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Abstract
Stormwater flowing from highways and commercial corridors is a large contributor of contaminants to receiving waters. In urban settings, stormwater retrofits in these areas are challenging due to the density of established infrastructure; however, there are many areas where traditional stormwater Best Management Practices (BMPs) have been retrofitted as part of highway reconstruction. The Shoreline Aurora Corridor Improvement Project is an example of a large highway reconstruction project in an urban setting. Although lab studies have indicated that retrofit projects with stormwater BMPs should result in reduced pollutants, there is a paucity of documented performance in the field, particularly in Western Washington. The Regional Stormwater Management Program (RSMP) Effectiveness White Paper on Traditional BMPs Retrofitting recommended that field studies should be conducted on existing urban retrofitted BMPs within Western Washington to determine their effectiveness in removing a variety of pollutants. This study will address this need by evaluating the effectiveness of the Shoreline Aurora Corridor Improvement Project retrofits for the segment that drains to Echo Lake. Specifically, effectiveness will be measured for (1) individual low impact development (LID) treatment facilities installed to remove contaminants from highway runoff, (2) a detention tank system installed to regulate stormwater flow, and (3) the collective stormwater retrofit project to reduce contaminants entering the receiving waters of Echo Lake. The results of this study can be used to refine expectations about the performance of now-required LID stormwater treatment facilities, and inform future National Pollutant Discharge Elimination System (NPDES) permits and stormwater manuals.
1. Project Purpose
Managing and treating stormwater along highways and commercial corridors is a key concern for local stormwater managers. Implementation of stormwater treatment throughout the region has been focused on the installation of a variety of bioretention facilities on a relatively small scale, with the expectation that they will provide significant removal of contaminants. There is conflicting information, however, about the effectiveness of these treatment technologies in the field, and very few studies have focused on organic contaminants (CardnoTec 2013). Knowledge regarding the combined effectiveness of these technologies on a water body is critical to effective management of stormwater. Within a four year project period, this study will provide key information on the effectiveness of a suite of LID stormwater BMPs, which are increasingly being used in many jurisdictions. The results will provide the necessary information to guide future stormwater treatment management and technology recommendations. The outcomes of this study are transferable to future retrofits of small urban basins throughout western Washington.
Prior to 2012, all stormwater from North 185th Street to North 200th Street along the Aurora corridor was piped, untreated to Echo Lake. The City of Shoreline’s Aurora Corridor Improvement Project results in new impervious surfaces within the Echo Lake sub-basin, requiring treatment of stormwater. Construction of highway improvements and stormwater retrofits between N 185th St. and N 192nd St. finished in 2012 and construction between N 192nd St. to N 200th St. will be completed by fall 2015. As part of these retrofits, rain gardens and Filterra® bioretention boxes are being installed and intercept stormwater sheeting off the roadway to provide enhanced stormwater treatment and phosphorus treatment, respectively. Additionally, all stormwater from the basin (treated and untreated) combines at a detention tank system at N 192nd St., which provides flow control treatment before discharging to Echo Lake. Once this segment of the Aurora Corridor Improvement Project is completed, stormwater flowing through the tank system will include stormwater from N 192nd St. to N 200th St., which previously entered Echo Lake through a separate outfall. All treatment facilities were installed according to the 2005 Stormwater Management Manual for Western Washington (SWMMWW). Runoff from the impervious surfaces within the Aurora corridor is expected to be a major contributor of stormwater contaminants to Echo Lake due to the heavy traffic volume, very few pervious areas, and proximity to the lake. The new bioretention installations will treat stormwater from almost three acres of this runoff. Because the lake is largely stormwater fed, changes in stormwater quality could affect the water quality of the lake. The purpose of this project is to (1) evaluate the effectiveness of individual stormwater retrofit facilities to improve stormwater quality and control flow, and (2) evaluate available data to consider the collective effect of the stormwater retrofit project on nutrients and bacteria in Echo Lake. 
Many jurisdictions are required to treat stormwater from highways and commercial areas according to SWMMWW, but this project would be one of the first local effectiveness studies of LID highway runoff treatment. This site includes commonly used BMPs, and the scale of this retrofit is representative of projects that will continue to be implemented throughout the region. It is in the best interest of all jurisdictions to gather information on effectiveness of permit mandated retrofits, in order to refine treatment expectations and recommended BMP technology.  The results of this project will contribute to the overall goal of successfully protecting receiving water bodies. 
2. Project Description
The following sections describe the study design and objectives.

2.1.  Project Objectives
There is a need for regional field studies to demonstrate water quality improvements in a receiving water body in response to stormwater retrofits designed to SWMMWW standards. The following question proposed by the Stormwater Work Group will be addressed by this study.
	Retrofits: Water quality and habitat benefits of retrofit efforts
Which combinations of retrofit BMPs and LID in a basin are most effective at reducing stormwater impacts in receiving waters? Perform field studies of existing urban retrofitted BMPs in WWA to assess effectiveness at pollutant removal.



To address this question, the following hypotheses are proposed: 
1. LID stormwater retrofits along the Aurora corridor will effectively remove contaminants from highway runoff.

2. LID stormwater retrofits along the Aurora corridor may result in measureable water quality improvements in the receiving water body, Echo Lake. 
These hypotheses will be evaluated by comparing contaminant concentrations before and after treatment in individual bioretention features, and comparing pre- and post-retrofit contaminant concentrations in the combined stormwater system and in the ambient waters of Echo Lake. 
2.2.  Project activities and tasks
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The study site for this project is located between N 185th St. and N 200th St. on Aurora Avenue (SR 99) in Shoreline, which is part of a larger highway redesign and construction project (Aurora Corridor Improvement Project). This section includes a network of stormwater collection and treatment facilities that conveys the majority of highway runoff to a detention tank system (a small portion goes to a demonstration rain garden) and ultimately to Echo Lake (Figure 1).  
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Figure 1. Conceptual model of study site, including general location of treatment features and sampling locations.
Prior to sampling, a planning period (Task 1.0) is necessary to ensure quality sample collection and data analysis, resulting in a sound and useful final product. This task will include development of the Quality Assurance Project Plan (QAPP) to outline the detailed sampling design and describe how the results will specifically address the study questions. A draft QAPP will be prepared following Ecology guidance and submitted to Ecology for review.   Furthermore, this will involve meetings with the project team, coordination with King County Environmental Laboratory (KCEL), site reconnaissance and renting of necessary equipment. 
The field study portion of this project (Task 2.0) involves sample collection and laboratory analysis. The Field Sciences Unit (FSU) of KCEL will conduct the field sampling component. Samples will be collected during six to eight storm events per year over a two year period (Figure 1). For six bioretention features, samples will be collected at the inlet and outlet during storm events for one year (2015/16 storm season). Samples will also be collected at inlet and outlet points of the detention tank system during storm events for two years (2014/15 and 2015/16 storm seasons); flow meters will be installed at these locations. Because the retrofit project is still partly in construction, sampling to measure treatment effectiveness will not begin until all construction is completed in 2015, with the exception of samples associated with the detention tank system. Here, sampling during the 2014/2015 storm season will capture conditions before the N 192nd to N 200th stormwater is routed to this system; a change from pre-construction conditions (see Section 1).These sampling locations represent all relevant treatment points within the system. 
All samples will be analyzed by KCEL for conventional parameters, nutrients, bacteria, total and dissolved metals, diesel and motor oil range hydrocarbons and polycyclic aromatic hydrocarbons (PAHs). Polychlorinated biphenyls congeners (PCBs) will be analyzed by a contract laboratory for a subset of samples (three storm events per year) to keep analytical costs reasonable. At one bioretention feature, acute toxicity tests will be conducted by KCEL for inflow and outflow samples during four storm events.
This project will leverage an ongoing King County monitoring program to evaluate water quality impacts to the receiving water body, Echo Lake, which may result from installations of stormwater treatment retrofits. The King County Small Lakes Monitoring Program has been collecting monthly (May-October) nutrient and bacteria data in Echo Lake since 2001. This program will continue into the future, providing the opportunity to compare data collected before and after the retrofit construction (i.e. 2001-2012 vs. 2015-2017). Therefore, these historical data (2001-2012) will need to be compiled and summarized (Task 3.0) to prepare for the data analysis phase of the project.
The final report will summarize the study design and methods, and present the results of the study (Task 4.0). The final report will address the objectives described in Section 2.1 and discuss how the findings inform permittees interested in retrofit design and construction. Data analysis is an important component of this task. Inflow and outflow results will be compared to establish the effectiveness of individual treatment facilities, and to assess if the detention tank system is providing any additional contaminant removal through settling. The combined effectiveness of the entire retrofit will be evaluated by comparing current water quality of the stormwater discharging to the lake (including treated and untreated) to data collected prior to the retrofit construction. Possible impacts to the receiving water will be considered by evaluating Echo Lake nutrient and bacteria data collected before and after the retrofit construction. The effect of the detention tank system on flow control will also be evaluated by comparing flow rates at the inlet and outlet of this system. 
Findings from this study will be distributed in several ways (Task 5.0). All data collected as part of this project will be submitted to the EIM database and at least two official presentations of results will be delivered to permittees and other interested parties. Possible presentation venues include the NPDES Permit Coordinators Meeting and Stormwater Center trainings. Electronic access will be provided for all deliverables associated with this project, either under an existing website, or through the development of a new project website.
Throughout this project, the manager will be coordinating with City of Shoreline and KCEL, managing the budget, managing staff, and preparing quarterly project reports (Task 6.0). 
2.3.  Project outcomes

2.3.1.  Short-term Outcomes:
This project will provide the following short-term outcomes from a field study located in an urban Western Washington setting:
· Effectiveness of retrofitted stormwater BMPs in removal of suspended solids, nutrients, bacteria, total and dissolved metals, diesel and motor oil range hydrocarbons, polycyclic aromatic hydrocarbons (PAHs) and PCBs from highway runoff. Toxicity reduction will also be considered.
· Effectiveness of a functioning retrofitted stormwater BMP in reducing stormwater flow rates delivered to a receiving water body.
· Possible benefits to receiving water quality (nutrients and bacteria) from a collective stormwater retrofit project. 
2.3.2. Long-term Outcomes:
The results of this project can be used to guide recommendations and requirements in future SWMMWW. Results can also be used to refine expectations about the performance of LID stormwater treatment facilities. Furthermore, these results could help inform the design of future stormwater retrofits in urban areas and provide guidance for future effectiveness studies.
2.4.  Project deliverables
This project has five project deliverables. These are listed below, organized by task.
Task 1: Planning - QAPP (2014)
Task 2: Field Sampling and Analysis
Task 3: Summary of Echo Lake Historical Data – Technical Memo (2015)
Task 4: Final Report –Final Report (2018)
Task 5: Distribution of Findings –EIM Submittal (2017), Two Presentations and Website (2018)
Task 6: Project Management 

2.5. Project schedule
	TASK
	SCHEDULE

	Task 1: Planning
	August – November 2014*

	Task 2: Field Sampling and Analysis
	December 2014* – June 2016

	Task 3: Summary of Echo Lake Historical Data
	April – August 2015

	Task 4: Final Report
	July 2017 – July 2018

	Task 5: Distribution of Findings
	July 2017 – July 2018

	Task 6: Project Management
	Throughout


*Subject to change based when the final funding agreement is completed.
3. Scope of Work, Detailed Schedule
Task 1.0: Planning – ($49,272; August – November 2014)
1.1 Project Team Meetings – project team meetings will be scheduled for planning purposes and to assign subtasks, identify and solve challenges, and assess project status and schedule.
1.2 Coordination with Field and Lab Staff – communication with field and lab staff will be frequent and necessary to finalize details of the study design and implementation.
1.3 Site Visits –assess average storm conditions and address logistical concerns for field sampling.
1.4 Preparing draft QAPP – finalize sampling design and draft the explanatory text.
1.5 Review Period – internal and external review of the QAPP.
1.6 Finalizing QAPP – revise draft document based on internal and external review comments and produce final for delivery to Ecology and distribution to permittees.
1.7 Purchasing Equipment – sampling equipment will need to be purchased at this time.
Task 2.0: Field Sampling and Analysis – ($286,046, December 2014 – June 2016)
2.1 Field Sampling – inlet and outlet sampling at six bioretention features (one storm season) and the detention tank system, where flow will also be monitored (two storm seasons). 
2.2 Analytical Work – KCEL will conduct all analysis except PCBs, which will be analyzed by a contract laboratory. 
Task 3.0: Summary of Echo Lake Historical Data – ($12,274, April – August 2015) 
The purpose of this task is to summarize all pre-retrofit data to establish the baseline for Echo Lake.
2 
3 
3.1 Historical Data Compilation – download nutrient and bacteria data from King County database.
3.2 Preparing Draft Historical Data Summary Memo – organize and summarize historical data in preparation for use in analysis of changes in Echo Lake water quality.
3.3 Review Period – internal and external reviews will be completed.
3.4 Finalizing Memo – revise draft document based on internal and external review comments and produce final for delivery to Ecology and distribution to permittees.
Task 4.0: Final Report – ($85,464, July 2017 – July 2018)
The final report will describe the study design, methods and findings of the study.
1 
2 
3 
4 
4.1 Data Management – storing data in a secure database and organizing data for analysis.
4.2 Data Validation – validation for KCEL data will be conducted by the project manager and validation for PCB data will be conducted by an outside contractor.
4.3 Data Analysis – compare inlet and outlet concentrations and flow, summarize data for use in the final report.
4.4 Draft Report Writing – draft text summarizing project methods and findings.
4.5 Review Period – internal and external review of the draft final report.
4.6 Final Data Report – revise draft document based on internal and external review comments and produce final for delivery to Ecology and distribution to permittees.
Task 5.0: Distribution of Findings – ($12,454, July 2017 – July 2018)
5 
5.1 EIM Data Submittal – organize data to be shared within the EIM database.
5.2 Presentation of Results – at least two presentations of results to permittees and other interested parties.
5.3 Project Website Development – provide electronic access to project documents and results.
Task 6.0: Project Management – ($35,085, Throughout)
5 
6 
6.1 Coordination with Field and Lab Staff – communications with lab and field staff will be critical during Tasks 1 and 2.
6.2 Budget Management – financial reports will be regularly monitored to assure the project stays within budget.
6.3 Staff Management – manage staff time and responsibilities.
6.4 Quarterly Project Reports – reports to Ecology on project status.

4. Project management
Carly Greyell will act as project manager. King County and its staff have a wealth of experience in applied sciences and water quality management. This section describes our institutional capacity as well as individual staff responsibilities. King County’s procurement and subcontracting complies with all applicable state law for expenditure of inter-local agreement funds. King County is regularly audited by the Washington State Auditor to ensure all expenditures are accounted for and subject to appropriate internal controls per the King County project management manual.
4.1.  Project team
Carly Greyell will serve as project manager; she will manage the project budget and schedule, and will coordinate with King County staff and project partners. She will also validate all data from KCEL. Jenée Colton and Kate Macneale will provide technical assistance with report writing and data analysis. Richard Jack will manage the database for PCB congener data. Sally Abella is a limnologist and will provide expert opinion about the interpretation of Echo Lake water quality data. Deborah Lester is the supervisor for the King County Toxicology and Contaminant Assessment Unit and will provide senior review for all deliverables.

KCEL will provide analytical assistance and FSU will collect and deliver all samples. Carly Greyell will be in frequent contact with KCEL staff and the lab project manager, Fritz Grothkopp, to ensure samples are being collected according to project requirements. Fritz Grothkopp will send the appropriate samples to the contract lab for PCB congener analysis. 
A contract lab (to be determined), will conduct PCB congener analysis and a King County sub-contractor will provide the external data validation for PCB congeners (to be determined). 
For this project, King County is partnering with City of Shoreline. 
Jennifer Adams; jadams@shorelinewa.gov; (206) 801-2453
The City of Shoreline’s primary role is that of site expertise, including providing expert opinion about the site, assisting with site access, providing data and reports from previous sampling efforts, as well as construction plans.


Minority and Women’s Business participation
While no known M/WBE partners are available, they will be solicited for contract laboratory analysis and data validation.

4.2.  Staff qualifications
Institutional Qualifications: The Water and Land Resources Division of King County has a demonstrated capability to manage long-term monitoring programs that include environmental chemistry. We have a strong track record of collecting, managing, and analyzing technical information and are tasked to develop regulatory, policy, and project recommendations implementation. We have a well-established role in natural resource management in cooperation with cities, federal, tribal, and state agencies. Typical of our current research capabilities are several complex grant-funded studies including 1) an evaluation of the role of nitrogen in the risk of lethal, low-level oxygen events in Quartermaster Harbor on Vashon Island; 2) a study of the effectiveness of land use regulations in protecting aquatic environments in developing rural areas by assessing biophysical, hydrological, and water quality responses; 3) A hydrological study to identify future stormwater retrofit projects and other stormwater abatement actions across the highly-urbanized watershed; 4) Studies into the wet and dry deposition of PCBs and other organic chemicals in the Green River and Duwamish Waterway; 5) Investigations into the pathways, fate and bioaccumulation of PCBs in the Lake Washington basin.
Carly Greyell (BS, Western Washington University) has a degree in Environmental Toxicology and has contributed significantly to several projects addressing stormwater loadings to the Duwamish Waterway and Lake Washington. She is well-versed in the scientific method, and has experience in team leadership, project design, data analysis, graphics, and statistical support. Carly will serve as the project manager. (723 hours)
Jenée Colton (M.E.M., Duke University) is a water quality planner with expertise in applied toxicology and ecological risk assessment. She has 16 years of experience working for King County and environmental consulting firms. She has designed and implemented several projects investigating sites for contamination and chemical effects on aquatic organisms. She recently completed a three-year EPA-funded study that included pollutant characterization of stormwater entering Lake Washington. As part of her position, she provides scientific support to King County’s Stormwater Services Section within the Water and Land Resources Division. (704 hours)
Kate Macneale (PhD, Cornell University), has over 20 years of research experience in aquatic ecology, with broad training in experimental design, statistical analyses, water quality analyses, and project management. Recent peer-reviewed publications include studies on contaminants and their effects on aquatic food webs. (169 hours)
Richard Jack (MS, University of Maine) has 18 years of experience investigating sources of toxic metals and organics, source control, and setting water and sediment cleanup objectives at MTCA and CERCLA sites and via TMDLs. Example publications cover studies to understand major PCB pathways to Lake Washington (2014) and complex databases automating the calculation of bulk deposition rates in the Green River watershed (2013) and contaminant loadings to Lower Duwamish CSO basins (in prep). Richard will serve as data manager. (175 hours)
Sally Abella (University of Washington) has been with King County for over 13 years and currently leads the Freshwater Assessment Program in Science and Technical Support for the Water and Land Resources Division. Previously, she worked as a Research Scientist at the University of Washington, involved for many years in the landmark study of the recovery of the Lake Washington ecosystem after sewage diversion. She was President of the Washington Lakes Protective Association from 2004-2006. Ms. Abella has a BS in geological sciences, and advanced degrees in both zoology and botany. In addition to limnology and water quality monitoring, her fields of specialization include phytoplankton ecology, paleolimnology, and effects of watershed change on lakes. (26 hours)
Deborah Lester (MS, University of Vermont) is the supervisor of the Toxicology and Contaminant Assessment Unit in King County’s Science and Technical Support Section. She has over 30 years of technical experience in the areas of water and sediment quality, risk assessment, ecotoxicology, aquatic ecology and contaminant assessment. She has managed numerous projects addressing contaminant issues related to surface water, sediments, wastewater and stormwater. Deborah will serve as the primary internal reviewer for this project. (81 hours)
Jennifer Adams (BS, University of Washington) is the Water Quality Specialist for the City of Shoreline, with 10 years of experience in freshwater sciences and stormwater systems.  She will serve as logistical support for field sampling and work with the team in review of existing data. (80 hours)
King County Environmental Laboratory (KCEL) has a full-time field staff with decades of experience collecting and analyzing environmental samples. KCEL is a Washington State-accredited laboratory with the capability of analyzing water, sediment and fish tissue for PCB Aroclors and conventional parameters. Lab staff recently performed bulk deposition sampling for Ecology’s current Puget Sound study and stormwater sampling for King County’s SR 520 Bridge runoff study, as well as water monitoring for the county’s NPDES stormwater permit.  For this project KCEL staff will be responsible for decontamination of field equipment, sample collection, conducting toxicity tests and analyzing for all parameters, except PCB congeners. PCB congener analysis is highly specialized analytical work and this will be subcontracted.  King County’s current subcontract for these services is undergoing renewal at this time so the contract laboratory cannot be identified. King County only subcontracts to Ecology accredited laboratories with some of the lowest detection limits achievable.
5. Data management
All data from samples analyzed by KCEL, including historical data from Echo Lake, are stored in the King County Laboratory Information Management System (LIMS) database. All PCB data for this project will be stored in a Microsoft Access database. Historical data for Echo Lake will be presented in a technical memo (2015). Data will be downloaded from the LIMS and the Access databases for data analysis. A final report will present all data analyses and include appendices with raw, validated data (2018). All project deliverables will be posted electronically and distributed among the SWG and permittees, and all project data will be submitted to EIM (2017).


Budget Table
	Categories
	Cost

	Salaries (King County)
	

	Carly Greyell
	$40,327

	Jenée Colton
	$58,492

	Kate Macneale
	$11,421

	Richard Jack
	$13,356

	Sally Abella
	$2,248

	Deborah Lester
	$7,370

	KCEL – Analytical
	$183,020

	KCEL – Field Sciences Unit
	$48,426

	Contractual
	

	City of Shoreline
	$3,381

	Analytical Contract Laboratory (PCBs)
	$52,500

	Data Validation Contractor (PCBs)
	$2,100

	Supplies and Consumables
	

	Capsule Filters
	$5,250

	Pump Tubing
	$400

	Batteries
	$400

	Equipment
	

	Peristaltic Pump Rental
	$3,600

	Flow Meter Rental
	$15,000

	Indirect Costs
	$33,304

	TOTAL
	$480,595



Budget Narrative
The majority of this budget is comprised of King County staff time and KCEL analytical and field services. These King County staff members are accountable for project management, study design, data collection and analysis, as well as the production of all deliverables. 
In order to ensure a robust data set, significant time and resources must be spent on field sampling and laboratory analysis. The sampling design and parameter list have been carefully selected to address the project objectives. The listed equipment and supplies are essential for successful sample collection.
PCBs are the most expensive of the proposed parameters to analyze, but this analysis is necessary to fill an important data gap. Stormwater is a significant source of PCBs to receiving water bodies, and little is known about the effectiveness of LID installations in removing these contaminants. A contract laboratory will be used for this analysis, because KCEL can’t provide this service.
Indirect costs are included at the suggested rate limit of 25% of salary and benefits.
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