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Effectiveness study questions addressed, from Appendix A of Proposals Guidance:
a) How do we best ensure that LIDs are not only properly designed, but also properly constructed/installed?
b) Look for opportunities to measure current condition and monitor receiving water after retrofits are applied. Focus on developed areas. Modeling will be useful.
c) Perform field studies of existing urban retrofitted BMPs in Western Washington to assess effectiveness at pollutant removal.
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Abstract
As semi-volatile contaminants, PCBs are known to volatilize from existing sources like paints, caulks and contaminated soils. They then condense onto particulates or surface films and re-deposit throughout urban watersheds.  Direct deposition and stormwater subsequently convey these PCBs to urban water bodies which contribute to fish consumption advisories for PCBs.  PCB tissue concentrations in Lake Washington fish, for example, are among the highest in the State; there are “do not eat” recommendations for multiple species.  Prior studies have found that stormwater contributes the majority of the total PCB loading to Lake Washington, while direct atmospheric deposition contributes less, but remains an important loading pathway.  Although PCBs are typically considered a legacy contaminant, on-going loadings are partly responsible for fish tissue impairments in 158 different Washington waterbodies, and 14 different fish advisories across Washington State. 
Many jurisdictions in the Puget Sound basin are pursuing LID as a major stormwater management tool. However, it is not known if current LID designs permanently sequester PCBs, or if PCB inputs re-volatilize from these LID structures and potentially recycle within the watershed, eventually contaminating downstream receiving waters.  This $316,756 project will monitor four functioning rain gardens across King and Kitsap counties for one year to describe their ability to sequester PCBs and interrupt atmospheric-stormwater PCB cycling.
[bookmark: _GoBack]C. Work Plan
C-1. Project Purpose
The Stormwater Working Group recently produced a white paper outlining their review of the scientific literature regarding the effectiveness of low impact development (LID) water quality treatment of stormwater (Taylor and CardnoTec 2013). However, no literature was available regarding the effectiveness of LID for addressing the treatment, cycling or removal of polychlorinated biphenyls (PCBs) from stormwater. PCBs were also not addressed in the 2012 Low Impact Development Technical Guidance Manual for Puget Sound (WSU and PSP 2012). While a number of other inorganic and organic contaminants are detected in storm water, their presence has not resulted in widespread, pervasive fish advisories like PCBs have in Budd Inlet, Commencement Bay, Sinclair Inlet, Lake Washington and other Puget Sound receiving waterbodies.
Although PCBs are typically considered a legacy contaminant, on-going loadings are partly responsible for fish tissue impairments in 158 different Washington waterbodies, and 14 different fish advisories across Washington State. We believe this is a particularly important data gap, as PCBs are a pollutant of high concern due to their very low (part per quadrillion, pg/L) water quality criteria. The very low water quality criteria for PCBs is due to their ability to bioaccumulate in upper trophic level organisms such as Chinook Salmon and Orca whales, and results in human health risks through fish consumption. This study will be the first effort at understanding if rain gardens are effective at reducing PCB loadings to Western Washington receiving waters.
PCB are found in 209 different forms, each with slightly different chemical properties, called congeners As semi-volatile contaminants, PCBs volatilize from existing sources like paints, caulks and contaminated soils. Different congeners have varying capacity to condense onto particulates or surface films and re-deposit throughout urban watersheds. Direct deposition, along with indirect deposition and stormwater, conveys PCBs to urban water bodies which contribute to salmon and Orca bioaccumulation, and PCB fish consumption advisories. For instance, PCB tissue concentrations in Lake Washington fish are among the highest in the State and there are “do not eat” recommendations for multiple species.  A recent study determined that stormwater contributes roughly 60% of the total PCB loading to Lake Washington, while direct atmospheric deposition of PCBs contributes 14%; combined they are about three-quarters of the total load (King County 2014).  
Rain gardens are currently being implemented region-wide to address stormwater impacts. However, to date, no information is available to track their effectiveness at permanently removing PCBs and improving receiving water quality across a range of Western Washington land use types from highly urbanized to suburban/rural. Because the properties of PCBs vary by congener, analysis of PCB influent loads to rain gardens, their ability to sequester PCBs in soils, and any loses of PCBs from the rain gardens by re-volitization or overflows will be conducted on a congener by congener basis as well as by the sum of congeners.  This analysis will provide a complete conceptual model of PCB congener behavior and their mass balance in Western Washington Rain gardens.  Combined, the conceptual model and mass balance will describe the effectiveness of Western Washington rain gardens at reducing PCB loadings to receiving water bodies.
Through the participation of multiple partners and the spatial distribution of study sites throughout the Puget Sound basin, results and reports will be regionally applicable.  The project will inform the Western Washington Stormwater Design Manual and the Rain Garden Design Manual to ensure that they continue to encourage state of the art technology and utilize best available science. These guidance documents are heavily utilized by permit writers and municipal stormwater managers; ensuring that LID, and rain gardens in particular, are addressing the stormwater pollutant of highest public health concern is important to demonstrate the utility and efficacy of LID retrofits.

C-2.1 Project Objective
This study will evaluate PCB sequestration in Western Washington, Central Puget Sound rain gardens; potential study sites are tentatively planned in the Cities of Kirkland, Seattle, Redmond, and in unincorporated Kitsap County. Project partners will include: Stewardship Partners, City of Kirkland, City of Redmond, and the Kitsap Conversation District. Specific study locations will be determined, in part, based on funding timelines since site conditions may change before sampling will commence. 
Influent, effluent, and soil at four established (2+ year old) rain gardens within the Western Washington Central Puget Sound region will be sampled for analysis of PCB congeners; the total suspended solids (TSS) of stormwater influent and total organic carbon (TOC) of soils will also be analyzed. Hydrologic and site specific rainfall data will also be collected.  PCB degradation in soils is minimal due to the approximately seven year half-life of PCBs in soils.  However, soil degradation rates will be estimated using published literature.   The influent, effluent and soils data will be combined with the chemical properties of each congener, hydrologic information, estimates of degradation, and site-specific rainfall data to develop a conceptual site model of PCB behavior and sequestration in rain gardens.
Project data and analysis will directly contribute towards future revisions to the stormwater design manual, rain garden design guidance manual, and ensure that they are based on best available science and understanding of legacy pollutant behavior in the environment.
These data and site conceptual model will address three effectiveness monitoring study questions:
1) “How do we best ensure that LIDs are not only properly designed, but also properly constructed/installed?”
2) “Look for opportunities to measure current conditions and monitor receiving water after retrofits are applied. Focus on developed areas. Modeling will be useful.”
3) “Perform field studies of existing urban retrofitted BMPs in Western Washington to assess effectiveness at pollutant removal.”

C-2.2 Project Activities and Tasks
The five project specific tasks are outlined below, project management is task six.  Additional details are provided below in Section 2.5
Task 1: Planning
A) Develop draft Quality Assurance Project Plan (QAPP)
a. Site selection and development of access agreements as necessary
B) Develop rental agreements for necessary sampling equipment
a. 4 Autosamplers
b. 4 Flow meters
c. 4 Recording rain gauges
d. 4 Locking boxes to secure autosamplers and disposable supplies
C) Finalize QAPP
Task 2: Water and soil sampling and analysis
A) 24 influent PCB congener samples; along with TSS
B) Up to 8 effluent PCB congener samples
C) 48 PCB congener soil samples; along with TOC
D) Site specific rain-fall monitoring for an entire year
Task 3: Data compilation, validation and field report
A) Independent third party data validation of PCB congener data
B) Compile PCB congener data into database
C) Statistical analysis of results and field report
Task 4: Conceptual site model, mass balance and final reporting
Task 5: Outreach and Communication
A) Develop project website
B) Public outreach of study results to landowners, landscape designers, master gardeners and the general public 
Task 6: Project Management
A) Including budget tracking, subcontracts, team oversight, and equipment rentals
C-2.3 Project Outcomes
At the conclusion of this 30 month project, the conceptual site model, along with estimated mass balances will be used to describe the effectiveness of rain gardens at sequestering PCBs from stormwater and the fate of these contaminants. Longer-term, the conceptual site model and understanding of PCB behavior in rain gardens will ensure that the stormwater design manual, rain garden design manual and other Ecology and regional guidelines and requirements for rain garden construction consider PCB fate and removal. Public outreach and communication with landscape designers, master gardeners and other landscape professionals will help to disseminate project findings and broaden community understanding of PCBs in the environment. This project will ultimately help reduce PCB stormwater loadings to local waterbodies.  It will thereby address the widespread ecological impacts to keystone Puget Sound species such as Chinook salmon and Orca whales as well as the fish consumption advisories for PCBs throughout Western Washington.
C-2.4 Project Deliverables
This 27 month project has six principle deliverables; they are listed below by task:
Task 1: Planning
1) Approved final QAPP
Task 2: Water and soil sampling and analysis
Task 3: Data compilation, validation and field report
2) Field Data report 
Task 4: Conceptual site model, mass balance and final reporting
3) Final report
Task 5: Outreach and Communication
4) Project website
5) At least four public presentations of study results and conclusions
6) One presentation to permittees
Task 6: Project Management
C-2.5 Overall project schedule
The project will commence upon development of a suitable interagency funding agreement.  Assuming the agreement is in place by September of 2014, the following schedule would be adhered to.  The total project duration is approximately 27 months.
Task 1: Planning, Late summer 2014
Task 2: Water and soil sampling and analysis, fall 2014 - late summer 2015
Task 3: Data compilation, validation and field report, winter 2015 – spring 2016
Task 4: Conceptual site model, mass balance and final reporting, summer 2016
Task 5: Outreach and Communication, fall 2015 – estimated project end date, January 2017
Task 6: Project Management, throughout.
C-3.0 Detailed scope of work and schedule of tasks and deliverables
This 27 month field study of PCB behavior and sequestration in rain gardens has five key tasks.  These tasks are described below and a total task cost is provided.  Cost for each overall task is provided below.
Task 1, Planning:
The first task is to develop a Quality Assurance Project Plan (QAPP) which will expand on key literature relevant to PCB behavior in rain gardens and similar soils to develop a draft conceptual site model of PCB behavior in rain gardens. The QAPP will describe the final site selection process and the locations of study sites. It will further document the sampling techniques to be employed by the project and analytical methods to be used. This documentation will include relevant quality assurance and quality control metrics to ensure that project data are of known accuracy, precision and bias.  A draft QAPP will be submitted to Ecology and study partners for review and approval. During QAPP development, necessary equipment and supplies will be rented by the lab. The laboratory currently has autosamplers and flow meters, however there is not enough of this specialized equipment to conduct other on-going King County work and collect samples for this project. Therefore additional autosamplers, flow meters, and rain gauges will be required and during QAPP development the King County Environmental Laboratory will develop equipment rental contracts and purchase consumable supplies. Following incorporation of comments, the QAPP will be finalized and sampling will commence. Task 1 
Labor costs: $30,163 
Equipment rental and supplies: $50,000
Contractor costs: $750
Task Total: $80,163
Project Deliverable: draft and final QAPP

Task 2, Water and soil sampling:
The second project task is to collect water and soil samples from four existing, established rain gardens for a full year. Rainfall will be measured concurrently with these sampling efforts.  At each of the four study rain gardens a recording rain gauge will be installed to document local storm event and annual precipitation. Then five flow proportioned influent samples will be collected throughout the October to March rainy season.  One additional flow proportioned influent sample will be collected during the April to September dry season for a total of six stormwater influent samples per rain garden. During larger storm events, up to two overflow effluent samples will be collected from each facility.  These latter samples will be grab samples. Thus a total of 24 rain garden stormwater influent samples and 8 stormwater effluent samples will be collected for the four study gardens.
Soil sampling will be conducted to document any accumulation of PCBs in rain garden soils.  Three composite soil samples will be collected from each rain garden each calendar quarter (Approximately February, May, August, and November).  Soil samples will be collected from the top 12 inches of rain garden soils using a 3cm diameter hand push auger.
Water and soils will be analyzed for PCB congeners by a contract laboratory using EPA method 1668C, the method with the lowest levels of detection and highest precision available. Stromwater influents and effluents will be analyzed by KCEL for total suspended solids (TSS) to document potential sedimentation influences on rain garden PCB soil concentrations. Rain garden soils will also be analyzed for total organic carbon (TOC) to assist in understanding sequestration and to document changes in soil concentrations due to plant growth.
Labor costs: $41,872
KCEL analytical costs: $10,080
Contract lab analytical costs: $83,000
Task Total: $134,952
Project Deliverable: none

Task 3, Data compilation, validation, and field report:
This task begins with external data validation of all PCB congener data to ensure they meet all method specifications and project requirements outlined in the QAPP.  Validated data will then be compiled into a project specific database for summation and relevant statistical analysis.  This will culminate in a field data report describing the project’s planned sampling, any deviations from the plan, and data tables and summary statistics of the data.
Labor cost: $26,499
Validation contract cost: $2,800
Task Total: $29,299
Project Deliverable: Field Data Report

Task 4, Conceptual site model, mass balance, and final report
Following completion of the field data report, the analytical data will be combined with flow data, hydrologic design information, and rainfall data to develop estimates of rain garden influent and effluent loadings.  Soils data combined with temperature and literature estimates of degradation rates will be used to describe the sequestered mass of PCBs.  Combined these data will provide a mass balance of PCBs in the four study rain gardens.  Losses due to re-volatization of PCBs from the rain garden to the atmosphere will be described and estimated in the mass balances. The mass balances and their variability will be used to update the conceptual site model and characterize the PCB removal efficacy of rain gardens both on a storm event basis and on an annual basis.
Labor cost: $42,525
Project deliverable: Final Report

Task 5, Outreach and Communication
Task five will begin after the development of a final QAPP.  This will include development of a project website to assist in public communication about PCBs as a bioaccumulative toxic contaminant in stormwater and efforts to understand the utility and efficacy of treating stormwater with rain gardens. After the conceptual model is updated with the Western Washington specific mass balances, this information will be refined into suitable public outreach messages and the website updated.
In addition to the project website, public outreach of study results and conclusions will be conducted to landscape designers, master gardeners and other landscape professionals implementing rain gardens in Western Washington. At least four of these sessions are tentatively planned for Pierce, King, Snohomish, and Kitsap Counties. The permittees will be informed of the project’s findings through at least one detailed presentation of the study design, results, and conclusions.
Labor cost: $4,980
Contract cost: $11,750
Task Total: $16,730
Project deliverable: Initial project website and final project website with appropriate outreach materials. Four public presentations of project conclusions and at least one additional presentation to permittees.

Task 6, Project Management
This task is associated with King County project billing, sub-contract development and sub-contractor payment.
Labor cost: $12,087

C-4 Project Management
For this project, Richard Jack will serve as overall project manager and lead report author. 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 interlocal 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.
C-4.1Team structure
Richard Jack will serve as the Project Manager and be responsible for study execution and report deliverables manage contracts, budget management.  In addition, several partners have been identified who will contribute field sites and also provide guidance on rain garden as-built designs and contributing surface areas to ensure comparability and overall study design as needed.  Partners include:

	Kitsap Conservation District
Teresa Brooks, M.S.
Rain Garden Program Manager
t-brooks@conservewa.net
360-337-7171 Ext 24
	Stewardship Partners
Aaron Clark, Ph.d.
12,000 Rain Gardens Program Manager
ac@stewardshippartners.org
206-292-9875

	City of Kirkland
Jenny Gaus, M.S.
Surface Water Engineering Supervisor
JGaus@ci.kirkland.wa.us
(425) 587-3850
	City of Redmond
Andy Rheaume
Senior Watershed Planner
ajrheaume@redmond.gov
425-556-2741



Stewardship Partners will also be responsible for public and community outreach and developing a project website to help disseminate key project findings and results. The PCB analysis will be conducted by a Department of Ecology accredited laboratory subject to King County contracting and bidding requirements. Similarly, third party data validation will be conducted by a contractor specializing in this type of data review. This contract will also subject to King County procurement and bid requirements.
Minority and Women’s Business participation
While no known M/WBE partners are available, they will be solicited for contract laboratory analysis, data validation and any contracted field sampling.  Additionally, at least one study site will be located in a low income and/or minority community in an effort to enhance science outreach, education and King County’s overall environmental and social justice initiatives. 
C-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.
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 a watershed human health risk assessment, an endocrine disruptor survey in WRIA 8 and studies to understand major PCB pathways to Lake Washington (King County 2009, King County 2007, and King County 2014).  Richard will serve as project manager and lead report author.  He would be assigned to the project approximately 1/4th FTE.
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 experienced in data compilation, graphics, and statistical support. Carly will be responsible for data compilation, graphics, and statistical analysis. She would be assigned to the project approximately 1/5th FTE.
Deb 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. Deb will serve as the primary internal reviewer for this project and would be assigned for approximately 80 hours of review and contract support.
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 (Brandenberger et al. 2009) and stormwater sampling for King County’s SR 520 Bridge runoff study (King County 2006), 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 and sample collection. 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 subcontacts to Ecology accredited laboratories with some of the lowest detection limits achievable.
C-5 Data Management
Data will be maintained in an Access database during the project.  At the conclusion of the project all data with validation qualifiers for appropriate use will be uploaded to Ecology’s EIM database for permanent storage.  The data report for this project and the final loadings and mass balance report with conclusions will be made available to all permittees via King County’s website, as well as Ecology and the WSU stormwater research facility in Puyallup.
D-1 Budget
Salaries for individual project staff are detailed below in Table 1 along with anticipated contract costs, equipment and supply costs, as well as indirect overhead costs. Table 2 presents the budget by NPDES stormwater permit year.

Table 1. Budget Table by Category
	Category
	Costs

	King County Staff Salaries
	

	Richard Jack
	$68,666 

	Carly Greyell
	$18,747 

	Debra Lester
	$7,648 

	King County Environmental Lab
	$50,380

	Contracts
	

	Stewardship Partners
	$11,750

	Analytical contract laboratory
	$83,000

	Data Validation contractor
	$2,800

	Supplies and consumables
	

	Autosampler batteries and tubing
	$1,000

	Equipment
	

	Rental of four autosamplers
	$19,000

	Rental of four flow meters
	$20,000

	Rental of four recording, telemetered rain gauges
	$8,000

	Rental of four security sheds for autosamplers
	$2,000

	Indirect costs
	$23,765 

	Total
	$316,756 



Table 2. Budget Table by NPDES permit year
	August 2014 – July 2015
	August 2015 – July 2016
	August 2016 – July 2017

	$226,376
	$75,106
	$15,274



D-2 Budget Narrative
Each element of the overall project is critical to its full development and success.  Staff salaries are necessary to develop the QAPP and site appropriate locations in cooperation with our regional and non-profit partners.  The analytical contract lab is critical for specialized PCB congener analysis and the contract data validator will ensure only the highest quality PCB congener data is incorporated into the project and its conclusions.
Stewardship partners is a non-profit specifically organized to promote rain gardens in Western Washington and using their expertise in community outreach and website portal are both key to disseminating the project plan and results to a broad community audience.
Equipment and consumable supplies such as Teflon tubing and autosampler batteries are necessary purchases because new tubing is required for low level PCB sampling while new batteries enhance autosampler reliability. King County Environmental Lab has autosamplers and flow meters, other sampling required for the Lower Duwamish Superfund site source control and other stormwater sampling efforts typically use this equipment every year. To add this project to the King County Environmental lab’s existing workload will require additional sampling equipment which will be rented.  Matched rented sampling equipment will also enhance autosampler-flow meter communication and result in more efficient use of staff resources with fewer missed storm events due to equipment issues.
Overall the collection of high quality PCB data and staff science and outreach expertise will contribute to the regional understanding PCBs in Western Washington stormwater. Each component is important to develop a robust understanding of the efficacy of rain gardens at interrupting the cycling of PCBs between sources, the atmosphere, soils and waters in the urban environment.
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