to provide service for the next 50 to 60 
years. 

Improve wastewater 
conveyance 

Local 2014-2030 http://www.kingcounty.gov/environment/wtd/Const
ruction/East/NMIEnatai.aspx 

Drainage 
Improvements and 
Erosion Control 

Low 

City of Redmond Overlake Facility #2 
- Station Vault 

Lake Union/Ship 
Canal 

Sammamish River Stormwater 
Treatment and 
Volume Reduction 

Construct a large regional stormwater 
infiltration vault at the light rail station. 

Reduce stormwater 
pollutants 

Local 2017 Redmond Capital Investment Strategy, 2013-2030 Water Quality Low 

City of Issaquah Parks Maintenance 
Facility BMP 
Implementation 

Lake Union/Ship 
Canal 

Issaquah Creek ► 
Lake Sammamish 

General 
Stormwater and 
Wastewater 
Improvements 

Implement BMPs such as yard stabilization, 
covering soil bins and improving wash pads 
to reduce sediment loading to Issaquah 
Creek. 

Reduce erosion Local 2015 Issaquah 2014-2019 Capital Facilities Plan Water Quality Low 

City of Bothell Queensborough 
Watershed LID 
Implementation 

Lake Union/Ship 
Canal 

Queensborough Creek 
►North Creek ► 
Sammamish River 

Stormwater 
Treatment and 
Volume Reduction 

This project will select, design, and install 
low impact development storm & surface 
water facilities within the Queensborough 
Creek watershed to reduce storm flows to 
Queensborough Creek 

Reduce stormwater 
pollutants 

Local 2015 Bothell 2015-2021 Capital Facilities Plan Water Quality Low 

King County Sammamish 
Plateau Diversion 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Divert up to 43 mgd of wastewater from 
North lake Sammamish basin to the 
Brightwater Treatment Plant in Woodinville, 
currently routed to the South Treatment 
Plant in Renton. 

Improve wastewater 
conveyance 

Local 2014-2030 http://www.kingcounty.gov/environment/wtd/Const
ruction/East/NLkSamFlowDiversion.aspx 

Drainage 
Improvements and 
Erosion Control 

Low 

http://www.kingcounty.gov/environment/wtd/Construction/East/NMIEnatai.aspx
http://www.kingcounty.gov/environment/wtd/Construction/East/NMIEnatai.aspx
http://www.kingcounty.gov/environment/wtd/Construction/East/NLkSamFlowDiversion.aspx
http://www.kingcounty.gov/environment/wtd/Construction/East/NLkSamFlowDiversion.aspx
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King County Sammamish 
Plateau Storage 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Construct a 3.3 MG underground storage 
facility near the intersection of East Lake 
Sammamish Parkway SE and SE 43rd Way 
in the City of Issaquah.  

Improve wastewater 
conveyance 

Local 2014-2030 http://spwsd.org/pdf/WastewaterCompPlan/2013
WastewaterComprehensivePlan.pdf 

Water Quality Low 

City of Redmond Sammamish River 
Enhancements - 
90th to Willows 
Creek 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Regrade both banks of approximately 2,200 
feet of the Sammamish River to enhance in-
stream habitat. Remove invasive weeds and 
install native trees and shrubs to improve 
stream buffers and cool the water for 
salmon. 

Habitat improvement Local 2023 Redmond Capital Investment Strategy, 2013-2030 Habitat Restoration Low 

City of Bothell Sammamish River 
Side Channel 
Restoration 

Lake Union/Ship 
Canal 

Sammamish River & 
Tributaries 

Habitat Restoration This project will restore highly valuable 
salmon habitat, improve water quality, 
increase habitat diversity for wildlife, reduce 
potential of downstream flooding by adding 
water storage capacity to the Sammamish 
River flood plan, and serve as educational 
outreach for citizens while connecting them 
to this important amenity of Bothell. 

Habitat improvement Local 2015/16 Bothell 2015-2021 Capital Facilities Plan Habitat Restoration Low 

City of Newcastle SE 74th St and 
114th Ave SE 
Collection and 
Conveyance 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Construct storm drainage collection and 
conveyance along SE 74th street and 114th 
Ave SE from SE 76th street to 112th Ave 
SE. Includes excavation, rockeries, culverts, 
type 1 catch basins, and minor road repair. 
The pavement cannot be improved until a 
drainage system exists. Existing problems 
include erosion, sedimentation, nuisance 

Reduce stormwater 
pollutants 

Local 2016 Newcastle 2015 Final Budget Water Quality Low 

City of Newcastle Small Drainage 
Annual Program 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

This project funds improvement activities for 
investigating and repairing minor storm 
water issues such as minor flooding or 
erosion problems, repair of minor system 
components, installation of small drainage 
improvements and other miscellaneous 
unforeseen expenditures with respect to 
storm water management throughout the 
City. 

Reduce flooding and erosion Local Ongoing Newcastle 2015 Final Budget Drainage 
Improvements and 
Erosion Control 

Low 

City of Seattle South Lake 
Washington 
Sewage Reduction 

Lake Union/Ship 
Canal 

Lake Washington Stormwater 
Treatment and 
Volume Reduction 

Build partial underground storage tank for 
polluted stormwater and sewage to prevent 
CSOs into Lake Washington. 

Improve wastewater 
conveyance 

Local 2024 http://www.seattle.gov/util/EnvironmentConservati
on/Projects/SouthLakeWashington/index.htm 

Water Quality Low 

City of Issaquah Stabilize Sunrise 
Place Drainage 

Lake Union/Ship 
Canal 

Issaquah Creek ► 
Lake Sammamish 

General 
Stormwater and 
Wastewater 
Improvements 

Construct a 210-ft long, 30-inch diameter 
stormwater pipeline down a steep slope, and 
tightline a drainage ditch through a private 
backyard to abate serious erosion problems. 

Reduce erosion Local 2016 Issaquah 2014-2019 Capital Facilities Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Issaquah Storm Drainage 
Rehabilitation & 
Improvement 
Program 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Repair, replace, or improve components of 
storm sewer system that could lead to local 
flood hazards. Project also involves 
construction of new small drainage projects 
to address drainage problems. 

Reduce flooding and erosion Local Ongoing Issaquah 2014-2019 Capital Facilities Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Bellevue Storm Water 
System 
Conveyance 
Infrastructure 
Rehavilitation 

Lake Union/Ship 
Canal 

Lakes Washington 
and Sammamish 

General 
Stormwater and 
Wastewater 
Improvements 

Maintain aging systems, invest in new 
systems to meet capacity and renewal 
needs as a response to growth and demand, 
and relocate stormwater infrastructure for 
Sound Transit's East Link infrastructure.  

Reduce stormwater 
pollutants 

Local Ongoing Bellevue 2013-2019 Capital Improvements Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of 
Sammamish 

Stormwater 
component of 
planned 
transportation 
projects (roadway 
improvements) 

Lake Union/Ship 
Canal 

Lake Sammamish General 
Stormwater and 
Wastewater 
Improvements 

Implement structural BMPs in various 
roadway improvement projects to reduce 
erosion. 

Reduce erosion Local 2016-Post-2020 City of Sammamish 2015-2016 Biennial Budget Drainage 
Improvements and 
Erosion Control 

Low 

http://spwsd.org/pdf/WastewaterCompPlan/2013WastewaterComprehensivePlan.pdf
http://spwsd.org/pdf/WastewaterCompPlan/2013WastewaterComprehensivePlan.pdf
http://www.seattle.gov/util/EnvironmentConservation/Projects/SouthLakeWashington/index.htm
http://www.seattle.gov/util/EnvironmentConservation/Projects/SouthLakeWashington/index.htm
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City of Redmond Stream Buffer 
Enhancement 
Program 

Lake Union/Ship 
Canal 

Bear/Evans Creek ► 
Sammamish River 

Habitat Restoration The Stream Buffer Enhancement Program 
focuses on preservation and restoration 
(planting) of stream buffer areas which are 
two of the highest priorities identified in the 
Chinook Salmon Recovery Plan. Top 
priorities include the Bear/Evans basin and 
the priority Class II streams due to 
temperature impairments.  

Reduce stream temperature Local Ongoing Redmond Capital Investment Strategy, 2013-2030 Habitat Restoration Low 

City of Bellevue Stream Channel 
Modification 
Program 

Lake Union/Ship 
Canal 

Lakes Washington 
and Sammamish 

Erosion Control and 
Reduction 

Stabilize stream sections identified in 
various stream stability and habitat 
assessment programs. It may also include 
projects to reduce stream sediment from 
sources other than those in or along the 
stream channel. 

Reduce erosion Local Ongoing Bellevue 2013-2019 Capital Improvements Plan Drainage 
Improvements and 
Erosion Control 

Low 

City of Issaquah Stream Habitat 
Restoration 
Program 

Lake Union/Ship 
Canal 

Lake Sammamish Habitat Restoration Small habitat restoration projects for area 
streams including the addition of large 
woody debris in the streams, removing 
invasive plants and installing native 
vegetation along banks, removing stream 
bank riprap, and removing of floodplain fill. 

Habitat improvement Local Ongoing Issaquah 2014-2019 Capital Facilities Plan Habitat Restoration Low 

City of Bellevue Stream Restoration 
for Mobility & 
Infrastructure 
Initiative 

Lake Union/Ship 
Canal 

Lakes Washington 
and Sammamish 

Stormwater 
Treatment and 
Volume Reduction 

Restore streams for recreation and 
environmental health through the Bel-Red 
corridor, and to encourage redevelopment of 
the area.  

Reduce stormwater 
pollutants, and habitat 
improvement 

Local Ongoing Bellevue 2013-2019 Capital Improvements Plan Water Quality Low 

City of Mercer 
Island 

Sub-Basin 49b 
Watercourse 
Stabilization Project 

Lake Union/Ship 
Canal 

Lake Washington Erosion Control and 
Reduction 

The sub-basin 49b watercourse will be 
stabilized and restored through minimizing 
trucking of materials, use of large woody 
debris, log weirs, and other natural practices 
where possible. Disturbed areas will be 
replanted with native vegetation. Some 
piping might take the place of the 
stabilization measures.  

Reduce erosion, and habitat 
improvement 

Local 2016 Mercer Island 2015 Capital Improvement Program Drainage 
Improvements and 
Erosion Control 

Low 

City of Mercer 
Island 

Sub-Basins 
51a.1/52.1 
Watercourse 
Stabilization Project 

Lake Union/Ship 
Canal 

Lake Washington Erosion Control and 
Reduction 

Stabilize and restore sub-basin 51/52 
watercourses utilizing sustainable practices 
to the extent practicable. Disturbed areas 
will be replanted with native vegetation. 

Reduce erosion, and habitat 
improvement 

Local 2016 Mercer Island 2015 Capital Improvement Program Drainage 
Improvements and 
Erosion Control 

Low 

City of Shoreline Surface water 
GreenWorks 
Projects 

Lake Union/Ship 
Canal 

Lake Washington Stormwater 
Treatment and 
Volume Reduction 

Small work projects directed at improving 
water quality and aquatic habitat. 
The water quality projects include the design 
and construction of low-impact development 
bio-retention facilities The aquatic habitat 
projects improve and enhance streams, 
wetlands, and riparian corridors. These 
types of projects include culvert 
replacement, bank stabilization, riparian 
planting, and invasive plant removal. 

Reduce stormwater 
pollutants, and habitat 
improvement 

Local Ongoing City of Shoreline 2015-2020 Capital Improvement 
Program 

Water Quality Low 

City of Seattle Taylor Creek 
Culvert 
Replacement 

Lake Union/Ship 
Canal 

Taylor Creek ► Lake 
Washington 

General 
Stormwater and 
Wastewater 
Improvements 

Replace the barrier culvert at Rainier 
Avenue South for Lower Taylor Creek. 
Design alternatives include rerouting and 
other habitat improvements. The Taylor 
Creek culvert at Rainier Avenue South is the 
number one fish-passage barrier in the city 
that blocks access to a majority of spawning 
and rearing habitat in upper Taylor Creek to 
all species of salmonids. 

Habitat improvement Local Ongoing City of Seattle 2015-2020 Capital Improvement 
Plan 

Drainage 
Improvements and 
Erosion Control 

Low 

http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
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City of Seattle Thornton 
Confluence 
Improvement 

Lake Union/Ship 
Canal 

Thornton Creek ► 
Lake Washington 

Habitat Restoration This project provides creek realignment, 
floodplain excavation, culvert replacement, 
and riparian plantings at the confluence of 
the north and south branches of Thornton 
Creek. SPU has acquired a number of flood 
prone properties in this area over the last 
decade. Using these properties, this project 
increases culvert capacity, floodplain area 
and flood storage, and provides stream 
habitat benefits. The project will help 
alleviate flooding and reduce maintenance at 
Meadowbrook Pond. 

Reduce flooding, and habitat 
improvement 

Local 2015 City of Seattle 2015-2020 Capital Improvement 
Plan 

Habitat Restoration Low 

City of Seattle Thornton Creek 
Confluence & 
Meadowbrook Pond 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Seattle Public Utilities is improving the 
Thornton Creek Confluence to reduce 
upstream flooding and downstream flows. 
This project will help restore water quality, 
improve fish and wildlife habitat, reduce local 
flooding, and prepare for other flood 
reduction projects in the future. The project 
will also provide 

Reduce flooding, and habitat 
improvement 

Local   http://www.seattle.gov/util/EnvironmentConservati
on/Projects/MeadowbrookThornton/index.htm 

Water Quality Low 

King County Thornton Creek 
Interceptor Parallel 

Lake Union/Ship 
Canal 

Lake Washington General 
Stormwater and 
Wastewater 
Improvements 

Provide additional capacity (parallel pipe) to 
Thornton Creek Interceptor. 

Improve wastewater 
conveyance 

Local 2014-2030 http://your.kingcounty.gov/dnrp/library/wastewater/
csi/ProgramUpdate/AppendixB.pdf 

Drainage 
Improvements and 
Erosion Control 

Low 

City of Redmond Tosh Creek Flow 
Control and Water 
Quality 

Lake Union/Ship 
Canal 

Toft Creek ► 
Sammamish River 

General 
Stormwater and 
Wastewater 
Improvements 

Install flow control and water quality 
treatment in the contributing drainage area 
as part of rehabilitating Tosh Creek 
upstream of West Lake Sammamish 
Parkway. Specific projects will be identified 
following completion of the stream basin 
plan. 

Reduce stormwater 
pollutants 

Local 2020 Redmond Capital Investment Strategy, 2013-2030 Water Quality Low 

City of Bellevue Various Street 
Improvement 
Projects: 124th Ave 
NE, 130th Ave NE, 
134th Ave NE, NE 
15th St, NE 16th St 

Lake Union/Ship 
Canal 

Lakes Washington 
and Sammamish 

Stormwater 
Treatment and 
Volume Reduction 

Improve, or install where missing, bike 
lanes, curb, gutter and sidewalk on both 
sides, a traffic signal at the NE 6th Street 
intersection, illumination, landscaping and 
irrigation, and storm drainage that employs 
natural drainage practices and/or and water 
quality treatment. 

Reduce stormwater 
pollutants 

Local 2016 Bellevue 2013-2019 Capital Improvements Plan Water Quality Low 

City of Maple 
Valley 

Water Quality 
Retrofits 

Lake Union/Ship 
Canal 

Cedar River Stormwater 
Treatment and 
Volume Reduction 

This project upgrades existing residential on-
site drainage facilities for which the City is 
responsible, but that have little or no water 
quality treatment capacity. Options include 
conversion of existing detention ponds to 
function strictly as water quality ponds, 
deepening of the existing detention ponds, 
construction berms, and constructing new 
facilities.  

Reduce stormwater 
pollutants 

Local Ongoing Maple Valley 2015 Final Budget Water Quality Low 

City of Mercer 
Island 

Water Quality 
Treatment 
Improvements 

Lake Union/Ship 
Canal 

Lake Washington Stormwater 
Treatment and 
Volume Reduction 

Install water quality treatment devices to 
reduce pollutant loads in stormwater runoff 
before entering watercourses and/or Lake 
Washington 

Reduce stormwater 
pollutants 

Local 2019 Mercer Island 2015 Capital Improvement Program Water Quality Low 

City of Mercer 
Island 

Watercourse Minor 
Repairs/Maintenanc
e 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Make minor repairs to watercourses, remove 
invasive vegetation, and/or enhance native 
vegetation in the watercourse corridor. 

Reduce erosion, and habitat 
improvement 

Local Ongoing Mercer Island 2015 Capital Improvement Program Habitat Restoration Low 

City of Mercer 
Island 

Watercourse 
Stabilization 
Projects 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Restore and protect watercourses in sub-
basins:  3b.4 and 29.2 in 2017; 27a Ph. 2 
and 23.2 in 2018; 42.1/42.1a in 2019; and 
27a.10 and 45b.1 in 2020. 

Reduce erosion, and habitat 
improvement 

Local 2020 Mercer Island 2015 Capital Improvement Program Habitat Restoration Low 

http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
http://www.seattle.gov/util/EnvironmentConservation/Projects/MeadowbrookThornton/index.htm
http://www.seattle.gov/util/EnvironmentConservation/Projects/MeadowbrookThornton/index.htm
http://your.kingcounty.gov/dnrp/library/wastewater/csi/ProgramUpdate/AppendixB.pdf
http://your.kingcounty.gov/dnrp/library/wastewater/csi/ProgramUpdate/AppendixB.pdf
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Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

Puget Sound 
Partnership 

Bear Cr 370 ft 
stream channel 
restoration (2.3 
acres riparian) 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Implement high-priority projects listed in 
local salmon recovery plans 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

Bear Creek (150 
acres 
riparian/wetlands/fo
rested upland) 

Lake Union/Ship 
Canal 

Bear Creek ► 
Sammamish River 

Conservation and 
Preservation 

Identify and protect high-value salmon 
recovery habitat and lands at immediate risk 
of conversion. 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

Issaquah Creek (25 
acres 
floodplain/riparian) 

Lake Union/Ship 
Canal 

Issaquah Creek ► 
Lake Sammamish  

Conservation and 
Preservation 

Identify and protect high-value salmon 
recovery habitat and lands at immediate risk 
of conversion. 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

Issaquah Creek- 
1800 ft stream 
channel restoration 
(155 acres riparain 
restoration) 

Lake Union/Ship 
Canal 

Lake Sammamish Habitat Restoration Implement high-priority projects listed in 
local salmon recovery plans 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

Landowner 
incentives for 
transfer of 
development rights 
and ecosystem 
markets 

Multiple Multiple Conservation and 
Preservation 

Provide technical support and fund local 
projects to identify and implement landowner 
incentives, including transfer of development 
rights and ecosystem services market. 

Habitat improvement Regional     Habitat Restoration Low 

Sound Transit Long Range Plan Multiple Multiple Public 
Transportation 

Provide reliable, convenient, and safe 
transportation services while conserving 
land and energy resources, and reducing 
greenhouse gas emissions, other air 
pollutants and vehicle miles traveled. 

Reduce stormwater 
pollutants 

Regional   http://www.soundtransit.org/sites/default/files/docu
ments/pdf/projects/lrpupdate/2015123_lrpupdate.
pdf 

Water Quality Low 

Puget Sound 
Partnership 

Lower Cedar River 
(77 acres 
riparian/floodplain 
restoration) 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Implement high-priority projects listed in 
local salmon recovery plans 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

Middle Cedar River 
(70 acres of 
floodplain) 

Lake Union/Ship 
Canal 

Cedar River ► Lake 
Washington 

Conservation and 
Preservation 

Identify and protect high-value salmon 
recovery habitat and lands at immediate risk 
of conversion. 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

Sammamish River 
5500 ft stream 
channel restoration 
(85 acres 
floodplain/riparian) 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Implement high-priority projects listed in 
local salmon recovery plans 

Habitat improvement Regional     Habitat Restoration Low 

Puget Sound 
Partnership 

South Lake 
Washington - 750 ft 
lakeshore 
restoration (1500 ft 
tributary 
restoration) 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Implement high-priority projects listed in 
local salmon recovery plans 

Habitat improvement Regional     Habitat Restoration Low 

Ecology Bear-Evans TMDL - 
Fecal Coliform and 
Temperature 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Fecal Coliform: Detect and repair sewer 
leaks and failing septic systems, abate illicit 
stormwater discharges, implement 
stormwater BMPs for reduction of bacteria, 
preserve and restore riparian vegetation, 
and implement agricultural and livestock 
BMPs. 
 
Temperature: Increase stream shading, 
protect cool groundwater inputs to streams 
and enhancing summer baseflows. 

Reduce fecal coliform loads, 
and habitat improvement 

WA State 2015 http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

http://www.soundtransit.org/sites/default/files/documents/pdf/projects/lrpupdate/2015123_lrpupdate.pdf
http://www.soundtransit.org/sites/default/files/documents/pdf/projects/lrpupdate/2015123_lrpupdate.pdf
http://www.soundtransit.org/sites/default/files/documents/pdf/projects/lrpupdate/2015123_lrpupdate.pdf
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
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Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

Ecology Cottage Lake - 
Total Phosphorous 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Detect and repair sewer leaks and failing 
septic systems, utilize low impact 
development practices, implement 
agricultural BMPs (fencing, management of 
roof runoff, manure management), and 
reduce nutrient runoff from residential 
lawns/gardens/car washing. 

Habitat improvement WA State 2014 http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

Ecology Issaquah TMDL - 
Fecal Coliform 

Lake Union/Ship 
Canal 

Lake Sammamish Habitat Restoration Implement BMPs such as use of stream 
buffers, native plant restoration, identify and 
repair sewer leaks, stormwater 
management, reduction of farm animal 
access to creek, management of roof runoff, 
manure management, low impact 
development practices  and street/parking 
lot/waste storage areas sweeping for 
reduction food items that attract wildlife to 
reduce fecal coliform loading to surface 
waters.  

Reduce fecal coliform loads, 
and habitat improvement 

WA State 2010 http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

Ecology Little Bear TMDL - 
Fecal Coliform 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Detect and repair sewer leaks and failing 
septic systems, utilize low impact 
development practices, reduce farm animal 
access to creek, implement agricultural 
BMPs (fencing, management of roof runoff, 
manure management), and reduce nutrient 
runoff from residential lawns/gardens/car 
washing. 

Reduce fecal coliform loads, 
and habitat improvement 

WA State 2010 http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

Ecology North Creek TMDL 
- Fecal Coliform 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Repair of possible sewer leaks and failing 
septic systems, implementation of pest 
waste ordinances, reduction of nutrient 
runoff from residential lawns/gardens/car 
washing, stormwater runoff from composting 
facilities, implementation of agricultural and 
livestock BMPs, and utilization of low impact 
development practices. 

Reduce fecal coliform loads, 
and habitat improvement 

WA State 2008 http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

Ecology Sammamish River 
Basin TMDL - 
Temperature and 
Dissolved Oxygen 

Lake Union/Ship 
Canal 

Lake Washington Habitat Restoration Currently Ecology is monitoring water 
chemistry and will conduct several surveys 
of aquatic vegetation. Additional groups 
such as WRIA 8 Salmon Recovery Council, 
Muckleshoot and Snoqualmie Tribes, 
Redmond, Woodinville, Bothell and King 
County are also contributing efforts to better 
understand and improve water quality within 
the Sammamish watershed.  

Habitat improvement WA State Currently Draft 
SAP 

http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

Ecology Swamp Creek 
TMDL - Fecal 
Coliform 

Lake Union/Ship 
Canal 

Sammamish River Habitat Restoration Acquire riparian areas, promote use of 
agricultural BMPs, reduce urban roof runoff, 
implement pet waste management BMPs, 
detect and repair sewer leaks and failing 
septic systems, and utilize low impact 
development practices 

Reduce fecal coliform loads, 
and habitat improvement 

WA State 2010 http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsb
yWria/tmdl-wria08.html 

Habitat Restoration Low 

 
 
 
 

http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyWria/tmdl-wria08.html
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Table C-1. Planned projects potentially affecting Duwamish Estuary/Elliott Bay in the Duwamish-Green Watershed. 
Entity Project Study Area Water Body 

Affected 
Project Category Project Description Results/Impacts Entity Level Estimated 

Completion 
Date 

Information Source Project Type Impact 

City of Tukwila Storm Water 
Quality Retrofit 
Program 

Duwamish 
Estuary/Elliott Bay 

Green River Stormwater 
Treatment and 
Volume Reduction 

Design and install water quality improvements at selected drainage 
locations throughout the City. 

Reduce stormwater 
pollutants 

Local Ongoing Tukwila 2015-2020 Capital 
Improvements Plan 

Water Quality Medium 

Black 
Diamond/Soos 
Water and Sewer 
Distrct 

Conversion of 
septic systems to 
sewered 

Duwamish 
Estuary/Elliott Bay 

Lake Sawyer ► 
Covington Creek ► 
Big Soos Creek ► 
Green River 

Sewer 
Improvements 

Sewerage Improve wastewater 
conveyance 

Local Ongoing Soos Creek Water & Sewer 
District Sewer Comprehensive 
Plan 

Water Quality Low 

City of Auburn City Wetland 
Mitigation Projects 

Duwamish 
Estuary/Elliott Bay 

Mill Creek ► Green 
River 

Stormwater 
Treatment and 
Volume Reduction 

This project designs and constructs off-site wetland mitigation in the 
Auburn Environmental Park for participating development projects 
as approved through the City's development review process. 
Design, construction, monitoring, and maintenance of the mitigation 
is funded through wetland mitigation fees collected by the City. 

Reduce stormwater 
pollutants, and habitat 
improvements 

Local Ongoing Auburn Capital Facilities Plan 
2015-2020 

Water Quality Low 

City of Auburn Mill Creek Wetland 
5K Reach 
Restoration 

Duwamish 
Estuary/Elliott Bay 

Mill Creek ► Green 
River 

Habitat Restoration Mill Creek Wetland 5K reach (W5K) is a stream restoration project 
to provide improved conveyance and habitat along an approximate 
one mile reach of Mill Creek between West Main Street and SR 167. 
The project includes construction of a new larger stream culvert at 
15th Street NW for improved hydraulic conveyance and fish 
passage, removal of invasive vegetation, native tree and shrub 
plantings. 

Reduce flooding, and habitat 
improvement 

Local 2019 Auburn Capital Facilities Plan 
2015-2020 

Habitat 
Restoration 

Low 

City of Black 
Diamond 

Covington Creek 
Culvert; Safety and 
Salmon 
Improvement 

Duwamish 
Estuary/Elliott Bay 

Covington Creek ► 
Big Soos Creek ► 
Green River 

Erosion Control and 
Reduction 

Rehabilitate the existing culverts, add a concrete head wall and 
guard rail. 

Reduce erosion Local 2017 Black Diamond Capital 
Improvements Plan 2015-2020 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Black 
Diamond 

Ginder Creek 
Headwall 

Duwamish 
Estuary/Elliott Bay 

Ginder Creek ► Lake 
Sawyer ► Covington 
Creek ► Big Soos ► 
Green River 

Erosion Control and 
Reduction 

Reconstruct an 80 foot section of the Ginder Creek Headwall along 
the north side of Roberts Drive 

Reduce erosion Local 2020 Black Diamond Capital 
Improvements Plan 2015-2020 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Black 
Diamond 

N Commercial and 
SR169 Stormwater 
Treatment Pond 

Duwamish 
Estuary/Elliott Bay 

Ginder Creek ► Lake 
Sawyer ► Covington 
Creek ► Big Soos 
Creek ► Green River 

Stormwater 
Treatment and 
Volume Reduction 

Collect storm water runoff from the main commercial area in north 
Black Diamond and from State Route 169 and route to city property 
north of the library. Construct a wetpond or vault for pre-treatment 
followed by constructed wetlands to dispersion trenches for 
discharge to upland above Ginder Creek. 

Reduce stormwater 
pollutants 

Local 2017 Black Diamond Capital 
Improvements Plan 2015-2020 

Water Quality Low 

City of Black 
Diamond 

Roberts Drive 
Rehabilitation 

Duwamish 
Estuary/Elliott Bay 

Ginder Creek and 
Rock Creeks ► Lake 
Sawyer ► Covington 
Creek ► Big Soos 
Creek ► Green River 

Stormwater 
Treatment and 
Volume Reduction 

Grind, Patch and Replace concrete panels; Seal joints and cracks; 
Pave the shoulders; Overlay the existing roadway. This budget was 
increased to address storm water treatment, asphalt shoulders, an 
overlay and the extra cost of a federally funded project. 

Reduce stormwater 
pollutants 

Local 2016 Black Diamond Capital 
Improvements Plan 2015-2020 

Water Quality Low 

City of Black 
Diamond 

Sidewalk Safety Duwamish 
Estuary/Elliott Bay 

Ginder Creek and 
Rock Creeks ► Lake 
Sawyer ► Covington 
Creek ► Big Soos 
Creek ► Green River 

General 
Stormwater and 
Wastewater 
Improvements 

Construct 60 feet of new decorative 8 feet wide concrete plank 
sidewalk from the north end of the museum to Commission Street. 
Construct 150 feet of 5 foot concrete sidewalk, curb and gutter 
along the north side of Commission Ave from Morgan Street to the 
basement access of the Museum. Regrade and repave the first 100 
feet of Commission Ave for a better approach slope to Morgan 
Street and better sight distance at the intersection. This project will 
collect and control storm water runoff from Morgan Street that is 
undermining museum improvements and stabilize the slope below 
the caboose. 

Reduce flooding and erosion Local 2016 Black Diamond Capital 
Improvements Plan 2015-2020 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Covington 164th Avenue SE 
between SE 264th 
Street and vicinity 
SE 269th Street 

Duwamish 
Estuary/Elliott Bay 

Little Soos Creek ► 
Big Soos Creek ► 
Green River 

Stormwater 
Treatment and 
Volume Reduction 

This project will install a 5’ separated walkway on the east side of 
164th Avenue SE between SE 264th Street and just south of SE 
269th Street. This project will also install a drainage swale with 
underdrainage to convey and treat surface water. 

Reduce stormwater 
pollutants 

Local 2017 2016-2021 Transportation 
Capital Improvement Projects 

Water Quality Low 

City of Covington Timberlane/Jenkins 
Cr Stormwater LID 

Duwamish 
Estuary/Elliott Bay 

Jenkins and Big Soos 
Creeks ► Green 
River 

Stormwater 
Treatment and 
Volume Reduction 

The City of Covington plans to improve existing stormwater 
collection, conveyance, and treatment systems within Timberlane 
Estates, incorporating low impact development best management 
practices.  

Reduce stormwater 
pollutants 

Local 2016 http://www.covingtonwa.gov/cit
y_departments/publicworks/en
gineering/currentprojects.php 

Water Quality Low 

http://www.covingtonwa.gov/city_departments/publicworks/engineering/currentprojects.php
http://www.covingtonwa.gov/city_departments/publicworks/engineering/currentprojects.php
http://www.covingtonwa.gov/city_departments/publicworks/engineering/currentprojects.php
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Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

City of Kent Downey Farmstead 
Restoration 

Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration   Invasive, non-native vegetation will be removed and replaced with 
native vegetation in addition to installation of large woody structures 
in the side channels to create channel complexity and plunge pools 
which are important for salmon habitat. This project’s multi-objective 
is that it creates salmon habitat and additional flood storage to help 
alleviate flooding in urban and agricultural areas. 

Reduce flooding, and habitat 
improvement 

Local 2016 http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 
 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Kent Mill Creek Culvert 
Replacements - 
76th Avenue South 

Duwamish 
Estuary/Elliott Bay 

Mill Creek ► Green 
River 

General 
Stormwater and 
Wastewater 
Improvements 

Planned improvements to Mill Creek are located north of 228th 
Street along a portion of 76th Avenue. Current culverts will be 
replaced with up to four larger box culverts across and on the west 
side of 76th Avenue South. 

Reduce flooding and erosion Local 2017 http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 

Habitat 
Restoration 

Low 

City of Kent Mill Creek 
Relocation/Restorat
ion–James Street to 
Kent Memorial Park 

Duwamish 
Estuary/Elliott Bay 

Mill Creek ► Green 
River 

Habitat Restoration Diversion of Mill Creek away from homes and into nearby wetland 
property to increase flood storage and reduce the risk of flood 
damage to surrounding properties 
Installation of native plants, trees, and shrubs to improve wetland 
and stream habitat 
Addition of a nature trail and access point for passive recreational 
and educational opportunities 

Reduce flooding, and habitat 
improvements 

Local ? http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 

Habitat 
Restoration 

Low 

City of Kent Riverview Park Trail 
& Slope Repair 

Duwamish 
Estuary/Elliott Bay 

Green River Erosion Control and 
Reduction 

This project site is located just east of Green River with access from 
Hawley Road. The trail improvement will create a new paved trail 
which follows the channel closer than the existing Green River Trail. 
The improvements made during this project will also include a new 
drainage system to the grounds along the existing Green River Trail. 
Finally, this project will include a slope repair to the south bank of 
the park along the river where heavy erosion is taking place. 

Reduce erosion Local 2016 http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Kent S 224th Street 
Project 

Duwamish 
Estuary/Elliott Bay 

Garrison Creek ► 
Springbrook Creek ► 
Black River ► Green 
River 

Stormwater 
Treatment and 
Volume Reduction 

Under this project, a new three-lane roadway will be constructed 
that will connect East Valley Highway (84th Avenue S./Central 
Avenue N.) and Benson Road (108th Avenue SE/SR 515). Included 
in the project are: 
New bridges over SR 167 at 224th Street and Garrison Creek along 
S. 218th Street.  
New curb, sidewalk, planter strips and planted center median where 
possible 
Overhead utilities moved underground 
New storm drainage treatment and detention facilities. ***"Because 
the alternatives would include water quality treatment for the new 
roadway surface as well as the replaced existing untreated roadway 
areas, the basic water quality treatment facilities are expected to 
result in a slight overall net reduction in long-term impacts on water 
quality."*** 

Reduce stormwater 
pollutants 

Local 2020 http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 

Water Quality Low 

City of Kent SE 267th St Culvert 
Improvements 

Duwamish 
Estuary/Elliott Bay 

Mill Creek ► Black 
River ► Green River 

General 
Stormwater and 
Wastewater 
Improvements 

Planned improvements to Upper Mill Creek are located on SE 267th 
Street, slightly west of its intersection with 104th Avenue SE. 
Replacement of the current deteriorating culvert will increase the 
flow capacity running beneath SE 267th Street and will maintain an 
efficient storm drain system from Upper Mill Creek Dam to Upper 
and Lower Mill Creek. 

Reduce erosion Local ? http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 

Water Quality Low 

City of Kent Upper Mill Creek 
Dam Improvements 

Duwamish 
Estuary/Elliott Bay 

Mill Creek ► Green 
River 

General 
Stormwater and 
Wastewater 
Improvements 

Under this project, the existing dam will be raised and the diversion 
structure will be improved to provide additional downstream 
protection during large flood events by increasing the storage 
capacity of the Upper Mill Creek Pond. Other aspects of this project 
include:   
Channel improvements to Upper Mill Creek 
Restoration of fish passage in Upper Mill Creek 
Mitigation for wetland impacts  

Reduce flooding and erosion, 
and habitat improvement 

Local 2016 http://www.kentwa.gov/govern
ment/public-
works/construction-projects-
and-project-design/current-
projects 

Drainage 
Improvements 
and Erosion 
Control 

Low 

http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
http://www.kentwa.gov/government/public-works/construction-projects-and-project-design/current-projects
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Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

City of Maple 
Valley 

Water Quality 
Retrofits 

Duwamish 
Estuary/Elliott Bay 

Cranmar Creek ► 
Jenkins Creek ► Big 
Soos Creek ► Green 
River 

Stormwater 
Treatment and 
Volume Reduction 

This project upgrades existing residential on-site drainage facilities 
for which the City is responsible, but that have little or no water 
quality treatment capacity. Options include conversion of existing 
detention ponds to function strictly as water quality ponds, 
deepening of the existing detention ponds; reconfiguring the pipes 
into and out of the ponds; construction berms; or constructing new 
facilities. ~$50k/year 

Reduce stormwater 
pollutants 

Local Ongoing Maple Valley 2015 Final 
Budget 

Water Quality Low 

City of Maple 
Valley 

Witte Road 
Improvements (SE 
249th to SE 267th) 

Duwamish 
Estuary/Elliott Bay 

Cranmar Creek ► 
Jenkins Creek ► Big 
Soos Creek ► Green 
River 

General 
Stormwater and 
Wastewater 
Improvements 

Construct center turn/merge lane along with curb, gutter and 
sidewalk at 220th Ave SE. Make stormwater drainage improvement 
that will widen Witte Rd and improve drainage and water quality, 
overlay the corridor to provide two travel lanes and 5' wide bicycle 
lanes. 

Reduce stormwater 
pollutants 

Local Ongoing Maple Valley 2015 Final 
Budget 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Renton Green River 
Ecosystem 
Restoration 
Projects 

Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration The Green River Ecosystem Restoration projects are part of a large 
effort (cost shared by jurisdictions within the WRIA 9 Forum) to 
restore habitat in the Green/Duwamish River Watershed. The 
projects will help in the City’s response to the Endangered Species 
Act. 

Habitat improvement Local Ongoing   Habitat 
Restoration 

Low 

City of Renton Hardie Ave SW‐SW 
7th St Storm 
System 
Improvement & 
Retrofit Project 

Duwamish 
Estuary/Elliott Bay 

Springbrook Creek ► 
Black River ► 
Duwamish Estuary 

Stormwater 
Treatment and 
Volume Reduction 

The Ecology Statewide Stormwater grant will provide funding to 
retrofit the stormwater runoff from SW 7th Street between Naches 
Ave SW to Lind Ave SW to provide stormwater quality treatment by 
installing stormwater filter systems. 

Reduce stormwater 
pollutants 

Local 2017 Renton 2015-2020 Capital 
Investment Program 

Water Quality Low 

City of Renton Oakesdale/SW 41st 
St. Culvert 
Replacement 

Duwamish 
Estuary/Elliott Bay 

Springbrook Creek ► 
Black River ► 
Duwamish Estuary 

General 
Stormwater and 
Wastewater 
Improvements 

This is a project identified in the adopted East Side Green River 
Watershed Plan. The project will solve existing and future flooding 
problems, improving water quality and fish habitat. The project 
includes installing two additional 6‐foot diameter culverts and 
rehabilitating the existing four culverts, or installing a completely 
new structure box culvert or larger culvert structure. The project will 
increase capacity and prevent flooding of Oakesdale at the crossing 
and it will improve fish passage. 

Reduce flooding and erosion, 
and habitat improvement 

Local Post-2020 Renton 2015-2020 Capital 
Investment Program 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Seattle Localized Flood 
Control Program 

Multiple Multiple General 
Stormwater and 
Wastewater 
Improvements 

This ongoing program provides flood control and local drainage and 
wastewater projects in under-served parts of Seattle to improve 
system capacity or increase the existing level of service. Candidate 
projects are identified through claims, complaints, studies, and field 
investigations. 

Reduce flooding and 
stormwater pollutants 

Local Ongoing City of Seattle 2015-2020 
Capital Improvement Plan 

Drainage 
Improvements 
and Erosion 
Control 

Low 

City of Tukwila 53rd Ave S Surface 
Water Drainage 
System 

Duwamish 
Estuary/Elliott Bay 

Gilliam Creek ► 
Green River 

Stormwater 
Treatment and 
Volume Reduction 

Replace existing storm drainage system. Provide bioswales along 
53rd Ave S and a water quality structure at the downstream end of 
the system to treat storm water runoff. Purchase right-of-way, if 
required, for bioswale construction and provide asphalt overlay. 

Reduce stormwater 
pollutants 

Local 2017 Tukwila 2015-2020 Capital 
Improvements Plan 

Water Quality Low 

City of Tukwila Chinook Wind Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration Purchase and restore site as a salmon estuary and passive park. 
The WRIA 9 Salmon Recovery Plan recommends creating 20-acres 
of off-channel habitat within the Duwamish Transition Zone and lists 
this section of the river as critical habitat for salmon recovery within 
the Green/Duwamish Watershed. 

Habitat improvement Local 2018 Tukwila 2015-2020 Capital 
Improvements Plan 

Habitat 
Restoration 

Low 

City of Tukwila Gilliam Creek 42 
Ave S Surface 
Water Culvert 

Duwamish 
Estuary/Elliott Bay 

Gilliam Creek ► 
Green River 

General 
Stormwater and 
Wastewater 
Improvements 

Replace the 36-inch surface water culvert under 42 Ave S/Gilliam 
Creek. Combining this project with the Residential Street Project 
42nd Ave S Phase III. Replacement will require a fish passable 
structure. 

Reduce erosion, and habitat 
improvement 

Local 2016 Tukwila 2015-2020 Capital 
Improvements Plan 

Habitat 
Restoration 

Low 

City of Tukwila Nelson Salmon 
Habitat Side 
Channel 

Duwamish 
Estuary/Elliott Bay 

Nelson Creek ► 
Green River 

Habitat Restoration Construct new side channel to connect remnant river channel to the 
Duwamish River. The project will also need to reconstruct flood 
control levee to protect nearby hotels. 

Reduce flooding, and habitat 
improvement 

Local Post-2020 Tukwila 2015-2020 Capital 
Improvements Plan 

Habitat 
Restoration 

Low 

City of Tukwila NW Gilliam Base 
Storm Drainage 
System 

Duwamish 
Estuary/Elliott Bay 

Gilliam Creek ► 
Green River 

Stormwater 
Treatment and 
Volume Reduction 

Upgrade existing storm drainage system. Provide water quality 
treatment manholes at the downstream end of the retrofitted 
drainage systems. Provide asphalt overlay and extruded asphalt 
curb for all streets. Reduces right-of-way and private property 
flooding by increasing the hydraulic capacity of the existing storm 
drainage system. Water quality manholes remove sediment and oil 
from street runoff. 

Reduce stormwater 
pollutants 

Local 2019 Tukwila 2015-2020 Capital 
Improvements Plan 

Water Quality Low 

http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
http://www.seattle.gov/financedepartment/1520adoptedcip/documents/SPUCAP.pdf
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Entity Project Study Area Water Body 
Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

City of Tukwila Ryan  Hill - 
Neighborhood 
Sewer 
Revitalization 

Duwamish 
Estuary/Elliott Bay 

Green River Sewer 
Improvements 

Design and construct sewers from S Ryan Way south to S 113th St. 
Existing septic systems are old and failing. 

Improve wastewater 
conveyance 

Local Post-2020 Tukwila 2015-2020 Capital 
Improvements Plan 

Water Quality Low 

City of Tukwila Salmon Habitat 
Restoration - 
Green/Duwamish 
River 

Duwamish 
Estuary/Elliott Bay 

Green River  Habitat Restoration Restoration of vegetation at various locations of Green/Duwamish 
River shoreline to improve salmon habitat, involving City and other 
partners (BECU, Forterra, WRIA 9, KCD, other businesses, 
community organizations and community volunteers). Project 
includes purchase of materials and contracting with paid crews and 
natural resource organizations for volunteer recruitment, 
organization of volunteer work parties, assistance with fund raising, 
and other activities. 

Habitat improvement Local Ongoing Tukwila 2015-2020 Capital 
Improvements Plan 

Habitat 
Restoration 

Low 

Ecology Green River TMDL 
- Temperature 

Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration Increase stream shading, increase riparian buffer depth, 
encouragement of riparian planting projects,  protection of cool 
groundwater inputs to streams, restore and create wetlands, 
increase water conservation, increase summer baseflow, and 
reduce use of river water/increase water conservation. 

Reduce stream temperature, 
and habitat improvement 

WA State No Defined http://www.ecy.wa.gov/progra
ms/wq/tmdl/TMDLsbyCounty/k
ing.html 

Habitat 
Restoration 

Low 

Ecology Lake Sawyer TMDL 
- Total 
Phosphorous 

Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration Reduction of stormwater phosphorous levels by stormwater 
treatment, detection and reduction of illicit discharges, use of 
construction site stormwater BMPs, and post-construction 
stormwater and pollution prevention programs. 

Reduce stormwater 
pollutants 

WA State 2014   Habitat 
Restoration 

Low 

Ecology Newaukum Creek 
TMDL - 
Temperature 

Duwamish 
Estuary/Elliott Bay 

Newaukum Creek ► 
Green River 

Habitat Restoration Increase stream shading, increase riparian buffer depth, 
encouragement of riparian planting projects, utilization of LID for 
reduced stormwater temperatures,  protection of cool groundwater 
inputs to streams, restore and create wetlands, increase water 
conservation, increase summer baseflow, and reduce use of river 
water/increase water conservation. 

Reduce temperature, and 
habitat improvements 

WA State 2040 http://www.ecy.wa.gov/progra
ms/wq/tmdl/TMDLsbyCounty/k
ing.html 

Habitat 
Restoration 

Low 

Ecology Soos Creek TMDL -  
Temperature and 
Dissolved Oxygen 

Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration Actual TMDL Implementation Plan Not Found Reduce stream temperature  WA State   http://www.ecy.wa.gov/progra
ms/wq/tmdl/TMDLsbyCounty/k
ing.html 

Habitat 
Restoration 

Low 

King County Algona Pacific 
Trunk State 1 

Duwamish 
Estuary/Elliott Bay 

Green River General 
Stormwater and 
Wastewater 
Improvements 

    Local     Water Quality Low 

King County Map, prioritize, and 
restore degraded 
streams. 

Multiple Multiple Habitat Restoration Map, prioritize, and restore degraded streams. Habitat improvement Local     Water Quality Low 

Puget Sound 
Partnership 

Landowner 
incentives for 
transfer of 
development rights 
and ecosystem 
markets 

Multiple Multiple Conservation and 
Preservation 

Provide technical support and fund local projects to identify and 
implement landowner incentives, including transfer of development 
rights and ecosystem services market. 

Habitat improvement Regional     Habitat 
Restoration 

Low 

Puget Sound 
Partnership 

Lower Green - 31+ 
acres floodplain 
restoration 

Duwamish 
Estuary/Elliott Bay 

Green River Habitat Restoration Implement high-priority projects listed in local salmon recovery plans Habitat improvement Regional     Habitat 
Restoration 

Low 

Puget Sound 
Partnership 

Lower Green River 
- 273 acres - 
floodplain/riparian 

Duwamish 
Estuary/Elliott Bay 

Green River Conservation and 
Preservation 

Identify and protect high-value salmon recovery habitat and lands at 
immediate risk of conversion. 

Habitat improvement Regional     Habitat 
Restoration 

Low 

Puget Sound 
Partnership 

Midd Green River - 
14+ acres 
floodplain/riparian 

Duwamish 
Estuary/Elliott Bay 

Green River Conservation and 
Preservation 

Implement high-priority projects listed in local salmon recovery plans Habitat improvement Regional     Habitat 
Restoration 

Low 

Puget Sound 
Partnership 

Midd Green trib 
steams - 230+ 
acres 
floodplain/riparian 

Duwamish 
Estuary/Elliott Bay 

Green River Conservation and 
Preservation 

Identify and protect high-value salmon recovery habitat and lands at 
immediate risk of conversion. 

Habitat improvement Regional     Habitat 
Restoration 

Low 

http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
http://www.ecy.wa.gov/programs/wq/tmdl/TMDLsbyCounty/king.html
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Affected 

Project Category Project Description Results/Impacts Entity Level Estimated 
Completion 

Date 

Information Source Project Type Impact 

Sound Transit Long Range Plan Multiple Multiple Public 
Transportation 

Provide reliable, convenient, and safe transportation services while 
conserving land and energy resources, and reducing greenhouse 
gas emissions, other air pollutants and vehicle miles traveled. 

Reduce stormwater 
pollutants 

Regional   http://www.soundtransit.org/Pr
ojects-and-Plans/Sound-
Transit-3/Long-range-Plan-
update/Long-Range-Plan-
document-archive/LRPU-
documents/Final-
Supplemental-Environmental-
Impact-Statement 

Water Quality Low 

 
  

http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
http://www.soundtransit.org/Projects-and-Plans/Sound-Transit-3/Long-range-Plan-update/Long-Range-Plan-document-archive/LRPU-documents/Final-Supplemental-Environmental-Impact-Statement
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APPENDIX D: Estimated Contaminants Loads 
to Lake Union/Ship Canal—Current and 2030 
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Figure D-1 Discharge volumes to Lake Union/Ship Canal–current (2015) and future (2030). 

Note log-scale. 

 
Figure D-2 Fecal coliform bacteria loads to Lake Union/Ship Canal–current (2015) and future 

(2030). 

NE        NE     NA                                   NA           NE     NA       NA        NA 

NE               NA                                   NA           NE     NA       NA        NA 
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Figure D-3 Total suspended solids loads to Lake Union/Ship Canal–current (2015) and future 

(2030). 

 
Figure D-4 Total phosphorus loads to Lake Union/Ship Canal–current (2015) and future (2030). 

NE         *     NA                                   NA           NE     NA       NA        NA 

NE        *       NA                                   NA           NE     NA       NA        NA 
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Figure D-5 Total nitrogen loads to Lake Union/Ship Canal–current (2015) and future (2030). 

 
Figure D-6 Bis(2-ethylhexyl)phthalate loads to Lake Union/Ship Canal–current (2015) and 

future (2030). 

NE         *     NA                                   NA           NE     NA       NA        NA 

NE        *       NA                                   NA           NE     NE       NA        NA 
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Figure D-7 Total PAH loads to Lake Union/Ship Canal–current (2015) and future (2030). 

 
Figure D-8 Total PCB loads to Lake Union/Ship Canal–current (2015) and future (2030). 

NE          *     NA                                   NA           NE     NE       NA         

NE         *       NA                                   NA           NE           NE       NA        NA 
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Figure D-9 Total PBDE loads to Lake Union/Ship Canal–current (2015) and future (2030). 

 
Figure D-10 Total arsenic loads to Lake Union/Ship Canal–current (2015) and future (2030). 

NE          *     NA                                   NA           NE         NE       NA          NA      

NE         *       NA                                   NA           NE        NE      NA       NA 
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Figure D-11 Total copper loads to Lake Union/Ship Canal–current (2015) and future (2030). 

 
Figure D-12 Total lead loads to Lake Union/Ship Canal–current (2015) and future (2030). 
 

NE          *     NA                                   NA           NE         NE                   NA      

NE         *       NA                                   NA           NE           NE       NA        NA 
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Figure D-13 Total mercury loads to Lake Union/Ship Canal–current (2015) and future (2030). 

 
Figure D-14 Total zinc loads to Lake Union/Ship Canal–current (2015) and future (2030). 
 

NE          *     NA                                   NA           NE            NE       NA          NA      

NE         *       NA                                   NA           NE         NE       NA     NA 
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APPENDIX E: Estimated Contaminants Loads to 
Duwamish Estuary/Elliott Bay—Current and 
2030 
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Figure E-1 Discharge volumes to the Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). Note log-scale 

 
Figure E-2 Fecal coliform bacteria loads to Duwamish Estuary/Elliott Bay–current (2015) and 

future (2030). 

NE        NE        NE                                               NE     NA       NA          NA      

NE        *         NE                                             NE         NA       NA     NA 
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Figure E-3 Total suspended solids loads to Duwamish Estuary/Elliott Bay–current (2015) and 

future (2030). 

 
Figure E-4 Total phosphorus loads to Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). 

NE         *        NE                                             NE     NA       NA          NA      

NE        *         NE                                               NE        NA       NA     NA 
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Figure E-5 Total nitrogen loads to Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). 

 
Figure E-6 Bis(2-ethylhexyl)phthalate loads to Duwamish Estuary/Elliott Bay–current (2015) 

and future (2030). 

NE         *        NE                                             NE     NA       NA          NA      

NE               *         NE                                               NE        NE       NA        NA 
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Figure E-7 Total PAH loads to Duwamish Estuary/Elliott Bay–current (2015) and future (2030). 

 
Figure E-8 Total PCB loads to Duwamish Estuary/Elliott Bay–current (2015) and future (2030). 

NE         *        NE                                               NE                       NA                

NE          *         NE                              NE          NE            NE       NA        NA 
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Figure E-9 Total PBDE loads to Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). 

 
Figure E-10 Total arsenic loads to Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). 

NE             *          NE                               NE         NE           NE       NA          NA                

NE        *          NE                                             NE            NE       NA        NA 
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Figure E-11 Total copper loads to Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). 

 
Figure E-12 Total lead loads to Duwamish Estuary/Elliott Bay–current (2015) and future (2030). 
 

NE         *          NE                                              NE          NE                 NA                

NE        *          NE                                             NE            NE       NA        NA 
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Figure E-13 Total mercury loads to Duwamish Estuary/Elliott Bay–current (2015) and future 

(2030). 

 
Figure E-14 Total zinc loads to Duwamish Estuary/Elliott Bay–current (2015) and future (2030). 
 

NE        *          NE                                                NE          NE       NA        NA 

NE        *          NE                                                NE            NE       NA        NA 
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APPENDIX F: Estimation of Future Chemical 
Concentrations in Wet-Weather Treatment 
Facility Effluent 
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The Elliott West, Henderson-MLK, Georgetown, and Hanford-Lander-King-Kingdome 
(HLKK) Wet Weather Treatment facilities are intended to reduce Combined Sewer 
Overflows (CSOs) discharging into the Duwamish Estuary and Elliott Bay. The Elliott West 
and Henderson-MLK facilities are currently online, and the Georgetown and HLKK facilities 
are planned under King County’s Long-term CSO Control Plan. These facilities provide 
primary treatment of combined sewage to remove solids and chlorination or UV irradiance 
to remove pathogens. The Elliott West and Henderson-MLK facilities are required to 
achieve 50 percent total suspended solids (TSS) removal. The Georgetown and HLKK 
facilities have a goal of 85 percent removal but are required to remove at least 60 percent 
TSS to meet water-quality-based requirements. For the purposes of this analysis, a 
conservative 75 percent TSS removal rate was assumed. Additionally, the fecal coliform 
concentration in the discharge from these facilities will not exceed a monthly geometric 
mean of 400 CFU/100 mL.  
 
To estimate the effluent concentration following treatment, it was assumed that the 
treatment process would not alter chemical concentrations unless the chemical 
concentration had a significant relationship with TSS based on log-log regression. Effluent 
concentrations for parameters with a TSS correlation were estimated from the regression 
function of TSS using the mean TSS concentration in untreated CSO effluent (133.5 mg/L) 
and a 75 percent of that value to represent post-treatment. 
 
The same CSO effluent data used for estimating CSO chemical concentrations were used for 
this analysis (see Section 3.6 of the Loadings Report [King County, 2017d]). These data 
were collected between 1996 and 2015 from King County CSOs in addition to two Seattle 
CSOs sampled for PCBs in 2011 and 2012. These data were check for quality following the 
steps outlined in Section 3.1 of the Loadings Report. Chemical concentrations were in a 
sample were used only if TSS was also measured for that sample. 
 
The regression functions between chemical concentrations and TSS were calculated using 
the ‘survreg’ function in the ‘survival’ package for R (v3.2.2). The “survreg” function fits a 
parametric survival regression function, which allows for the presence of non-detects in 
the dependent variable. The data were assumed to have a log-normal distribution for the 
purposes of the ‘survreg’ function; this validity of this assumption was also assessed. 
 
If the p-value of the regression at an α=0.05 level of significance, the regression function 
was used to estimate the chemical concentration at 25 percent of the mean TSS percent 
(33.9 mg/L). Confidence intervals around these predictions were calculated via 
bootstrapping using the ‘boot’ function in the ‘boot’ package for R; the regression and 
resulting predictions were recalculated 1000 times based on randomized resampling (with 
replacement) of the dataset. The bias-corrected bootstrap percentile (BCa) intervals were 
used. 
 
If the chemical contaminant did not have significant relationship with TSS, the chemical 
concentration was assumed to remain unchanged through the treatment process. The one 
exception to this is fecal coliform, which was assumed to have a concentration of 400 
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CFU/100 mL due to chlorination or UV radiation. Table F-1 presents the results of the 
regression analysis and the significance of the relationships. 
 
Two plots per chemical are shown below (Figures F-1 through F-12). The first plot is of 
cumulative probability distribution and log-normal fits of the data. This plot allows an 
examination of the assumption of a log-normal distribution used for the regression 
equation. The second plot is of the chemical concentration regressed on TSS, the regression 
line as a solid black line, the regression equation on the upper right corner, and the 
regression p-value on the upper left corner. Non-detects are represented as vertical dashed 
lines denoting the MDL and the associated concentration of TSS. Note that both the 
concentrations are presented on a log-scale. For all analytes, the assumption of a log-
normal distribution is supported by a visual analysis of the cumulative probability plots.  
 
To examine the reasonability of this approach, the estimated concentrations at 50 percent 
TSS removal were compared to the observed chemical concentrations at the Alki, Carkeek, 
and Henderson/MLK wet-weather treatment facilities (Figures F-13 and F-14). The 
comparison shows the 95% confidence intervals of the modeled data often fell within the 
range or overlapped with the range of the 95% confidence intervals of the observed data. 
This was true for BBP, BEHP, total mercury, and total phosphorus. Total arsenic, total 
copper, total, lead, and total zinc concentrations were within an order of magnitude. There 
was no detected total PCB and total PAH observed data to compare to the modeled data.  
 
Table F-1. Contaminant concentration results from the regression analysis. 

Analyte 

Significant 
Relationship 

with TSS 
(p≤0.05)? 

Estimated 
Concentration at 50% 

TSS Reduction 

Estimated 
Concentration at 75% 

TSS Reduction 
LCL Mean UCL LCL Mean UCL 

Fecal Coliform 
(CFU/100 mL) NO1 400 400 

Total Nitrogen (mg/L) NO2 6.64 6.64 6.64 6.64 8.02 9.93 
Total Phosphorus 
(mg/L) YES 0.85 0.56 0.56 0.56 0.70 1.18 

Total Suspended Solids 
(mg/L) YES3 58.5 29.8 29.8 29.8 20.0 23.6 

Arsenic, Total (µg/L) YES 1.53 1.05 1.05 1.05 0.82 0.88 
Copper, Total (µg/L) YES 19.9 11.63 11.63 11.63 8.02 8.47 
Lead, Total (µg/L) YES 12.3 6.29 6.29 6.29 3.99 4.23 
Mercury, Total (µg/L) YES 0.023 0.0160 0.0160 0.0160 0.011 0.012 
Zinc, Total (µg/L) YES 92.6 59.81 59.81 59.81 48.8 141 
Benzyl butyl phthalate 
(µg/L) YES 0.26 0.21 0.21 0.21 0.20 0.28 

Bis(2-
ethylhexyl)phthalate 
(µg/L) 

YES 2.07 1.61 1.61 1.61 1.79 3.16 

Total PAHs (µg/L) YES 0.70 0.40 0.40 0.40 0.40 0.57 
Total PCBs (µg/L) YES 0.029 0.018 0.018 0.018 0.019 0.033 

1. Estimated concentrations based on monthly geomean standard of 400 CFU/100 mL. 
2. Estimated concentrations are equal to estimates for untreated CSO effluent 
3. Estimated concentrations based on 50 or 75 percent reduction of TSS estimates for 

untreated CSO effluent. 
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Figure F-1. Cumulative distribution (left) and TSS regression (right) plots for total nitrogen. 

 

 
Figure F-2. Cumulative distribution (left) and TSS regression (right) plots for total phosphorus. 
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Figure F-3. Cumulative distribution (left) and TSS regression (right) plots for total arsenic. 
 

 
Figure F-4. Cumulative distribution (left) and TSS regression (right) plots for total copper. 
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Figure F-5. Cumulative distribution (left) and TSS regression (right) plots for total lead. 
 

 
Figure F-6. Cumulative distribution (left) and TSS regression (right) plots for total mercury. 
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Figure F-7. Cumulative distribution (left) and TSS regression (right) plots for total zinc. 
 
 

 
Figure F-8. Cumulative distribution for TSS. 
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Figure F-9. Cumulative distribution (left) and TSS regression (right) plots for benzyl butyl 

phthalate. 
 

 
Figure F-10. Cumulative distribution (left) and TSS regression (right) plots for bis(2-ethylhexyl) 

phthalate. 
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Figure F-11. Cumulative distribution (left) and TSS regression (right) plots for total PAHs. 
 

 
Figure F-12. Cumulative distribution (left) and TSS regression (right) plots for total PCBs. 
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Figure F-13. Comparison of predicted (50% TSS removal) and observed wet-weather treatment 

facility contaminant concentrations. 
 

 
Figure F-14. Comparison of predicted (50% TSS removal) and observed wet-weather treatment 

facility contaminant concentrations continued. 
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APPENDIX G: Confidence in Current (2015) and 
Future (2030) Contaminant Loadings Estimates 
for Major Pathways 
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Table G-1. Confidence in current (2015) and future (2030) contaminant loading estimates for 
major pathways. 

Pathway 
Time 

Period Limitations Confidence In Estimates 

Upstream 
Watersheds 
(Green River 
and Lake 
Washington) 

Current 
(2015) 

Estimated based on existing water quality 
and flow data. Low sample size and 
number of detects for some contaminants 
(phthalates, PCBs, PBDEs) 

Medium to High 
(Low for PCBs, PBDEs, 
and phthalates) 

Future 
(2030) 

Insufficient information to estimate future 
loadings based on upstream land use 
change, planned projects, and climate 
change 

Medium, loading likely to 
remain at similar order of 
magnitude 

Stormwater 
runoff 

Current 
(2015) 

Estimated based on stormwater quality for 
Western Washington cities and modeled 
flow data from Seattle’s PLM. This study 
was unable to account for current or 
future public or private stormwater 
facilities or operations, except for selected 
Seattle projects. 

Medium 
(Low for PCBs, PBDEs, 
and phthalates) 

Future 
(2030) 

Estimated based on projected load 
reductions from a small number of 
planned projects. Land use change, 
current and future stormwater 
infrastructure, operational programs for 
runoff management, source control 
programs, and climate change not 
incorporated. 

Low 

CSOs 

Current 
(2015) 

Estimated based on existing water quality 
and flow data. Low sample size for some 
contaminants (phthalates, PCBs, PBDEs) 

Medium to High 
(Low for PCBs, PBDEs, 
and phthalates) 

Future 
(2030) 

Estimated based on projected volume 
reductions from planned CSO control 
projects. Land use change, stormwater 
infrastructure, and climate change not 
incorporated. 

Medium-Low 

Wet-weather 
treatment 
facilities 

Current 
(2015) 

Estimated based on existing water quality 
and flow data. Low sample size and 
number of detects for some contaminants 
(phthalates, PCBs, PBDEs) 

Medium to High 
(Low for PCBs, PBDEs, 
and phthalates) 

Future 
(2030) 

Assumed relationship between TSS 
removal and contaminant removal. Used 
modeled discharge data. 

Medium-Low 

Local 
Tributaries 

Current 
(2015) 

Areal loading rates from regional studies 
used.  Medium 

Future 
(2030) 

Insufficient information to estimate future 
loadings based on upstream land use 
change, planned projects, and climate 
change 

Medium, loading likely to 
remain at similar order of 
magnitude 

Highway 
Bridges 

Current 
(2015) 

Estimated based on existing non-site-
specific water quality from highway runoff 
and model flow data. Low sample size 
and number of detects for some 
contaminants (phthalates, PCBs, PBDEs) 

Medium-Low 
(Low for PCBs, PBDEs, 
and phthalates) 



Water Quality Assessment and Monitoring Study: Future Loadings 

King County G-3 October 2017 

Pathway 
Time 

Period Limitations Confidence In Estimates 

Future 
(2030) 

Insufficient information to estimate future 
loadings based on upstream land use 
change, planned projects, and climate 
change 

Medium, loading likely to 
remain at similar order of 
magnitude 

Air Deposition 

Current 
(2015) 

Estimated based on observed flux at 
Seattle sites and applied to study areas. 
Incomplete dataset. 

Medium-High 

Future 
(2030) 

Insufficient information to estimate future 
loadings based on air quality changes 

Medium, loading likely to 
remain at similar order of 
magnitude 

Antifouling 
Paint 

Current 
(2015) 

Leaching rates based on literature values. 
Number of boats using copper-based 
antifouling paint estimated from aerial 
images.  

Medium-Low 

Future 
(2030) 

Assumes full compliance with legislations. 
Number of recreational boats under 65 ft 
based on size distribution of registered 
vessels in King County. 

Medium-Low 

Creosote-
treated Pilings 

Current 
(2015) 

Number of pilings estimated based on 
aerial images. 
Leaching rates based on literature values. 

Medium-Low, actual 
loading likely within range 

Future 
(2030) 

Removed pilings numbers based on 
number counted for structure. 
Unplanned, undocumented pilings 
removals not included. 

Medium-Low 

Sacrificial Zinc 
Anodes Both Insufficient data to estimate leaching. NA 

Vessel 
Discharges Both Insufficient data to estimate loading NA 

Groundwater Both Insufficient data to estimate loading NA 

Shoreline 
Erosion Both Insufficient data to estimate loading NA 

Puget Sound Both Insufficient data to estimate loading NA 

Confidence in Current Estimates: 
Low – Inadequate study-specific or regional data 
or literature. Poor data quality (low sample size, 
numerous non-detects). Actual value likely within 1 
to 2 orders of magnitude.  
Medium – Regional data or literature used. Good 
data quality. Moderate estimate of load magnitude. 
High – Robust recent site-specific data. Good 
estimate of load. 

Confidence in Future Estimates: 
Low – Inadequate information to quantify 
important, high-impact projects and watershed 
changes. Likely within 1 to 2 orders of 
magnitude. 
Medium – Sufficient data to assess high-impact 
changes. Moderate estimate of load magnitude. 
High – Adequate data to assess high- and 
medium impact changes. Good estimate of 
magnitude. 
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