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A. Cover Sheet

1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title: 
Bioretention Hydrologic Performance Study (Previously “LID Sizing Study”)
2. Effectiveness study question answered: 
LID Flow and Pollutant Reduction Benefits to Receiving Waters: How are collective installations of stormwater retrofits working to protect receiving waters at receiving waters scale? How can we avoid failures? Need better sizing information to avoid facility by-pass in moderate rainfall events.
3. Local Government:
City of Bellingham
4. Tax ID. Number:
 91-6001229
5. Staff/project manager and contact information:
Bill Reilly, Storm and Surface Water Utility Manager, 360-778-7955, wreilly@cob.org
6. Certification and signature (attached)

B. Abstract
While the storage and infiltration capability of bioretention facilities is generally acknowledged, little data exists to verify the hydrologic performance of these facilities. The expected increase in bioretention facilities due to requirements of NPDES permits necessitates the collection of hydrologic performance data to use in assessing actual facility performances to ensure that new bioretention facilities constructed under the SWMMWW can be built to fulfill expected performances. Meeting expected infiltration and overflow conditions from bioretention facilities ensures downstream and groundwater receiving water hydrology is protected to the extent planned, and ensures water quality treatment is met for the desired treatment volume of runoff events to both streams and groundwater. Saturation levels and durations resulting from the actual performance in bioretention facilities may affect survival, composition, and health of the facility plant community, which may, in turn, have further impacts on infiltration performance. Conducting a performance assessment of bioretention facilities as part of the “adaptive management” process is essential to ensuring increased implementation of effective low impact development (LID) facilities in the Puget Sound Region. The approach of the current research proposal is to conduct inflow and outflow hydrologic monitoring at up to ten qualifying bioretention facilities selected throughout the Puget Sound region. The results of the flow monitoring would then be compared with the expected modeled hydrologic conditions developed for design of the facility. Regional application of the proposal will come from the selection of facilities for study from a wide range of local conditions around the Puget Sound Region (e.g. facility age, infiltration capacity, rainfall distribution, facility size compared to drainage area, plant community composition, state of maintenance, and other design conditions). Based on this range of sampled facilities, lessons drawn from the study will be applicable not only directly to the SWMMWW design process, but also for site-specific conditions that can inform local permittee jurisdictions’ design and maintenance of bioretention facilities. Additionally, the report will provide qualitative analysis on the larger subset of facilities that undergo review for possible inclusion in the study. 


C. Work Plan

1. Purpose of the Project
This project will provide adaptive management feedback from actual hydrologic performance of bioretention facilities and related site conditions that affect hydrologic performance to the SWMMWW design guidelines and to local jurisdiction design engineers. Regional benefits will come from working with WDOE to select and assess multiple sites that represent a wide range in geographic and design conditions. Results of the study will guide improvements to performance of facilities across the Puget Sound.

2. Project Description

1. 
2. 
2.1 Project Objectives
The overall project objective is to compare actual hydrologic performance of constructed bioretention facilities with the expected modeled performance from the original site engineering design. Modeled results using original design data will be compared with field results based on actual rainfall during the site monitoring. Using this comparison, and drawing from additional site data such as local surficial geology, infiltration rates, groundwater fluctuation, actual constructed site conditions, and vegetation density and health, working hypotheses will be proposed for factors leading to the performance observed. These working hypotheses will be heavily referenced to published literature on bioretention performance. 

There are fundamental reasons for assuring the accurate performance of bioretention facilities. If goals for protection of receiving water instream habitat are based on instream hydrologic goals in a basin utilizing LID, the performance of the individual facilities needs to meet their expected performance to ensure success of the combined hydrologic response of all the facilities at the sub-basin scale. As a practical site space issue, expecting that facilities can be accurately sized will support efficient use of space in site design layout, especially for retrofit opportunities where space may be limited by existing structures. 

Overall, accurate hydrologic performance of bioretention facilities must first be met before other related performance goals (protection of downstream receiving waters, pollutant removal) can be fully realized. This research will lead to not only feedback on the design process for more dependable performance, but will also suggest maintenance recommendations for jurisdictions’ to help maintain the hydrologic performance of their facilities.

2.2 Project Activities and Tasks
2.2.1 Project Management
2.2.1.1 Prepare consultant contract scopes and announcements
This task will involve conducting the entire process needed to procure consultant services for the monitoring, modeling, geotechnical, and vegetation assessment tasks.
2.2.1.2 Prepare progress reports and other grant responsibilities
This task will involve completing any grant reporting responsibilities to WDOE.
2.2.1.3 Coordinate communication with WDOE and partner jurisdictions and consultants
This task is to conduct communications with jurisdictions and consultants related to managing their roles in the project, and communications not otherwise budgeted in other tasks.

2.2.2 Prepare Site Selection Criteria and Conduct Selection Process
2.2.2.1 Develop site selection criteria checklist
This task will be to create the site selection criteria checklist in coordination with the WDOE staff, consultants, and participating jurisdiction partners.
2.2.2.2 Communicate selection criteria to partners; help receive and organize candidate sites
This task will involve communicating with the individual partners submitting candidate sites. 
2.2.2.3 Visit candidate sites and conduct selection checklist
2.2.2.4 Score complete list of candidate sites and make selections

2.2.3 Prepare for and Implement Site Monitoring Installation
2.2.3.1 Write common QAPP for all sites and overall project analysis
A single QAPP following WDOE guidelines will be prepared to address the overall QAQC process of site installation and monitoring, and the modeling and analysis process.
2.2.3.2 Install inflow and outflow monitoring stations at ten (10) sites
i. Organize gear logistics for installation visits Conduct installation visits (20 visits)
ii. Organize installation site documentation
iii. Prepare data downloading training material and training for local staff to implement

2.2.4 Conduct Stage Recording Downloading and Data Management
2.2.4.1 Visit sites to download recording devices
Individual sites being monitored will be visited approximately bi-weekly to download stage recorders, piezometers, and rain gages. Frequency will be more often in the wet season than the dry season. Downloading will be accomplished with a mix of municipal and consultant personnel. Municipal employees will be utilized to the extent practicable. 
2.2.4.2 Organize downloaded data and manage data base
Collected data will be copied to computer electronic files for compilation and quality control review.

2.2.5 Gather Additional Site Specific Data from On-site and Engineering Design
The peer reviewed literature suggested one or more factors of constructed bioretention facilities can affect performance. Fundamental criteria affecting performance include the infiltration capacity of the native subgrade sediments, the infiltration capacity of the imported bioretention soil media and any underdrain components, the effects of shallow groundwater inflow or mounding, and the condition of vegetation growing within the facility. 

To gain insights in the comparison of modeled to actual hydrologic performance, the additional site condition sampling will be conducted to inform possible explanations for the level of performance. These additional elements of information and resulting hypotheses about how each site is performing will be important feedback for the SWMMWW and local jurisdictions to use in adapting the design guidance for improved predictability of constructed bioretention facilities. 

The additional site data collected will be further refined during development of the site selection criteria checklist and site selection visits. The original design reports and design plans for sites selected for monitoring will be collected and used for comparison to current conditions as a further way of informing potential hypotheses for how current performance compares to the expected performances.

Final selection of facility data to be collected will be made in further consultation with WDOE.

2.2.5.1 Collect shallow subgrade soil and groundwater conditions
Representative samples of the bioretention soil media, underdrain aggregate (if applicable), and native subgrade sediments will be collected, classified in the field, and retained for additional testing as needed. A hand boring will be performed in the facility bottom and advanced to a depth of 8 to 10 feet or refusal. A detailed record of the observed subsurface soil, geology and groundwater conditions will be made. The soils will be described by visual and textural examination using soil classification in general accordance with ASTM D2488, Standard Recommended Practice for Description of Soils. Hydrogeologic analysis and geologic unit assignment will be conducted to estimate infiltration capacity of the native subgrade sediments.

The bioretention media and native subgrade sediments will be further classified using geotechnical laboratory testing procedures. The bioretention media will be tested for organic matter content using the Loss on Ignition test method (ASTM D2974) to estimate the percent organic matter, and the burned material will then be sieved in accordance with ASTM D422 test procedures. The native subgrade sediments will be sieved in accordance with ASTM D422 test procedures. Hydrometer analyses will only be conducted if the native material is composed of greater than 15 percent (by weight) silt/clay.
2.2.5.2 Measure infiltration rates
To measure surface infiltration rates, two 30-inch ring PITs will be performed in the footprint of each bioretention facility per the guidelines for a Small-Scale Test as described in the 2012 SWMMWW.

2.2.5.3 Install well points to monitor groundwater 
Shallow groundwater conditions are an important site variable. One screened well point would be installed in the foot print of the facility within the soil boring hole to obtain depth-to-groundwater level measurements and provide a long-term groundwater level monitoring station. Additional well points could potentially be installed around the outside of the facility. The well points could be equipped with data loggers and then used to obtain information on groundwater response to storm water inflow and precipitation. This data would be compared to staff-gauge water level data within the facility.
2.2.5.4 Document as-built dimensions, esp. bottom area to side slope area and inlet conditions
As part of the site geotechnical data collection, facility bottom and side slope areas will be measured, and inlet configuration conditions will be visually documented. Further refinement of additional site data to be collected will be done as part of the development of the site selection criteria checklist with WDOE and site selection visits.
2.2.5.5 Characterize vegetation community
Estimates of percent cover and abundance will be made using the Braun-Blanquet cover-abundance scale, as outlined in Mueller-Dombois and Ellenberg (1974). Percent cover by each planted and volunteer tree and shrub species, as well as herbaceous species, will be recorded in each sample plot. Characterization of current plant health and density, including root health, and a comparison to original planting plans will be conducted to deduce possible influences of the plant community on hydrologic performance.

2.2.6 Modeling Comparison Between Actual Performance and Design Model
2.2.6.1 Format collected performance data for site comparison
The collected performance data (both inflow to the site and outflow from the site) will be formatted and input into a site-specific WWHM (Western Washington Hydrology Model) database. This will involve data format conversion to HSPF WDM data format specifications prior to input into the database. After the data are placed in the database, they will be checked for completeness and accuracy.
2.2.6.2 Set up design models 
A separate design model will be created for each individual bioretention site. The design model will include the site-specific facility dimensions, engineered soil mix, native soil infiltration rate, overflow drain height and dimensions. Drainage area characteristics and size will be included in the design models.
2.2.6.3 Compare design model results with actual performance
Each design model will be run for the data collection period to compare the design model results with the actual performance, as measured by the collected data. The inflow and the outflow will be compared. The outflow will be evaluated in terms of the flow through the overflow drain and the underdrain. The design model infiltration rate to the native soil will be compared with the actual infiltration rate. Performance will be evaluated on both an individual storm basis and on a long-term performance basis.
2.2.6.4 Identify results differences 
Following completion of Task 2.2.6.3, the differences in results between the design models and the actual performances will be evaluated. The results differences will be compared to identify any systemic differences due to modeling limitations. Inaccurate model assumptions will be identified and proposed solutions presented.
2.2.6.5 Produce summary comparisons
The results of Task 2.2.6.4 will be compiled in a series of summary comparisons. These summary comparisons will present an overall picture of the accuracy of the design models to represent the hydrologic conditions produced by the bioretention project sites. Recommendations based on the summary comparisons will be presented, as they relate to the design models, the modelers’ assumptions, and the collection of the performance data.

2.2.7 Project Results Reporting
2.2.7.1 Write Draft Report
A draft report summarizing all the procedures, methodologies, results, conclusions, and recommendations will be prepared and distributed for review by WDOE and participating partners.
2.2.7.2 Write Final Report
A final report will be prepared addressing comments received by reviewing parties.

2.3 Project Outcomes

The primary outcome will be identification of the degree of actual hydrologic performance of constructed bioretention facilities compared to their design-expected performance. Unless the original design hydrologic model is available and judged to be accurate, a design hydrologic model for each study site will be constructed, run under the rainfall conditions observed during the monitoring period, and compared to the actual performance. This comparison will identify areas of differences between the actual performance and modeled design performance. 

Additional environmental data collected on infiltration rates, bioretention media, surficial subgrade conditions, groundwater levels, vegetation characteristics and basin characteristics will provide a basis for proposing explanations in the differences or similarities between the modeled and observed hydrologic performances. These interpretations of the hydrologic performance of constructed bioretention facilities in the Puget Sound Basin will form a basis for adaptive management feedback to the SWMMWW and guidance to local permittees for design and maintenance of facilities.

2.4  Project Deliverables

Project deliverables will include a list of candidate sites evaluated; a criteria checklist for project site selection; all hydrologic and other environmental data collected at the sites; hydrologic modeling run files and results generated for comparison of design and actual performance; and a draft and final report summarizing methods, results, findings, and recommendations from the monitoring and modeling. 



2.5 Overall Project Schedule

The project schedule is for a two year period covering approximately one-and-a-half to two wet seasons of flow monitoring (and will include the intervening summer period).
	Date
	Description

	July 31, 2014
	DOE contract signed and work to proceed

	Aug. 31, 2014
	Deliverable: Site evaluation criteria checklist and list of candidate sites to be evaluated from partner jurisdictions

	Sept. 30, 2014
	Deliverable: List of up to 10 selected bioretention sites to be monitored along with preliminary site characterization.

	Oct. 31, 2014
	Completed installation of monitoring equipment at each site. Deliverable: status report of installed sites to be monitored.

	Nov. 1, 2014
	Begin monitoring

	May 31, 2015
	Deliverable: Interim data collection status report, including collected data for all sites

	May 1, 2016
	Discontinue site monitoring

	June 1, 2016
	Deliverable: Final data collection status report and collected data for all sites

	July 31, 2016
	Deliverable: Draft report to WDOE

	August 31, 2016
	Deliverable: Final report to WDOE



3. Detailed Scope of Work
Associated costs for each task are presented in the spreadsheet below and in the budget table in Section D. An overview of each task is provided in Section 2.2. Deliverables are noted above.  
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4. Project Management
4.1 Project team structure and internal controls

The proposed project team includes the City of Bellingham as the lead agency, with William M. Reilly as the overall project manager. As the original author of the proposed project presented here and reviewed through the RSMP research proposal review process, Mr. Bill Taylor will be a partner and co-project manager, and the primary author of the final report. Bellingham's designated financial manager will be Amy Butler. Ms. Butler has 13 years of experience in grant management, much of which relates to DOE grants. Richard Hoover, will be Bellingham's technical lead. Internal controls will be outlined and managed through a scope of work, project schedule, and progress reports from contributing consultants to Mr. Reilly, Mr. Taylor and Ms. Butler, as well as progress reports to WDOE.

4.1.1 Contributing consultants
A number of members of the local scientific consulting community have aided in the development of the approaches for the specific consultant disciplines in modeling, monitoring, geotechnical, and vegetation monitoring tasks. Despite this invaluable information provided, an open and competitive process will be conducted for consultant work on this contract. 

4.1.2 Participating partners
Partners listed here are participants interested in nominating potential candidate monitoring sites for evaluation, and in contributing to the study design. Some of the participants have indicated staff may be available to support downloading of monitoring instruments in their jurisdiction.
1. Todd Hunsdorfer, Kent  thunsdorfer@kentwa.gov
2. Rob Fritz, KCDOT rob.fritz@kingcounty.gov
3. Doug Navetski, KC WLRD doug.navetski@kingcounty.gov
4. Rick Watson, Bellevue rwatson@bellevuewa.gov
5. Fei Tang, Federal Way fei.tang@cityoffederalway.com
6. Mark Palmer, Puyallup  mpalmer@ci.puyallup.wa.us
7. Bruce DuVall, Snohomish County DOT  bruce.duvall@snoco.org
8. Chris May, Kitsap County cmay@co.kitsap.wa.us
9. Brian Landau, Shoreline  blandau@shorelinewa.gov
10. Stacey Rush, Kirkland srush@kirklandwa.gov
11. Jim Bauchmeiyer, Thurston Co. bachmej@co.thurston.wa.us
12. Doug Hutchinson, City of Seattle doug.hutchinson@seattle.gov
13. Heather Kibbey, City of Everett hkibbey@everettwa.gov
14. Andy Haub, City of Olympia ahaub@ci.olympia.wa.us
15. Dana Zlateff, City of Issaquah danaz@issaquahwa.gov
16. Andy Rheaume, City of Redmond ajrheaume@redmond.gov



4.2  Staff Qualifications and Experience
Mr. William Reilly, City of Bellingham Storm and Surface Water Utility Manager.
Mr. Reilly will act as the point of contact with the WDOE and Project Manager for the City of Bellingham. Mr. Reilly has 33 years in Public Works, 24 years of which have been devoted to stormwater management. He spent 5 years as technician/specialist, 6 years as stormwater utility engineer (non-licensed) and 13 years, to date, as the Storm and Surface Water Utility (SSWU) Manager for Bellingham. His duties include oversight of all stormwater programs, NPDES lead, designated floodplain manager, as well as financial oversight for the utility.

Mr. William Taylor, Taylor Aquatic Science and Policy. 
Mr. Taylor will act as a co-project manager with Mr. Reilly. As an aquatic scientist, Mr. Taylor has a MS Degree in Environmental Science and Engineering, and was owner of a twenty person firm for over 25 years specializing in stormwater monitoring. He has been a pro bono participant in the Regional Stormwater Monitoring Program development and Stormwater Work Group for many years, and is the author of the recently completed LID Techniques Effectiveness Literature Review for WDOE. Mr. Taylor is also the primary contributor to the current proposal.
5. Data Management—Describe how the data will be stored, and how they will be shared with the SWG and the permittees.
Data will be stored in multiple forms, starting with original downloaded files from each field downloading occurrence, backup files, and centralized database data sets. The data sets will be shared with the SWG as interim summary results as requested, and fully available as part of the published final report.

D. Budget

1. Budget Table
	Budget Item
	Amount

	Salaries
	

		Bill Reilly, COB PM
	$20,010     Incl.25% OH

		Amy Butler, financial
	$4,900       Incl.25% OH

		Rich Hoover, COB field lead
	$4,691       Incl.25% OH

	Contractual
	

		Taylor Aquatic Science, Co-PM
	$58,080

		Hydrologic Flow Modeling Firm
	$55,500

		Flow Monitoring Firm
	$111,008

		Geotechnical Monitoring Firm
	$75,860

		Vegetation Monitoring Firm
	$54,869

				Labor Total
			$381,032

	Equipment, Supplies, and Travel
	

		Monitoring Equipment
	$50,937   (see detail below)

		Geotechnical Lab Testing and Well Points
	$15,525

		Vegetation Consultant Misc. Expenses
	$100.00

		All mileage
	$10,732

				Expense Total
			$86,153

				Project Total
			$467,186

	Annual budget split:  approximately two thirds in the first year, and one third in the second year.
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2.0 Budget Narrative
The principal costs for implementation in are the purchase of flow monitoring equipment to be installed at each monitored site. These monitoring instruments (and supplemental items) are the components needed to measure inflow, overflow, and rainfall accurately at each of ten bioretention facilities.  The geotechnical laboratory analysis and well installations are needed to evaluate the soil quality and monitor local ground water fluctuation. 
Each of the field monitoring and modeling labor efforts identified in the scope of work are elements expected to contribute to the integrated study analysis and intent of the project.  The procedures and levels of efforts of all of these disciplines have been recommended and estimated by long standing scientific consultants that conduct work in these disciplines.
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Monitoring equipment Unit Unit CostQuantity Total Cost

CR200 Datalogger each 465.00 $   11 5,115.00 $    

CS456 transducer w/ 50'cableeach 764.50 $   27 20,641.50 $ 

Solinst level loggers for wellseach 400.00 $   11 4,400.00 $    

Hyd. Services TB-6 Rain gaugeeach 500.00 $   10 5,000.00 $    

Datalogger enclosure each 150.00 $   10 1,500.00 $    

Datalogger battery each 95.00 $     20 1,900.00 $    

Misc. hardware/pipe LS 100.00 $   10 1,000.00 $    

Thelmar weir each 280.00 $   15 4,200.00 $    

battery charger each 190.00 $   5 950.00 $       

software free - $         5 - $              

Total Equipment sub Costs 44,706.50 $ 

tax 4,247.12 $    

Total Equipment Costs 48,953.62 $ 

Total Mileage Cost 1,683.20 $    

Total equipment rental 300.00 $       

Total Expense 50,936.82 $ 


