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October 19, 2017 

Mark Isaacson, Director 
King County Water Treatment Division 
201 S Jackson St., #500 
Seattle, WA 98104 

Subject: Science and Technical Review Team Comments and Recommendations on the 
Water Quality Assessment and Monitoring Study 

Dear Mr. Isaacson: 

Thank you for inviting us to participate on the Science and Technical Review Team for the 
King County Water Quality Assessment and Monitoring Study. The attached summary 
report provides an overview of our role, the work we completed over the past three years, 
key observations, and recommendations to King County. 

We appreciate the opportunity to ensure the Water Quality Assessment and Monitoring 
Study is high quality and provides King County and other partners in the region with 
reliable, relevant information to support decision making. We look forward to hearing 
about King County’s next steps in continuing to improve water quality in the region.   

Sincerely, 

 

_______________________________________________ 
Virgil Adderley 
System Commissioning Manager, Thames Tideway Tunnel 
 

_______________________________________________ 
Mike Brett, Ph.D. 
Professor of Environmental Engineering, University of Washington 

 

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

_______________________________________________ 
Ken Schiff 
Deputy Director, Southern California Coastal Water Research Project 
 

_______________________________________________ 
John Stark, Ph.D. 
Professor and the Director of the Washington Stormwater Center, Washington State 
Puyallup Research and Extension Center   
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Background 
From 2012 to 2017, the King County Wastewater Treatment Division conducted a Water 
Quality Assessment and Monitoring Study (WQA) of Lake Union/Ship Canal, Elliott Bay, and 
the Duwamish Estuary. The purpose of this study was to support planning for the 
combined sewer overflow (CSO) program and ensure remaining CSO projects are well-
planned and timed to improve water quality in these waterbodies. King County is using the 
outcomes of the study to inform development of the 2018 update to the CSO long-term 
control plan, establish baseline conditions for mandatory post-construction monitoring of 
CSO control projects, and make technical information available to many organizations 
working to improve water quality.  

King County convened an independent five-member Science and Technical Review Team 
(STRT) to review the study and help ensure high quality methodology, analyses, and 
conclusions. The role of the STRT was to provide an independent assessment of the data 
quality, methodologies, assumptions, analyses, and conclusions King County used to 
develop the WQA. We also acted as a technical sounding board for King County, reviewing 
and commenting on technical questions and issues. Along the way, we shared our thoughts 
on how to present the analyses and conclusions to decision makers.  

Process 
We met with the King County project team more than twenty times over the course of the 
WQA, starting in 2014. Most meetings were conducted by video conference. Three 
meetings were held in Seattle, Washington.  

Our objective was to help King County answer seven study questions: 

Regarding Impairments 
1. What are the existing and projected water quality impairments in receiving waters 

(water bodies) where King County CSOs discharge? 
2. How do King County CSOs contribute to the identified impairments? 
3. How do other sources contribute to the identified impairments? 

Regarding Corrective Actions 
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? 

Regarding Effective CSO Project Sequences 
6. How do various alternative sequences of CSO control projects integrated with other 

corrective actions compare in terms of cost, schedule, and effectiveness in 
addressing impairments? 

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

To provide us with context, the King County project team took us on a site tour of Lake 
Union/Ship Canal, Elliott Bay, and the Duwamish Estuary. They reviewed existing 
monitoring data and data gaps with us, and we shared our input on prioritizing data gaps 
to fill. We also provided feedback on King County’s proposed methodology for some of the 
data gap studies.  

For subsequent meetings, we established a working pattern that allowed for efficient 
information sharing and review of each of the 10 reports comprising the WQA: 

1. The King County project team gave an oral presentation about basic methods, 
results, and conclusions for each report. We asked clarifying questions and provided 
initial feedback. 

2. We reviewed the draft documents and prepared feedback for each report review 
meeting. A list of review questions provided by King County structured our 
feedback. Attachment 2 includes the review questions. 

3. At each report review meeting, we took turns sharing our responses to the study 
questions and providing our feedback on the technical report and presentation 
materials. The King County project team could request clarification and provide 
additional information as appropriate in response to our comments.  

4. Occasionally, King County project team members would contact us individually after 
the report review meetings to follow up on detailed comments.  

Work Completed by the Science and Technical 
Review Team 
Over the course of three years, we completed the following tasks: 

• Discussed and provided input on the scope of the WQA 
• Reviewed existing monitoring data and data gaps and provided input on which data 

gaps to prioritize  
• Provided early input on how to approach the study design for the Contaminants of 

Emerging Concern and Conservative Sewage Tracer Data Gap reports 
• Reviewed draft outlines of the Area reports for Lake Union/Ship Canal, Elliott Bay, 

and Duwamish Estuary and provided feedback on report structure, format, and 
information to include or leave out 

• Reviewed drafts of the three area reports and provided feedback on methods, 
quality assurance, results, conclusions, and the report in general 

• Reviewed drafts of the Current Loadings, Future Loadings, Bacteria Sources, 
Contaminants of Emerging Concern, Conservative Sewage Tracer, and Synthesis 
reports and provided feedback on methods, quality assurance, results, conclusions, 
and report formats 

• Reviewed and provided feedback on the conclusions and report format for the draft 
Data Gaps Analysis report 

• Provided feedback on presentations, outreach materials, and messaging to partners, 
decision makers, and the public 
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Observations  
Overall, King County’s methodology and analyses for this study were scientifically sound, 
and the study reports were generally well-written and presented. In our opinion, King 
County’s conclusions in the WQA are reasonable.  

King County has been responsive to our feedback and constructive criticism. King County 
has incorporated our input into many of its decisions when conducting the study, 
particularly regarding which data gaps to prioritize filling. In cases where King County has 
not incorporated our input, the project team reported their reasoning back to us.1  

Based on the information provided by King County, what follows are our major 
observations, organized by the WQA study questions: 

Regarding Impairments 
Existing and projected water quality impairments in King County 
receiving waters 

• We observed steadily improving trends for many water quality parameters over the 
past several decades. These trends seem especially positive, given the high 
population growth during this period. This achievement is likely the result of a 
combination of regional efforts to manage wastewater, stormwater, and land use. 

• We also noted that some impairments are not improving—like temperature, which 
can have deleterious effects on anadromous fishes.  

• While many data gaps exist, King County’s decision to focus on contaminants of 
emerging concern, bacteria sources, and conservative sewage tracers was 
influenced by our recommendation to prioritize data gaps based on three factors: 
relationship to a regulatory standard, human or aquatic health risks, and/or a 
known water quality impairment.  

• While we considered all of the data gap studies to be appropriate, the studies 
completed by King County were preliminary exercises and not final answers. There 
is still more work needed to be done by regional stakeholders to fill these data gaps. 

• We encouraged King County to add a data gaps study on fish tissue contamination, 
but understood King County’s decision not to include this study in the assessment 
given limited time and resources, potential challenges associated with obtaining fish 
collection permits, and the opportunity to add fish tissue studies to future 
monitoring programs.  

How King County CSOs contribute to the identified impairments 
• The results of the WQA indicate that decades of water quality improvement 

projects—including CSO control projects—have dramatically reduced bacteria 
concentrations in receiving waters, which has positive implications for human 
health. Controlling the remaining CSO discharges will further reduce bacteria in 

                                                        
1 Please note that, at the time of writing, we had not yet had an opportunity to review the final versions of all 
the study reports and cannot confirm whether and how our input has been addressed in these documents. 
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receiving waters following wet weather. Controlling CSOs will also reduce other 
pollutants in the receiving waters and sediments.  

• Based on the Current Loadings and Future Loadings reports, there are several 
impairments that will not dramatically improve with additional CSO control. These 
include temperature, bacteria conveyed by stormwater pathways, and low dissolved 
oxygen and elevated salinity in the lower depths of Lake Union during summer from 
saltwater entering through the Locks. 

Regarding Corrective Actions 
How other sources contribute to the identified impairments 

• Based on the reports on Current Loadings and Future Loadings, stormwater runoff 
is the largest contributor to several water quality impairments, which has 
implications for aquatic organisms in the region. As such, in addition to CSO control, 
stormwater will continue to need the region’s attention.  

• We encourage ongoing coordination between King County and the City of Seattle to 
address regional water quality issues. A representative from the City of Seattle 
participated in STRT meetings.  

How CSO control project and other corrective actions can address 
impairments 

• Based on the outcomes of this WQA, we believe a diversified approach and use of 
new technologies—such as improved CSO treatment to remove solids and better 
disinfection—will likely improve water quality in the receiving waters. King County 
and City of Seattle’s increased commitment to Green Stormwater Infrastructure and 
potential collaborations with the Seattle Department of Transportation (SDOT) 
should continue to improve receiving water quality.  

• Based on the Current Loadings and Future Loadings reports, source control 
management decisions such as removing copper from vessel anti-fouling bottom 
paints or removing creosote pier pilings to eliminate polycyclic aromatic 
hydrocarbons (PAHs), should dramatically reduce inputs of these pollutants and 
lead to improved receiving water quality. 

Data limitations, analyses, and conclusions 
• Some of the weaker trends identified in the data were questionable. Oftentimes, 

weak trends can be the result of spurious data, a small number of statistical outliers, 
or insufficiently long time series that co-occur with long-term cycles. For example, 
the phosphorous trend identified in the Elliott Bay Area report may be a result of 
chance rather than a significant trend, and temperature trends identified in the Area 
reports may have been influenced by phases of the Pacific Decadal Oscillation. We 
urged King County to use caution in drawing conclusions from weak relationships 
or limited datasets.  

• The data indicates that significant pollutant loads come from upstream pathways, 
but there is little information about their individual sources because these upstream 
locations fell outside the WQA study area. Without identifying these upstream 
sources, the region will be challenged to improve loadings from this pathway. 
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• Because the project team did not use receiving water models, key uncertainties 
remain after completion of the WQA. Without a receiving water model, we could not 
predict where or when load reductions will translate into receiving water 
improvements. 

• The effects of climate change on precipitation frequency and intensity and the 
impacts of future redevelopment on CSOs and stormwater runoff were not fully 
evaluated in the WQA. These uncertainties clearly have the potential to dramatically 
change pollutant loading and CSO frequency. 

Recommendations  
Over the course of three years, we provided a number of specific and detailed 
recommendations. The meeting summaries in Attachment 3 document these 
recommendations. Following are some highlights, organized by whether they relate to the 
WQA or future actions:  

Regarding the WQA 
• Given the impetus for this WQA is to inform the CSO control program, we 

recommended every report in the study highlight the relevance of the analysis and 
conclusions to CSO control. For example, the introduction in the Bacteria Sources 
study should clearly state that the study shows CSOs impact water quality.  

• We recommended each report also explain that King County has a consent decree 
with the U.S. Environmental Protection Agency requiring the agency to address 
CSOs. We suggested adding that there is a public interest in reducing sewage-related 
bacteria and pathogens (for which fecal coliform is an indicator organism) in the 
region’s waterbodies.  

• We encouraged King County to draw clear distinctions in the Area, Future Loadings, 
and Synthesis reports between naturally-occurring constituents (the natural 
background condition) and human-caused constituents. This will help define targets 
for improvements. 

• We suggest King County distinguish pathways that contribute the greatest pollutant 
loads causing water quality impairments. This information will help King County 
decision makers focus investments on the most effective controls.  

• Audiences for these reports will want to understand how the outcomes of each 
study could be applied to future decision making. We recommended including an 
explanation of how the findings could be used to inform decision making in each 
study report.  

Consider for future actions 
Regarding corrective actions 

• Over the long term, we envisioned the region taking a suite of actions beyond CSO 
control to improve water quality in receiving waters. Here is a flow path 
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demonstrating how addressing impairments could evolve: 

 
• We encouraged King County and the City of Seattle to consider identifying and 

evaluating opportunities to use wet-weather treatment facilities to address heavily 
polluted stormwater from separated systems during small storms when the full 
capacity of the treatment facility is not being used for CSOs. 

• If sanitary sewage collection systems—including sewer pipes leading to treatment 
plants or CSO control facilities—are in poor condition or receive significant 
stormwater inflow, they could overflow into nearby creeks and streams, impacting 
the study area receiving waters as much as CSOs. We encouraged King County and 
other jurisdictions to further evaluate the extent of this problem and address these 
type of overflows by enhancing existing collection system maintenance and 
replacement programs.  

Regarding monitoring, data limitations, and analyses 
• We recommended King County identify opportunities in its current monitoring 

program to find efficiencies and improve data collection. Separate from this project, 
several of us provided limited comments to King County on its monitoring program 
in 2015 – 1 16. We would be happy to advise King County on future reviews of its 
monitoring program. 

• We urge King County to continue its long-term monitoring program and adopt a 
practice of conducting periodic reviews of existing monitoring data to assess water 
quality changes over time. This will help King County track how well the agency is 
doing to improve water quality, identify new problems before they get worse, and 
highlight effective solutions.  

• Given the potential effects of climate change and future redevelopment on water 
quality, it would be good for regional water quality agencies to prioritize quantifying 
these uncertainties to the extent possible.  

Epilogue 
The monitoring data collected in King County represents a nearly unparalleled trove of 
information for improving decision making. Most areas of the U.S. do not have the benefit of 
this scientific foundation. Investments in monitoring present an opportunity to evaluate 
the effectiveness of past actions and increase the effectiveness of and confidence in future 
actions. This becomes particularly important as the water quality issues become harder to 
resolve and more costly to achieve. We applaud your investments in water quality 
monitoring and the monitoring-informed decisions you will be making to protect your 
beneficial uses and the rate payers of King County.  

Technology-based 
solutions

•Remove pollutants 
from pathways

Legislative solutions

•Remove pollutants 
from sources

Public education and 
behavior change

•Remove pollutants 
from community
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Attachment 1: Science and Technical 
Review Team Members 
The five members of the STRT, listed below, are not affiliated with King County. Each has 
expertise and professional standing in water quality, environmental science, or 
engineering. We have a collective understanding of local issues relating to our subject area, 
and some of us have national experience.  

Virgil Adderley, former CSO Program Manager, Portland Bureau of Environmental 
Services 
When Virgil joined the STRT in 2014, he was serving as the CSO Program Manager for the 
Portland, Oregon, Bureau of Environmental Services. Since then, Virgil relocated to London, 
United Kingdom and is working as the System Commissioning Manager for the Thames 
Tideway Tunnel project. He leads the team responsible for planning and managing the 
commissioning, operation, maintenance, and handover of London’s future CSO tunnel. 
Virgil has 28 years of experience in engineering, management, and computer modeling for 
wastewater, stormwater, and combined sewer systems. Virgil received an M.S. and B.S. in 
Civil Engineering from the University of Texas.  

Mike Brett, Ph.D., Professor of Environmental Engineering, University of Washington 
Mike is a Professor of Environmental Engineering at the University of Washington. His 
research is in biological limnology, specifically in nutrient discharges and eutrophication in 
lakes, streams, and estuaries. Mike holds a Ph.D. in limnology from Uppsala University, an 
M.S. in zoology from the University of Maine, and a B.S. in fisheries from Humboldt State 
University. 

Jay Davis, Resource Contaminants Specialist, U.S. Fish and Wildlife Service 
Jay is an environmental toxicologist working with the U.S. Fish and Wildlife Service’s 
Washington Fish and Wildlife Office. He is involved in both regulatory and research aspects 
of resource management. Jay studies a range of areas, including the effects of contaminants 
on a variety of biological receptors, the impacts of environmental stressors on aquatic 
habitats, and how water quality can adversely affect the health and recovery of organisms. 
Jay holds an M.S. in environmental toxicology and a B.S. in marine biology from Texas A&M 
University. 

Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
Ken’s research focus cuts across several scientific disciplines and agency departments to 
assess both environmental and human health risk. The outcomes of his research have been 
widely used in environmental management actions, including remediation prioritization 
and implementation, assessment tool development, testing new technology, and regulatory 
responses such as setting water quality standards. Ken holds an M.S. in biology from 
California State University, Long Beach, and a B.S. in biology from San Diego State 
University. 
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John Stark, Ph.D., Director of the Washington Stormwater Center 

In addition to overseeing the Washington Stormwater Center, John is a Professor and the 
Director of the Ecotoxicology Program at the Washington State Puyallup Research and 
Extension Center. John’s research deals with protection of endangered species and 
ecological risk assessment of pollutants, with particular emphasis on salmon and their 
food. John holds a Ph.D. in toxicology from the University of Hawaii, an M.S. in entomology 
from Louisiana State University, and B.S. degrees in biology and forest biology from 
Syracuse University and the S.U.N.Y Environmental Science and Forestry School.  
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Attachment 2: Review Questions 
The following are questions we used to focus our review of the Area, Data Gap, and 
Synthesis reports.  

1. What was your takeaway from the report? What surprised or intrigued you? 

2. Have seen similar results in other studies?   

3. Are there conclusions that the report has not highlighted or interpreted? 

4. Are there important data limitations that need to be acknowledged? What are they 
(in addition to those already mentioned)? 

5. Are there any other important uncertainties that are not currently reflected in the 
report? 

6. What questions do you have about the findings? 

7. Do you have any other suggestions or recommendations? 
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Attachment 3: Science and Technical 
Review Team Meeting Summaries 

Meeting Meeting Date 

Kickoff Meeting January 22, 2014 

Meeting #2 March 14, 2014 

Meeting #3 April 23, 2014 

Meeting #4 September 22, 2014 

Meeting #5 April 28, 2015 

Meeting #6 May 14, 2015 

Meeting #7 June 10, 2015 

Meeting #8 June 23, 2015 

Meeting #9 September 1, 2015 

Meeting #10 September 10, 2015 

Meeting #11 September 24, 2015 

Meeting #12 October 29, 2015 

Meeting #13 November 12, 2015 

Meeting #14 January 27, 2016 

Meeting #15 February 11, 2016 

Meeting #16 March 21, 2016 

Meeting #17 April 11, 2016 

Meeting #18 July 19, 2016 

Meeting #19 August 9, 2016 

Meeting #20 January 17, 2017 

Meeting #21 March 22, 2017 

Meeting #22 May 25, 2017 
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Water Quality Assessment  
Science and Technical Review Team 
Kickoff  Meeting – Summary ( January 22, 2014)  

Meeting Objectives 
1. Review, revise, and finalize charter for Science and Technical Review Team. 
2. Understand background of King County Combined Sewer Overflow Control program and context 

for Water Quality Assessment. 
3. Learn about the purpose and timing of additional studies. 
4. Discuss the role and workplan of the Science and Technical Review Team and how input will 

inform King County Wastewater Treatment Division analysis and decisions. 

Meeting Attendees 
Science and Technical Review Team (review team) 

• Virgil Adderley, Principal Engineer, Portland Bureau of Environmental Services 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service 
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 
• (Not present: Mike Brett, Professor, Civil and Environmental Engineering, University of 

Washington) 

King County Staff 
• Teri Barclay, Public Health, Seattle-King County 
• Wendy Eash-Loucks, Elliott Bay Study  
• Pam Elardo, Director of the Wastewater Treatment Division 
• Andrew Ewing, Utilities Economist 
• Karen Huber, Combined Sewer Overflow (CSO) Control Program Lead 
• Erica Jacobs, Water Quality Assessment (WQA) Project Manager 
• Don Jewett, Records Management and Document Control 
• Jan Knudson, Capital Projects Managing Supervisor 
• Kate Macneale, Duwamish Study 
• Sarah Ogier, Watershed Services Unit Supervisor 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer 
• Jim Simmonds, Science Team Supervisor 
• Dean Wilson, Science Team Lead and Ship Canal Study 
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• Dave White, Science Team Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Carryn Vande Griend, PRR, Notetaker  

Meeting Summary 
Project Overview 
All meeting presentations are available on line. 

After a welcome, introductions of the Science and Technical Review Team and King County staff and 
consultants, and review of the meeting agenda, Jamie Strausz-Clark, Facilitator introduced Erica Jacobs, 
WQA Project Manager. 

Overview of the Water Quality Assessment 
Erica provided an overview of the Water Quality Assessment and Monitoring Study. Erica also 
emphasized the purpose of the review team, which is to ensure the WQA study is transparent and the 
methodology is adequate. She indicated that the review team is not a policy or decision-making body, 
but the results of the WQA and the contributions of team members may influence future policy 
decisions. 

Questions/comments from the review team: 
Ken indicated that he understands this is not a policy-making body, but being educated on the policy 
issues would help him provide the most useful technical advice. He asked King County to share 
information that would be helpful to his understanding of these issues. 

Virgil asked when King County will decide whether to develop an integrated plan. Karen Huber 
responded that King County will consider it (based in part from information gathered from the WQA), 
but because King County is not responsible for stormwater management throughout Seattle, options for 
an integrated plan are likely to be limited.  

Overview of the King County Combined Sewer Overflow (CSO) Control Program 
Karen Huber, CSO Control Program Lead presented an overview of the CSO Control Program. She 
discussed the history of the program, the Consent Decree with the U.S. Environmental Protection 
Agency (EPA) and Washington Department of Ecology (Ecology), and how the WQA study might 
influence future decisions about the CSO Control Program.  

Questions/comments from the review team: 
Several review team members asked if the Consent Decree set specific water quality standards for King 
County to meet. Karen replied that the Consent Decree focuses on control standards (number of 
discharges per outfall) and CSO treatment plant effluent limits with the expectation that this will meet 
water quality standards.  

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


 

3 
 

Review team members requested a copy of the Consent Decree, as well as a copy of the NPDES permit 
for the King County West Point Treatment Facility. Jamie added sending these to the action item list. 

Several review team members asked questions to understand the parameters of the water quality 
study, such as how King County would identify the source of water quality impacts and how nearby land 
use affects the receiving water body.  Virgil asked if there were any total maximum daily loads (TMDLs) 
established for the water bodies. There is an ammonia TMDL on the Duwamish River, but no TMDLs for 
sediment as the Superfund cleanup is still under way. The water bodies are listed with several 
parameters on the 303d list, but no other TMDLs at this time.  

Jay commented that the health of Puget Sound is in decline and may be worse off than it has ever been, 
and he expressed concern about King County spending a billion dollars to meet the Consent Decree 
requirements of no more than one overflow per year per outfall, if there are limited water quality 
benefits. 

Area Reports 
Dean Wilson, Science Team Lead and Ship Canal Study Lead, provided an overview of the purpose of and 
format for the three area reports. He explained that the study area for these three reports is the surface 
waters where CSOs discharge: Lake Union/Ship Canal, Elliott Bay, and the Duwamish. The Area Reports 
describe each of these study areas, including characteristics and existing water quality concerns.  

Questions/comments from the review team: 
Review team members had questions about the scope of the area reports and the extent to which King 
County will be able to isolate the causes of water quality concerns, such as nearby land uses, ships, 
floating homes, industry, and stormwater runoff.  Their comments suggested that water quality 
concerns may be related to several types of pollution sources. 

Lake Union/Ship Canal 
Dean presented an overview of the Lake Union/Ship Canal study.  

Questions/comments from the review team: 
Virgil commented that when he did a water quality analysis in Portland, he came up against water 
hardness for copper and lead. Given the aquatic life concerns, he wondered why the area study 
overview does not raise the question of water hardness, copper, and lead. 

Ken commented that bacteria is one of the biggest issues associated with CSOs. In Southern California, 
the health department monitors bacteria levels in the water. Dean responded that King County’s health 
department does not have the resources to monitor bacteria levels in the water. 

Virgil asked if septic systems were a problem in Lake Union. Dean responded that while the area is 
sewered, some septic systems are likely to exist.  The extent of septic systems and their contribution to 
water quality concerns in Lake Union and other areas may represent a data gap, as King County does not 
have microbial source tracking in Lake Union.  
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Elliott Bay 
Wendy Eash-Loucks, Elliott Bay Study Lead, gave a presentation on the Elliott Bay Area Study.  

Questions/comments from the review team: 
Ken commented on the map that showed uncontrolled CSOs belonging to Seattle Public Utilities 
adjacent to uncontrolled CSOs belonging to King County. He indicated that the close proximity of two 
uncontrolled CSOs would be an issue in assessing the water quality impacts of King County’s CSOs on 
Elliott Bay. 

Virgil asked if there was a record of fish kills or consumption advisories. Karen responded that there 
have not been any fish kills, but there are consumption advisories in place. 

Ken commented that in Southern California, when there is sewage present there are nutrient concerns. 
He asked if nutrients—causing problems such as algae blooms and low dissolved oxygen—are a concern 
for King County. Jim responded that the nutrient loads may be causing problem in parts of Puget Sound 
such as South Sound -- but perhaps not in the study area.  

Several review team members asked about how Ecology defines “excellent” and “extraordinary” ratings 
for water bodies in water quality standards and State listing of impaired waterbodies. Jamie indicated 
that we would put it on our action item list to follow up with an explanation. 

Duwamish 
Kate Macneale, Duwamish Study Lead, gave a presentation on the Duwamish Area Study.  

Questions/comments from the review team: 
Ken commented on the map that showed CSOs and stormwater outfalls. He made the point that there 
appeared to be more stormwater outfalls than CSOs in the Duwamish. Karen responded that 
stormwater outfalls vary significantly in the volumes they convey. She noted the Superfund process is 
going to force treatment of a lot of those stormwater outfalls.  

John indicated that there is a very high probability that assumptions about daily average fish 
consumption rates are going to be adjusted upward, and this could affect water quality standards. He 
asked if King County was going to take this into account in their assessment. Jim responded that we will 
have to figure out how to address this issue, even though the final decision will not be made until after 
King County finishes the study.  

Monitoring studies 
Dean explained that they have already reviewed the existing literature to see if there are any data gaps 
that are pertinent to the goals of this study. Based on this preliminary review, King County saw a lack of 
spatial data on bacteria in water bodies where CSOs discharge. He explained that King County’s existing 
monitoring program has provided good long term information on bacteria that shows general trends 
over time. In other words, King County does not have existing data to investigate sources of bacteria in 
the water.  Bacteria has been identified as a water quality concern in the three study areas.  CSOs are a 
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source of bacteria discharges, but the relative extent of their contribution compared to other sources is 
not clear.   

King County identified a bacteria study to begin to fill this data gap, because of its relevance to the study 
questions (e.g., to what extent CSOs contribute to water quality concerns, and what other sources 
contribute to the problems).   The study would examine levels of bacteria present throughout the study 
areas (at multiple sampling locations), which would provide some initial information on the distribution 
of bacteria problems and potential sources.  Because the study is cost constrained (and limited by the 
capacity of our Environmental Lab), it will not provide detailed information on sources (e.g., go 
“upstream” or pinpoint exact locations), but can be used as a starting place for future investigations, 
beyond the scope of this assessment.  Moreover, because the contribution of CSOs compared to other 
sources (such as stormwater, direct discharges, or others) can vary seasonally, a yearlong study is 
required.  Therefore, King County decided to get this study up and running so it could be completed 
within the time frame for this project (and for it to be useful to CSO Control Program decision-making).   

Dean said that King County obviously would have preferred to convene the review team in time to ask 
for input on this Early Action Bacteria Study, and intends to do this with other studies. However, in order 
to meet the assessment’s timeframe Wastewater Treatment Division management decided it was 
necessary to start this particular study while working to convene the review team.   

Questions/comments from the review team: 

John asked questions about the type of bacteria King County was examining in the Early Action Bacteria 
Study. Specifically, he asked if King County was looking for E Coli strain 0157:H7, which was the same 
strain that poisoned people at a fast food restaurant in Washington State in 1993. He explained that 
they are finding it in Puyallup, and it represents a serious problem. Jim responded that we are not 
looking this particular strain in this project’s water quality sampling, but we could look into this outside 
of the context of the Water Quality Assessment and Monitoring Study (in our routine water quality 
monitoring program). Jim and John will continue to discuss coordination. 

Ken asked whether King County is too far down the road for review team members to offer meaningful 
input on the bacteria study. He said that he had ideas for how to refine the study. While noting that it 
may be too late to make significant changes (given the cost and time constraints described above), Jim 
committed to sending the Early Action Bacteria Study sampling plan to review team members for their 
review and input. Members will have opportunities to review future studies earlier in the process.  

Charter, Roles and Responsibilities, and Workplan 
Document and Records Management 
Don Jewett with King County Department of Natural Resources and Parks gave a presentation on 
managing records and documents related to this project. A key message of his presentation was that 
review team members should keep a folder separate from their other work to store emails and 
documents related to this project. That way, if there is ever a public records request, review team 
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members can easily submit their records without having to turn over their computer hard drives.  There 
were no questions or comments from the review team. 

Thank You from Wastewater Treatment Division Director 
Pam Elardo, King County Wastewater Treatment Division Director stopped by the meeting to introduce 
herself to the review team and thank them for serving on this team. She indicated that there is a 
relatively short window of time to make policy decisions that influence the direction of the CSO Control 
Program, and the assessment will support these decisions. She asked the review team to be candid 
when asked for their input.  

Questions/comments from the review team: 
Virgil raised a concern that the scope of the WQA and the review team’s role is very limited. He 
explained that Philadelphia analyzed their data in terms of what the entire watershed needs, rather than 
just the water quality benefit of controlling CSOs. Pam responded that the environment is ripe for 
conversation about how best to tackle water quality. The assessment will look at other impairments, not 
just CSOs, in areas where King County CSOs discharge.  Although the review team is not a policy or 
decision-making body, their input could influence the direction of the conversation. 

Charter Review 
Review team members reviewed the draft Charter in advance of the kickoff meeting and had specific 
feedback: 

• Set meeting dates for the whole year  
• Clarify the purpose of the review team 
• Structure review team meetings so they can deliberate as a body, rather than asking them for 

individual/independent feedback 
• Consider holding longer meetings (8:30 am to 4:30 pm), to make the most of their time 
• Some review team members are restricted from using Dropbox, so we need to find another way 

to share documents 

King County committed to revising the draft Charter based on this input and sending it to the review 
team for review. 

Action Items and Next Steps 
Jamie summarized next steps for the WQA and review team and agreed to provide a revised charter or 
schedule with more specificity.  

Jamie reviewed the list of action items: 

• Jamie will send a copy of the Consent Decree, NPDES permit for the West Point Treatment 
Plant, and the Early Action Bacteria Study sampling plan to the review team. 

• Jamie will coordinate with King County to find an alternative to Dropbox for sharing files 
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• Jamie will send the review team an explanation of the difference between excellent and 
extraordinary categories for water quality 

• Jim will coordinate with John on collaboration regarding for E Coli strain 0157:H7 
• Jamie will send the review team a Doodle poll to set future meeting dates 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #2 – Summary  

Meeting Objectives 
1. Review data gaps and provide guidance on how to prioritize filling them. 
2. Provide input on strategies and approaches for filling priority data gaps. 
3. Hear update on early action bacteria study. 
4. Finalize and approve revised charter for Science and Technical Review Team. 
5. Understand next steps. 

Meeting Attendees 
Science and Technical Review Team (review team) 

• Virgil Adderley, Principal Engineer, Portland Bureau of Environmental Services 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service 
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington 

King County Staff 
• Wendy Eash-Loucks, Elliott Bay Study  
• Erica Jacobs, Water Quality Assessment Project Manager 
• Kate Macneale, Duwamish Study 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer 
• Jim Simmonds, Science Team Supervisor 
• Dean Wilson, Science Team Lead and Ship Canal Study 
• Kate Leone, Environmental Programs Section Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Carryn Vande Griend, PRR, Notetaker  

Guests 
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 
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Meeting Summary 
Project Overview 
All meeting presentations are available on line. 

After a welcome, Jamie Strausz-Clark, Facilitator, introduced the Science and Technical Review Team 
and King County staff and consultants and reviewed the meeting agenda. 

Presentation: Context for Today’s Discussions 
Erica Jacobs recapped the Water Quality Assessment (WQA) study questions and the need for additional 
studies to fit with the assessment’s timeframe, budget, and connection to combined sewer overflows 
(CSOs).  

Data Gaps: Lake Union/Ship Canal 
Dean Wilson, Science Team Lead and Ship Canal Study Lead, gave a presentation on the data gaps in the 
Lake Union/Ship Canal area.  

Questions/comments from the review team: 
Virgil asked about the lack of current metal testing during storm events in the Lake Union Ship Canal 
area. Dean responded that existing characterization of CSO and stormwater discharges give King County 
enough confidence to estimate current metal loadings during storms to the study area.  Jim noted that 
no exceedances of metals had occurred during eight years of ambient data collected from the Ship Canal 
area (2000-2008). 

Mike raised a question about the challenge of differentiating sources of samples: if the main objective of 
this WQA is to see whether CSO investments will lead to better water quality, then the team must be 
able to trace certain pollutant levels back to the source.  Dean agreed that this is a challenge and 
suggested that the County is reasonably confident that there are enough data to characterize water 
quality conditions in the study areas.  However, differentiating between sources to a large degree would 
require conducting a source identification study.  For example, data show that a source (or sources) of 
PCB and PBDEs are present in the Lake Union CSO and storm drainage basin and that a source 
investigation study of these chemicals in Lake Union basin would be needed to identify where these 
pollutants are coming from.  

Dean clarified that during King County’s assessment of water quality, team members are comparing 
chemical concentrations to water quality standards.  If no water quality standards exist for certain 
chemicals, the team will develop effects thresholds based on published studies to assess the issue.  

Jay raised the question of whether meeting water quality standards and keeping contaminants below 
exceedance levels is enough to protect wildlife.  

Jay questioned whether with only two CSO events in the Lake Union Ship Canal area, there needs to be 
more CSO sampling. Dean and Jim responded that the other 45 CSO samples from Seattle were relevant 
enough to estimate CSO chemical loadings in Lake Union/Ship Canal.  

http://www.kingcounty.gov/environment/wastewater/CSO/WQstudy/STRteam.aspx
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Data Gaps: Duwamish 
Kate Macneale, Duwamish Study Lead, gave a presentation on data gaps in the Duwamish Area Study.  

Questions/comments from the review team: 
Although PCBs have been phased out for decades, the team identified them as an environmental issue 
and identified PBDEs as the “new” PCBs because of their high bio-accumulation rate. The group 
discussed whether a decrease might be seen in environmental concentrations of PBDEs because they 
are being phased out.  John highlighted flame retardants (PBDEs) as persistent chemicals because of 
their long half-life. Flame retardants are commonly found in plastics and building materials.  

Data Gaps: Elliott Bay 
Wendy Eash-Loucks, Elliott Bay Study Lead, gave a presentation on the Elliott Bay Area Study. 

Questions/comments from the review team: 
Virgil suggested that bacteria in sediment along Elliott Bay’s shore and beaches could be a source of 
bacteria in water. Dean agreed and responded that, according to tests of stream sediments in the Lake 
Washington watershed, sediments and bacteria are often entrained in the water column during storms.  
The existing study should be able to assess this, as data are being collected during storm and non-storm 
conditions. Wendy also mentioned that several “beach” sites in Elliott Bay would not necessarily have 
local sediment sources of bacteria, because there is either little sediment (i.e., there is rocky substrate) 
or the site is from a pier. 

Virgil asked how the assessment would address the lack of stormwater information from Seattle Public 
Utilities outfalls. Dean replied that the City of Seattle has collected data to characterize stormwater by 
land use. The City has analyzed a number of storms over three years for a variety of metals, organic, and 
bacterial contaminations for their NPDES Phase 1 stormwater monitoring. Dean expressed confidence 
that they could produce loadings estimates from the data they have.   Kevin Buckley (Seattle Public 
Utilities) noted that Ecology recently published a synopsis of all the NPDES Phase I stormwater 
monitoring data, which is available on Ecology’s website.  

The group discussed the possibility of testing for a tracer chemical as an indicator of sewage that is 
different from stormwater.  Caffeine was discussed, but previous studies showed that it did not work as 
well as hoped.  Dean said that the King County Laboratory was looking into other chemicals, but nothing 
has been identified yet.   

Jay brought up the issue of contaminants from personal care products (PCPs). Dean said that this was an 
emerging issue and that more laboratory work was needed on laboratory methods and toxicity 
information on PCPs.  

Discussion: prioritizing data gaps to fill 
At the conclusion of the three presentations, Jamie asked the Science and Technical Review Team to 
provide input regarding how King County should prioritize filling the data gaps, given the study 
questions that need to be answered and the time and resource constraints.  
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Questions/comments from the review team: 
Virgil commented that the end products of the WQA Study must communicate to a wide, large and 
questioning audience.  Therefore, the definition of “water quality” used for this Assessment should be 
meaningful to the KC managers and the community who will be looking to this Study’s end products to 
answer questions.  The definition and description of “water quality” should also provide meaningful 
results to address the Study questions Erica presented regarding Impairments, Corrective Actions, and 
Sequencing.  A useful definition for “good water quality” might be: 

• Protects human health and has aesthetics that are welcoming to the public 
• Supports a healthy aquatic environment for fish and aquatic biological communities 
• Addresses regulatory requirements  

Virgil suggested creating a matrix and recording which of four elements each data gap affects: human 
health and aesthetics, aquatic health, regulatory requirements, and indicator of system sources. The 
data gap(s) that affects the most elements could be a priority gap to fill. In addition, Virgil suggested the 
prioritization matrix should evaluate the data that is helpful in identifying system sources (combined, 
stormwater, and sanitary sewers).  This will help define the impacts of CSO control and point to parallel 
work to be done to address the non-CSO sources. 

Ken indicated that he does not have enough information to prioritize data gaps, especially regarding the 
sources of each data set. In particular, he raised concerns about not knowing whether stormwater or 
CSO outfalls contributed the pollutants. John and Virgil echoed his concerns. Dean asked if the Science 
and Technical Review Team members are interested in a source investigation of stormwater and CSO 
outfalls in a more narrowed source-control study. He said the early action bacteria study was an 
example of a source investigation study. The Science and Technical Review Team indicated strong 
interest in seeing a source investigation of this type. 

Ken suggested an alternative approach to identifying data gaps by designing a receiving waters model.  
The process of seeing what data is needed to create a receiving water model would inform what data 
types are needed for a more complete understanding of the system. Dean noted that receiving models 
have been developed in the study area; for example, in 1998 an Environmental Fluid Dynamics Code 
(EFDC) model included several parameters of concern in the Duwamish waterway. Over the years, King 
County has added new data to the model. King County could potentially use this model in the Lower 
Duwamish. Jim noted that this model also covered Elliott Bay. Although King County does not currently 
have a 3D chemical transport model for the Lake Union Ship Canal, Jim said it is certainly on the list of 
possibilities.  

Draft matrix of data gaps  
Impairment categories: H=human health and aesthetics problems, A= aquatic health problems, R= 
regulatory requirements/violations, I= indicators of system sources 

Lake Union Ship Canal 
Source of bacteria contamination H, A, R, I Notes 
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Source investigation of PCB and PBDE 
congeners in CSO/Stormwater basin 

H, A, R, I  
 

Jay wonders if additional tissue data will be 
able to tease out the differences of CSOs and 
stormwater. Jim said it would identify 
characterization, but not identification. 

Sediment characterization (including 
PCB and PBDE congeners) 

H,A, R,I 
 

There are newly promulgated sediment 
standards. Large areas of Lake Union Ship 
Canal do not meet these standards. 

Tissue chemistry H, A, R, I 
 

If it identifies CSO, that increases the value of 
tissue data. Indicates one of three systems: 
stormwater, sanitary, combined. 

Lower Duwamish River 
Source of bacterial contamination H, A, R, I Notes 

Sources of bacterial contamination H, R, I Same concerns as Ship Canal 
PBDE concentrations (ambient water) H, A, I  

Elliott Bay 
Source of bacterial contamination H, A, R, I Notes 

Sources of bacterial contamination H, R, I Same concerns as Ship Canal 
PBDE concentrations (ambient water) H, A, R,   
Source investigation of PCB and PBDE 
congeners in CSO/Stormwater basin 

H, A, R, I  

Recent organics data A, R, A, I 
 

More of a monitoring question, not a current 
problem  

Metals near waterfront A, R, A, I 
 

Similar concerns as organics. 

Discussion: filling the data gaps 
Jim suggested prioritizing sources of PCBs and PBDEs, and tissue chemistry in Lake Union Ship Canal, and 
PCBs in Elliott Bay as the highest ranking data gaps. Dean highlighted studying tissue chemistry to 
understand the effect of CSOs as a high priority.   

Kate summarized the group’s suggestions into a two-pronged approach: use existing models to identify 
uncertainties and where more data may be useful, and conduct actual field collections of PCBs and 
PBDEs. Virgil clarified and supported Ken’s suggestion that walking through a model building process 
could help identify data gaps along the way. 

Action Items and Next Steps 
Questions/comments from the review team: 
Kate suggested refining and adding to the data gaps matrix and circulating it to the Science and 
Technical Review Team. The matrix will help characterize cost and duration and determine which studies 
are needed. The team agreed to discuss the populated matrix and study design questions over email.  

King County will put together a literature search around the study questions raised during the meeting, 
and would like the team’s input on the bibliography. The team agreed with this approach. 
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Mike would like to see a pilot study that directly compares the concentrations of the various analysis of 
interest from 10 paired CSO/stormwater discharges. Ideally, these paired samples would include 
different locations and times. These types of information would give the team an idea of what kind of 
effects to expect and help interpret field data on the CSO effects of large stormwater discharges. Dean 
and Jim agreed to pull together existing data on the CSO and stormwater characterization and flow data. 

Because King County already has a long-term data record, Ken suggested conducting a retrospective 
analysis of the data correlating concentrations to historical events. Kate said they are working on it as 
part of the study area reports that the team are working on now.  The results of this will not be 
available, however, until later this year.  

Jamie reviewed the list of action items: 
• The team will let Jamie know of any additional input to incorporate into next steps by Friday, 

3/21.   
• Jamie will send the Science and Technical Review team the meeting summary for review. 
• King County will use the outcomes from today’s meeting to develop a one-page 

recommendation for each study the team proposed. A report out of additional studies will be 
available in April.  

• Erica will continue finalizing draft agreements for all review team members.  
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #3 – Summary  

Meeting Objectives 
1. Review data gaps and provide guidance on how to prioritize filling them. 
2. Provide input on strategies and approaches for filling priority data gaps. 
3. Hear update on early action bacteria study. 
4. Finalize and approve revised charter for Science and Technical Review Team. 
5. Understand next steps. 

Meeting Attendees 
Science and Technical Review Team (review team) 

• Virgil Adderley, Principal Engineer, Portland Bureau of Environmental Services 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service 
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington 

King County Staff 
• Wendy Eash-Loucks, Elliott Bay Study  
• Karen Huber, Combined Sewer Overflow (CSO) Program Lead 
• Erica Jacobs, Water Quality Assessment Project Manager 
• Kate Macneale, Duwamish Study 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer 
• Jim Simmonds, Science Team Supervisor 
• Dean Wilson, Science Team Lead and Ship Canal Study 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Carryn Vande Griend, PRR, Notetaker  

Guests 
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 
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Meeting Summary 
Update: revised timeline and approach  
Erica Jacobs explained the revised timeline to the team. At this meeting, the team will discuss the matrix 
they began at the last meeting to produce recommendations for Pam Elardo, Wastewater Treatment 
Division Director. In May, after Pam reviews the team’s recommendations, she will decide on additional 
studies. 
 
Action items from last meeting 
CSO/Stormwater characterization 
The King County staff presented a matrix of combined sewer overflow (CSO) and stormwater 
characterizations to the review team. The matrix compared CSO and stormwater concentrations from a 
list of known contaminants. 

Jay Davis pointed out that, according to the data presented, the frequency of phthalate detections in 
CSO samples appears to be considerably higher than in stormwater samples. He suggested that 
phthalates may be what provides us with a clue as to whether the source of localized pollution is CSO or 
stormwater. The project team explained that the phthalate data presented for CSO and stormwater 
came from two different studies with different detection limits. The project team will need to correct 
this and sent it back to the Science and Technical Review Team. 

Ken Schiff asked how King County wants the team to respond to this data as an advisory committee. He 
made the point that it is difficult to compare CSO and stormwater, reasoning that stormwater may have 
a negative contribution to water quality due to larger mass loading. In other words, the CSO may have a 
higher concentration of a given pollutant, but because stormwater discharges so much more volume, it 
may be contributing more pounds of that pollutant. Jim responded that the second study question asks 
about how other sources contribute to water quality. He remarked that while this study is being done to 
inform King County’s decisions about CSOs, they are also interested in seeing where the data takes us 
and what it is going to take to address water quality in our receiving waters. 

Karen Huber reminded the group King County does not have to prevent all CSOs to abide by federal 
mandates. King County is required to keep CSOs down to one per year per outfall on a 20 year average. 
Dean Wilson added that this point is relevant because, even when we meet consent decree 
requirements, we may still be discharging in the receiving waters. 

Matrix for prioritizing data gaps  
Feedback on matrix and rubric 
Dean Wilson presented a data gap matrix. Virgil Adderley had suggested creating the matrix—which is 
based on the prioritization approach taken by the Philadelphia CSO control program—as a way of 
informing the Science and Technical Review Team’s discussion about prioritizing data gaps. Virgil’s idea 
was that King County could use the matrix to rank the data gaps by impact to human health, aquatic 
health, regulatory standards, and whether the data present a known water quality impairment.  
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Virgil expressed that he was not surprised to see bacteria as the highest ranked data gap. However, he 
did expect to see higher rankings for personal care products, based on the team’s previous discussion 
about phthalates. He wondered if, based on the previous conversation about phthalates showing up in 
CSOs, personal care products should be weighted more heavily. 
 
Ken agreed with King County’s weightings, indicating that he felt King County had appropriately applied 
higher scores to those data that affected human health and lower scores for aesthetics. Ken indicated 
that it was obvious why personal care products and other constituents of emerging concern rank so low 
according to these criteria, because King County does not have information about human health effects 
and there are no regulatory criteria. He cautioned King County, “Just because it ranks low on this matrix, 
don’t ignore it because it could become an important problem.” 
 
Jay agreed with Ken, adding that the matrix can be skewed based on what is important to King County: 
known human health effects and regulatory requirements (almost like double counting by having these 
two as separate categories). He felt that this matrix and the weighting was skewed toward the “old 
standbys”—PCBs and PBDEs—whereas the contaminants that we do not know about have scores of 
zero because we do not have information about them and there are no regulatory standards. Jay 
emphasized that just because we do not have information about them today does not mean that, 20 
years from now, personal care products may be more important to us. 
 
John asked what we mean by personal care products, wondering whether pharmaceuticals are included 
in personal care products. Dean responded that it is a catch-all phrase for a lot of things, including some 
pharmaceuticals. He added that we also consider Triclosan (used in anti-bacterial soap) and cosmetics to 
fall in the personal care products category.  
 
John emphasized the impact of personal care products on human and aquatic health and noted that the 
substances entering the waterways will always be changing, making it hard to develop effects 
thresholds. He indicated that emerging containments to watch out for include pharmaceuticals (Prozac, 
Tylenol, estrogen from birth control, etc.), makeup, antibacterial soaps, caffeine, and 
Polytetrafluoroethylene (PTFE) compounds like Teflon. He emphasized that King County should keep 
PTFE compounds on the radar because they are common and accumulating in the fat of various animals. 
John suggested that King County screen for a few emerging contaminants—such as PTFE compounds—
and look for hot spots. 

Mike cautioned that personal care products are a moving target because personal care products 
accumulate based on what doctors are prescribing. He suggested that King County identify a suite of 
products and track those. 

Ken mentioned that California regulators are trying to come up with criteria for addressing emerging 
contaminants. They went through a process of prioritizing contaminants, based on potential risks to 
human health and aquatic health. He suggested that King County could use a similar approach to create 
its own priorities. He offered to send the report from California’s effort. Jay pointed out that some of 
these emerging contaminant studies could involve a lot of cost and effort, and suggested that King 
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County choose a couple of priorities based on California’s model and do the best they can with the 
resources they have. 
 
A few Science and Technical Review panel members suggested that King County look for opportunities 
to combine studies where collection methods may overlap, such as with PCBs, PBDEs, and sediment. 
 
Mike made the point that bacteria rises to the top of the list because it affects human health, but viral 
pathogens tend to be what most often makes people sick. He wondered if there are any viral pathogens 
that we can look for. Dean responded that we typically use bacteria as a surrogate for other pathogens 
that make humans sick. Mike suggested that King County consider looking for a virus that shows up in 
CSOs, such as Norovirus. Jay echoed that sea otters contracted the same flu virus that went around the 
human population three years prior. Jim responded that we have analyzed viruses in the past, but it can 
be very expensive. Some Science and Technical Review Panel members suggested that perhaps the 
science has evolved to make the studies less expensive. 

John cautioned that King County not discount bacteria as a serious human health concerns, mentioning 
the recent outbreak of E Coli along Clarks Creek.  

Virgil pointed out that for permitting reasons, Portland has to analyze whether treating flows will 
effectively destroy viruses. Karen said it is not currently required in King County’s permit. Virgil indicated 
communities often expect public information or notices to be provided about bacteria in the water 
bodies and bioaccumulation affecting fish consumption. He also suggested using some resources to 
study up-and-coming issues that may affect public perception of the quality of the receiving water body 
and effectiveness of sewer overflow controls. 

Ken and Mike suggested that King County generalize personal care products as “products of emerging 
concern.” 

Priorities for filling data gaps 
Jamie asked the group to take a gut check and indicate what they think are the top priorities for data 
gaps that King County should fill. 

Virgil indicated that he supported bacteria as the first priority, and his second priority would be bio-
accumulation in fish tissue because that continues to be an issue in the receiving water bodies. Virgil 
suggested reserving effort and budget for things that are up and coming, like viral pathogens and 
personal care products. Karen commented that while this current study might not be able to address 
this type of information, it can still be stated as important and could be covered under another effort. 

Ken also indicated support for bacteria being the top priority data gap. He explained that the next 
priority for him would be bioaccumulation in fish, although he made the point that CSOs might not be 
the largest mass contributor to this problem.  

Mike made the point that bacteria are a great tracer for CSOs. He also indicated that he would like to 
see data on the PCB levels in fish tissue. Dean explained that we have fish tissue data for Duwamish and 
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Lake Washington, but not Lake Union/Ship Canal. Mike said his top data gap priority would be to identify 
PCB accumulations in fish tissue in Lake Union, especially because people are consuming fish from Lake 
Union. 

Jay said that since King County is already studying bacteria, he did not consider it in his prioritization. He 
said he would like to see King County collect data on PCB levels in fish tissue. He would also like to see 
baseline information on personal care products and pharmaceuticals.  

John indicated that his top priority would also be PCB levels in fish tissue, because so many people are 
consuming fish from the receiving bodies of water. John’s second priority would be personal care 
products. John also suggested the Science and Technical Review panel also keep pesticides, fertilizers, 
and nutrients on their long-term radar. 

Jay, Mike, and John discussed the opportunity to identify a personal care product or suite of personal 
care products that could serve as a conservative tracer for CSOs. Jay mentioned that there is a form of 
metabolized caffeine that comes through the human body, which means it has to come from the sewer. 
Mike suggested that another priority should be King County identify a conservative tracer for sewage 
and use it to determine the source of water quality impacts. Several Science and Technical Review Panel 
members agreed that this would be an important set of data to drive King County’s CSOs decisions. 

Each team member ranked the data gaps according to what he prioritized as the most important gaps to 
fill. This table documents their priority ranking: 
 

PRIORITY FIRST PRIORITY SECOND PRIORITY 
Conservative tracer for sewage Ken, John, Mike, Virgil  
PCB concentrations in fish tissue  Ken, Jay, John, Virgil 
Contaminants of emerging 
concern 

Jay Mike  

 
Guidance on approach to studies 
Conservative tracer for sewage  
Study parameters: The Science and Technical Review team advised King County on how to find a suitable 
conservative tracer. They suggested identifying the contaminants in sewage, and look for ones that 
would be inexpensive and easy to measure. The tracer would need a short enough lifespan to tie it back 
to specific CSO events, but not so short that the team cannot get out to measure it quickly enough. 
Measuring the tracer would also give King County a post-construction monitoring tool to determine the 
effectiveness of the CSO program by documenting the reduction or absence of these tracers in King 
County. 

Possible tracers: The Science and Technical Review team identified caffeine (specially, the metabolite of 
caffeine that would have to come through the human body before entering the receiving waters), 
Estradiol, and phthalates. They advised that the most promising tracers were two phthalates from the 
CSO characterization (Butylbenzylphthalate and Diethylphthalate). According to the characterization, 
these two phthalates were never detected in stormwater, but were found in 95 percent of the sewage 
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samples. The Science and Technical Review team encouraged King County to look through other data, 
such as Portland’s study of phthalates, for further review.  

 
Fish Tissue 
The Science and Technical Review Team discussed options for conducting fish tissue studies including 
prioritizing fish that people consume and/or using indicator species. Although most people fish for 
salmon, Science and Technical Review team members advised their migratory patterns make them less 
accurate indicators of water quality, since they spend a lot of time outside of the waterbodies in the 
WQA. 

King County has adequate fish tissue data from the Duwamish, less data from Elliot Bay, and very little 
fish tissue data from Lake Union Ship Canal. The team suggested filling the data gaps for three or four 
fish in Lake Union. Mike suggested studying yellow perch, pumpkinseed sunfish, and largemouth bass. 

Jay advised King County consider looking into detection levels in crayfish, shrimp, and crab.  

Dean raised the concern of obtaining fish collection permits in time to conduct the WQA study. Jay 
suggested obtaining more fish tissue data by working alongside tribes, like the Muckleshoot Indian 
Tribe, who are already fishing in key areas. Mike suggested going down to Lake Union and asking people 
who are fishing if King County could have one of their catch. 

Contaminants of emerging concern 
Ken explained that California is currently monitoring effluents for emerging contaminants. Ken 
elaborated that, due to the thousands of emerging contaminants, California has used a risk-based 
approach focused on occurrence and toxicity potential to narrow the number of constituents. He 
suggested that California’s prioritization of contaminants could provide a framework for King County’s 
studies. 

Jay explained that the Puget Sound Partnership (PSP) is compiling a white paper on emerging 
contaminants in Puget Sound and is working in conjunction with a group in the Columbia River. King 
County could use both California’s and PSP’s studies to identify a content list. Mike suggested that King 
County run samples from Renton, Brightwater, and West Point through Gregory Korshin’s lab at UW to 
detect the levels of these contaminants in CSO loadings. 

Ken also explained the importance of studying viruses and pathogenic bacteria in the water that are 
causing diseases in humans. Mike noted that Scott Meschke, University of Washington, studied viruses 
in shellfish and argued that the main pathogens humans get from fish are actually viruses, not bacteria. 
Ken added that other sources of viruses could be cattle. The team agreed that studying viral loads in 
wastewater treatment versus stormwater could be used before and after CSO project construction to 
monitor effects on water quality.  

Early Action Bacteria Study: Lake Union/Ship Canal 
Dean presented the early action bacteria study in Lake Union/Ship Canal. 
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Questions/comments from the review team:  
• The Science and Technical Review team asked about the timing of CSOs samples. Dean 

explained that the Dexter outfall went off two days before and on the day of sampling.  
• Ken asked for the transport time from Montlake to Ballard. Dean explained that the average 

transport time for all of Lake Union is about a week.  
• The Science and Technical Review team requested the dates of outfalls to be included on the 

presentation maps.   
• Mike asked how much water is moving through the stormwater system. While the King County 

staff did not know the exact number, they indicated that most of this area operates on a 
partially-separated system, so even though many pipes go through a wastewater treatment 
plant, they are responsible for much of the detected bacteria in outfalls.  

• Jay asked what King County would do if, after the CSO program was completed, they still saw 
the same levels of contamination. Dean replied that they would conduct further source control 
and mitigation. 

• The team asked if Lake Union is considered “swimmable.” Dean answered that it is, according to 
regulatory standards, and that fecal coliform levels are lower than EPA standards based on 
primary contact. 

• UPDATE: Ken had made a comment in first meeting about freezing filtered samples for future 
analysis. King County followed up on his request. Based on the lab’s recommendation, King 
County decided to extract DNA from the samples and preserve it so they can use it for further 
studies. Because extracting DNA is a labor-intensive step, Ken recommended the lab closely 
examine its sample holding techniques to ensure filters are kept at -80˚C, which should preserve 
DNA indefinitely. The group discussed methods of preserving DNA, and the highest priority 
should be to keep it safe. Ken invited the lab to talk with his microbiologists if they needed 
assistance in the future. 

Early Action Bacteria Study: Duwamish 
Kate presented the early action bacteria study in Duwamish. 

Questions/comments from the review team:  
• Kate noted that the Duwamish system is influenced by water moving both ways, from 

downstream flows and the tides. The samples were taken about six inches below the surface. 
Because freshwater sits on saltwater, most of the samples were from freshwater (except for 
Harbor Island). The Science and Technical Review team suggested that King County measure the 
salinity of these samples, to understand better how much “sloshing” is happening.  

• The Science and Technical Review team wanted to get a handle on potential sources of bacteria 
in the Duwamish. Jay asked about the industrial activity near the Duwamish, wondering whether 
King County had a handle on locations of the discharge from those industries. Jim responded 
that industrial process water is regulated by King County’s Industrial Waste Program and goes 
into the combined sewer system. Stormwater from industries in the area can flow into the 
Duwamish. King County maps include stormwater outfall locations. Ken asked if there was any 
fish processing in this area, and Jim responded that they are not aware of any fish processing. 
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The Science and Technical Review team discussed other ways that bacteria could be entering 
the water, such as when fishing boats dump water from collecting fish back into the water.  

• Mike said he would like to see at what point we get brackish water at these data points, because 
in most of these places, there is probably a layer of freshwater on top of saltwater. Ken asked 
the team to consider profiling how thick the freshwater lens is by taking a salinity sample. 

• Ken asked if the water was turbid. He suggested that King County better understand water 
turbidity by measuring the total suspended solids (TSS) of stormwater. He also suggested that 
King County pick a couple of upstream bacteria colonies, take samples, and culture them to 
determine whether the source was human, bovine, avian, etc.  

• The Science and Technical Review team emphasized the importance of designating human 
markers for sources. Some areas may have a high value, but there may be no certainty that they 
are from a human source. Other sources could be the dogs that guard the terminals, the cruise 
ship terminal in Elliot bay, and separated storm drains at the marina along south end of Harbor 
Island.  

Early Action Bacteria Study: Elliot Bay 
Wendy presented the early action bacteria study in Elliot Bay. 

Questions/comments from the review team:  
• Ken asked if the shoreline CSOs detections are from the river outflow. Wendy responded that 

the water current from the Duwamish does hug the shore. The Kingdome and King Street 
discharges also contribute high CSO detections. 

• The Science and Technical Review team asked why the CSO data map showed a gap area along 
the shore. Wendy answered that there are no CSO outfalls in Myrtle Edwards Park north of the 
Elliott West CSO Control Facility. The stretch of park is one of the few access points for people 
and they bring their dogs. The team suggested continuing the same sampling coverage for that 
area.  

• The Science and Technical Review team asked why there are data points in the middle of Elliot 
Bay. Wendy responded that both King County and the Department of Ecology have routine 
monitoring sites there.  

• Wendy told the team that, during dry weather sampling, they hit a hot spot where they found 
high detection levels. She indicated that the project team is curious to see if future dry weather 
samples will show similar high detection levels in the same spot. The Science and Technical 
Review team thought the Victoria Clipper, cruise ships, and boats along Pier 70 might be 
sources. Bird poop may also be to blame, to which Jay linked the high counts of osprey along the 
Duwamish (10 nests within a couple miles). Jay mentioned that the Muckleshoot Indian Tribe 
has salmon net pens (usually Coho salmon) in Elliot Bay and that the returning adult travel up 
urban creeks such as Longfellow to spawn.   

• Virgil requested including a hydrograph and time bar for the bacteria maps to show the 
timeframe of discharges and samplings. He asked why the sampling is paired from north to 
south, and Wendy answered that because of the ongoing tide, the samples get new water as 
they move south.  
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Next Steps  
Jamie detailed the next steps for the WQA study and Science and Technical Review team. The project 
team will use outcomes from this discussion to develop one-page recommendations for additional 
studies in early May. King County will use these one-page study recommendations to brief Pam Elardo in 
mid-May, so she can make the final decision about which, if any, studies to conduct. King County will 
share the one-page drafts and the outcomes of Pam’s decision with the Science and Technical Review 
team via email. The Science and Technical Review team will take a break over the summer and 
reconvene in September to hear about how the additional studies are progressing.  

Jamie asked the group how they would like to stay engaged. 

• John requested email updates over the summer to stay engaged with the study design process.  
• Ken suggested that King County staff consult the review team when they develop a more 

detailed study design for more technical advice. Jay agreed that weighing in on the study design 
would be most beneficial before it is implemented.  

Action Items 
Jamie reviewed the following action items:  

1. Ken will send the California emerging contaminants methodology and source tracking methods. 
2. Jamie will finish the meeting summary for Meeting #2 with team comments and send out the 

draft meeting summary for Meeting #3. 
3. King County staff will respond to the review team’s requests for:  

a. Mean concentrations for stormwater and CSO outfalls, corrected for non-detects, and 
phthalate concentrations for those means 

b. Data from additional stormwater outfalls in Western Washington  
c. Updated maps with more info on timing within the day of sampling and CSO trends  

4. Jay will send a draft of the white paper on contaminants of emerging concerns. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #4 – Summary  

Meeting Objectives 
1. Hear an update on the studies King County has decided to undertake to address priority data 

gaps. 
2. Hear an update on area reports. 
3. Review and provide input on Elliott Bay Study Outline. 
4. Share any new information or updates from the field. 

Meeting Attendees 
Science and Technical Review team  

• Virgil Adderley, Principal Engineer, Portland Bureau of Environmental Services 
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service 
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Limnologist, Lake Union/Ship Canal Study 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Chris Magan, Water Quality Planner, Duwamish Waterway Study 
• Erika Peterson, Community Relations Lead 
• Jim Simmonds, Science Team Supervisor 
• Dean Wilson, Science Team Lead and Ship Canal Study 
• Mary Wohleb, Project Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Carryn Vande Griend, PRR, Notetaker  

Guests 
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 
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Meeting Summary 
Welcome and confirm agenda 
Jamie opened the meeting and introduced four new King County staff to the project. 

• Mary Wohleb – New project manager, replacing Erica Jacobs, who has moved to the King County 
Parks Division to manage the Eastside Rail Corridor project 

• Susan Kauffman-Una – Combined Sewer Overflow (CSO) Control Program Lead, replacing Karen 
Huber, who has retired 

• Chris Magan – Duwamish Study  
• Tim Clark – Limnologist, Lake Union/Ship Canal study 

 
Update on study gaps  
Dean gave a presentation about the study gaps that King County decided to address based on 
recommendations from the Science and Technical Review team. He also provided an update on the 
status of filling those study gaps.  

Jay asked about looking for pyrethroids in sediments rather than the water column. Ken agreed that 
pyrethroids are best collected from sediments. He emphasized collecting pyrethroids in the water 
column requires adequate sensitivity in testing. He added that pyrethroids have a shorter half-life in 
saltwater than freshwater, so they will degrade faster in saltwater. Ken offered to share sediment 
analysis methods from California. Jamie will follow up with Ken to get this information.  

Dean answered that King County is focusing on the water column for this study. New laboratory 
methods capture much lower detection limits, so finding pyrethroids in the water column is more likely. 
Jim added that King County is working on developing analytical methods to analyze pyrethroids in 
sediments separately from this project.  

Ken also mentioned that they have started to see Fipronil in ambient ecosystems, and it is becoming the 
replacement pesticide for pyrethroids. Fipronil is a non-target pesticide often used for termites and 
ants, but also associated with Frontline, an anti-flea medication for pets. John added that he has also 
seen Fipronil show up in his studies and recently wrote a paper about Fipronil.  

Mike asked the team how a literature survey will help guide their study of conservative tracers. Dean 
responded that the approach to the literature survey is to generate a broad list of potential tracers. 
Mike asked about tracking artificial sweeteners, such as sucralose. Dean replied that some groups have 
been looking at artificial sweeteners, but have not found a conclusive conservative tracer or perfected 
their analysis methods yet. 

Update on area reports 
Lake Union  
Annual copper cycle 
Dean presented the findings on metal distribution in Lake Union and Elliott Bay, focusing on the 
interesting copper patterns. He explained that copper concentrations have seasonal patterns: in the 
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summer they are found closer to the surface than other metals. The study team thinks this might be 
because copper has a higher binding affinity to organic carbon and may be attached to phytoplankton in 
the surface layer. Other metals don’t attach to organic carbon as readily and are more likely to sink. 

The Science and Technical Review team agreed that there is a lot of interest in copper levels because of 
the copper’s potential effect on salmon. The Science and Technical Review team speculated on some of 
the reasons for the interesting copper patterns. In particular, Mike suggested that there could be a 
dilution effect that causes this pattern, explaining that the periods of lower concentrations may be 
related to more seasonal water flow that is causing more dilution of the copper. Dean pointed out that 
dilution would affect all the metals the same way and not just copper. 

Dean explained that all the metal concentrations found fall below water quality standards. Jay cautioned 
that smaller amounts of copper than the current state standards could affect salmon.  

Temperature trends 
Tim presented long term trends in Lake Union’s water temperature, from data measured between 1985 
and 2013. Virgil asked if there are any comparable temperature increases in other water bodies; Mike 
indicated that he wrote a paper that showed similar patterns in Lake Washington.  

Saltwater intrusion 
Tim explained that there is saltwater intrusion into Lake Union due to operation of the Ballard Locks. He 
described a U.S. Army Corps of Engineers experiment at the Ballard Locks to help reduce water 
temperature in Lake Union by letting measured amounts of salt water into the lake. The theory behind 
the experiment is that colder water will benefit salmon.  

Mike warned that if saltwater migrates to Lake Washington, it could create low oxygen levels at the 
bottom of Lake Washington. Dean explained that the U.S. Army Corps of Engineers is taking samples of 
the oxygen along with salinity near the University Bridge, before the water moves into Lake Washington, 
and Wendy added that King County has some monitoring sites in Lake Washington. 

Mike asked if there is a document that describes the U.S. Army Corps of Engineers experiment in the 
Ballard Locks. Jim explained that there are several documents and an email list to receive updates. Jamie 
will get the materials and link to sign up for the email list and send them to the Science and Technical 
Review team.  

Elliott Bay 
Nutrient spatial patterns 
Wendy presented an update on the nutrient levels in Elliott Bay. As with metals, nutrients found are well 
below water quality standards. Virgil asked if the ammonia levels were higher near outfalls. Wendy 
replied that she thinks a lot of the ammonia is coming from the Lower Duwamish. Ken asked for the 
source of the ammonia in the Duwamish, and Mike responded that the source of ammonia is from the 
nitrogen cycle in the Duwamish.  
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Duwamish  
Decreasing bacteria trend 
Chris presented an update on the Duwamish River area report. The data show a significant decrease in 
bacteria over time in the Duwamish since 1980. The same decreasing trend has been found in areas 
above and below CSOs. However, the bacteria levels in the Duwamish are still above water quality 
standards.  

The Science and Technical Review team asked the project team if they knew what was causing this 
trend. Jim noted that there are many hypotheses, including the use of stormwater NPDES permits to 
regulate discharges of polluted stormwater, septic system improvements, and cleaner agricultural 
practices. 

Erika reminded the Science and Technical Review team that there is a conference poster on the WQA 
website that describes these data trends. Jamie will send a website link to WTD’s papers that show 
these data (presented at the Salish Sea Conference in May/April 2014).  

Review of Elliott Bay area report outline 
Jamie explained the purpose of the discussion: to review the Elliott Bay outline, which will serve as a 
template for all three area reports. Jamie reminded the Science and Technical Review team that the 
area reports assess current conditions and long-term trends, but will not provide specific 
recommendations for the CSO program. The synthesis report, which will come later, will synthesize the 
data and address the next steps for the CSO program.  

Jamie put the WQA study questions on the screen and highlighted the ones the area reports will 
address: 

1. What are the existing and projected water quality impairments in receiving waters (water 
bodies) 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?  

 
Science and Technical Review team’s comments on the outline 
General format 
Mike and Ken suggested that the report outline is promising to do too many things. They urged King 
County to keep the document to no more than 50 pages if the audience is for managers and not 
scientists. Mike suggested that King County make the area report more concise by focusing only on 
topics for which they have robust data sets and directing the reader to information on other topics for 
which there are more limited or no data sets.  

Mike suggested organizing the area reports by systematic (good) data and idiosyncratic (sparse) data 
and make a clear distinction between them. He suggested that each sub-section could start with a 
statement that discloses the type of conclusion and level of confidence in that conclusion that can be 
drawn from that data set.  
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Ken suggested providing recommendations for future monitoring in Elliott Bay. He explained that for a 
dense report like this one, unless there are some documented conclusions or action steps, the report 
risks being irrelevant.  

Virgil noted that the findings in the area reports are not just a management issue but a public health 
issue. He wants ratepayers to understand the value they are getting for their CSO investments. He asked 
that King County consider structuring the area reports so they can be accessible to WTD ratepayers.  

Virgil suggested adding a context section to the introduction that explains how this area report fits into 
the big picture. Virgil also suggested creating a flow chart and/or boilerplate language that can be 
inserted into each area report and the synthesis report to show how each report will answer the WQA 
study questions. Erika and Jamie will draft a flow chart. 

Focus the analysis on the best data  
Mike noted that the outline frequently mentions 10-year data sets. He explained that 10-year data sets 
will allow King County to characterize spatial and seasonal patterns and create a full analysis of the 
current state of Elliott Bay, but it will be difficult to tease long term trends from 10-year data sets. He 
reiterated that there are enough strong data for King County to create a clear picture of current 
conditions and whether they are better or worse than 25 years ago. Mike added that he wrote a paper 
using Ecology data on the estuaries of the Puget Sound, among others, and will share this document 
with the group when it is final. Jamie will follow up with Mike to get the draft document. 

Wendy clarified that 10 years was their cutoff to describe current conditions, but most of their data are 
long-term (25 year data).  

Mike suggested that King County figure out how they will collapse the data to pull out a long-term trend 
that won’t get obscured by a seasonal trend. He also recommended that they create a well-defined plan 
for crunching the data and a clear format for reporting it, which will make it much easier to process 
large data sets. Wendy clarified that seasonality was taken into consideration for all trends analysis. 

Mike urged King County to be cautious about drawing conclusions from very large data sets because 
there might be statistical anomalies that are not meaningful. He suggested including a caveat when King 
County finds anomalies in large data sets.  

Review of the outline by section 
Wendy walked the Science and Technical Review team through the outline section by section and 
gathered their input. This summary documents only the sections of the outline where Science and 
Technical Review team members had comments. 

Section 1: Introduction 
Mike suggested that King County establish what the system looks like today, so the reader can 
understand whether things are better or worse today than they were 25 years ago. Virgil suggested 
including a sewer or land use map that existed 25 years ago and compare it with current day conditions.  
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Ken suggested keeping the introduction less than five pages. 

 

Both Virgil and Ken suggested setting the programmatic context for the area reports in Section 1.  

Jay asked why they hadn’t included aquatic-dependent species in the threatened and endangered 
species list, in addition to species that live in the water. Wendy explained that the list of threatened and 
endangered species is based on a federal list. She asked if Jay had suggestions for additions, and Jay 
suggested considering the state threatened and endangered list. Mike suggested leaving the threatened 
and endangered species list out of the area report because he thinks King County does not have good 
data for it.  

Section 3: Existing water quality concerns, trends, and current conditions 
Temperature 
Mike cautioned that if King County sees different temperature trends in long-term data sets compared 
to 10-year data sets, the temperature could be in different Pacific Decadal Oscillation (PDO) phases. 
Mike noted that PDO is important but is likely not the only thing influencing the temperature data. He 
suggested that when King County looks at temperature, they also look at salinity, which can help them 
tease out long-term influences on the data. 

Mike also urged King County to use caution when describing temperature exceedances, as a lay person 
might imply that temperature changes are related to King County actions. In reality, water temperature 
is outside King County’s control. Jim agreed with Mike but indicated that the characterization needs to 
document the temperature and compare them to standards. Everyone agreed that King County needs to 
be very careful with how this section is worded. 

pH 
Virgil asked why the report includes pH as a pollutant. Mike suggested that other agencies are probably 
collecting good pH data and recommended that the area report keep the section on pH very brief, 
because King County’s data on pH will not provide much insight into trends.  

Virgil added that he hopes a future document, such as the synthesis report, identifies the source of the 
pollutant, the impact, and the resolution for each pollutant identified in the area reports.  

Summary of corrective actions  
Wendy asked the group if the area reports should include a section on how to read the bar graphs and 
box plots. She also asked whether this section should go in the report or the appendices. John 
recommended putting a section on how to read the graphs in the main body of the report or include it 
as a footnote because people do not like to refer back to the appendices. Mike and Jay felt that if the 
graphic needs a section to explain how to read it, it is probably not a good graphic to begin with. 

Jamie also asked the technical members to send good examples of graphic interpretations of data 
(particularly box plots). Virgil said he would be happy to mark up the existing graphics. Jamie will follow 
up with Science and Technical Review team members to collect their comments on the graphics. 
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John noted that there is no summary at the end to tie the findings together, and suggested including 
one to summarize their conclusions.  

Next Steps 
• The next meeting will be rescheduled from December 9 to early January  

o Virgil has taken a contract in London, but still would like to participate in the meetings 
remotely (eight hour time difference). He will follow up with Mary to see if his move will 
affect his contract with King County.  

• John asked if the team will get another look at the Elliott Bay outline after their revisions.  
o Wendy will make the revisions and send it to the Science and Technical Review team 

before the draft report is sent to the team in early December. The Science and Technical 
Review team will meet in January to review the draft area report.  

Action Items 
Jamie reviewed the following action items:  

1. Ken will send pyrethroid and Fipronil laboratory methods for sediment  
2. Jamie will send information about the U.S. Army Corps of Engineers Locks experiment and 

conference paper on bacteria trends from the WTD website to the Science and Technical Review 
team 

3. Mike will share the draft of the analysis of estuaries when it is ready 
4. Jamie and Erika will work on a graphic of how the area reports and synthesis report intersect 
5. Tim will correct the graphics that were mislabeled. 
6. Jamie will send the Science and Technical Review team the corrected PowerPoint from meeting 

#4 
7. Science and Technical Review team members will send the teams good examples of graphics 

and/or markup existing graphics 
8. Science and Technical Review team members will send any additional edits to the outline to 

Jamie.  
9. Carryn will send a Doodle poll to the Science and Technical Review team to reschedule the next 

meeting date. 
10. Wendy will send an updated annotated outline of the Elliott Bay Report to the review team. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #5 Apri l  28, 2015 – Summary  

Meeting Objectives 
1. Present key findings from Elliott Bay report.  
2. Cue up Science and Technical Review team to review and provide feedback on draft Elliott Bay 

area report.  
3. Review next steps. 

Meeting Attendees 
Science and Technical Review team  

• Virgil Adderley, Principal Engineer, Portland Bureau of Environmental Services 
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington (in person) 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service 
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhart, Water Quality Analyst, Duwamish Report, Future Loadings Report 
• Mark Buscher, Supervisor, Comprehensive Planning and GIS  
• Tim Clark, Water Quality Analyst, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Chris Magan, Water Quality Planner, Duwamish Waterway Study 
• James Grassley, Water Quality Analyst, Science and Technical Report, Tissue Contaminants 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor 
• Dave White, Science Section Manager 
• Dean Wilson, Science Project Team Lead  
• Mary Wohleb, Project Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
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Meeting Summary 
Welcome and confirm agenda 
Jamie welcomed the Science and Technical Review Team and project team members. Since there were 
some new faces in the room, Jamie asked each meeting participant to introduce themselves and their 
role. Jamie previewed the agenda and explained that the majority of the meeting will be spent 
presenting the changes to the review process and offering an overview of the Elliott Bay Area report.  
 
Update to Water Quality Assessment (WQA) approach and timeline 
Mary explained that the project team has refined the scope and timeline for the WQA study since the 
Science and Technical Review Team last met. The scientists working on the WQA study will answer only 
Questions 1-3 of the original WQA study questions and contribute to the response to Question 4. Mary 
and Mark explained that planners working on the CSO Control Program Review and Plan Update will 
answer Questions 4-7 after considering a multitude of factors that go beyond the scope of the science 
study. The CSO Program Review will start in 2015. 

For reference, here are the WQA study questions: 

Impairments 
1. What are the existing and projected water quality impairments in receiving waters (water 

bodies) 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? 

Corrective Actions 
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? 

Effective CSO Project Sequences 
6. How do various alternative sequences of CSO control projects integrated with other corrective 

actions compare in terms of cost, schedule, and effectiveness in addressing impairments? 
7. What other possible ways, such as coordinating projects with 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? 

The WQA study will answer the original study questions according in the following reports: 

WQA study report WQA study question it will answer 

Three area reports Study question 1 

Loadings Report Study questions 2-3 
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Reports on three new studies Study questions 2-3 

Synthesis Report Study questions 2-3 

 

Mary explained that the change in approach will lengthen the timeline for completing the WQA study 
and may require extending the Science and Technical Review Team member’s contracts. Ken 
recommended that Science and Technical Review Team remain under contract through 2016 so the 
team can review and validate the seven final reports, especially the synthesis report. Mark and other 
King County staff agreed.  

While Virgil understood the need to adjust the schedule, his primary interest has been on policy 
(questions 4-6). He expressed some disappointment that those questions would no longer be considered 
by the Science and Technical Review Team. King County staff explained that although the WQA study 
will focus primarily on study questions 1-3, they encourage Science and Technical Review Team 
members to offer their input on the policy questions as well.  

Guidelines for review  
Jamie explained that the Science and Technical Review Team will review the draft Elliott Bay Area Report 
first. To focus their review, the project team developed nine questions for the Science and Technical 
Review Team to answer as they conduct their review. Jamie will post these questions to Dropbox, along 
with the draft Elliott Bay Area Report. The Science and Technical Review Team will bring their answers to 
the questions to the next meeting on May 14 and discuss them with the project team.  

Present key findings from draft Elliott Bay Area Report 
Wendy presented findings from the Elliott Bay Area study. 

Questions from Science and Technical Review Team 
Virgil asked if all the stormwater outfalls in the area belonged the City of Seattle. Wendy noted that 
most are owned by City of Seattle, except for those on industrial or Port of Seattle property. Mary added 
that ownership of the CSO outfalls depends on the size of area being drained to CSO. In the 1960’s when 
Metro and Seattle split them up, Metro (now King County) took the CSOs that drained from larger areas 
and Seattle took the smaller ones. 

Mike asked if the staff had bathymetric maps of the area. Wendy said one will be included in the draft 
area report.  

Wendy offered to follow up with Mike after the meeting to get him that information on what would 
constitute a high ammonia concentration.     

Virgil asked how they determine productivity levels for phytoplankton. Wendy said the Elliott Bay Area 
report defines productivity based on chlorophyll concentrations in water. In general, higher chlorophyll 
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signals higher phytoplankton productivity, although there are exceptions. For example, zooplankton 
grazing could reduce chlorophyll concentrations, even if there is high productivity. 

Ken asked for the time period of the phytoplankton productivity data presented in the study. Wendy 
explained that they pooled monthly data from 2004 to 2013, and found the highest value at multiple 
depths, with the highest concentrations almost always at the surface of the water. 

Ken asked King County for the water quality standard for fecal coliform. Wendy replied that King County 
uses two standards: 

• Geometric mean: rolling geometric mean of 14 colony forms per 100mL 
• Peak standard: no more than 10 percent of samples can exceed 43 colony forms per 100mL. For 

the study, one sample in a 12 month period is okay, but two samples exceeds the limit. 

Ken asked if there is an uncontrolled King County CSO on the Seattle waterfront. Wendy answered that 
there are both City of Seattle and King County CSO outfalls, and stormwater outfalls in that vicinity.  

The group discussed the temperature data presented in the report. A few STRT members suggested that 
temperature is unlikely to be affected by CSO control. Wendy agreed. She noted that King County’s 
outfalls are located fairly deep within Elliott Bay. CSO events do not happen frequently. When they do 
happen, it is during winter months when water temperatures are cooler. Wendy added that the only 
inner Elliott Bay site that exceeded temperature criteria during the 10 year period was the Seattle 
waterfront site, which is heavily influenced by Duwamish.  

Mike asked if Ecology has dissolved oxygen standard for Lake Union, and Tim told him they do not, 
because it is classified as a lake. Tim explained that temperature and dissolved oxygen standards only 
apply to rivers and streams.  

John asked why the phosphorous data ends at 2010. Wendy said King County changed their method for 
collecting data and switched to orthophosphate. In the report, the trend analysis was done on total 
phosphorous data, but for summary of current water quality conclusions, they used orthophosphate.  

Mike asked whether sediment contamination disturbed the biota. Dean said the biota was most 
disturbed when King County put the sediment cap on. Mike noted that it is hard to know if biota 
disturbance is the result of the sediment cap or just a natural occurrence. Dean agreed that moderate 
impacts are difficult to puzzle out.  

Mike asked what “affected benthos” means. Wendy replied that an expert team looked at diversity and 
other indicators to define affected benthos. She explained that taxonomists were given species 
composition at the same site and asked to conclude whether the benthos appeared to be affected.  

Mike asked if there are recreational harvests of shellfish in Elliott Bay. Wendy replied that there are 
shellfish beds, but they are closed due to pollution. (The Washington State Department of Health 
prohibits shellfish collection “when the sanitary survey indicates that fecal material, pathogenic 
microorganisms, or poisonous or harmful substances may be present in concentrations that pose a 
health risk to shellfish consumers”.) Mike wondered if there is a struggling population of invertebrates 
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that is being replaced by transient invertebrates, or if the existing invertebrate population is resilient. 
Chris responded that the invertebrate population is resilient and healthy, and the shellfish bed is closed 
because we are concerned about people eating them and getting sick from bacteria. 

Mike asked if the contaminants near Denny Way CSO outfall are more than what King County expects to 
come out of a wastewater treatment plant. Dean explained that the sediment contaminants are 
probably historical, due to open discharges from the sanitary sewer prior to wastewater treatment in 
the area. They discussed limited affect the wastewater treatment plants have in removing contaminants 
in sediments.  

Ken asked the King County staff if they have a sense of net current direction. Wendy responded that 
water moves north from Duwamish and along the waterfront, wrapping northwest. There is some 
evidence bottom water and sediments are moving in the opposite direction. 

Initial comments on the draft Elliott Bay Area Report from the Science and Technical Review Team 
Because data are non-normally distributed, Mike suggested that King County fit the data into a log 
model so it will not be affected by outliers. He also suggested adding +1 to all of the data, so the zeroes 
are not left out. He added that log models allow the viewer to see all the data. Mike suggested that the 
turbidity graph is another place where it would be easier to see the data if the project team used log 
scales on the x axis, since the data is dominated by a few spikes. 

Mike observed that the study results appear to depend on how much data are available and the quality 
of the data, which vary wildly. He advised the project team to focus on identifying meaningful trends 
rather than reporting all outcomes from the data analysis He suggested doing a Monte Carlo simulation 
to determine if the trends they are seeing are actual trends or just a result of the study design.  

Mike asked King County staff how they decided on their nutrients criteria, and Wendy replied that the 
criteria is dependent on pH and temperature. She added that the project team took the maximums and 
screened them for exceedance; nothing came close to the maximums. Mike suggested that it would be 
good to place the data in perspective by taking the average and showing where the data points fall 
relative to the average. He added that he would like to know the concentrations, even if they are well 
below the exceedance criteria. 

Mike suggested that the phosphorous data may be just another spot where they are just seeing trends 
by chance. He said if they are monitoring ten stations and looking at four parameters, they could do a 
calculation of how many trends would have presented themselves by chance. For example, if there are 
40 opportunities, two significant trends are probably to be expected, which means the trends may be 
background noise rather than actual trends. 

Mike suggested King County design the map so the outfalls look different from the sampling sites.  

Mike said it is important to differentiate things that are legacy issues—such as sediment quality— from 
things that could be influenced by CSOs and affected by CSO control.  
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Virgil suggested modeling bacteria loading to see what comes from stormwater or CSO discharges. By 
accounting for what they know, the project team can tease out known sources and unidentified sources 
of bacteria. Wendy explained that King County is tackling bacteria on two fronts. In the bacteria data gap 
study, they are looking at hot spots that may or may not be around CSO outfalls. In the loading study 
they are also looking at bacteria concentrations. Dean noted that they are not planning a modeling 
exercise; instead, they are developing loadings estimate for each pathway (CSO, stormwater) to assess 
where concentrations are coming from. Virgil agreed with that strategy.  

Other input from the Science and Technical Review Team 
Wendy asked the Science and Technical Review Team for their input on what may be influencing the 
downward trend in bacteria. Mike and Virgil suggested that the change may be related to King County’s 
success in addressing CSOs. Wendy agreed, but added that King County has seen bacteria reductions 
upstream in the Green River, which are out of the influence of CSOs, suggesting that other factors may 
also be affecting the downward trend in bacteria. Mike noted that animal husbandry gone down in the 
last several decades, with most dairy farms moving east, which could affect bacteria levels. Dean agreed, 
adding that many farmers are applying best management practices in agricultural land.  

Ken suggested exploring precipitation and hydrology relationships, since bacteria is so strongly 
controlled by wet weather. Wendy said they used rainfall as a covariate in their analysis. 

John found it odd that when PAHs decreases, zinc increases. He assumed that since King County’s 
population is growing, both PAHs and zinc would increase. He asked if the project team knew why this 
would be happening.   

• Wendy noted that in Elliott Bay, PAHs may have come off creosote soaked pilings, which have 
since been removed. Jay agreed that removing creosote soaked pilings would have a much 
bigger influence on these localized sites than Puget Sound as a whole. 

• Dean agreed with John that the trend was surprising, but added that if you lump LPAHs and 
HPAHs, you may miss some trends.   

• Dean clarified that the trends are highly localized, so the data may just be related to particulars 
of each site.  

• Ken suggested looking at core samples. Dean replied that King County does not have recent core 
samples throughout Elliott Bay, and it is one of the gaps in the monitoring study.  

Next Steps 
Erika will upload the draft Elliott Bay area report and the focused review questions to Dropbox after the 
meeting. The Science and Technical Review Team will have the next two weeks to review the document 
and answer the focused review questions. They should bring the answers to their questions to the next 
meeting on May 14.  

The next meeting will be a videoconference on Thursday May 14. It is scheduled to last four hours, from 
9am to 1 pm. Jamie will walk through the focused review questions and the Science and Technical 
Review Team will discuss their answers with the project team. 
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At that meeting, the project team will also present the Lake Union Ship Canal area report.  

Action Items 
Jamie reviewed the following action items:  

1. Jamie will send out agenda for next meeting and let the group know if the meeting is shortened. 
2. Erika will post the draft Elliott Bay area report to Dropbox. 
3. Jamie will post the focused review questions and all slide decks from this meeting to Dropbox 
4. Wendy will answer Mike’s question about ammonia concentrations. 
5. The Science and Technical Review Team will review the Elliott Bay area report and answer the 

focused review questions.  
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #6 May 14, 2015– Summary  

Meeting Objectives 
1. Discuss Science and Technical Review Team feedback on Elliott Bay Area report.  
2. Present and discuss outline for Loadings Report. 
3. Review next steps. 

Meeting Attendees 

Science and Technical Review team  
• Virgil Adderley, Principal Engineer, Portland Bureau of Environmental Services (now London) 
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington (in person) 
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap 

Report 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Deb Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor 
• Dave White, Science Section Manager 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Mary Wohleb, Project Manager 
• Olivia Wright, Quantitative Hydrologist 

Guests 
• Kevin Buckley, Strategic Advisor, Integrated Plan, Seattle Public Utilities 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
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Meeting Summary 
Welcome and confirm agenda 
Jamie opened the meeting and introduced four new King County staff to the Science and Technical 
Review Team (STRT). 

Review Elliott Bay Area Report 
Jamie explained that for each focused review question, each STRT member will report out their 
response and Jamie will facilitate discussion. 

Jamie reminded the group that Jay Davis was unavailable for this meeting, but he provided his written 
answers to the focused study questions. Jamie will read his answers as the group moved through the 
questions. 

What was your takeaway from the assessment of the Elliott Bay findings?  
All four STRT members present at the meeting agreed that the draft Elliott Bay Area Report was well 
written and complete. Ken and John both remarked that the report was very long and dense with 
information. Overall, the STRT members were impressed with the quality of the report and the amount 
of information available. They would have liked to see the report point back to the CSO issue when 
possible. King County staff reminded them that those connections will be further explained in the 
Synthesis Report.  

Ken complimented King County on their monitoring, especially with respect to the water column. He 
added that the data on benthos and tissue were thinner.  

Virgil remarked that the report did a good job portraying the potential relationships between CSO 
discharges and pollution upstream. He asked why dissolved oxygen and temperature were cited in the 
report, making the point that these issues are typically attributed to natural, rather than human causes. 
Others noted that dissolved oxygen can be significantly influenced by nutrient inputs to the study area, 
which can include CSOs and other sources. 

Virgil suggested the report clarify the number of gallons King County and Seattle’s CSO programs are 
designed to address.   

Jay’s takeaway was that many of the influences seen in the Elliott Bay area may be attributed to the 
Duwamish River, making it more difficult for King County to tease out CSO’s contributions to the 
problem and whether corrective action on CSOs would adequately address the water quality problem. 

What surprised or intrigued you? 
Virgil expressed surprise that the sediment issues were so correlated with CSOs. Dean responded that 
this was an artifact from how the data were collected. Sediment data were typically collected to 
investigate CSOs. Few data were collected in locations that would describe ambient conditions. Virgil 
applauded the amount of sediment cleanups that have already been undertaken in Elliott Bay and that 
these cleanups and future CSO control will account for a lot of the work that needs to be done. Virgil 
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added that this is a great success story and he hopes that King County will share it as part of the CSO 
documents going forward.  
 
Dean explained the sediment data focus on CSOs, because that’s what King County monitors. When 
sediment enters Elliott Bay, it tends to fall to the bottom and stay there. Thus, a lot of the contamination 
found near CSOs may have been there before the treatment system was built. The historic data on 
sediments are not as robust as the data on water quality. In the last 15 years, testing has improved 
significantly. For this reason, Virgil suggested staying in a 10-year window for sediment data. Dean 
suggested the assessment may lead to a recommendation for on-going sediment monitoring. 
 
Virgil and John were both surprised that the total suspended solids (TSS) values were so low. 
 
John expressed surprise that water column organics data did not violate water quality standards; he 
expected organics to be more of an issue, given automobile traffic and combustion. John was also 
surprised that there were not higher levels of contaminants in the near shore areas.  

 
Ken was surprised and impressed with how well sediment remediation has worked, remarking that it 
has not worked as well in Southern California. 
 
Suggestions 
Mike suggested that given the length and density of the report, King County may want to expand the 
executive summary. He remarked that a longer executive summary would become the key section for 
most readers. 

Mike commented that the document is a great overview of all of King County’s data on Elliott Bay water 
quality, but it is not always focused on the CSO problem. Some of the issues the report brings up have 
nothing to do with the CSO issue. Since CSOs are the motivating factor for this study, he urged King 
County to make sure the report circles back to the CSO issue. He also suggested retitling the executive 
summary to “Relevance to the CSO issue,” since the reader would be looking for that connection. 

Along the same lines, Virgil wished Chapter 7 focused more on what King County knows about CSOs and 
how the information in the Elliott Bay Area Report will help with decision-making about CSOs. 

Virgil suggested developing a graphic that shows the different reports for the WQA and how they are 
connected, along with a narrative paragraph that explains the graphic. These could be used as 
boilerplate in each Water Quality Assessment report.  

Does the area report adequately characterize water quality in the area?  
All five ST RT members agreed that the Elliott Bay area report adequately characterizes water quality in 
the area. 

Ken asked about the County’s Bacteria Data Gap study. Dean replied that the area reports are based on 
existing data. Reports on the findings of the new studies are not available yet. 
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Suggestions 
Given the scope of this area report, Ken, John, and Virgil suggested changing the title of the document 
to Water Quality Assessment of Historical (or Existing) Data.  

Mike and John suggested presenting the actual concentrations of pollutants in addition to whether the 
levels exceed water quality standards. 

Jay said that he would still like to see data on the presence of pharmaceuticals and personal care 
products in the water column. (The county’s data gap study on chemicals of emerging concern will 
address this.) 

Ken encouraged King County to include the magnitude of exceedance, not just the frequency of 
exceedance.  

Wendy asked the group if they had any suggestions for how to present the raw numbers for 47 
chemicals and 283 sites. John suggested keeping it accessible by linking to a website with appendices of 
raw data. The data could be tabulated or presented in graphic form for those interested in delving into 
it. John also suggested including a reference for who could provide more information.  

Have you seen similar trends in other waterbodies? If so, were there any causal relationships or 
correlations with those trends that should be explored here.  
Ken asked for clarification of what King County meant by trends. Dean replied they were most 
interested in the decline of bacteria, nutrients, or anything that popped out as abnormal.  

Ken said he has seen similar regional trends associated with temperature, dissolved oxygen, and pH at 
other locations along the west coast.  

Virgil indicated that he had seen a similar trend in reduced bacteria in Portland. He added that he will 
pass along a report by Jim Loftis that captured this trend. Virgil explained that they also saw higher 
bacteria levels near the shore, and noted that sediments can often hold E.coli and other bacteria. Ken 
also saw similar trends in Southern California with bacteria near shore during high tides, often 
associated with kelp in the intertidal zone. John added that there are often animals like birds and dogs 
near the shore than can add to higher bacteria levels.  

Mike observed a similar seasonal trend for low oxygen water moving into Hood Canal. 

The group discussed what was a “trend” or merely an observation. King County’s team should have 
some way of quantifying data so they can detect meaningful trend, rather than observations resulting 
from other influences, such as Pacific Decadal Oscillation (PDO) from the Puget Sound. The County’s 
team discussed how trends were quantified, what tests were used, how the data were handled. The 
science team was satisfied that observed trends were significant and not just observations. 

Suggestions 
Ken commented that King County places a bigger emphasis on the difference between most probable 
number (MPN) and colony forming units (CFU) methods than he would have. He elaborated that both 
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MPN and CFU are imprecise. Ken said he would have gone all the way back to the 1920s to see if the 
trend is more pronounced.  

Mike suggested using a log scale on the report graphs to report bacteria trends.  

Ken suggested that he would like to see a cut point analysis to show bacteria trends at specific sites 
before and after CSO treatment. He felt that this would be a better way to tell the story of CSO control. 
Wendy explained that the best example to tell this story is the Denny Way CSO, but when King County 
extended the outfall, they discontinued monitoring the site closer to shore. As such, she is not confident 
in combining data from both outfalls to draw conclusions because one of the outfall sites is more 
nearshore. However, a site near the Magnolia CSO may suffice and can be included in that type of 
analysis. 

Virgil suggested that King County consider plotting values going back to 1949 for all Elliott Bay sites on a 
log decay curve. Wendy noted that the 1949 data came from one location, which is no longer monitored 
and can’t be statistically compared to current data. The group explored ways to reprocess the data for 
longer trend analysis.  

Ken said the best way to validate trends is to look at changes in pollutant loadings from different 
sources (e.g. septic systems, Duwamish, CSO discharges, etc.). He suggested looking at additional 
covariates.  

Ken suggested that to deal with climate change, King County could use a multiple regression approach 
to look at other physical factors that could influence the trend. Instead of using a seasonal trend, King 
County could use regressions with rainfall data, flow data from the Duwamish, kelp, CSO discharge 
volume, tides, TSS, and turbidity to decipher variability in temperature and potentially point to climate 
change or environmental impacts.  

Ken also suggested that King County could look at recontamination rates of sediments to identify a CSO 
connection with sediment contamination. 

Mike added that sediment is an area where King County should differentiate between legacy issues and 
those caused by CSOs, so King County can demonstrate what can be addressed by CSO control.  

Mike suggested adjusting the colors on the oxygen plot on page 64 to get more contrast between colors.  

Are there conclusions that the report has not highlighted or interpreted? 
Ken and John commended King County for including the important conclusions in the executive 
summary and last chapter. 

Ken and John felt that the conclusions portion of each section were not actually conclusions. They 
suggested changing the title from “conclusion” to “context” or “findings from other studies,” since the 
real purpose of each of these subsections is to validate the trends that King County is observing with 
other studies.  
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Virgil wished that there were more conclusions about CSOs in the last chapter. John also suggested that 
King County provide a stronger conclusion section. This section should include what the data means, 
what the trends show, and what King County thinks can be accomplished in the next 10 years. He also 
suggested the conclusions section identify emerging chemicals that could become problems in the 
future. 

Are there important data limitations that need to be acknowledged? What are they (in addition 
to those already mentioned?) 
Ken and Virgil agreed that the only limitations were related to the study design and the conclusions that 
can be drawn from historical data.  

John noted that there is not enough sediment, shellfish, and tissue data to analyze emerging chemicals. 
Dean added the County has some tissue data for Elliott Bay and the Duwamish but none in Lake Union 
Ship Canal. Specifying these data gaps is important because King County continually evaluates its 
monitoring program and can update it with recommendations like these. 

The group discussed the need for a conservative tracer for sewage. It is one of the data gaps that the 
assessment will address through a literature review.  

Do you have any insights about the potential cause of these findings? For the Elliott Bay report, 
please consider the following:  
We saw a slight reduction in chlorophyll concentration over the study period. 
All four STRT members present agreed that the reduction in chlorophyll concentrations was not 
important. 

Ken asked why Table 3A on page 3A-31 does not show a trend in chlorophyll. Wendy said there was one 
site with a significant decrease in chlorophyll in the middle of Elliott Bay, but there were no notable 
decreases near outfalls.  

Mike asked if the team was monitoring phytoplankton. Wendy said they just started testing for 
phytoplankton abundance and biovolume at eight sites in the central basin this year. Mike explained 
that his colleagues have developed an inexpensive method for quantifying phytoplankton species 
composition using fatty acids. He will send the paper to the entire team. 

There were significant reductions in bacteria seen at almost all sites, particularly beach sites in Elliott Bay; 
although not discussed here, similar results were found upstream in the Duwamish and Green Rivers. Are 
there other possible reasons for reductions besides human-related acts (CSO control, stormwater 
improvements, improved agricultural practices) that have been seen elsewhere, such as climate impacts? 
Mike did see not see a plausible link to climate change, and attributes the reduction in bacteria to CSO 
measures already in place. He encouraged the group to publish these results so that the public knows 
that what King County is doing to address CSOs is working. 
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Two offshore sites had decreasing temperatures trends while one nearshore site (near the Duwamish 
River) had increasing trends. Are there any other explanations for these differences in temperature trend 
direction besides deep marine water acting as a temperature buffer or PDO effect? 
Ken thought the differences might be caused by random trends around the Seattle Waterfront or 
gradual warming of the Duwamish, which may be linked to climate change.  

Mike’s gut feeling is that the temperature changes reflected what is happening in the ocean with change 
of currents and shifts along the continental shelf.  

What questions do you have about the findings? 
Ken asked why King County used a weight of evidence approach for bay-wide data on benthos, but a 
different approach at the Denny Way outfall. Wendy replied that Ecology had toxicity data for Elliott 
Bay, but there are no toxicity data for the Denny Way outfall. Ken suggested deconstructing the Ecology 
data into benthos and sediment chemistry. Wendy said they are not able to compare Ecology and King 
County benthos because of things like replication, depth of samples, and differences in benthic 
invertebrate identification. Ken offered to continue this discussion offline. 

Virgil asked the team if the WQA will be able to conclude that King County CSO treatment will reduce 
contaminants, similar to the 1999 WQA. Dean said the Loadings Report will look at differences in 
loadings entering the waterbody based on CSO reductions, but the current study would not develop a 
three dimensional fate and transport model that would be predicting future water quality conditions like 
the 1999 WQA.  

Do you have any other suggestions or recommendations? Are there any important uncertainties 
that are not currently reflected in the report? 
The group felt that the most important uncertainties were already stated in the report and discussed in 
their meetings.  

Ken and Mike discussed using fish populations to measure if CSO control has made a difference. Ken said 
this could provide an effective way to tell the story of CSO control to the general public.  

Mike suggested that King County think through what kinds of monitoring data they will need ten to 15 
years from now and start planning for how to collect that data.  

Review draft outline of Loadings Report  
Olivia and Bob presented an outline for the Loadings Report and asked the STRT members for their 
questions and input. 

Comments from the STRT members 
Mike asked if King County had plans to address emerging contaminants. The assessment will explore 
emerging contaminants in surface waters in the study areas in one of the data gap reports, not in the 
Loadings Report. Dean said they did not have any data on emerging contaminants in CSOs or 
stormwater. The next step in better understanding CECs in the study area is to characterize 
concentrations in CSOs and stormwater. 
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Virgil asked about the level of detail of the overall effort. Olivia discussed the approach to producing the 
Loadings Report and timeframe. The King County team clarified that they will not be developing a model 
capable of predicting water quality concentrations in the study area. Rather they will be estimating 
loadings from CSOs and stormwater flowing into the study area. Projections based on future CSO and 
stormwater control will look at the loadings from these pathways that will be removed from entering 
the study areas. There was a general discussion of the need to carefully describe the intent and scope of 
the loadings effort, and the group came to the conclusion that the study should be designed to support 
discussions with the stakeholder agencies, especially SPU.  

Ken liked Section 2.3 of the outline, which describes what King County thinks they will get out of the 
Loadings Report. Olivia clarified that the figures and charts would be structured to compare pathways, 
so King County could identify which pathways are contributing the most to pollutant loadings. Ken asked 
King County what they would do if CSOs represented the largest contributing pathway, and what they 
would do if another pathway was the largest contributor. This will be considered in the CSO Program 
Update process (which the assessment is designed to inform). 

Ken suggested that it is important that the City of Seattle is aware of and ultimately supportive of the 
Loadings Report conclusions. Both agencies should be in agreement when they make decisions about 
which projects to prioritize. Kevin Buckley of Seattle Public Utilities said that King County and City of 
Seattle are working together. The City is not likely to be surprised by the results, as and King County is 
using a variant of SPU’s model for their Loadings work. 

Ken asked how King County would differentiate between natural sources and anthropogenic sources of 
pollution. He raised the example of upwelling from the ocean as a natural source of nutrients, explaining 
that it might overwhelm all of the anthropogenic sources of nutrients.  

Virgil asked if the Loadings Report reflected runoff from freeways. Dean replied that data from 
monitoring sites included freeway runoff. The data were collected from certain types of land use, 
industrial, commercial, and residential. Contributions from freeways were dispersed among these land 
uses. John suggested taking water runoff samples from the SR 520 Bridge, which would isolate what is 
coming off of the roadway.  

Tim asked Virgil and Ken if they have experience estimating base flow from outfalls through intrusion 
into the pipes by groundwater, carwashes, or domestic discharges into storm drains during dry periods. 
Virgil responded that he does not have a specific method, but noted that they would use monitoring 
data, base flow separation methods, and standard hydrology approaches to separate out base flows 
from other flows.  

Ken added that dry weather flows cannot be modeled because they are independent of rainfall. He 
offered two other ways to estimate base flow. One way is to use monitoring data from land uses to 
come up with an estimated volume per acre of land use and extrapolate. The other way is to refer to 
water use records to estimate irrigation use and include some fudge factors. Given that King County 
does not have any data, Ken recommended plugging some low end and high end estimates as a 
sensitivity analysis to see if dry weather flows makes a difference in pollutant loading. 
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Virgil and Kevin Buckley, SPU, agreed that the best thing to do would be to just accept the noise caused 
by base flow. 

Next Steps 
The King County staff and STRT members will decide on meeting dates for the summer for each of the 
reports and come prepared with answers to the focused review, as they did for the Elliott Bay study. Ken 
requested that the STRT meet in person to review the Synthesis Report, and hold a longer discussion.  

John was excited that King County was starting to make progress on the reports, but mentioned that he 
would like to meet more frequently so the findings stay fresh in his mind. Mary noted that the next 
meeting will be the week of June 8. More information will follow. 

Action Items 
Jamie reviewed the following action items: 

• Erika will re-upload the Elliott Bay Area Report to Dropbox 
• Virgil will upload old report by Jim Loftis to Dropbox 
• Mike will upload the paper on phytoplankton species composition using fatty acids to Dropbox 
• Wendy will follow with Ken to discuss his recommendations on how to address disconnect 

between ecology and King County data on benthos, sediment chemistry. 
• The STRT team will upload their written comments on both the area report and the Loadings 

outline to Dropbox 
• Carryn will send a Doodle poll to find the next meeting dates 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #7, June 10, 2015 – Summary 

Date    Wednesday, June 10 
Time    9 am to 10:30 am 
Location   Video-conference 

Meeting Objectives 
1. Present key findings from Lake Union/Ship Canal Area report.  
2. Cue up Science and Technical Review team to review and provide feedback on draft Lake 

Union/Ship Canal Area report.  
3. Review next steps. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington (in person) 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Deb Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor 
• Dave White, Science Section Manager 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Mary Wohleb, Project Manager 
• Olivia Wright, Quantitative Hydrologist 
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Guests 
• Kevin Buckley, Strategic Advisor, Integrated Plan, Seattle Public Utilities 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 

Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

Present key findings from Lake Union/Ship Canal Area Report  
Tim Clark presented the Lake Union Ship Canal Area report. STRT members asked questions as Tim 
presented the findings.  

Clarifying questions 
Water quality slides 
Q: What data did you use to conclude there is high nitrogen availability?  
A: The project team looked at nitrogen/phosphorous ratios.  

Q: What does the yellow on slide 12 represent? 
A: Time period for salmonid presence. 

Q: I thought the salmonid criterion for dissolved oxygen (DO) in Washington State is >9.5 mg/l. Where 
did you find the >6 mg/l criterion? 
A: >9.5 mg/l is true for streams, but there are separate criteria for temperature and DO for lakes that do 
not include numeric criteria.  

Q: Is it possible to link specific combined sewer overflow (CSO) improvements to the change in bacteria 
concentrations on slide 15? 
A: Yes, there are a few improvements that could be linked to this change in bacteria concentrations: 

1. There were widespread improvements and optimization of wastewater systems in the 1990s.  
2. In 1994, King County separated the Densmore Drain and stormwater runoff from I-5, which 

originally went to University Regulator and discharged into Portage Bay. This improvement 
decreased the amount of effluent from the University CSO outfall.  

3. Dexter CSO control went online in 2005. 
4. In 2009, green stormwater infrastructure to address CSOs started in the Ballard neighborhood.  
5. Also, there are improvements other than CSO control measures that may have had an effect on 

bacteria concentrations. 

Q: Does the temperature graph on Slide 16 cover the same time period as the bacteria data? 
A: Yes. 
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Q: Did the surface temperatures increase at multiple sites, or just the Southwest Lake Union site? 
A: We measured similar increases at the Lock Station (0.044⁰C per year) and the Montlake Station 
(0.023⁰ C per year) from 1986-2013.  

Q: You observed that, during the summer when Lake Union stratifies, there was a decrease in 
hypolimnion temperatures at the deep station in Lake Union. Did you observe a cooling trend at sites 
other than the deep station in Lake Union? 
A:  Only one monitoring depth—Dexter/Southwest Lake Union—would be within the hypolimnion 
depths. No other site contained depths within the hypolimnion.  

Sediment slides 
Q: Upon what data did you base the sediment quality findings?  
A: The three CSO areas and some in the Densmore area (NE Lake Union) were part of 2011-2013 
monitoring project. Samples in the greater Lake Union area, including Portage Bay, Montlake Cut, the 
Ship Canal, Salmon Bay, and Fisherman’s Terminal were collected in 2001 to establish baseline sediment 
contamination levels. Lake-wide data hasn’t been collected in the past 14 years, but King County plans 
to sample it again soon.     

Q: Are there freshwater sediment standards? 
A: There are freshwater clean-up standards in the Washington Administrative Code (WAC), adopted in 
2013.  

Q: Are there any sediment data near highly polluted upland sites? If so, why didn’t you include the data 
in the area report? 
A: Yes, data was collected in the 1990s, there is nothing since 2001. We refer to the data in the report, 
but do not include it.  

Saltwater Intrusion slides 
Q: Even during normal years, 0.5 parts per thousand (ppt) is a lot of salt for a lake. Have you calculated 
how much of the density stratification is due to salt content and how much is due to temperature? How 
much does salinity enhance density stratifications?  
A: We have found that low temperature in the early summer does increase density at depth, but that 
gradient causes stratification, preventing whole lake mixing through September. Contributing factors to 
the duration of stratification: the amount of saltwater entering from the locks and wind and flow 
conditions.  

Q: Is the soluble reactive phosphorus (SRP) concentration on slide 23 from 2002? 
A: Yes, and the data from 2014 and 2015 show the same high levels of SRP and ammonia in the 
saltwater layer.  

Q: Is it possible that the when we observe re-suspension of contaminated sediments, it is because the 
tendency of sediments to absorb contaminants is changing? Perhaps the salt is affecting the tendency 
for contaminants to stick to sediments? 
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A: We see increases of turbidity and TSS in the saltwater wedge, which suggests either re-suspension or 
a slower descent of particles from the epilimnion when they reach the dense saltwater layer.  

Q: Has King County detected organics? Does the TSS data give you any hints?  
A: During saltwater intrusion, high TSS and turbidity are elevated. This suggests increased levels of 
organics, because they are likely bound to the suspended solids.  

Q: Do you have actual monitoring data to show there are internal seiches present? 
A: No, we don’t have enough data to show seiching. King County has some continuous temperature data 
using thermistors near the SW Lake Union site from 2002. In 2013-14, the saltwater wedge was warmer 
than the hypolimnetic waters it displaces, and we were able to detect evidence of seiching based on 
these data.  

Q: What is the amplitude of the seiche?   
A: We do not have the information. Although the U.S. Army Corps of Engineers has thermistor chains, it 
would be difficult to use their data because they don’t collect data from a deep enough location.  

Suggestions 
• Include an arrow or text box to indicate when major CSO or stormwater management activities 

occurred. Alternatively, overlay the bacteria plots with a timeline with CSO and stormwater 
management activities.  

• Plot the time series for temperature changes, as it is a strong data set that is worth showcasing. 
• Consider including the 1990s sediment data from areas near highly-polluted upland sites. 
• In slides 18 and 19, present not just the frequency of exceedance but also the magnitude of 

exceedance. 
• Create a few thematic maps that are constituent based. For example, if you create a nickel map, 

take the nickel concentration and divide it by benchmark thresholds. The longer the bar, the further 
the findings from the threshold. 

• Given that the U.S. Army Corps of Engineers is letting saltwater into Lake Union to reduce 
temperature, it would be helpful to include an explanation for how saltwater is re-suspending 
contaminants in Lake Union. 

• Include a hypothesis about why increased CSOs affect turbidity.  
• On Slide 25, the language infers effects or lack of effects, but the slide does not present the data 

that leads to these conclusions. There are also inferences where the data does not support the 
conclusions. For example, there is a conclusion that bacteria were occasionally above standards, but 
there is one station that recorded exceedances every month. Similarly, there is not enough data to 
support inferences about effects on benthos. Review the historic data, but save judgements for 
future reports. Alternatively, instead of inferring conclusions, acknowledge when high levels exceed 
thresholds, but add that we do not have the data to support a conclusion about the effects. It is 
okay to state possible conclusions as long as you acknowledge that there are many possible 
conclusions.  
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Next Steps and Action Items 
• The STRT will use the review questions as their guide to provide answers and responses to the 

Lake Union study.  
• Jamie will email the review questions and upload them to Dropbox. 
• Erika will add the slide deck presented today to DropBox. The Lake Union area report is also on 

drop box. 
• Tim will send Mike the document that explains the different temperature and DO criteria for 

streams. 
• King County and the STRT will meet again next Tuesday, June 23 at 9am.  
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #8 – Summary 

Date    Wednesday, June 23 
Time    9 am to noon 
Location   Video-conference 

Meeting Objectives 
1. Discuss Science and Technical Review Team (STRT) feedback on Lake Union/Ship Canal Area 

Report.  
2. Review next steps. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington (in person) 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Martin Grassley, Water Quality Planner, Ecotoxicologist 
• Deb Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Mary Wohleb, Project Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 

Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   
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Review Questions for the Lake Union/Ship Canal Area Reports  

Jamie explained that for each focused review question, each STRT member will share their response, 
after which Jamie will facilitate discussion. 

1. What was your takeaway from the assessment of the Lake Union/Ship Canal findings? What 
surprised or intrigued you? 

STRT members agreed the report was well written and concise. They liked that the report was very clear 
about the limitations of the data and made appropriate choices not to include some data when the 
authors felt it would weaken the analysis.  

STRT members agreed the biggest takeaway was that CSOs are not the only or main contributor to the 
water quality issues in Lake Union/Ship Canal. An additional takeaway for one STRT member was that 
higher quality water from Lake Washington may be diluting water in Lake Union/Ship Canal, which could 
be a big influence on Lake Union/Ship Canal’s water quality. 

The STRT was surprised by the impact of the saltwater intrusion from the Ballard Locks on the water 
quality. One STRT member was particularly intrigued about the resuspension of contaminants due to 
saltwater intrusion.  

Several STRT members were surprised about how well the Lake Union/Ship Canal system appears to be 
holding up despite many impacts, such as heavy boat traffic and saltwater intrusion from the Ballard 
Locks. A STRT member was surprised that overflows from Green Lake appeared to have minimal impact 
on water quality in Lake Union/Ship Canal. Another expected to see more pollutants due to heavy boat 
traffic.  

2. Does the area report adequately characterize water quality in the area?  

The team agreed that generally, the report adequately characterizes water quality, with just a few weak 
areas: 

• Spatial and seasonal data about benthic organisms 
• Quantitative data on phytoplankton 
• Algal blooms 
• Pharmaceuticals and personal care products, which is being addressed by the data gap study 

STRT members and King County project team staff acknowledged that these areas were weak because 
the data is limited or does not exist.  

3. Have you seen similar trends in other waterbodies? If so, were there any causal relationships or 
correlations with those trends that should be explored here.  

STRT members agreed that Lake Union/Ship Canal is a unique water system because of recreational and 
industrial legacy issues and the influences of saltwater intrusion and Lake Washington. As such, there 
are few correlated trends in other water bodies. With that caveat, Mike referred to a 2003 paper written 
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by George Arhonditsis, University of Washington on phytoplankton and nutrients in Lake Washington, 
indicating that there may be some parallel trends. Mike will send the paper to the King County Project 
Team. 

STRT members added that there could be several hypotheses about what causes the conditions 
observed in Lake Union/Ship Canal (higher temperatures and lower dissolved oxygen (DO) levels; 
detections of organic compounds in the saltwater layer): 

• Internal seiches have been shown to lead to sediment resuspension in other systems 
• Global climate change affects water temperature 
• CSO/stormwater control may reduce bacteria levels in other water systems 

 
4. Are there conclusions that the report has not highlighted or interpreted? 

Several STRT members voiced their concern about how the water temperature and low DO would affect 
salmonids. They agreed that King County should address the question of impacts on fish. They asked for 
a summary of what is known about fish passage in Lake Union/Ship Canal and how long salmonids might 
be exposed to the low DO and high temperatures. A STRT member added that fish passage varies by 
species, so the analysis would need to consider the length of time that each species spends in Lake 
Union/Ship Canal.  

A STRT member suggested that the report needs more context and asked for a more complete picture of 
the Lake Union/Ship Canal’s physical system. Specifically, he wanted to read more about the physics and 
hydrodynamics of the way water moves through the system, its path and velocity, and how they affect 
water quality.  

A STRT member wanted to see more explanation on which parameters are likely to improve with CSO 
control (bacteria) and which ones will not (temperature and DO). Another STRT member disagreed, 
adding that the area report should only document existing conditions, while later reports in the study 
will project which conditions can be controlled. After some discussion, the STRT members agreed that 
the area report should document only existing conditions. 

5. Are there important data limitations that need to be acknowledged? What are they (in addition to 
those already mentioned)? 

STRT members agreed there are two key data limitations that need to be acknowledged: 
• Biology: This includes data on phytoplankton, zooplankton, benthic invertebrates, and 

understanding of the entire biological system in Lake Union/Ship Canal. 
• Fish tissue: The report included enough information to raise concerns about fish tissue 

contamination, but not enough to draw conclusions.  

They also mentioned information on fish assemblages or community structure of resident and 
anadromous fish would be useful. In addition, STRT members agreed that because of historic 
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contamination of sediments in and around Lake Union and limited data, King County should use caution 
when drawing inferences about how CSO control may affect biological parameters.  

A few STRT members agreed that Section 6.2 – Data Limitations seemed awkward. The data limitations 
are already noted throughout the body of the report, at end of each section. It is awkward to take all of 
the data limitations and place them in a separate section where they are out of context. A STRT member 
added that Section 6.2 did not really seem to be about data limitations; rather, it was focused on what 
can be done to improve data in the future. STRT members had a few suggestions for how to handle the 
information in Section 6.2: 

• Retitle the section “Future Special Studies.” 
• Instead of listing all 11 data gaps, narrow the list to those King County may propose to fill and 

add more explanation about each potential study. 
• Begin Section 6.2 with the paragraph on page xvi of the Executive Summary, second paragraph 

under the heading “Planned Improvements and Studies.” 
 

6. Do you have any insights about the potential cause of these findings? For the Lake Union/Ship Canal 
report, please consider the following: 
• Significant increasing trends pH and alkalinity (though slopes are quite minor) 

The STRT members agreed that while it was worth noting that the increases in pH and alkalinity are 
contrary to what one might expect, they likely are not biologically meaningful trends.  

An STRT member asked if King County had observed similar increases in Lake Washington; King County 
responded that there has not been an analysis of pH and alkalinity in Lake Washington for at least a 
decade.  

• Shifting trend in chlorophyll-a concentration was seen, where spring and summer concentrations 
increased from 1985 – 1997 and spring concentrations (and only spring) decreased from 1997 – 
2013. This does not seem to follow any of the nutrient trends (though the measurement of total 
nitrogen began in 1993). 

Two STRT members wondered if chlorophyll is the best measure of productivity. King County agreed.  

A STRT member offered that the Montlake monitoring station effectively captures Lake Washington 
outflows. He suggested that King County look at whether trends at the Montlake monitoring station 
correlate with trends further downstream, adding that King County should consider whether any trends 
in Lake Union are due to flow from Lake Washington. 

Two STRT members wondered if these are actual trends or just simple observations.  

7. What questions do you have about the findings? 

STRT members had a few questions about the findings: 
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• Why aren’t stormwater outfalls mentioned in the report? This makes it seem like CSOs have an 
outsized influence on water quality. King County responded that the three area reports are 
about surface water quality, and the water quality assessment will address sources—including 
stormwater—in later reports. It was also added that CSOs are called out only because the 
impetus for this report is CSOs.  

• The conclusions in Section 6.1.1 – Clarity seem to indicate that transparency is increasing, but 
Table 3-25, which characterizes the ranges, seems to indicate that transparency is sterile. King 
County will address and clarify this apparent contradiction in Section 6.1.1. 

• Since bacteria is a large concern, how do you expect the bacteria data gap study to add to the 
information in this report and support the upcoming effort to identify sources?  
 

8. Do you have any other suggestions or recommendations? 

STRT members had a few suggestions: 
• Since it is such an extensive document, consider putting the main points into a one-page fact 

sheet or brief summary. 
• Avoid making inferences about which sources are causing trends when the sources have not 

been analyzed yet.  
• Include a plot of hypolimnic temperature over time (a year by year annual average) in the body 

of the report, because this trend is both strong and counterintuitive, which makes it interesting.   
• Add more about the biological data that is available and put all the available data in the report.  
• Consider mapping sediment remediation locations. 
• Include a box and whisker plot of hydraulic retention time (HRT) for different soluble 

compounds, such as silica, adding that HRT for Lake Union ought to be relative to the volume 
coming from Lake Washington. 

• Consider reevaluating your monitoring program, because there may be opportunities to find 
efficiencies. This may free up more resources to do some of the other monitoring King County 
would like to add. Look at 40 years of data and think about how much you might be able to 
reduce your sampling and still detect a trend.  

• Consider using the STRT to evaluate an update to your monitoring design.  
 

9. Are there any other important uncertainties that are not currently reflected in the report?   

STRT members discussed a few important uncertainties: 
• The spatial extent and severity of sediment contamination.  
• Fish tissue.  
• Contaminants of emerging concern. 
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• A long term analysis of the relationship between hypoxia and salinity in Lake Union. Create an 
overlaid plot to show how periods of low oxygen associate or dissociate with periods of 
saltwater wedge.  

Next Steps and Action Items 
King County and the STRT will take a break from meeting and reconvene in September to discuss data 
gaps and the Duwamish report. The next meetings are scheduled on September 1, 10 and 24, but King 
County will evaluate whether it makes sense to combine two meetings. The group will meet again in late 
October, and in person at the end of January. 

Jamie reviewed the next steps and action items for the group: 
• Mary send list of upcoming meetings with time ranges for each meeting to the STRT.  
• Jamie will send out the meeting summaries for meetings 5, 6, 7, and 8 for review. 
• The STRT will upload their written comments on the Lake Union/Ship Canal Area Report to 

Dropbox. 
• Mike will send the Arhonditsis paper to the Project Team. 
• Cathie will consider how to address the concerns raised about Section 6.2. 
• The Project Team will consider how to address the apparent contradiction in Section 6.1.1. 
• Mike will follow up with the Project Team about his additional minor suggestions for improving 

the document.   
• King County will consider further engagement of members of the STRT to evaluate the 

monitoring program. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #9 – Summary 

Date    Tuesday, September 1 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objectives 
1. Review updated schedule for Water Quality Assessment (WQA). 
2. Present key findings from Bacteria Data Gap Report and cue up Science and Technical Review 

Team (STRT) for their review. 
3. Review and gather feedback from STRT on outline for Synthesis Report. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington (in person) 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Deborah Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Erika Peterson, Community Relations Lead 
• Dave White, Science Section Manager 
• Dean Wilson, Science Team Lead, Ship Canal Study 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 

Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   
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Review Updated Schedule for Water Quality Assessment 
King County explained that the Water Quality Assessment (WQA) schedule has shifted. King County will 
present key findings from the Loadings Data Gap Report later in the year than originally planned. The 
meeting schedule will change only slightly: King County proposes adding another meeting in October 
and cancelling the November 10 meeting. Action item: Jamie will email team summarizing changes in 
Water Quality schedule and will outline changes to meeting content. 

Present key findings from Bacteria Data Gap Report 
Tim Clark presented the Bacteria Data Gap report. STRT members asked clarifying questions as Tim 
presented the findings.  

Clarifying questions 
Sampling methods 
Q: The samples for this study were taken 250 feet offshore. Why did you select this distance for 
sampling? Do you generally monitor at the shoreline or 250 feet offshore?  
A: We did this because there are a number of docks and structures that extend a couple hundred feet 
into the waterway. Getting under the structures to collect samples closer to shore would have taken a 
lot of time. 
 
Q: I’m curious about the sanitary sewer overflow (SSO) pathway. What are the conveyances and where 
do they come from?  
A: Some sewer lines and pump stations have emergency outfalls that release flow if there is a 
malfunction. This keeps sewage from backing up into basements and streets. Blockages caused by a 
buildup of fats, oils, grease can cause overflows. Power outages and other issues can cause pump 
stations to malfunction and release untreated sewage.  
 
Q: Did you sample any combined sewer overflow (CSO) discharges or just receiving waters?   
A: We only sampled receiving waters.  

Q: On the Duwamish map, are any of the City of Seattle CSOs uncontrolled? 
A: There are a few uncontrolled CSOs, indicated on the legend by different icons. Additionally, there are 
three CSOs that discharge into Longfellow Creek. These did not discharge during any of the wet weather 
events, so these CSOs were not represented in the data. 

Q: Do you know the volume of CSO discharges during wet weather sampling? Was it a measurement or 
estimate? 
A: We routinely measure and record the actual volume of each CSO discharge.  
 
Q: I’m curious about the timing of collecting wet weather samples. When you collected wet weather 
samples, how long did it take? Which direction did you move along the shoreline? How long after the 
rain event ended did you sample? 
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A: It took about three to four hours to collect samples after each rain event. We started collecting 
samples near the 3rd Avenue West CSO in the Ship Canal, sampled along Salmon Bay, came through 
Fremont cut, went along the south shore of Lake Union through Portage Bay, and then back along the 
northern shore of the Ship Canal. The amount of time between the end of a wet weather event and 
when we collected samples varied by event. During the first wet weather event, for example, the rain 
began at 8:51 pm the night before the sampling and finished at 2:50 pm the next day, so it was raining 
while we were collecting samples. However, the CSOs finished discharging at 4 or 5 am that morning. 
We provide details on the timing of each sample collection in the report.  
 
Q: What’s the sampling path you took for the Duwamish Estuary? 
A: We started at the mouth of the East Waterway and sampled upstream. The West Waterway was next. 
Then from the South end of Harbor Island, we sampled upstream to the turning basin.  
 
Results  
Q: I’m looking at the Lake Union/Ship Canal slide showing the results of January 29, 2014 – Wet Event 
#1. Is it your hypothesis that the lighter colored “blob” near CSO 132 (north end of Lake Union) is the 
plume that emanated from the University and Montlake CSOs? 

A: It is possible, but we cannot say for sure. There are other discharges in the area—such as the 
stormwater outfall from the south part of I-5 and Densmore Drain—that could be affecting the blob. It is 
difficult to predict the fate of bacteria once it is discharged due to many influencing factors such as solar 
radiation, temperature of water, biologic activity, and conductivity.  

Q: Are the hydrodynamics of the Salmon Bay area more stagnant because of the Ballard Locks? 
A: Probably not. When we have wet weather events, a good amount of water pushes over the locks, so 
the water there is not very stagnant. That being said, it is possible that there are areas in Salmon Bay 
that may be more stagnant.  For example, the area on the north side of the large lock may be a bit 
stagnant. 
 
Q: Did you collect data on dissolved oxygen during wet weather events?  
A: We did not collect data on dissolved oxygen; that would have taken more time than we had available 
to collect samples.  
 
Q: Why did you use the EPA Recommended Recreational Water Quality Criteria geometric mean to 
compare dry weather samples instead of the statistical threshold value (STV) you used in the wet 
weather events? 
A: We use the geometric mean for dry weather samples because dry weather is more common than wet 
weather, so we expect concentrations to trend toward the geometric mean. Rain events are shorter 
duration but we expect more extreme concentrations, so we used the statistical threshold value. 
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Q: Does the Washington State Department of Ecology use the same approach when evaluating the data 
for water quality standards? 
A: No. This is not a monitoring study that lends itself to comparing to the water quality standards. We 
are using the statistical value and the geometric mean as a reference point to add context for the 
reader. 
 
Q: Why didn’t you show any data on Hu2 bacteroides, which is a human-specific genetic marker that can 
be used to detect human fecal pollution in water? 
A: This information is available in the report and on some of the PowerPoint slides in the Dropbox.  
 
Conclusions 
Q: The purpose of this report was to fill a data gap. Do you feel like you have filled this gap? 
A: Yes. We now know more about how long CSOs affect a water body and what areas need more 
investigation. We still have more work to do, but this study filled a key data gap. 
 
Q: It is helpful to know where there is a higher presence of bacteria, but it is also important to overlay 
that information with where there is human contact. Do you know where there is more human contact 
in the study area? 
A: Yes, and that information is useful in helping us identify the biggest sources of pollution that would 
affect human health.  
 
Q: On the conclusions slide, it looks like you may be saying that the houseboats on Lake Union 
contribute to higher bacteria counts. Is that correct? 
A: No, actually we found the opposite. We did not see evidence that the houseboats are contributing to 
high bacteria counts. The conclusion slide was just worded in a confusing way. 
 

Additional questions on presentation 
Q: Have you ever looked for E. coli 0157:H7? It has shown up in some streams in other areas of Western 
Washington. 
A: No, we have not. This is something we are discussing for future investigation, however.  
 
Present synthesis outline 
Bob Bernhard presented the Synthesis report outline. STRT members asked questions about the outline 
as Bob presented. 
 

Clarifying Questions 
Q: When you list potential pathways for pollution, where would you put the saltwater or cold-water 
wedge that comes into Lake Union? 
A: It is a pathway, so we will add it to the list of pathways on the outline. 
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Q: When should we give feedback on the synthesis outline? 
A: Jamie will provide the STRT with a deadline, sometime after they finish their review of the data gap 
reports.  
 
Q: There appears to be a lot of discussion about projections in the outline. Will the projections be based 
on computer model? 
A: No, most of the projections will be qualitative. We may be able to get a quantitative estimate from 
the Seattle and King County Long Term Control Plans, however.  

Suggestions for improvement 
• The different map scales between wet and dry weather events might be confusing for the 

reader. The group discussed the challenge of showing the different scales on wet and dry days. 
• When discussing animal fecal matter in the water, the report should not pinpoint one type of 

animal; instead, just refer to wildlife fecal material in general. 

Next Steps and Action Items 
• The STRT will use the review questions as their guide to provide answers and responses to the 

Bacteria Data Gap study for next week, synthesis outline for the week after. 
• Jamie will send an email to the STRT summarizing changes to the schedule. She will also send a 

Doodle poll to schedule an additional meeting in October. 
• Jamie will send a deadline for providing Bob with feedback on the synthesis outline. 
• Tim will review the maps for understandability for first time readers. 
• King County and the STRT will meet again next Thursday, September 10th at 9am.   
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #10 – Summary 

Date    Thursday, September 10 
Time    9 am to noon 
Location   Video-conference 

Meeting Objectives 
1. Discuss STRT feedback on Bacteria Data Gap Report. 
2. Present key findings from Contaminants of Emerging Concern (CEC) and Sewage Tracer Data 

Gap Reports to cue up STRT for their review. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Study 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Richard Jack, Water Quality Planner, Contaminants of Emerging Concern Data Gap Study 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study, Sewage Tracer Study 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Mary Wohleb, Project Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 

Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   
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Review STRT feedback on Bacteria Data Gap Report 
1. What was your takeaway from the assessment of the findings? What surprised or intrigued you? 

STRT members shared their biggest takeaways from the Bacteria Data Gap Report: 

• CSO and stormwater outfalls are major pathways for bacteria entering receiving waters, 
especially after a rain event. 

• It is encouraging to see improvements in bacterial levels since many CSOs have been 
controlled.   

• Data shows clear areas of concern and potential pathways of contamination. 
• The study provides some strong basis for linking sources of contamination, impacts, risks to 

human health, and potential resolutions. 

STRT members found the following to be surprising: 

• The hydrodynamics of the water drove bacteria distribution more than CSOs themselves.  
• The water was surprisingly clean following storm events. 
• Despite increases in population and boating, bacteria levels have declined and houseboats 

are not a big contributor of bacteria. 
• The report did not separate the dry weather conditions from the wet weather conditions in 

the discussion. 
  

2. Are there conclusions that the report has not highlighted or interpreted? 

STRT members offered several suggestions for conclusions. The group discussed whether these should 
be included in the bacteria report or in future reports, such as the loading and synthesis reports:  

• The report should call out areas of concern in the maps and discuss them explicitly in the 
conclusion, rather than allowing the reader to come to his/her own conclusions about areas 
of concern.  

• Although the report establishes a basis for linking sources of bacteria with impacts to human 
health, it does not fully develop those linkages.  STRT member suggested putting public 
access points on maps. 

• The authors were timid about drawing conclusions about transport in Lake Union. King 
County responded that there are not good hydrodynamic models to test circulation in Lake 
Union.  

• The report seemed to be strong in conclusions about bacteria in stormwater elsewhere, but 
less certain in the East Waterway. King County responded that in the East Waterway, high 
bacteria levels appeared in only one event and only one sample.  

 
3. Are there important data limitations that need to be acknowledged? What are they (in addition to 

those already mentioned)? 
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Several STRT members agreed that there were some limitations in the report, but no major flaws. They 
offered the following data limitations: 

• There should be better characterization of flows. 
• The samples were taken a fair distance from the shoreline, so the values may not represent 

worst case scenarios for bacteria in the water or beach areas. 
• The use of Kriging charts in the report really helped fill in the blanks and smooth over high 

and low points, but the report should acknowledge that the data presented in the charts is 
not an exact value.  

• There is no graphic to show the trend of bacteria declining over time. King County explained 
that these data are shown in the Area Reports; the Bacteria Data Gap study refers back to 
them, but does not present them again. 

• There was no discussion of marker measurements in the qPCR analysis. There is potential 
for a lot of inhibition, especially in wet weather samples. Action item: Ken Schiff offered to 
have an offline discussion with the microbiologist about addressing that limitation.  

 
4. What questions do you have about the findings?  

The group discussed whether this study filled a data gap and will provide information needed to make 
decisions about CSO controls. King County explained that it fills a big data gap for King County, adding 
that the last bacteria data King County collected indicated bacteria counts were outside water quality 
standards. These data tell a new story. 
 
The group also discussed whether King County can prove the improvements to bacteria counts are due 
to CSO control. The study authors remarked that King County can overlay the bacteria data over time 
with the timeline for CSO improvements, but it is not possible to say for sure what caused bacterial 
decline. To draw that conclusion, King County would have to do some additional studies.  
 
The group considered whether given strong bacteria signals in human fecal matter near Hanford/Lander 
CSO, it would be advisable to prioritize controlling this CSO. King County explained that the 
Hanford/Lander CSO control project will be completed around 2030. King County placed this CSO control 
project later in the program schedule based on the water quality assessment completed in the late 
1990s, which examined human health and exposure. The thought was that CSOs at public beaches, such 
as Barton, Murray, and Lowman Beach, have much higher human health exposure risks, so they were 
prioritized earlier.  
 

5. Do you have any other suggestions or recommendations? 
STRT members had several recommendations and suggestions: 
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• Since King County has concluded that the bacteria data gap study filled a data need, 
consider stating this explicitly in the introduction. 

• Since it is clear that CSOs affect water quality, the report should state this at the beginning 
of the report.  

• Separate data and conclusions for dry events from wet events. This will make it easier to tell 
if CSOs are a pathway for bacteria and set the context for the report. 

• Section 4.4 includes the following statement: “Removing CSO discharge will not completely 
remove the threats of water borne pathogens to humans, and enteric bacteria 
concentrations may still exceed the EPA’s Recreational Water Quality Criteria.” Consider 
deleting this statement, because it cannot be proved without water quality modeling.  

• It would be helpful to be clearer about where humans are exposed to bacteria. Show this 
information on the maps and make human use part of the prioritization criteria.  

• The report used only one human marker. With new technology, there are many more 
available. Consider enhancing the section about adding more human markers. 

• The strong bacteria signals seen in Salmon Bay could use more justification. For example, it 
would be helpful to understand the effects of the locks. 

• Measure pathogens associated with the stormwater outfalls, such as norovirus, which is a 
high risk pathogen for humans. Also consider tracking E. coli O157:H7, a dangerous 
pathogen that continues to show up in the region. 

• Overlay data on increases to population and boat traffic to support the argument that 
bacteria counts are going down, despite these counter-forces.  

• Use care with the term “baseflow.” The study simplifies the term baseflow as a vector 
conveying pollutants, but the real issue is why pollutants are getting into the baseflow. 

• Create a bridge between this report and the synthesis report by adding a section that 
explains the implications of these findings for future studies. 
 

6. Are there any other important uncertainties that are not currently reflected in the report? 

One STRT members suggested that King County consider developing hydrodynamic and bacterial 
dynamic receiving water models, so the County will know what to expect from the receiving water body 
when additional CSO controls are implemented. Another STRT member qualified this suggestion, 
explaining that modeling will not help answer the key remaining question of how to sequence the CSO 
control projects.  

7. Do you have any comments about how the data are compiled, presented, and discussed? 

The STRT had the following comments about how the data were presented: 

• Since this is a spatial study that is showing potential pathways for bacteria contamination, add 
more graphics in the report.  
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o Add graphics that help support the reasons for the study, such as maps that highlight 
areas of concern and primary usage (types of usage areas and frequency of usage).  

o The Kriging charts are great; use similar graphics to show flow paths. The Lake Union 
map is a good example: take away the data points and use Kriging to show the CSOs, 
SSOs, and flow paths.  

• Use different color palates for the wet weather and dry weather events, to make it clear that 
the study uses different measures for each.  

 
8. Have these data stimulated any hypotheses for you and what are those questions?  

One STRT member hypothesized that subsurface outfalls appear to help limit the impacts to beaches, 
even during an overflow. 

Present key findings from Contaminants of Emerging Concern Data Gap Report 
Richard Jack presented the key findings of the Contaminants of Emerging Concern (CEC) Data Gap 
report. STRT members asked questions as Richard presented the findings.  

The group expressed surprise that King County did not collect samples during or after wet weather, 
given that the Water Quality Assessment is intended to inform the CSO program. King County explained 
that it does not tie its ambient monitoring to weather conditions.  

The group also considered the relatively high number of contamination in method blanks for some 
chemicals. King County explained that this type of analysis is difficult, and it is possible that some of the 
chemicals that contributed to the method blank contamination may havecome from the lab itself, if 
DEET and Metformin accumulated in the air, glassware, solvents, and surfaces.  
 
STRT members asked about chemicals that King County studied, including caffeine and Estradiol. King 
County explained that the study evaluated caffeine but not Estradiol, adding that Estradiol is not on the 
list of pharmaceuticals that this lab analyzes and the County would have had to select a different 
method and lab to measure it. Furthermore, the County already has information on Estradiol that was 
included in the Area Report.  
 
STRT members asked about the connection between this report and the next one on Conservative 
Tracers. One member suggested that since the diabetes treatment drug Metformin is found frequently 
and at high levels in the water bodies, it might work as a conservative tracer.  
 

Present key findings from Sewage Tracer Data Gap Report 
Chris Magan presented the key findings from the Sewage Tracer Data Gap Report. STRT members asked 
questions about the outline as Chris presented. 

The group discussed the study design, including which chemicals the study authors considered as 
potential sewage tracers. STRT members noted that although they had recommended the Sewage 
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Tracer data gap study, the STRT did not have the opportunity to review the study design prior to 
implementation. Some STRT members commented that they might have suggested a different 
approach. 

The STRT discussed King County’s criteria for identifying potential sewage tracers. A few STRT members 
suggested that if King County is looking for a tracer that merely shows the presence of humans, they 
should look for a tracer that can survive primary, secondary, and tertiary wastewater treatment. On the 
other hand, if the County is looking for a tracer that indicates untreated sewage from CSOs, SSOs, and 
septic tanks, they should look for a tracer that does not conserve after wastewater treatment. King 
County explained that their objective was to identify a conservative sewage tracer that is only present in 
sewage, not other sources such as surface runoff, or stormwater. 

The literature search did not turn up such a chemical. Caffeine and sucralose (artificial sweetener) would 
not work, because people pour drinks that contain caffeine and sucralose down the storm drain. A 
University of Washington professor did research on artificial sweeteners with interesting results, but the 
study is not published yet.  

The group considered that instead of identifying one single conservative tracer, it may be better to 
create a fingerprint for each waterbody by identifying a list of potential chemicals that represent the 
unique signature of that waterbody.  

One STRT member suggested creating a fingerprint for each of the waterbodies by coupling the bacteria 
data with sewage tracer data to narrow down the potential sources of pollution. For example, creating 
Kriging maps that overlay bacteria, sewage tracer, and other data to identify fingerprints that are unique 
to each geographic area.   

A key lesson learned from this study is that King County would have to use multiple methods to analyze 
the most promising tracers. STRT members suggested a next step could be to make connections 
between the CEC report and this literature search. 

Next Steps and Action Items 
• The STRT team will review the CEC and Sewage Tracer Reports and answer the focused review 

questions.  
• The STRT will send Jamie their written answers to the focused review questions on the Bacteria 

Study.  
• Jamie will send excerpts from the meeting summaries from May 2014 that cover the discussion 

about the CEC and Sewage Tracer study designs. 
• Ken is available to speak with the microbiologist about addressing limitation in the qPCR 

analysis.  
• King County and the STRT will meet again Thursday, September 24 at 9 am.   
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #11 – Summary 

Date    Thursday, September 24 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objective 
Discuss STRT feedback on Contaminants of Emerging Concern and Sewage Tracer Data Gap Reports. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Martin Grassley, Water Quality Planner, Ecotoxicologist 
• Richard Jack, Water Quality Planner, Contaminants of Emerging Concern Data Gap Study 
• Deborah Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study, Sewage Tracer Study 
• Erika Peterson, Community Relations Lead 
• Dave White, Science Section Manager 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Mary Wohleb, Project Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 

Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   
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Review STRT feedback on the Contaminants of Emerging Concern Report 
1. What was your takeaway from the assessment of the findings? What surprised or intrigued you? 

STRT members shared their biggest takeaways from the Contaminants of Emerging Concern (CEC) 
Report:  

• King County designed the study to gather data with limited time and resources; however, some 
STRT members suggested they would have recommended a different study design.  

• Organisms are exposed to a mixture of chemicals at very low concentrations, so some STRT 
members felt the real question to be answered is how this soup of chemicals affects biological 
communities. 

STRT members found the following to be surprising: 

• There was a relatively high frequency of method blank contamination for some chemicals in this 
study. The group discussed the challenges associated with collecting and analyzing samples for 
this study. The minute amount of chemicals in the samples could be affected by the personal 
care products used by employees collecting the samples and working in the laboratory. King 
County added that as time goes on, the science will advance and labs will be able to analyze 
samples with less contamination found in the method blanks.  

• There was not a broader list of detected CECs, or more than one CEC detected at high levels.  
• There were relatively high concentrations of the diabetes drug (Metformin) and cocaine. 
  

2. Are there conclusions that the report has not highlighted or interpreted? 

STRT members offered the following input on conclusions that were either left out of the report or 
required more interpretation:  

• The report should discuss limitations in available information about potential effects of CECs on 
biological communities.  

• Since the CECs were measured in ambient water rather than during or after a CSO event, it is 
difficult to determine which chemicals came from CSOs. As such, King County will not be able to 
conclude from this study whether its CSOs or CSO control efforts contribute to CECs. 
 

3. Are there important data limitations that need to be acknowledged? What are they (in addition to 
those already mentioned)? 

STRT members shared the following data limitations that should be acknowledged: 

• Since the study examined a limited scope of CECs (no phthalates or hormones), it should state 
explicitly that it focused on certain compounds instead of a more comprehensive list of CECs and 
explain the logic. King County added that the project team created the list of compounds to 
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examine based on the main goal of this study, which was to get information on the chemicals for 
which we have limited data. 

• It is important to acknowledge the high level of contamination in the method blanks. 
 

4. What questions do you have about the findings? 

The group discussed whether the CEC study filled a data gap. King County remarked that, considering 
how much sample analysis cost and the list of chemicals that could be evaluated, this study answered a 
key question: whether these substances are present in the water. The next step would be to measure 
the presence of these CECs during or after wet weather and then identify potential pathways. 
 
Some STRT members wondered why this study examine dry weather events only, if the water quality 
assessment is intended to inform decision making about CSOs. King County explained that the study 
attempted to characterize dry conditions in areas where CSOs happen. Future research could focus on 
characterizing wet weather events and determining pathways.  
 
The group discussed whether there are studies in the Puget Sound area that examine effects of CECs on 
biological communities. One STRT member explained that NOAA and U.S. Fish and Wildlife have done 
some mixture studies, but the results can be dicey because the circumstances change and it is hard to 
attribute results to any one factor. A few current studies are examining the effects of estrogenic 
compounds, but we are a few decades away from doing effective mixture studies on a lot of these 
pharmaceuticals.  
 
5. Do you have any other suggestions or recommendations? 

STRT members offered the following suggestions and recommendations: 

• Discuss the potential effects of the matrix of chemicals present at low levels on biological 
communities.  

• Clearly explain the study design and logic behind that design. 
• Consider creating a decision tree or logic tree to help the reader understand how the findings of 

this report will inform decisions for the CSO program. Design the logic path to explain what 
would have happened if the project team got a “yes” in its analysis, showing how that might 
have affected decision-making. 

• In Section 5.1, consider adding the following recommendations: 
o Conduct more studies on toxicological influences.  
o Consider studying tissue cultures that are tuned to specific types of impacts, like 

estrogenic behavior, androgenic behavior, carcinogens, and other categories of 
responses. These cultures act like a broad spectrum detector for different types of CECs 
and are valuable because they are very sensitive. Once they are designed and tested for 
ambient and effluent samples, they dramatically reduce the compounds that need to be 
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measured and tested in the future. They are a good screening tool with lots of potential. 
California and EPA headquarters are starting to use this approach. 

• Add the non-detects to the detects in the box and whisker plots, because the plots give a 
skewed impression without the non-detects. Also consider color coding non-detects and 
detects, so it is easy to understand that they are different. 

• Put the locations of the sampling sites on the map in Table 2 or Figure 1. 
• When discussing data on chemicals that were not sampled in this report, such as PCBs and 

PDBEs, cite the Area Reports. 
• Cross-reference chemistry for what is found in King County CSO discharges with the CEC and 

Sewage Tracer studies to come up with a chemical or suite of chemicals that can help 
characterize the typical constituents released during a CSO event. This information could also 
help King County evaluate the effectiveness of CSO control measures post-construction.  
 

6. Are there any other important uncertainties that are not currently reflected in the report? 

STRT members offered the following important uncertainties: 

• It seems that this study gives best case scenarios, and it would be great to see King County 
follow up and do a worst case scenario report.  

• Future analysis of CECs should include more tracking of estrogen and testosterone levels in the 
water, as they can be very harmful to biological communities.  
 

7. Do you have any comments about how the data are compiled, presented, and discussed? 

STRT members offered the following comments on the data: 

• This report could be difficult for a non-expert to read. A non-technical editor could make it more 
readable.  

• Discussions about numbers in the text will be easier to read if broken into bullet points. 
• Since most CECs do not have regulatory standards, the section that compares measured values 

of CECs to known thresholds provides good context on what the results mean.  
 

8. Have these data stimulated any hypotheses for you and what are those questions?  

King County may be able to use the information from these two data gap studies to design and 
implement a monitoring effort to evaluate the effectiveness of CSO control post-construction. 

Review STRT feedback on the Sewage Tracer Data Gap Report 
1. What was your takeaway from the assessment of the findings? What surprised or intrigued you? 

STRT members offered the following takeaways from the findings: 
• There is no one perfect sewage tracer. 
• A combination of tracers will tell us more than an individual tracer. 
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• These are good technical studies that King County should publish on its website and at 
conferences.  

 
STRT members found the following to be surprising: 

• PBEs and PDBEs, phthalates, and estradiol did not make the list of potential tracers. 
• King County conducted the Sewage Tracer Data Gap study on the recommendation of the STRT, 

but did not review the scope of the literature review with the STRT prior to beginning. 
 

2. Are there conclusions that the report has not highlighted or interpreted? 

STRT members agreed that all the conclusions that could be drawn with the limited data were 
highlighted. 

3. Are there important data limitations that need to be acknowledged? What are they (in addition to 
those already mentioned)? 

STRT members offered the following data limitations that need to be acknowledged: 
• Explain the scope of this literature review.  
• Using only chemical tracers is a key limitation, and the study should explain the reasoning in 

more detail.  
• The study makes no link to other data gap reports. Draw a link to the microbiological and CEC 

data gap information.  
• Cite other studies to support the recommendations section.  

 
4. What questions did you have about the findings? 

The group wondered why the study ruled out artificial sweeteners. King County explained that there has 
not been any research published on how artificial sweeteners work in the environment. King County 
added that artificial sweeteners have not been ruled out as a sewage tracer, but they are not yet proven 
as tracers. 
 
The group discussed how the study authors pulled primary and secondary references. King County 
explained that the study authors gathered lengthy references from many sources, but generally tried to 
stick with primaries as the original source. The study authors traced secondary sources back to the 
primary source reference.  

 
5. Do you have any other suggestions or recommendations? 

STRT members offered the following recommendations: 

• The study does not explain the potential use of a tracer until Section 5. Move this information 
introduction to explain the question that the study is trying to answer.  

• Rename Section 5, which focuses on future work and does not really discuss conclusions.  
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• Highlight this sentence: “While no reliable sewage tracer tool has been identified in this 
literature review, other tools have been employed during the CSO WQA/MS to estimate the 
impacts of various contaminant pathways.” This sentence makes it clear that focusing on 
contaminant pathways will be more reliable than focusing on the tracer.  

• Provide the number of references you researched in the study; otherwise, it comes across as 
incomplete to the casual reader. Also, explain how you used primary and secondary references 
in the report. 

• Consider conducting a more thorough literature review. 
• Cross-reference chemistry data for what is found in King County CSOs with the data gap studies. 

This will produce a suite of chemicals that can characterize typical constituents during CSO 
events and can be used to evaluate success or effectiveness post construction. 

• Add in some text that discusses whether changing the criteria about degradation would change 
your conclusions. 

• Put a different spin on the last paragraph, because there will not be one perfect tracer, so 
emphasize the ones that you could use cost-effectively. Identify which tracers would be 
relatively easy to monitor. 
 

6. Are there any other important uncertainties that are not currently reflected in the report? 

STRT members offered the following uncertainties: 

• A program uncertainty: is sewage a high enough concern to pursue developing a cost-effective 
tracer or cocktail of tracers for sewage in the Seattle area water bodies?   

• Behavior and persistence of the final list of tracers in freshwater, estuarine, and marine systems. 
• The cost to use these tracers for large-scale, long-term monitoring. 

 
7. Do you have any comments about how the data are compiled, presented, and discussed? 

One STRT member did not agree with this criterion for potential tracers: “exhibits little or no removal 
during treatment.” He added that if treatment does not remove a tracer, it will not be possible to 
distinguish treated effluent from untreated sewage, making the information less useful for the CSO 
program. Another member disagreed, making the case that a conservative tracer is more helpful. Since 
treated effluent is going to the Puget Sound, if the tracer is detected in freshwater, it means that it has 
to be coming from a sewage source. King County added that this is why a combination of tracers will tell 
us more than just a single tracer.  For example, caffeine is removed very effectively during the sewage 
treatment process, whereas metformin is not.  Caffeine would make a better tracer for raw sewage and 
metformin would be better for treated wastewater.  

8. Have these data stimulated any hypotheses for you and what are those questions?  

STRT members did not offer any additional hypotheses. 
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Next Steps and Action Items 
• The STRT team will check with administrators on their amendments and will let Mary know if 

they need to rewrite their agreement. 
• The STRT team will send suggestions on additional literature and written responses on the 

worksheet to Jamie. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #12 – Summary 

Date    Thursday, October 29 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objectives 
1. Present key findings from Lower Duwamish Area report. 
2. Cue up Science and Technical Review team to review and provide feedback on draft Lower 

Duwamish Area report. 
3. Review next steps. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington (in person) 
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Liz Gaskill, Project Manager 
• Martin Grassley, Water Quality Planner, Ecotoxicologist 
• Deborah Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study 
• Erika Peterson, Community Relations Lead 
• Dean Wilson, Science Team Lead, Ship Canal Study 

Guests 
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 

Consultants 
• Tori Varyu, PRR, Note taker 
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Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Erika 
reviewed the agenda.   

Present key findings from Lower Duwamish Area Report 
Chris Magan presented the findings from the Lower Duwamish Area Report. STRT members asked 
clarifying questions as Chris presented the findings.  

Clarifying questions 
Superfund Site 
The group discussed King County’s role as one of the principle responsible parties for the Lower 
Duwamish Superfund site. King County explained that the CSO projects outlined in the Consent Decree, 
which must be completed by 2030 are part of the WA Department of Ecology’s source control 
implementation plan.  
 
A STRT member was interested in how CSO control factors into cleanup of the Lower Duwamish. He 
raised this question because in Portland Harbor, CSOs were incorrectly blamed for recontamination of 
the sediments. The project team responded that there have been two cleanups completed in 1999 and 
2006 adjacent to CSOs. King County has been able to track recontamination and found the biggest 
problem was phthalates. King County also has a stringent post-construction monitoring plan that 
includes measuring sediment quality in the long-term after a project is completed. 
 
In response to questions from STRT members, the project team explained that the Lower Duwamish was 
designated as a Superfund in the late 1980s for the West Waterway, and late 1990s/early 2000s for the 
East Waterway. The Superfund sites have primary water contact designations, which are designations 
based on the amount of time people spend in contact with the water. Primary contact typically mean 
that people are wading in the water; secondary contact refers to waterways where people are kayaking 
or doing other recreational activity on the water, but not actually swimming in it. The project team 
explained that both waterways of the Duwamish are designated as primary contact because there are 
parks in the area that people use to access the water, adding that primary contact is becoming a larger 
issue because there has been a movement to give people more access to the Duwamish River.  
 
Monitoring sites 
The group discussed how the seven monitoring sites were selected. The project team explained that 
these are routine monitoring sites within the Duwamish estuary. Some of the decisions about the 
monitoring locations were made over forty years ago by looking at spatial and local issues at the time. In 
some cases, they were selected to be above or below an outfall, but some of the outfalls are no longer 
there.  
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The group discussed whether the sites in the freshwater section are intended to be ambient or designed 
to be in proximity to discharges. The project team explained they did not target stormwater or any 
specific outfalls. The project team added there are no CSO discharges above the estuary, so sampling in 
this area captures ambient water quality only. There are a few sites below major tributaries, so it is 
possible to see the influence of tributaries on water quality in some cases. 
 
A STRT member asked if the monitoring site at mile 63 could be considered a reference site because it is 
so far upstream. The project team explained that while this site is located right below Howard Hanson 
Reservoir, making it one of the cleaner monitoring sites, it not a reference site. The project team added 
that they did not use a reference site in the analysis. 
 
Sampling Method 
The group discussed how the project team disclosed changes in laboratory methods over time and how 
that affected data collection and analysis. The project team explained that they made every effort to 
stay as consistent as possible, but noted that data were collected and analyzed at a variety of different 
labs over time. The project team added that, in some cases they corrected for changes in analytical 
methods by comparing the before and after method changes in the data, developing a correlation 
coefficient, and applying it to the data set.  All of these adjustments were documented in the report. 
 
Results 
A STRT member suggested that it would be interesting to present the comparison of data to water 
quality standards as a proportion of exceedance rather than as numbers. Another STRT member 
suggested that when the report discusses trends, it would be helpful to see the slopes of these trends. 
He added that it would also be helpful to call out the averages on trend plots to help the reader put the 
data in perspective.  
 
The group discussed a point that has been raised in past discussions: it would be helpful to add key 
milestones such as completed CSO control projects or cleanup efforts to the trend plots, so the reader 
can see how these investments may have influenced the positive trends. The project team explained 
that they considered doing this in the Duwamish Area Report, but chose to defer discussions of causality 
to the Synthesis Report.  
 
A STRT member commented that he would like to see r2 data in the water quality trend plots, to show 
smaller but still significant trends. 
 
Next Steps and Action Items 

• The STRT will use the review questions as their guide to provide answers and responses to the 
Lower Duwamish Area Report for the next meeting on November 12. 

• King County and the STRT will meet again on Thursday, November 12th at 9am.   
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #13 – Summary 

Date    Thursday, November 12 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objective 
Discuss STRT feedback on Contaminants of Lower Duwamish Area Reports. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Martin Grassley, Water Quality Planner, Ecotoxicologist 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study  
• Cathie Scott, Technical Writer and Editor 
• Jim Simmonds, Science Team Supervisor 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Olivia Wright, Quantitative Hydrologist 

Guests 
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 
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Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

Review STRT feedback on the Lower Duwamish Area Report 
1. What was your takeaway from the assessment of the Duwamish findings? What surprised or 

intrigued you? 

STRT members agreed that the report is well written, data rich report consistent with King County’s 
desire to document current conditions and analyze historical trends. They were pleased to see that the 
report implements previous suggestions from the STRT team. They also agreed that this report will be a 
tremendous resource to other scientists in the region.   

STRT members shared their biggest takeaways from the Lower Duwamish Area Report: 

• Water quality has improved. Sediment continues to be an issue, but in general the report shows 
some really positive trends.  

• Sediment contamination occurred over a long period of time and a few STRT members 
expressed concern that CSO control may not affect sediment levels in the short term.  

• With all of the competing influences on the water column, it will be difficult to tease out what is 
causing the positive effects.  

Some STRT members found the following to be surprising: 

• No chlorinated pesticides were detected in the water column.  
• The Duwamish Report did not analyze wet weather and potential CSO-specific impacts to water 

quality. This would have been especially valuable in locations where CSO and stormwater 
discharges are co-mingled. The King County explained that while the project team did not 
separate out wet weather samples, they conducted analyses correlating samples with wet 
weather patterns and corrected for them.  
 

2. Does the area report adequately characterize water quality in the area?  

STRT members generally agreed that the report adequately characterizes the water data, but had some 
additional suggestions: 

• Given history of the area as a Superfund site, a few STRT members commented they would have 
expected the report to concentrate more on sediment and tissue data than water quality. One 
STRT member added that the report could do more to examine mercury in tissues. Although 
mercury may not be a CSO-specific issue, mercury is a common human health risk driver in most 
areas of the nation. 
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• The report uses the term Duwamish Estuary, but it might be clearer to use the term Duwamish 
Waterway because the CSOs are in the lower part of the river.  
 

3. Have you seen similar trends in other waterbodies? If so, were there any causal relationships or 
correlations with those trends that should be explored here.  

STRT members agreed that the data set presented in this report was unique because it was such a long-
term set. They had a few additional comments and questions:  

• This data set echoes what has been seen on the Willamette River, which also has a natural area 
upstream and a CSO and Superfund site at the end. The Willamette River saw a similar bacteria 
drop during the CSO program. However, the amount of data for the Duwamish far exceeds 
Portland’s data. There is a report that Virgil Adderley uploaded to the Dropbox account that 
analyzes the bacteria trend in the Willamette. ACTION ITEM: Jamie will move that report from 
the archives to the main folder.  

• One STRT member commented that there are a few causal relationships commonly seen in 
other studies involving fish tissues. The first is the relationships between fish age (or length as a 
proxy) to bioaccumulation of metals such as mercury or arsenic. Generally, as fish get older, 
they accumulate more of these contaminants. Differences between sites or species can often be 
accounted by this one factor. The second is lipid concentration for most organics. As lipid 
content increases, so does lipophilic contaminants such as PCBs. Lipid measurements are 
sometimes highly variable, so this may be the reason that lipid causal relationships were not 
explored. 

 
4. Are there conclusions that the report has not highlighted or interpreted? 

The STRT had the following comments about conclusions the report highlighted or interpreted: 

• There could be a stronger link between the focus of this report and the focus of the program as 
a whole. What does this report tell us about potential CSO impacts and the possibilities of CSO 
remediation?  

• There should be more explanation and discussion of which parameters one might expect to 
improve with CSO control and which parameters will not improve, such a temperature.  

• There could be more about the history of CSO control, which may help explain why the trends 
are generally positive. King County responded that the purpose of this report is to describe 
current conditions of the receiving waters. The project team will address causality in the 
Loadings and Synthesis reports.   
 

5. Are there important data limitations that need to be acknowledged? What are they (in addition to 
those already mentioned)? 

The STRT members generally found the water quality data to be very thorough, but had some comments 
on data limitation: 
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• Acknowledge that the sediment data samples were not chosen with the same level of rigor as 
the water quality data.  

• There are no chlorophyll or algal biomass data.  
• Sediment nutrient data is crucial for estimating recycling of nutrients (Fig 3-50). It also has long-

term implications for release of nutrients to the water column, possibly complicating trends of 
inorganic nitrogen or algal biomass following management actions. 

• There needs to be a summer-only plot for Temperature following Fig 3-7. 
• While the authors have acknowledged the limitations of once per day measurements (i.e., 

dissolved oxygen in the afternoon when photosynthesis is at maximum rates), the authors 
should emphasize the need for new technology in monitoring water quality parameters.   

• The report acknowledges that the tissue data are nearly 10 years old, but it would be 
appropriate to recommend collecting additional tissue data, especially given all of the 
remediation that has taken place in the Duwamish Estuary. Updated tissue concentrations can 
serve as a better benchmark for future CSO improvements. 

 
6. What questions do you have about the report? 

The group discussed why there were no chlorinated pesticides in the samples. A few STRT members 
asked if it was a sampling problem. The project team explained that King County almost always samples 
whole water, rather than dissolved water, adding that the number of samples are relatively small, as are 
detection limits.  

A STRT member raised the question of sources of bacteria. The project team explained that CSOs and 
stormwater are big contributors to bacteria. A STRT member asked if the project team had a feel for the 
contribution of wildlife to bacteria in the Duwamish. The project team explained that King County did a 
study in 2006 that looked at bacteria sources. In the Duwamish River, the upstream sources appear to 
be animal contributions, including agriculture and small rodents. 

The group discussed the relative concern about CSOs in the Duwamish compared to other CSOs in 
Seattle. The project team explained that it is different for Seattle Public Utilities and King County 
Wastewater Treatment Division. Seattle Public Utilities is most concerned about CSO discharges into the 
Ship Canal; Duwamish CSOs are lower on the list of concerns. For King County WTD, CSO discharge 
volumes into the Duwamish are largest in the East Waterway, but impact is greatest along the Seattle 
waterfront.  

A STRT member asked if King County thinks CSO control will have a significant impact on peak 
exceedances in Duwamish. King County responded that CSO control will not necessarily eliminate peak 
exceedances, but it will help. King County added that there are two other large CSOs that will be 
controlled in the Duwamish waterway. 

A STRT member mused that it was odd that King County found phenol upstream and asked if it was due 
to plant degradation. King County responded that the organics set had many sources that degrade 
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quickly, adding that they removed the outliers from the analysis because they were not providing useful 
information about the current state of the environment.  

7. Do you have any other suggestions or recommendations? 

STRT members had the following suggestions and recommendation for the Lower Duwamish report: 

• Trend analyses change between significant and not significant, but the slopes look similar. STRT 
members suggested looking at long-term trends in terms of percent change per decade.  

• It would be helpful to include an r or an r2 value in tables about trend analyses, because these 
values could show the strength of the trend more easily than a p value would. 

• Create a similar map to the data gap maps for Table 3-4. 
• Include non-detects in the report because these are useful to provide context. 
• Change the title to Green River and Duwamish Estuary so it more accurately describes the 

report. 
• Put bacteria data in a log scale (i.e., geomeans instead of means for table 3-2). 
• In addition to chemical tracers, include Microbial Source Tracking as a recommendation for 

future steps (pp 3-14), especially given the lack of conclusive information on chemical tracers in 
the data gap study.   

• Briefly describe the incongruence of Winkler Method and Conductivity-Temperature-Depth 
(CTD) dissolved oxygen measurements (pp 3-24). 

• The reader may equate red with negative, so reverse color scale for Figs 3-16 and 3-17.   
• Consider quantile regressions at the 10th and 90th percentiles to get a better idea of trends in the 

extremes for DO in Figure 3-22.   
• Section 1.4.2 does not list data sources, so consider changing the title of this section to 

“Approaches to Data Analysis” or “Data Analytical Methods”. 
• Emphasize how detection limits greater than water quality criteria were treated for frequency of 

exceedance calculations. 
• Expand the description of the Kaplan-Meier estimation of censored data (pp 3-5) 
• It would be helpful to add sample biplots of sediment grain size or total organic carbon (TOC) 

with chemical concentrations to section 4.2.1. 
• A STRT member mentioned that page 378 states that Washington does not have water quality 

criteria for most of the state, but there is a contradictory statement later in the report. The 
project team will clarify these statements so they are no longer in conflict.  
 

8. Are there any other important uncertainties that are not currently reflected in the report  

The STRT members found a few additional uncertainties in the report: 

• The executive summary listed bacteria contamination as a source, but STRT members expressed 
confusion about how a pollutant becomes a source. The project team will clarify the wording. 
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• A STRT member wondered if some of the encouraging long-term trends may be a result of 
changing data collection and analysis methods. The project team responded that they have 
considered this and applied some correction factors for changing methods. STRT members 
encouraged the project team to disclose that some methods have changed and that King County 
has taken action to correct these.  

Next Steps and Action Items 
• The STRT will send in their written responses for the report.  
• Jamie will move the report on Portland’s bacteria uploaded by Virgil to the main Dropbox 

folders.  
• King County and the STRT will meet again on Wednesday, December 2th at 9am.   
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #14 – Summary 

Date    Wednesday, January 27 

Time    9 am to 11 am 

Location   Video-conference 

Meeting Objective 
Present key findings from the Loadings Report. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Bob Bernhard, Marine Water Quality Planner 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Deborah Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Chris Magan, Water Quality Planner, Duwamish Waterway Study  
• Cathie Scott, Technical Writer and Editor 
• Jim Simmonds, Science Team Supervisor 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Olivia Wright, Quantitative Hydrologist 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 

Meeting Summary 
Present key findings from the Loadings Report 
Olivia Wright presented the findings from the Loadings Report.  



 

2 
 

When asked by the STRT what they expect people will do with the Loadings report, King County 
explained that they hope it will build understanding that sources of pollution in the Seattle area are 
complex. King County added that they hope this and subsequent reports help elected officials and 
interested parties consider next steps and understand how much improvement can be expected from 
programmatic changes and capital projects.  

Clarifications 
The STRT had a number of clarifying questions about the key findings in the report, detailed below. 

• The group discussed whether effluent data includes data from treated CSO discharges; King 
County clarified that effluent data included only discharges from CSO outfalls, which are 
untreated. 

• A STRT member wondered about the source of phthalates in stormwater. King County explained 
that phthalates in plastic consumer products and plumbing are ubiquitous, which is why they 
show up in the stormwater data. King County added that the lab that conducted the testing of 
samples had to redo their plastic plumbing so they would not contaminate the samples.  

• STRT members wondered about the relatively high volumes of PCB/PCBEs coming from Lake 
Washington. King County explained that the flow from Lake Washington is very high in volume, 
making for a substantial loading. With funding from EPA, King County prepared a series of 
reports on PCB/PCBE loadings into Lake Washington that served as the basis for this analysis, 
and will send links to those studies to the STRT.  

• A STRT member expressed surprise that the data does not show a high concentration of total 
copper coming out of King County’s wet weather treatment facilities, since the wet weather 
facilities are probably not removing total copper. King County explained that wet weather 
treatment plants are removing TSS and so are removing particulate copper but are not removing 
dissolved copper.  

• A STRT member asked if the regressions for TSS and other constituents in CSOs during wet 
weather turned up good relationships. King County explained that total metals had a good 
relationship with TSS, but other parameters like fecal coliform did not. The Loadings report 
appendices includes graphs and statistical outputs for regressions where there was at least a 
0.05 significance level.   

• When asked how they dealt with the differences in PCB data regarding the difference between 
PCB congener data and PCB aroclor data, King County explained that they used PCB congener 
data.  These were samples that King County sent to a specialty lab in Canada, which analyzed all 
PCB congeners individually. King County explained that for this analysis, the project team added 
the congeners together and used this for a total PCB concentration.  For PBDEs, only congener 
data were available. For PAHs, total PAHs are the sum of the individual PAH detections. 

• When asked how they dealt with non-detects, King County explained that they used a Kaplan-
Meier estimator to estimate the mean and bootstrapping for confidence intervals. 

• STRT members asked how King County considered and addressed natural or background 
concentrations, rather than anthropogenic contributors of metal and organics, such as 
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atmospheric deposition. King County explained that while the project team has discussed it 
extensively, they are not yet sure how they will address this issue. For now, King County will 
compile a list of planned programmatic and capital project changes in the Synthesis report and 
quantify expected changes to loadings. After that, King County will figure out how to address 
remaining loads that cannot be attributed to human causes. 

• When asked how King County validated the model for estimating the antifouling paint and PAHs 
from creosote, King County explained that they compared their estimates to results from other 
studies and found that they were similar.  

Feedback on the key findings 
The STRT also provided some initial feedback on the key findings of the loadings report, detailed below. 

• A STRT member strongly urged King County to provide evidence that the upstream watershed 
flow modeling for the big watersheds, tributaries, and local stormwater is valid. He encouraged 
King County to provide information and details on calibration and validation, explaining that 
other jurisdictions will scrutinize the watershed modeling.  

• A STRT member suggested that King County should provide a clear explanation of how they 
calculated the uncertainty ranges, as this calculation could provide unrealistically high numbers. 
They should also state explicitly that King County intended the calculation to show a worst case 
scenario, not necessarily reality. 

• STRT members suggested that the Loadings Report include a clear statement that there are 
limitations to the overlapping of flow data and water quality data, due to different time 
averaging periods for data sets. 

Next Steps and Action Items 
• The STRT will use the review questions as their guide to provide answers and responses to the 

Loadings Report for the next meeting 
• Jim Simmonds will send the link to the studies related to loadings in Lake Washington out to the 

STRT team. 
• King County and the STRT will meet again on Thursday, February 11th at 9am.   
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #15 – Summary 

Date    Thursday, February 11 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objective 
Discuss STRT feedback on the Loadings Report. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Liz Gaskill, Project Manager 
• Martin Grassley, Water Quality Planner, Ecotoxicologist 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor  
• Jim Simmonds, Science Team Supervisor  
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Olivia Wright, Quantitative Hydrologist 

Guests 
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 

Meeting Summary 
Review STRT feedback on the Loadings Report 
1. What was your takeaway from the Loadings Report? What surprised or intrigued you? 



 

2 
 

STRT members generally agreed the approach was clear and comprehensive, but compares apples to 
oranges by using multiple methods to get at different pathways.  

STRT members offered the following takeaways from the Loadings report: 

• Unlike sources, pathways are distinct and can be acted upon.  
• The report does a good job in being clear about assumptions. The real question is what King 

County is going to do with the numbers now that you have them. 

STRT members found the following surprising or intriguing: 

• A lack of qualifiers on the estimates for creosote and anti-fouling paint. While the purpose 
statement is clear in saying that these are just estimates, the language in the report makes it 
seem as though these are actual measurements. 

• The only constituents for which CSO control might make a difference were fecal coliform and 
some nutrients. 

• Few pathways were dominated by CSOs, but many pathways were dominated by the Green 
River and Lake Washington. 

• Unexpectedly high concentrations of phthalates and metals in stormwater.  
 

2. Does the Loadings Report adequately characterize contaminant loadings into the area?  

A few STRT members said it is difficult to say if the report adequately characterized the contaminant 
loadings into the area because it uses estimates, not actual measurements. Another STRT member 
commented that the report adequately characterizes contaminant loadings from the pathways that 
were evaluated, but the three pathways that were unable to be evaluated (groundwater, shoreline 
erosion, and the Puget Sound) could also be important pathways. 

STRT members had suggestions for how to improve the characterization of loadings into the area: 

• Since the dominant pathways are because of high volumes, rather than high concentrations, the 
report should include a summary of volume or daily flow in the load estimate.  

• The estimation approach for non-detects was good, but may be problematic with high volume 
sources. Consider conducting an additional sensitivity analysis: estimate non-detects at a 
detection limit of 0 and then re-estimate at the actual detection limits to help give a little more 
context to the numbers.  

• Provide more information about the flow calculations and flow uncertainty for each of the 
pathways. Present some calculations in meters/year to give a clear perspective. 

• Consider looking at zinc, which could be bigger than copper and bottom paint on boats.  
• Provide a more detailed explanation for your method for handling atmospheric deposition.  
• Compare atmospheric deposition rates to stormwater, because there is a possibility of double-

counting.  
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3. Have you seen similar results in other studies? 

Some STRT members had seen similar results in other studies. A few STRT members referred to a 
loadings study by the Washington Department of Ecology. Several STRT members agreed this was the 
most detailed loadings report they had seen. 

4. Are there conclusions that the report has not highlighted or interpreted? 

STRT members offered the following conclusions that were not highlighted in the report: 

• Highlight the biggest sources of different constituents by compiling all information on sources 
and constituents into a single table early in the document.  

• Call out the least important pathways, to prevent the County from spending time and money on 
cleaning up pathways that are not worth it.  

• Explain that it is a positive conclusion that the Green River and Lake Washington are pathways 
that contribute large loadings. They represent very high volume flows, but concentrations of 
constituents are relatively low.  Downstream areas should be dominated by pathways with the 
largest flow.  It means that there are relatively few pathways with high concentrations. 

• Highlight why this report is a good tool for planning purposes. Include a flowchart on next steps 
for how the estimates will be paired with other studies to prioritize solutions and their timing.  

• Draw a clear distinction between naturally-occurring constituents and human caused. Here is 
why this is important: Lake Washington is a major pathway, because of its high volumes. 
Suppose a good portion of its concentration of some constituents are naturally occurring or that 
represent background concentrations, rather than anthropogenic. Interested parties concerned 
about Lake Washington will want to see a distinction between natural and anthropogenic 
contributions.  
 

5. Are there important data limitations that need to be acknowledged? What are they (in addition to 
those already mentioned)? 

STRT members suggested that the report acknowledge the following data limitations: 

• Include a brief statement of how King County calculated each flow value and the biggest sources 
of uncertainty.  

• Explain the methodology behind how King County identified pathways, because it seems to be 
an eclectic list (e.g. why did you pick anti-fouling paint).  
 

6. What questions do you have about the findings? 

STRT members had the following questions about the findings: 

• If you are going to make changes to CSO systems, what do you think the effects will be?  
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• What is known about groundwater flow patterns? Is it a player, or is it mostly a flow pattern 
away from your waterbodies? Could it be useful to explore this to help diminish groundwater as 
a concern? 

• The report is explicit in saying that it will not talk about export rates, only import rates. How well 
can this feed into a fate and transport model? Conceptually, a fate and transport model would 
provide information about where to focus. King County should be prepared to outline next steps 
and costs for doing this.  

• Some results from the first slide with fecal coliform results seem odd. The loadings for fecal 
coliform and uncontrolled CSO for Lake Union and Ship Canal seem comparable, but the 
loadings from King County CSOs in the Duwamish and Elliott Bay dwarf Seattle’s CSOs. Is that a 
real number? King County responded that flows from uncontrolled King County CSOs in 
Duwamish and Elliott Bay are substantially larger than Seattle CSOs. 

• If there are only a few detections, it can skew loadings estimates. How do you take this into 
account? King County explained that they established a minimum percentage of detects for data 
sets. They used the Kaplan-Meier estimator method and bootstrapping to address the 
uncertainty due to non-detects and sample size.  

• How confident are you in your loading estimates for the total PAHs and the total copper? King 
County responded that these estimates are highly uncertain, but they show that creosote-
treated pilings and boat-bottom anti-fouling paint could be large pathways for total P 
AHs and total copper, so it is important to include them.  

• In section 31, page 38, Kaplan-Meier was performed on the dataset only if there were three or 
more detections. Should that be 30% or more detections? King County responded that it was 
supposed to be three or more detections and 70%. Action item: the project team will go back 
and double check section 31, page 38. 

• How difficult would it be to estimate shoreline erosion as a pathway? Kevin Buckley (SPU) 
suggested that it may be possible in the Duwamish, but not yet for other areas. He added that 
he is unsure how to separate shoreline erosion from sediment loadings. 

• How do your loadings estimates compare to the Total Maximum Daily Loads (TMDL) established 
for this region? Also, how do your load estimates compare to the waste allocation that are in 
those TMDLs? King County responded that no TMDLs have been established for these 
waterbodies.  
 

7. Do you have any other suggestions or recommendations? 

STRT members offered the following suggestions and recommendations: 

• Validate your data and clarify your validation methodology in the report. Action item: King 
County agreed to discuss this internally and share next steps with the STRT. 

• Instead of just presenting the data, give the reader a sense of the trend and if that number is 
increasing or decreasing. That gives important context to the reader. 
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• Move your uncertainties to the executive summary.  
• This report should include a recommendation section that should give some idea of what 

additional information or research the authors would add to improve these estimates (e.g. 3-D 
fate and transport model).  

• Compile one large table with relative loading data, and complement with a similarly structured 
table that has average concentrations. 

• Anti-fouling paint is not a pathway: suggest revising the report to say “vessels treated with anti-
fouling paint.” 

• To show the relationships between pollutants and flows, create a flow duration curve. Action 
item: Ken Schiff offered to serve as a resource for developing a flow duration curve. 

• Clarify your method for calculating the 95% confidence interval early in the report. Present it 
clearly enough that the readers could recreate the analysis themselves.  

• In the methods section, be very clear that all of the data came from a single lab, except for the 
congener, which went to a specialty lab in Canada.  

• In the bridges section, specify how much surface area you included in the report by adding the 
area of the bridges in the table. 

• Add representative arsenic values, if possible. 
• Estimate discharges from ballast, black water, and recreational and non-fishing vessels over 75 

feet in vessels discharge calculations. 
 

8. Are there any other important uncertainties that are not currently reflected in the report? 

STRT members offered the following important uncertainties that should be reflected in the report: 

• Qualify the calculations in the report. Action item: STRT members will provide specific feedback 
on qualifying language.  

• How upper watersheds may contribute constituents.  
• How this information is going to be applied to future decision-making. 

 

Next Steps and Action Items 
• The project team will send out a link to the atmospheric deposition report. 
• King County and the STRT will meet again on March 21 from 9am-11am to view presentation on 

key findings of synthesis report. 
• Jamie will change date of next meeting from March 17 to March 21. 
• The project team will go back and double check that Section 31, page 38 for accuracy.  
• STRT members will provide specific feedback on qualifying language.  
• King County agreed to discuss data validation internally and share next steps with the STRT. 
• Ken Schiff offered to serve as a resource for developing a flow duration curve. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #16 – Summary 

 

Date    Monday, March 21 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objective 
Present key findings from the Loadings Reduction Report. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Deborah Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Sarah Ogier, Sr. Strategic Policy Analyst 
• Erika Peterson, Community Relations Lead 
• Jim Simmonds, Science Team Supervisor 
• Dave White, Science Section Manager 
• Dean Wilson, Science Team Lead, Ship Canal Study 
• Olivia Wright, Quantitative Hydrologist 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 

Consultants 
• Kevin Buckley, Seattle Public Utilities 
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Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

Present key findings from the Future Loadings Report 
Tim Clark and Olivia Wright presented the findings from the Future Loadings Report. STRT members 
asked clarifying questions as Tim and Olivia presented the findings.  

Clarifying questions and comments 
• The group discussed the project team’s decision to remove large recreational and commercial 

vessel discharges from future loadings estimates. The project team explained that although EPA 
has some literature on vessel discharges in hypothetical harbors, Seattle’s marinas are not 
comparable to EPA hypothetical harbors for multiple reasons. After careful consideration, the 
project team determined that there are too many uncertainties to use the literature to estimate 
future vessel loadings.  

• A STRT member commented on that the estimates for the future stormwater volumes do not 
incorporate the effects of development-triggered controls. He stated that Portland has a model 
that estimates stormwater volumes based on forecasted land use and development-triggered 
controls. Action item: The project team responded that they are not aware of a similar model 
used by Seattle or King County, but will do some investigation and follow up with the STRT. 

• The project team clarified that the analysis includes effluent quality from wet weather 
treatment. The project team estimates the Hanford/Lander/King/Kingdome and Georgetown 
wet weather facilities will remove 75% of the total suspended solids (TSS) on average. Based on 
the relationship between TSS and other contaminants, the project team estimates similar 
reductions of other contaminants. 

• The project team clarified that the estimates of copper loadings include effluent from the wet 
weather treatment facilities, adding that there are no wet weather treatment facilities in Lake 
Union/Ship Canal, so those wedge plots will not include copper loadings from effluent. 

• A STRT member commented that the wedge plots show annual reductions, but fecal coliform is 
more of an event-related concern than an annual concern. The project team responded that 
while they agree with this point, they believe there is a strong correlation between annual 
reductions and event reductions. Another STRT member suggested counting the number of 
exceedance days, as is done in Southern California, adding that this approach is less load-based 
and more concentration-based. The project team responded that this is a good suggestion, but 
such an explicit model was outside the scope of this project.  

• A STRT member asked if there are plans to create a linked hydrologic model that will show the 
improvements in water quality specific for events. The project team responded that there is a 
model from 16-18 years ago, but the project team has no plans to update it as part of this study.  
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• The group discussed how climate change or precipitation change factors into the analysis. The 
project team explained they looked at how to incorporate climate change into the qualitative 
analysis. While they know there will be increases in average temperatures, the effect on 
precipitation is highly uncertain, which is why the project team did not include the effects of 
climate change in the analysis. A member of the project team added that King County has an 
agreement with University of Washington Climate Impacts Group to do detailed modeling on 
climate change conditions. This project will generate estimates for hourly output; King County 
will receive these estimates later this year. This modeling is funded by the King County CSO 
program, but it is not part of the WQA because the timing is incompatible. Starting in 2017, the 
King County CSO program will use data from UW’s model to assess the sensitivity of climate 
change impacts on wastewater conveyance treatment models and stormwater design software. 
Action item: Jim will send Jamie the UW Climate Impacts Group’s scope of work and copy of 
contract to distribute to the STRT.  

• The group discussed the City of Seattle and King County’s plans to invest a combined $1.5 billion 
in CSO control. A few STRT members commented that this is a lot of money to invest in 
controlling bacteria or pathogens from sewage. A STRT member suggested targeting other 
pathways besides CSOs. A second STRT member suggested that King County target CSO control 
investments toward things that will get communities to better manage their stormwater runoff.  
Another STRT member pointed out that the County and City will get much more than bacteria 
control from upgrading the CSOs.  Additional benefits include the public perception that their 
water bodies are clean and no longer receive raw sewage, and if the County is going to 
spearhead any additional water quality improvements in the study areas, then the County is 
able to demonstrate they are leading by example. 

• A STRT member commented that ambient data shows nutrients have been declining in recent 
years. He asked if the project team anticipates continued decline in nutrients. The project team 
responded that some decreases may be due to improved CSO control within study areas and 
some may be due to conversion of agricultural land within basins, but King County does not 
have a clear causal relationship to explain what is causing the decline. As such, there is a lot of 
uncertainty about whether the trends will continue or plateau.  

• The group discussed whether low-impact development (LID) will offset the impacts of 
population growth on stormwater volumes. The project team explained that they are treating 
this as an unknown in the analysis. Redevelopment will trigger more stringent stormwater 
controls, but new development in the upstream area will add more impervious surface. The 
Area Reports showed that water quality (bacteria, nutrients) was improving upstream at a time 
when King County’s population increased by one million people, demonstrating that something 
was offsetting the impacts of population growth. The project team added that they do not have 
the data or modeling to project that this offset will continue into the future. Action item: Tim 
will send Jamie links to the websites housing models that show that population growth is 
improving stormwater control. 
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Next Steps and Action Items 
• The STRT will use the review questions as their guide to provide answers and responses to the 

Loadings Reduction Report for the next meeting. The report will be on Dropbox on March 25. 
• The project team will follow up with the STRT on whether there is a system similar to Portland’s 

to model development-triggered controls. 
• Jim will send Jamie the UW Climate Impacts Group’s scope of work and copy of contract to 

distribute to the STRT. 
• Jamie will get back to the STRT to set dates for an in person meeting. 
• King County and the STRT will meet again on Monday, April 11th at 9am.   

 
 



 

1 
 

Water Quality Assessment  
Science and Technical Review Team 
Meeting #17 – Summary 

Date    Monday, April 11 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objective 
Discuss STRT feedback on the Loadings Reduction Report. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Liz Gaskill, Project Manager 
• Sarah Ogier, Sr. Strategic Policy Analyst 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor  
• Jim Simmonds, Science Team Supervisor  
• Dave White, Science Section Manager  
• Dean Wilson, Science Team Lead, Ship Canal Study 

Guests  
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 

Meeting Summary 
Review STRT feedback on the Loadings Report 
1. What was your takeaway from the Loadings Reduction Report? What surprised or intrigued you? 
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STRT members generally appreciated the succinctness of the Future Loadings report. They offered the 
following takeaways: 

• Of the contaminants of concern evaluated, the only constituents upon which CSO control may 
have a meaningful effect is fecal coliform and PCB/PBDE.  

• Although the population will increase, it is intriguing that future loadings of some contaminants 
(bacteria, copper, PAHs) will be reduced through stormwater management, removal of creosote 
pilings, banning of copper brakes, and controlling CSO, while nutrients, certain metals, and 
mercury will not be reduced.  

• There has not been enough detailed planning for stormwater control over the time horizon 
covered by this report to generate the quantifiable data needed to estimate loadings 
reductions.  

STRT members found the following surprising or intriguing: 

• The ranges in Appendices D and E and summarized in Table 5 are surprisingly wide; it would be 
helpful to know more about how the project team landed on these ranges.  

• There is no marked improvement in water quality from development controls; stormwater 
impact appears to overshadow all other pathways. On the other hand, the stormwater loading is 
not fully explained by the analysis. 

• Some of the reductions in loadings seemed surprisingly large. 
 

2. Are the methods sufficient to project contaminant loading reductions in the study areas? 

The STRT members generally agreed that the projections were solid when it comes from bacteria and 
CSO control. They also agreed that the report does a good job of stating the limitations of the methods 
to project contaminant loading reductions. STRT members had the following suggestions for how to 
improve the characterization of loadings into the area: 

• Consider changing the time horizon for the overall report so it matches the planning time 
horizon. 

• Categorize the methods used for estimating loading changes by type of method (e.g. modeling 
as reported in planning reports, calculations by the project team, and other methods), level of 
quality, and accuracy. 

• Include a summary of the number of creosote pilings and how many will be replaced.  
• It would be good to know more about how much of the copper loadings are coming from larger 

commercial and recreational boats.  
• Consider changing the report title again, because the report is really about the changes that will 

happen over the next 15 years and how that will affect current loadings. 
 

3. Have you seen similar results in other studies? 
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Three STRT members had seem similar results in other studies. One STRT member commented that the 
project team’s successes and struggles are consistent with other studies.  

4. Are there conclusions that the report has not highlighted or interpreted? 

STRT members offered the following conclusions that were not highlighted in the report: 

• The report should state more prominently that source control has been very effective and 
bacteria is the only constituent that will see a meaningful reduction as a result of CSO control. 

• Rebalance the Executive Summary by shrinking down the introductory material to less than one 
page and add more about the results/conclusions of the Future Loadings Report. 

• Explain the decisions this report will help support and inform.  
• In all of the other reports, there is a recommendations section. Consider adding a 

recommendations section and speak more boldly about source control options.  

One STRT member commented that this is more of an informational report, and the conclusions should 
be left for the Synthesis Report. 

5. Are there important data limitations that need to be acknowledged? What are they (in addition to 
those already mentioned)? 

STRT members agreed that the report does a good job of detailing the data limitations, but suggested 
that the report acknowledge the following: 

• Other than CSOs, where the report goes into detail, it is difficult to understand the effectiveness 
of management actions. The report should state explicitly that it does not attempt to estimate 
the quality of load reductions. Alternatively, the report should make the quality of loadings 
estimates part of the ranking criteria when rating projects. 

• Include some verbiage in the Synthesis Report that explicitly acknowledges there are 11 
constituents that have not been addressed. 
 

6. Are there any other important uncertainties that are not currently reflected in the report? 

STRT members offered the following important uncertainties that should be reflected in the report: 

• STRT members agree that the report has to do a better job of addressing the issue of climate 
change and its effect on these results. STRT members suggested that the project team do more 
to technically enhance the discussion of climate change. They also suggested that the report be 
more direct in stating that the project team is still working on a methodology for factoring 
climate change into the analysis. Action item: Mike Brett offered to assist with drafting 
paragraphs on the issue of climate change.  

• Clarify how event-based data—such as CSO discharges—are represented in annual loads. 
 

7. What questions do you have about the findings? 
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The STRT members had the following questions about the findings: 

• In answer to a question from a STRT member, the project team clarified that they did not use 
projected land use for 2030 when they ran the stormwater model for 2030. The project team 
explained that projected 2030 land uses are not in agreement with Seattle’s stormwater model, 
and there was no good way to account for redevelopment and population growth. A STRT 
member suggested stating explicitly that the report uses land use in 2015, not projected 2030 
land uses. 

• The group discussed how much of the CSO problem is due to a few extreme precipitation events 
that the system will not be able to handle. A STRT member made the point that climate change 
may undo the benefits of King County’s investments in CSO control. The project team responded 
that vulnerability to climate change may differ by CSO basin. Action item: The project team will 
set aside time at a future meeting to revisit the discussion about climate change modeling. 

• Several of the future loadings estimates from wet weather treatment facilities may increase 
slightly in the future. The project team explained that they expect King County will be treating 
more volume, which means there will be an increase in loadings from wet weather treatment 
facilities. 

• The group discussed whether the project team has conducted property by property or block by 
block analysis. The project team explained that the County is implementing Green Stormwater 
Infrastructure only for CSO control, therefore, a property by property or block by block model 
would have to be built from the ground up using some of EPA’s tools. The project team added 
that there is some interest at King County in getting a handle on flows from separated (local city) 
sewers and how those might affect CSOs. While there are no estimates yet, they will have 
recommendations for how to quantify these over the next five years. 

• Section 6.2 is called Estimated Future Water Quality Conditions, but this section does not 
address water quality conditions. Action item: the project team will review and correct any 
inconsistent headings.  
 

8. How do you think King County and the region should use these findings? (The discussion of this 
question will begin to inform the Synthesis Report. We will discuss it again during the Synthesis 
Report review). 

STRT members had the following suggestions for how King County and the region should use the 
findings: 

• Identify stormwater control projects that were effective and areas with the greatest stormwater 
risks, which seem to be in the outlying areas that were not under stringent stormwater 
management requirements.  

• Either in Section 6 or the Synthesis Report, add a matrix that is similar to a risk register. Place 
the expected reduction on one axis and the confidence in the likelihood that reduction will be 
achieved on the other axis. The highest reduction-highest confidence projects should be 
assigned highest priority for implementation, assuming the costs are not impractical.   
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• The evaluation in Table 6-1 and 6-2 could be useful as a substitute for actual water quality 
benefit/reduced frequency of exceedances, which are beyond the scope of this study. 

• The group discussed whether there is a way to reprioritize resources or effort to get more bang 
for our buck as a county or a region. The project team turned the question back on the STRT, 
asking them to share how they would prioritize the contaminant pathways. STRT members had 
different opinions: 

o Compounds known to be potentially toxic to marine environments such as pHs, 
PCB/PBDEs. 

o CSOs, because public perceptions about raw sewage in the water will help sustain 
engagement in water quality issues. Making a water body more attractive to people by 
reducing fecal coliform may be a good way to build support for other water quality 
investments. 

o Choose the highest impact-highest confidence project from the matrix described earlier 
in this discussion. 

o Stormwater management, especially as it relates to transportation.   
o Action item: The STRT asked that Jim write up the question and send it out in an email 

so that the STRT can give their responses more thought. 
9. Do you have any other suggestions or recommendations? 

STRT members offered the following suggestions or recommendations: 

• King County should more clearly state that there is public interest in reducing fecal coliform 
(bacteria or pathogens from sewage) in our waterbodies, as well as a consent decree requiring 
King County to address it. This statement should add that King County has a detailed plan to 
control fecal coliform, and the analysis confirms that King County’s approach will be effective. 

• The report could use more graphics and maps to show where projects and activities will be 
implemented to reduce pollutant loads, such as Figure 8-1 from SPU’s Integrated Plan. There are 
identified projects to reduce copper from anti-fouling paint and PAHs from creosote treated 
lumber; map these too.  

• Take a concentration based approach rather than a loading based approach for future loadings 
estimates. 

• The Introduction and/or Next Steps should include the flowchart that shows this document in 
relation to the previous documents and the Synthesis Report. 

• Create a simple table with the following headings for the Executive Summary: 

Contaminant of 
interest 

Existing loading Estimated future 
loading 

Percent load 
reduction 

 

• Create a table or stacked bar chart with relative load in percentages, to show the biggest 
differences for each constituent, and repeat this table with and without implementation.  
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Next Steps and Action Items 
• Jim will write up a question about the prioritization of contaminants and the STRT will respond 

with a more detailed answer. 
• King County and the STRT will meet again twice in the summer at a time that Jamie will 

coordinate in the coming weeks. 
• Virgil will provide specific feedback on question 9 via email.  
• Mike will help the project team draft paragraphs on climate change. 
• Jamie will ensure that there is time reserved in a future meeting to go over climate change 

modeling.  
• The project team will review and correct any inconsistent headings. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #18 – Summary 

Date    Tuesday, July 19 
Time    9 am to 11 am 
Location   Video-conference 

Meeting Objective 
Present key findings from the Synthesis Report. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Betsy Cooper, WTD NPDES Administrator 
• Sarah Ogier, Sr. Strategic Policy Analyst 
• Erika Peterson, Community Relations Lead 
• Cathie Scott, Technical Writer and Editor  
• Jim Simmonds, Science Team Supervisor  
• Dave White, Science Section Manager  
• Dean Wilson, Science Team Lead, Ship Canal Study 

Guests  
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 
• Kevin Burrell, Strategic Advisor, City of Seattle 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 
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Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

Present Key Findings from the Synthesis Report 
Dean Wilson presented key findings from the Synthesis Report. STRT members asked clarifying 
questions as Dean presented. 

Clarifying Questions and Comments 

The group discussed the STRT’s questions and comments: 

• The project team clarified what is meant by “degrading trend in temperature” on Slide 7. 
Because water temperature is increasing, the trend is degrading rather than improving. The 
project team agreed to revise the language in the slide to make it less confusing.  

• Slide 9—which refers to creeks as a pathway for bacteria— needs more detail to clarify human 
and other sources of bacteria.  

• The group discussed annual loadings for bacteria and nutrients from 40 years ago, before 
widespread wastewater treatment.  The loadings would be many orders of magnitude higher 
than current loadings because the volume of untreated and poorly treated sewage was so high.  

• Slide 17 (WQA Conclusions Wastewater and CSOs) should clarify that CSO control will reduce 
total loads of other contaminants, in addition to bacteria.  

• The project team explained that this is a technical document meant for technical experts such as 
scientists, environmental advocates, and partner and regulatory agencies. The project team is 
considering producing a shorter, more accessible version of the key findings for the general 
public. The project team also explained that the PowerPoint presentation is intended for both 
the STRT and other briefings. The team will add more bar charts to better communicate the 
proportional size of pathways to audiences who are not familiar with the other WQA reports. 

• The group discussed how audiences may view investing in CSO control given the outcomes of 
this study. Some may question CSO control, compared with other pathways. Others will see it as 
a necessary investment to reduce bacteria.  

• Today’s presentation could serve as a basis for future briefings, but needs additional context 
about the purpose and need for the WQA study to support the conclusion that CSO control is a 
worthwhile investment. It is important for audiences to understand that King County is 
addressing long-held concerns from the public and regulatory agencies about CSOs.  

• The group discussed whether the Synthesis Report should simply be a factual report or interpret 
the findings. The project team welcomes any feedback from the STRT on how to strike this 
balance.  
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Present Key Findings of Water Quality Assessment and Monitoring Study 
Sarah Ogier discussed WTD and Regional Impacts from the Water Quality Assessment and Monitoring 
study. STRT members asked clarifying questions as Sarah presented. 

Clarifying Questions and Comments 

The group discussed questions and comments: 

• Seattle Public Utilities staff suggested Seattle has strong stormwater management requirements 
for redevelopment, so it would be difficult to detect changes in the receiving water body as a 
result of additional changes to redevelopment requirements. 

• King County WTD suggests these results support both King County’s investment in CSO control 
and a regional discussion about doing more beyond CSO control.  

• In answer to a question about how King County will communicate the outcomes of this study 
with the media and whether STRT members should be involved, Jamie explained that she will 
discuss this with each STRT member individually. Action item: Jamie will call each STRT member 
individually to determine how interested each member might be in serving as a spokesperson 
beyond the December 31 contract. 

• The group discussed plans for sharing the results and implications of the WQA with other 
regional experts to fine tune them before the WQA is published. These and future discussions 
may help build regional support for taking actions in addition to CSO control. The project team 
added that they welcome feedback from the STRT about how to strike the right balance 
between presenting facts and drawing conclusions and messaging. 

Next Steps and Action Items 
• Jamie will post PowerPoints to the Dropbox. 
• Jamie will add the discussion materials to the agenda for the August 9 meeting, so the STRT can 

review and provide feedback on them. 
• Jamie will call each STRT member individually to determine how interested each member might 

be in serving as a spokesperson beyond the December 31 contract. 
• Jamie will send a follow up email to the STRT with further clarification on what is 

expected/needed from them in their review. 
• King County and the STRT will meet again on Tuesday, August 9 from 9 a.m. to 4 p.m. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #19 – Summary 

Date    Tuesday, August 9 
Time    9 am to 4pm 
Location   PRR 

1501 4th Ave, Fifth Floor 
Seattle, WA 98101 

Meeting Objectives 
• Thank the Science and Technical Review Team (STRT) for their contributions. 
• Review STRT feedback on Synthesis Report and briefing materials. 
• Gather STRT feedback on Water Quality Assessment (WQA)/STRT process. 
• Get video footage of STRT members on camera for final video on WQA. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Betsy Cooper, King County Staff 
• Sue Kaufman, Supervisor, Comprehensive Planning 
• Deborah Lester, Supervisor, Toxicology and Contaminant Assessment Unit 
• Sarah Ogier, Sr. Strategic Policy Analyst 
• Erika Peterson, Community Relations Lead 
• Judy Pickar, Project Manager  
• Cathie Scott, Technical Writer and Editor  
• Jim Simmonds, Science Team Supervisor  
• Dave White, Science Section Manager  
• Dean Wilson, Science Team Lead, Ship Canal Study 
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Guests  
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 
• Kevin Burrell, Strategic Advisor, City of Seattle 
• Alexander Mockos, CSO Capital Programs Manager 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 

Meeting Summary 
Welcome and confirm agenda 
King County staff and Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

Review STRT feedback on the Synthesis Report 
1. What was your takeaway from the Synthesis Report? What surprised or intrigued you? 

STRT members generally agreed that the Synthesis Report was a summary of previous reports. A few 
STRT members suggested the Synthesis Report could be bolder and include a call to action for the 
region.  

The STRT offered the following takeaways: 

• The report should provide historical perspective and show how much improvement has 
occurred as a result of CSO control. While there is always a risk that showing a positive trend 
could relieve the sense of urgency for decision-makers, it is important to point out when 
interventions have worked.  

o King County needs to toot it’s horn a bit more 
o The report downplays the work performed during this study and does not convey 

the effort or the depth of findings.  Explaining the methodologies taken more will 
help reinforce confidence in the findings. 

• Messages about stormwater as the largest source of contamination needs to be handled 
carefully. This draft mentions stormwater pollution periodically, but it may be better to 
address it directly in its own subsection, with stormwater agencies (i.e. King County and City 
of Seattle) as coauthors. 

• The report should convey the message that while King County must satisfy the terms of the 
Consent Decree, the outcomes of the WQA suggest that it is time to discuss a regional 
approach for improving water quality that goes beyond CSO control. 
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• It was hard to tell the main audience for the Synthesis Report; some potential audiences 
may have less technical backgrounds. The authors need to more clearly define who their 
audience is, and then write at their level of comprehension. 

STRT members found the following surprising or intriguing: 

• The tone of the report appears to flip flop: sometimes, it sounds objective and factual, and 
sometimes the tone sounds like advocacy. It would be best if the project team made a clear 
decision about the purpose of the report and stated upfront—in the Executive Summary—
whether it is a factual report or provides interpretation and insight.  

• Statements in the report such as “Impairments not likely to be removed by 2030” are 
factual, but not necessarily helpful in communicating the benefits that the CSO reduction 
program has delivered. The message should be that continued improvement in reducing 
impairments will require regional coordination. 

• The report needs the graphics that were valuable in communicating a lot of information in 
previous reports.  

2. Have you seen similar results in other studies? 

While several STRT members have seen similar reports from Ecology and in Southern California, most 
agreed that this was a much more comprehensive study than they have seen elsewhere.  

3. Are there any conclusions that the report has not highlighted or interpreted? 

Several STRT members agreed that it would be good to add more context, conclusions, 
recommendations, and storytelling to differentiate the Synthesis report from the other reports.  

The STRT identified the following conclusions that were not highlighted or interpreted: 

• One could view King County’s wet weather program as an “integrated” program that 
includes wastewater treatment, CSO control, and stormwater management (in coordination 
with SPU and other partners). King County has completed wastewater treatment and is in 
the final stages of the CSO control branch of its integrated wet weather program.  

• There are a lot of pollutants coming from upstream, but not a lot of clarity about their 
sources. It would be helpful to draw some conclusions about sources, how they affect 
people and habitats, and what it is about an urban watershed that makes it easy for these 
pollutants to enter.  

• Consider clarifying the message to address the following distinction: CSO control will reduce 
the introduction of bacteria that could have implications for human health. Controlling 
stormwater will have implications for all organisms in the receiving waters. 
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4. Are there any important data limitations that need to be acknowledged? What are they (in addition 
to those already mentioned)? 

The STRT had the following feedback on data limitations in the report: 

• The report does not distinguish between indicator bacteria (types of bacterial used to detect 
the level of fecal coliform in the water) and actual pathogens, and this distinction needs to 
be clarified. 

• The report does not take into account the natural background coming from upstream 
(pollutant loadings that are not attributable to human activity or influence). Even very low 
concentrations of natural background in very large volumes of water make for big loads. The 
public and decision-makers may be confused if they read about large volumes of 
contaminants in supposedly clean upstream waterbodies, which is why this context is very 
important.  

5. Are there any other important uncertainties that are not currently reflected in the report?  

The STRT provided feedback on additional uncertainties: 

• A key uncertainty is the inability to project whether potential recommended actions will 
make a difference for water quality in the future. 

• Another key uncertainty is expected future precipitation patterns—especially in light of 
climate change. The existence of this uncertainty makes it difficult to calculate volumes of 
stormwater runoff in the future. King County is collaborating with the University of 
Washington on a study of climate change that will predict future rainfall, which could be 
used to estimate this uncertainty. 

• Projecting redevelopment and its effect is on CSOs and stormwater runoff is another 
uncertainty. The group discussed acknowledging this uncertainty in the report and providing 
specific steps the County will take to get a better handle on this information.  

6. What additional data would help to implement improvements to water quality in the study areas 
and why? 

The STRT provided feedback on additional data: 

• Consider including the work that is being done to prevent recontamination, which is another 
strategy for addressing water quality.  

• There is not a lot in the Synthesis report about wildlife health and risk; consider 
demonstrating how certain chemicals might affect wildlife. 

• Now that the assessment provides better understanding of the pathways, the next step will 
be to dig deeper into the sources of pollution to determine which ones are a concern.  
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• Given the overriding impacts stormwater has on the system, it would be beneficial to know 
about the National Pollutant Discharge Elimination System (NPDES) permits and how King 
County use the WQA to increase stormwater management. 

• Include a section called Potential Collateral Benefits to address opportunities that can 
achieve additional benefits beyond CSO control.  

7. What other questions do you have about the findings? 

• How will King County use these studies and information to address the remaining program 
questions, such as how best to sequence CSO controls?  

• How will King County be advocates for conducting additional studies, given the findings? 

8. Last time, we began to consider this question:  
King County will address bacteria in uncontrolled CSOs by 2030. Given that, and what we have 
learned about existing water quality conditions, the current loading estimates for multiple 
parameters from multiple loadings pathways, and estimates of how those loadings might 
change over the next 30 years based on the projects and programs assessed, what water 
quality/loading/pathway issue(s) strike you as the highest priority to address to achieve clean 
water in our region? 

After reviewing the draft Synthesis Report, what are your thoughts? 

STRT members generally agreed that controlling stormwater is the next priority for the region to 
address, and offered the following additional thoughts: 

• Widespread implementation of green stormwater infrastructure should be a priority. 
• One thing we can influence is behavior change: the region should focus on educating people 

about changes they can make to reduce stormwater runoff.  

9. What other key messages for the region can be derived from the work done on this study? 

The STRT discussed the following key messages: 

• The executive summary should provide the big takeaway messages for the region, rather 
than focusing on technical detail. 

• A key message has to be that addressing water quality needs to be a regional effort, not just 
a King County and City of Seattle effort.  

• Several STRT members indicated that they like discussion materials that do more to 
interpret what the WQA findings mean for King County Wastewater Treatment Division 
(WTD) policy and potential future actions. STRT members generally agreed that information 
could be incorporated into the report.  
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• Include a statement on how the findings of the WQA will influence King County water 
quality efforts. 

• Identify future monitoring and data collection that needs to be done to make this WQA a 
continuous process. That will keep the WQA relevant over the long term.  

The group discussed a point made by one STRT member: the report could do much more to 
communicate the tangible benefits of King County’s water quality work. The data collected and analyzed 
for this WQA can reinforce the value of King County WTD’s work to the region. STRT members proposed 
ideas for relatively low-cost ways to share this information, such as linking to the Washington 
Stormwater Center website.   

10. Do you have any other questions or recommendations? 

• It is very hard to tell who the audience is in this report. There is a depth of understanding that is 
assumed that other people may not understand.  

• It is important to explain how King County WTD will use the WQA to inform decisions about CSO 
projects.  

• The title of the Synthesis report should not include CSO. CSO is only one pollution pathway, and 
including it in the title implies that King County is saying it is the most important pathway. By 
removing CSO from the title, the Synthesis report comes across as more neutral.  

• The focus of the WQA has been on what King County can do to improve water quality, and a few 
STRT members agreed King County, in partnership with the other jurisdictions responsible for 
other sources and pathways of pollution should work together  to improve water quality in the 
region.  

Review STRT Feedback on the draft presentation materials  
STRT provided feedback on King County’s draft materials about the implications of the WQA. 
Recommendations included: 

• Explain why it is important to reduce bacteria in waterways.  
• Explain how King County’s CSO program will use the assessment. Focus on the need for 

partnerships to solve water quality problems.  
• Explain the benefits people will see from improved water quality.  
• Remind audiences of King County’s successful history protecting water quality. 

Development of the STRT Summary Report 
The group discussed the need to address both process and outcomes in their report. It should serve to 
assure audiences that an expert third party panel validated the methodologies and interpretations of 
the WQA data collection and analysis. The group discussed incorporating STRT members’ 
recommendations for next steps without getting ahead of King County’s recommendations.  
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Next Steps and Action Items 
• STRT members will submit their written comments on the Synthesis report, if available. 
• King County will follow up with the STRT on next steps regarding the Synthesis Report, including 

whether there will be an interim report.  
• Jamie will provide the STRT with a timeline for reviewing and providing input on drafts of the 

STRT summary report.  
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #20 – Summary 

Date    Tuesday, January 17, 2017 
Time    9 am to noon 
Location   Video-conference 

Meeting Objective 
1. Report back to Science and Technical Review Team (STRT) on how King County is considering 

and addressing their comments on the Synthesis Report and external communications 
materials. 

2. Gather STRT input on Water Quality Assessment (WQA) Study Questions. 
3. Learn about progress on King County Combined Sewer Overflow (CSO) Long Term Control Plan 

(LTCP) update. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington Stormwater Center, Washington State University  

King County Staff 
• Tim Clark, Science Section, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Sue Kaufman-Una, WTD, Supervisor—Comprehensive Planning 
• Tiffany Knapp, WTD, CSO Program 
• Faon O’Connor, WTD, CSO Program 
• Sarah Ogier, WTD, Sr. Strategic Policy Analyst 
• Erika Peterson, WTD, Community Relations Lead 
• John Phillips, WTD, CSO Program Manager 
• Judy Pickar, WTD, Water Quality Assessment Project Manager 
• Jim Simmonds, Water and land Science Section, Science Team Supervisor  
• Dean Wilson, Water and Land Science Section, Science Team Lead, Ship Canal Study 

Guests  
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 
• Jeff Eger, HDR, Long Term Control Plan Consultant Team 
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• Edith Hadler, HDR, Long Term Control Plan Consultant Team 
• Julie Stein, HDR, Long Term Control Plan Consultant Team 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 

Meeting Summary 
Welcome and confirm agenda 
King County staff, guests, and the Science and Technical Review Team (STRT) introduced themselves, 
and Jamie reviewed the agenda.   

Report back on the status of the Synthesis Report 
The project team presented the status of the Synthesis Report. Based on the presentation, STRT 
members said they felt their input on the draft Synthesis Report is being considered and addressed by 
the project team.   

Review STRT feedback on WQA Study Questions 
The STRT provided feedback on the first three study questions. 

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

In general, the STRT agreed that bacteria loading, including the pathogens of concern, is a key water 
quality impairment in receiving waters where CSOs discharge. 

STRT members also discussed the toxic “soup” within stormwater loadings that impairs water quality—
especially in urban streams—and causes biological impacts such as pre-spawning mortality in Coho 
salmon. They added that there are over 5,000 chemicals in this toxic soup and it is still not clear which 
chemicals are causing biological impacts to salmon and other organisms. 

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

STRT members agreed that CSOs are a major contributor of bacteria from raw sewage, which pose 
human health risks.  

Since approximately 90 percent of the volume of CSOs is comprised of stormwater, most STRT members 
agreed that the stormwater in CSOs can also contribute to biological impacts.  

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

STRT members reiterated that loadings from the upstream watersheds and stormwater runoff that 
directly enters the waterbodies are the overwhelming contributors to identified pollutant loading, 
especially given the volume of stormwater compared to other contributors.  

They listed other sources that contribute to pollutant loading: 
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• Copper-based paint on the bottom of boats  
• Creosote-treated wood pilings 
• Contaminants of emerging concern 

STRT members also raised some potential sources that could be contributors: 

• Atmospheric deposition  
• Limited access to proper sanitation for some populations, such as the growing homeless 

population, which could contribute waterborne pathogens 
• Feral animals, such as Canada geese, which may contribute bacteria but not necessarily a similar 

loading of human pathogens compared to sewage 

Review progress on King County CSO Long-Term Control Plan Update 
John Philips reviewed progress on the King County CSO Long-Term Control Plan (LTCP) update, and STRT 
members discussed John’s presentation: 

• John explained that the evaluation criteria for selecting projects in the LTCP are driven by 
volume reductions, rather than by how the project addresses water quality constituents 
discharged at a specific CSO outfall. John added that once the Georgetown wet weather 
treatment facility is running, King County expects to collect data that may provide insights on 
the extent to which the facility addresses water quality.  

• The group discussed each strategy for controlling CSOs from a water quality perspective. 
Although storing CSO volumes during wet weather and then sending them to West Point for 
secondary treatment produces cleaner effluent, wet weather treatment (equivalent to primary 
treatment) and green stormwater infrastructure (GSI) meet the Washington State Department 
of Ecology’s requirement for treating CSOs. Furthermore, recent wet weather treatment 
technology is effective in removing a larger proportion of solids, bacteria, and viruses compared 
to previous technology. Since the effluent from wet weather treatment is discharged where 
there is a sufficient dilution effect, the group agreed that wet weather treatment can be an 
effective approach for addressing large volumes of CSOs.  

• The group discussed how well GSI performs in addressing CSOs. John explained that the models 
indicate that GSI is performing well in helping reduce CSO volumes, adding that the King County 
Wastewater Treatment Division (WTD) and Seattle Public Utilities (SPU) are in the process of 
collecting additional data on volume reduction from the recently completed Ballard and West 
Seattle GSI projects. The group also discussed the cost-effectiveness of GSI compared to other 
CSO control strategies. John explained that GSI may cost slightly more than gray infrastructure, 
but if the scarcity and cost of land and the benefits of GSI, such as improvements to streets or 
neighborhood landscape, are factored in, GSI may prove to be more cost-effective than gray 
infrastructure.  

• One STRT member raised a question about the presence of “superbugs.” or antibiotic-resistant 
bacteria. He wondered how CSOs near Seattle hospitals may be at risk of contributing superbugs 
to the receiving waters. The project team explained that they have not examined in detail how 
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superbugs may affect receiving waters where CSOs discharge. The group discussed potential 
follow-up questions, such as identifying if the sewer systems that convey waste from hospitals 
are combined or separated and how long superbugs can live outside the host organism.  

Review STRT feedback on WQAMS Study Questions 
The STRT provided feedback on the remaining four study questions. 

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

The group agreed that the coordinated effort between WTD and SPU and the diversified approach and 
use of new technologies would likely improve water quality in the receiving waters. CSO treatment, 
specifically removing solids, should help reduce toxins in the receiving waters and contaminants in the 
sediments, and disinfection should help address bacteria and viruses. The group also expressed support 
for the potential collaborations with the Seattle Department of Transportation (SDOT), given that a lot 
of stormwater runs off from roads. They also liked the increased commitment to GSI.  

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

One STRT member shared the model used by Portland, Oregon, for maximizing the effectiveness of CSO 
facilities in addressing impairments. Portland recognized that some stormwater runoff should not be 
controlled with GSI because it is of such poor quality. Instead, Portland routes the worst stormwater 
through existing CSO tunnels in the vicinity and uses GSI for the less polluted runoff.  

The STRT also discussed how WTD and SPU allocate their resources between addressing obvious 
contributors to impairments and smaller, more hidden contributors such as illicit connections from 
private developments to the storm sewer system.   

The group discussed the full suite of actions that could be taken beyond CSO and stormwater control to 
improve water quality in receiving waters. One STRT member described a flow path to articulate how 
addressing impairments could evolve from technology-based solutions that remove pollutants from the 
pathways to receiving waters to removing pollutants from sources and the community: 

 

  

Technology-based 
solution

•Remove pollutant 
from pathway

Legislative solution

•Remove pollutant 
from source

Public education and 
behavior change

•Remove pollutant 
from community
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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? 

Most STRT members felt they did not have the expertise to answer this question. STRT members 
suggested creating a simple table to answer the question. One STRT member raised the idea of 
dispersed infiltration as an additional corrective action, adding that it could have both water quality and 
flow control benefits.  

CSO Control Strategy Approximate volume Anticipated cost per 1 
million gallons 

Anticipated water 
quality benefit 

Direct treatment 
(primary, wet-weather 
treatment) 

   

Storage, secondary 
treatment 

   

GSI    
Separation    

 

7. What other possible ways, 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? 

The STRT shared several ideas for making CSO control projects more effective and reducing costs: 

• Consider that pollution in this watershed could be coming from sources far away. For example, 
the California Central Valley and Chesapeake Bay are dealing with pollution that was introduced 
in cities or states far away. The takeaway from this point is that there may be value in identifying 
these pathways and addressing them. 

• Poor integrity of sanitary collection systems could be a large contributor to impairments. 
Consider addressing this problem by enhancing existing collection system maintenance and 
replacement programs.  

• Have a mindset of incremental improvements to increase the effectiveness of the CSO control 
program over time. Identify key performance indicators that will help track not just how well 
King County is doing to reduce CSO volume but also how well it is addressing stormwater and 
water quality. 

• Leverage opportunities to coordinate with other agencies such as SDOT, which can help tackle 
both stormwater and CSOs.  

• Continue identifying opportunities for source control and green alternative chemistries to get 
contaminants out of the system before spending the money to remove them. 

• Consider identifying opportunities to use wet weather treatment to address heavily polluted 
stormwater from separated systems when the facility is not needed for CSOs. 
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One STRT member raised a recurring theme: Given what we have learned from the Water Quality 
Assessment and Monitoring Study about pollution pathways, would it be more effective to spend the 
money set aside for CSO control on other corrective actions, such as stormwater treatment? The project 
team said that unlike SPU, which has a broader mission, WTD is a water quality agency tasked with 
treating wastewater. From a legal perspective, it would be difficult for WTD to spend the dollars set 
aside for CSO control on stormwater treatment.  

Next Steps and Action Items 
The STRT requested that King County hold a preliminary meeting to present the next draft of the 
Synthesis Report and then hold a follow-up meeting for STRT members to provide their feedback. 

• Jamie will send Doodle poll to STRT members to schedule next two meetings. 
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #21 – Summary (March 22, 2017)  

Meeting Objectives 
• Confirm objectives for STRT Summary Report and timeline for development/review. 
• Provide an update on West Point Treatment Plant flooding and gather STRT input on messaging. 
• Share key findings from the rewritten Synthesis Report. 
• Cue up STRT to review and provide feedback on the Synthesis Report. 

Meeting Attendees 
Science and Technical Review team  

• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Wendy Eash-Loucks, Marine Water Quality Planner, Elliott Bay Study  
• Sandy Kilroy, Assistant Director of Wastewater Treatment Division  
• Tiffany Knapp, WTD, CSO Program 
• Faon O’Connor, WTD, CSO Program 
• Erika Peterson, Community Relations Lead 
• Judy Pickar, Project Manager  
• Cathie Scott, Technical Writer and Editor  
• Jim Simmonds, Science Team Supervisor  
• Dean Wilson, Science Team Lead, Ship Canal Study 

Guests  
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 



 

2 
 

Meeting Summary 
Welcome and confirm agenda 
King County staff and the Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

STRT Summary Report 

Jamie reviewed the objectives, timeline, and proposed outline for the STRT Summary Report. The group 
discussed taking a similar approach to the expert panel for Seattle Public Utilities Integrated Plan. This 
expert panel prepared a formal letter that outlined their role, work they completed, and their general 
observations and recommendations.  

Update on West Point Treatment Plant flooding 
Sandy Kilroy gave an overview of the situation at the West Point Treatment Plant. She shared 
information about and images of a major equipment failure at the West Point Treatment Plant on Feb. 9 
that has resulted in bypasses of untreated stormwater and wastewater into Puget Sound. Details of the 
incident are available online: http://www.kingcounty.gov/depts/dnrp/wtd/system/west/west-point-
restoration.aspx.   

The West Point Treatment Plant is not in the study area for the Water Quality Assessment and 
Monitoring Study (WQA), which focuses on water bodies where King County has uncontrolled combined 
sewer overflows (CSOs).  

The STRT and project team discussed how the situation at West Point could affect the assessment. The 
incident may have led to some short-term differences in pollution loadings from one wet weather 
treatment plant within the study area. But that would not affect the relative order of the 15 pollution 
pathways studied. Some STRT members said that the WQA uses long-term trends to explain existing 
conditions and draw conclusions, rather than single incidents. As such, while the flooding at West Point 
Treatment Plan represents a significant event, it will not affect the overall trends.  

Key findings from the rewritten Synthesis Report 
Jim Simmons presented the key findings from the rewritten Synthesis Report. There was not much time 
left at the conclusion of the presentation, so the STRT did not have many questions about Jim’s 
presentation. 

Next Steps and Action Items 
• Erika will report back to the STRT about when the rewritten draft of the Synthesis Report will be 

available for their review. If the report will not be ready by April 11, Jamie and Tori will 
reschedule the April 18 meeting with the STRT to go over their feedback.  

• Jamie will provide an updated draft outline on the STRT Summary Report. 

http://www.kingcounty.gov/depts/dnrp/wtd/system/west/west-point-restoration.aspx
http://www.kingcounty.gov/depts/dnrp/wtd/system/west/west-point-restoration.aspx
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Water Quality Assessment  
Science and Technical Review Team 
Meeting #22 – Summary 

Date    Thursday, May 25, 2017 
Time    9 am to 11 am 
Location   PRR/Videoconference 

1501 4th Ave, Fifth Floor 
Seattle, WA 98101 

Meeting Objectives 
• Review STRT feedback on Draft Synthesis Report. 
• Review action items and next steps. 

Science and Technical Review team  
• Virgil Adderley, Former Principal Engineer, Portland Bureau of Environmental Services  
• Mike Brett, Professor, Civil and Environmental Engineering, University of Washington  
• Jay Davis, Environmental Toxicologist, U.S. Fish and Wildlife Service  
• Ken Schiff, Deputy Director, Southern California Coastal Water Research Project 
• John Stark, Director, Washington State University Puyallup Research and Extension Center 

King County Staff 
• Tim Clark, Water Quality Planner, Lake Union/Ship Canal Study, Bacteria Data Gap Report 
• Sarah Ogier, Sr. Strategic Policy Analyst 
• Erika Peterson, Community Relations Lead 
• Judy Pickar, Project Manager  
• Jim Simmonds, Science Team Supervisor  
• Dave White, Science Section Manager  
• Dean Wilson, Water and Land Science Section, Science Team Lead, Ship Canal Study 

Guests  
• Kevin Buckley, Environmental Analyst, Seattle Public Utilities (SPU) 

Consultants 
• Jamie Strausz-Clark, PRR, Facilitator 
• Tori Varyu, PRR, Note taker 
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Meeting Summary 
Welcome and confirm agenda 
King County staff and the Science and Technical Review Team (STRT) introduced themselves and Jamie 
reviewed the agenda.   

Review STRT feedback on WQA Study Questions 
The STRT provided feedback on eight study questions regarding the Report. 

1. What was you take away from the draft Synthesis Report? What surprised or intrigued you? 

In general, the STRT’s takeaway was that this revision of the Synthesis report showed marked 
improvement from the previous version. A STRT member commented the revised Synthesis report 
appropriately addresses the success CSO control investments have had with reducing bacteria, while 
also describing the impact stormwater and upstream sources continue to have on water quality. He 
added the synthesis report should be bold and serve as a regional call to action to improve water 
quality, and commented the revised document goes a long way to initiate that conversation.  

The group discussed whether sanitary sewer overflows (SSOs) should be discussed in the report. SSOs 
are untreated sewage discharges from a sanitary sewer. The project team indicated they would add a 
reference to Seattle’s Capacity, Management, Operations, and Maintenance (CMOM) program, which 
uses proactive maintenance to prevent SSOs in the portion of the sanitary sewer system owned and 
managed by SPU.  

2. Are there conclusions that the report has not highlighted or interpreted? Are there any other 
important uncertainties that are not currently reflected in the report? 

The STRT had the following feedback on conclusions that were not highlighted or interpreted in the 
report: 

• The report should do more to highlight the benefits of the monitoring program. The program 
informs big decisions and investments, and the report should call this out to show its 
importance.  

• One STRT member recommended the section on contaminants of emerging concern (CECs) say 
how King County plans to monitor them in the future. 

• One STRT member questioned the report’s conclusion that Lake Union has a naturally low 
oxygen level. He reasoned that the salt in the lake is not natural, so it follows that the oxygen 
level is also not natural. He also questioned the way in which the report communicates the 
historical record for Lake Washington. The report suggests that raw sewage discharged into Lake 
Washington until the 1960s, but his understand is raw sewage discharges ended in the 1930s. 
He believes the reason Lake Washington recovered is because all effluents divert to the Puget 
Sound now. The project team agreed to review this section and fact check the language about 
the history of Lake Union and Lake Washington.  
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3. Are there any important data limitations that need to be acknowledged? What are they (in addition 
to those already mentioned)? 

The STRT generally agreed that important data limitations had been acknowledged. One STRT member 
added that the report should include mention of when and how methodologies changed during the 
process of collecting longitudinal data. 

4. What additional data would help to implement improvements to water quality in the study areas 
and why? 

The STRT suggested the following additional data: 

• Fish and shellfish data 
• Tissue data on contaminants of emerging concern 
• Data on National Pollutant Discharge Elimination System (NPDES) permitting, to inform future 

decision-making on stormwater management 
 

5. What questions do you have about the findings? 

The STRT had the following questions about the findings: 

Q: Why is Lake Washington classified as oligotrophic (low productivity), rather than mesotrophic 
(medium productivity)? 
A: Jim and the STRT member will connect offline about Lake Washington’s classification. 

Q: How did water quality assessment help the CSO program? Did it influence any decisions about the 
CSO long-term control plan update? 
A: The CSO program has been using the WQA findings to the Long Term Control Plan Update. The WQA 
validates that finishing the CSO control program makes sense from a scientific standpoint, as well as a 
regulatory standpoint. The outcomes also give King County a baseline to measure against future 
monitoring.  

6. In what ways does the revised report reflect your input? 

The STRT had the following feedback regarding how King County revised the report: 

• During the whole process, King County has been very responsive to feedback, which is a real 
strength of this report. The team was not defensive and listened to critique. 

• King County incorporated the STRT’s most important recommendations. King County provided 
reasonable rationale for the few recommendations that were not incorporated. 
 

7. How will you use the information in your work? 

STRT members will use the information in the following ways: 
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• Share this report with colleagues, once it is released to the public, as a lot of the issues covered 
by the Synthesis Report apply elsewhere.  

• Use the report to help show that stormwater needs to be addressed if we are going to improve 
water quality in the system, and that we also need to consider other sources. 

• Share the report with graduate students, cite it in academic research, and include a link on the 
UW webpage. 

• Continue the relationships STRT members have built with each other and the project team after 
the WQA is completed. 
 

8. Do you have any other suggestions or recommendations for key messages or future steps for using 
this study? 

The STRT had the following additional suggestions or recommendations: 

• Make the data sets widely available, so other scientists can use them for their own studies. This 
would be a selling point for continuing the monitoring program. 

• The detail about each CSO control project does not effectively convey the link between CSO 
control and bacteria reduction over time. Consider replacing text with a timeline of CSO control 
projects overlaid with trend graphs to show how CSO control aligns with trends in bacteria 
reduction. 

• There were mixed reviews of Section 4: some thought it was too long and dense, and others 
thought it was just right. A STRT member suggested putting parameter-by-parameter data in an 
appendix and using hyperlinks to link to each table, to make the section easier to read but still 
provide depth to those readers who want it.  

• Reconsider the title, which is long and cumbersome, and “2015” gives the impression the 
findings are two years old.   

• In the tables and graphs King County uses the terms “controlled CSOs” and “uncontrolled CSOs”, 
but has not defined either term. Consider including a textbox with a definition. 

• In the cartoon about separated stormwater, the treatment for the controlled CSOs is not 
included. This seems like a critical piece of information that should be added. 

• The report should explicitly describe the keys to addressing stormwater pollution, not just imply 
it.  

• Consider addressing the West Point flooding (2017) in a sidebar, rather than in the main body of 
the report. With its current placement, it makes it seem like the West Point incident greatly 
influenced the outcomes of the WQA.  

• Clarify the forethought that went into selecting the data gaps to fill in the introduction to that 
section. Consider including the risk-based table the project team developed to rank data gaps, 
which shows the project team chose the data gaps that have the greatest effect on public and 
human health. It also helps set the stage for the recommendation to collect tissue data.  
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• The recommendation to conduct public outreach to encourage behavior change should explain 
the link between human behaviors and water pollution and clarify that public education is a 
regulatory requirement for King County.  

Next Steps and Action Items 
• Erika will finalize the public-facing summary for the conclusion of this assessment, along with 

the video. The STRT will have a chance to review these documents.  
• Jim and Mike will connect to follow up on the discussion of whether Lake Washington is 

oligotrophic or mesotrophic. 
• Jim, Dean, and Dave will re-review the historical record for Lake Washington and Lake Union. 
• Kevin Buckley will provide information on the SPU CMOM program to King County to include in 

the Synthesis report. 
• STRT will send any written comments on the Synthesis Report to Jamie. 
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