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6th Avenue SW LID Retrofit Project 
Preliminary Pre-Engineering Design Report  
February 2015 
 
Basin Study:   Miller-Walker Basin Stormwater Retrofit Planning Study 
Site Name:  6th Avenue SW from SW 146th Street to SW 153rd Street   
Site Location:  Burien, Washington 
Site Number:   B-20 (for reference in Implementation Plan Report) 
Basin Partners:   King County; Cities of Burien, Normandy Park, and SeaTac; the Port of 

Seattle; and the Washington State Department of Transportation 

Background 
In 2013 and 2014, King County Water and Land Resources Division (WLRD) and HDR 
conducted a Stormwater Retrofit Planning Study for the Miller and Walker Creek Basins in 
southwest King County.  The drainage basins are collectively referred to as the Miller-Walker 
Creek basin, which falls within the jurisdictions of the Cities of Burien, SeaTac, and Normandy 
Park; the Port of Seattle; the Washington Department of Transportation (WSDOT); and 
Unincorporated King County, referred to as Basin Partners.   

The goal of the study was to identify and prioritize retrofit projects that would improve the water 
quality and flow conditions in the creeks through implementing Low Impact Development (LID) 
and conventional treatment practices.  As part of the study, preliminary pre-engineering design 
plans and reports (similar to this one) were developed for the four highest priority projects to 
provide technical information to be included in future grant funding applications by the Basin 
Partners.   

The stormwater retrofit improvements proposed by this project include constructing bioretention 
curb bulb-outs along 6th Avenue SW between SW 146th Street and SW 150th Street in 
downtown Burien.  This project will replace the existing impervious parking strips with 
permeable concrete or pavers, construct a permeable sidewalk on the west side 6th Avenue 
SW between SW 146th Street and SW 148th Street, and construct two bioretention cells in the 
parking lot west of 6th Avenue SW between SW 150th Street and SW 151st Street.  A more 
detailed description of the proposed improvements is provided in the section for the Water 
Quality and Public Health Improvements Form below.    

Purpose 
This preliminary pre-engineering design report was developed based on grant requirements and 
guidance provided in Ecology’s Funding Guidelines for State Fiscal Year 2016 (Ecology 2014a) 
document.  The purpose of the report is to provide preliminary pre-engineering design plans and 
documentation to assist the basin partners with completing those future grant applications. 
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The grant application consists of eight forms: 1) Scope of Work; 2) Task Costs General; 3) 
Water Quality and Public Health Improvements; 4) Coordination with State and Federal 
Priorities; 5) Project Team; 6) Project Development, Local Support, and Past Performance; 7) 
Readiness to Proceed; and 8) Financial Hardship.  This preliminary pre-engineering design 
report provides technical information to assist the City of Burien with completing five of the eight 
forms, including Task Costs General; Water Quality and Public Health Improvements; 
Coordination with State and Federal Priorities; Project Team; and Project Development, Local 
Support, and Past Performance.  The following sections provide a brief summary of the 
objective for each form and the information to be input into the form by the applicant.    

Task Cost General Form 
Objective of the Form:  Provide a cost estimate that is reasonable for the level of design that 
represents a good value for the work and water quality benefits achieved.   

Information for Input into the Form:  A planning-level design and construction cost estimate 
was developed for the proposed improvements based on bid tabulations and HDR’s experience 
on recently constructed projects in the area.  Table 1 provides a high-level summary of the 
preliminary planning-level construction, engineering, contingencies, and administrative costs 
estimated for the project.  A detailed breakdown of the preliminary planning-level construction 
costs is included in Attachment A. 

Table 1   Planning-Level Project Cost Summary 

Cost Type Cost 

Preliminary Planning-Level Construction Cost  $931,186 

Construction Engineering a $186,237 

Engineering Services During Construction b $46,559 

Contingencies c $465,593 

City Administrative Costs  $5,000 

Total Preliminary Planning-Level Project Cost $1,634,575 

Notes: 
a)  Construction Engineering includes project management and preparation of final plans, specifications, and 

estimates. 
b)  Engineering Services during Construction includes time and expenses for the project manager, lead civil, lead 

landscape architect, and hydrogeologist to attend construction meetings, prepare responses to contractor and 
design changes if needed, and observe excavation and placement of materials as directed in the plans. 

c)  Contingencies estimated as 50% of the Preliminary Planning-Level Construction Cost. 
 

The cost-benefit of the project was evaluated by comparing the Net Present Value (NPV) of the 
long-term annual project costs to the amount of pollutants removed or stormwater reduced by 
the project.  The Water Environment Research Foundation (WERF) BMP and LID Whole Life 
Cost Model (WERF 2009) was used to estimate the NPV costs based on planning-level 
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construction and construction engineering costs from Table 1 and assumptions regarding 
regular and corrective maintenance based on an assumed 40-year project design life. 

The total capital cost of the facility, would be $1,163,982, which includes the total planning-level 
construction cost, construction engineering, and engineering services during construction from 
Table 1.   The routine maintenance activities assumed an annual cost of $4,875, which includes 
activities such as facility inspection, litter and minor debris removal, and permeable pavement 
vacuum sweeping.  The corrective and infrequent maintenance activities assumed an annual 
cost $2,755, which included activities such as intermittent facility maintenance and removal and 
replacement of approximately 10% of the pavement surface over time.  Based on these 
assumptions, the annual NPV cost over a 20-year period is estimated to be $1,223,789.96.  
Evenly distributing that cost out over the assumed 40-year design life of the project would 
equate to an annual cost of $30,594.75.    

The cost-benefit values in Table 2 were calculated by dividing the NPV annual project cost by 
the expected annual amount of total suspended solids (TSS) removed, volume of stormwater 
treated, and area treated by the project.  A more detailed discussion of the methods, 
assumptions, and results for calculating the pollutant removal rates is provided in the section for 
the Water Quality and Public Health Improvements Form below. 

Table 2   Cost-Benefits for Pollutant Load Reduction 

Cost-Benefit Values Units 
Cost per Unit Pollutant 

Removal 

Cost of Total Suspended Solids Removed $/Pound/year $45.49 

Cost of Area Treated $/Acre/year $10,033.48 

Cost of Stormwater Volume Treated  $/Gallon/year $0.01 

 

Water Quality and Public Health Improvements Form 
Objective of the Form:  Describe the water quality problem and how the project will achieve 
substantial water quality and public health benefits.  Explain how the project success will be 
measured and the systems that will be in place to sustain the benefits after support has ended. 

Information for Input into the Form: 

Water Quality Problem Description 

Miller Creek is a natural coho salmon-bearing creek that crosses through a highly urbanized 
area and ultimately discharges to the Puget Sound.  Due to the amount of untreated and 
unmitigated stormwater runoff draining from the creek basin, the health of the creek is greatly 
degraded.  The degradation of the water quality has been linked to the elevated levels of 
pollutants (zinc, copper, fecal coliform) and high peak flow rates.  Past studies in 2000 and 2004 
found that the Benthic Index of Biotic Integrity (BIBI) score of the creek ranged from 12 to 14, 
which correspond to “very poor” conditions for supporting aquatic habitat (King County 2006).  
In addition, the increased peak flow rates are the result of existing vegetation being converted to 
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impervious or less pervious surfaces, which has caused local flooding and erosion along the 
banks of the creek.  Degraded water quality has been directly linked to the high coho pre-spawn 
mortality, and in Miller Creek, coho have experienced 50 to 90 percent pre-spawn mortality in 
recent years (King County 2014).   

The proposed project improvements will be installed on 6th Avenue SW between SW 146th 
Street and SW 153rd Street in Burien, Washington.  The vicinity map in Figure 1 shows the 
general location of the project.   

 
Figure 1   Vicinity Map 

 
The project will manage stormwater runoff from approximately 3.049 acres, which includes 
approximately 2.933 acres impervious areas, and approximately 0.116 acres of pervious area 
(lawn and landscaping).   The impervious area includes approximately 1.286 acres of roadway, 
1.235 acres of parking, 0.183 acres of sidewalk, and 0.230 acres of roof.  The stormwater runoff 
from these areas currently discharges untreated to the drainage system in 6th Avenue SW, 
which flows to the regional Ambaum Regional Detention facility located on the east side of 1st 
Avenue South between SW 160th Street and SW 164th Street.   

The Ambaum Regional Detention facility provides less than 9 acre-feet of volume for managing 
stormwater runoff, which is far less than the estimated 73.5 acre-feet of storage needed to 
mitigate the stormwater runoff from the tributary area (subbasin M11) (MGS 2014a).  By 
providing water quality and flow control upstream of this facility, this project will help increase 
the amount of  storage in the subbasin and will contribute to incrementally achieving the target 
goal. 

Proposed Improvements 

The proposed LID Best Management Practices (BMPs) will improve water quality and reduce 
the volume and peak stormwater runoff discharge rates leaving the project tributary area.  The 

Project Area 
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proposed BMPs include constructing roadside and parking lot bioretention, replacing existing 
impervious parking areas with a permeable surface, and constructing a permeable sidewalk.  
The following bulleted section provides a more detailed description of the improvements: 

 Construct curb bulb-out bioretention (approximately 1,000 square feet of bottom area) along 
the east and west side of 6th Avenue SW between SW 146th Street and SW 153rd Street.  
The bioretention will manage stormwater runoff from approximately 0.477 acres tributary 
roadway area.   

 Construct two bioretention cells (approximate 875 square feet of bottom area) in the parking 
lot east of the Post Office between SW 150th Street and SW 151st Street.  Preliminary 
modeling using WWHM2012 indicates that the bioretention will provide enhanced water 
quality treatment and flow control for approximately 1.019 acres (approximately 85 percent) 
of the 1.190-acre area tributary to the facility, thus requiring a flow splitter.  The flow splitter 
will be sized during later stages of design to divert the proper amount of stormwater runoff to 
the bioretention and allow the excess flow to drain to the existing drainage system, as 
occurs in the existing condition. 

 Construct permeable sidewalk (approximately 2,728 square feet) on the west side of 6th 
Avenue SW between SW 146th Street and SW 148th Street and replace the existing 
impervious parking strip areas (approximately 0.416 acres) with permeable pavement or 
pavers along the east and west side of 6th Avenue SW between SW 146th Street and SW 
153rd Street.  The proposed permeable sidewalk and parking strips will manage 
approximately 1.381 acres of tributary sidewalk and roadway area. 

Figures 2 and 3 provide a schematic layout, project summary, existing condition photographs, 
and example photographs of typical BMP concepts. Attachment B provides preliminary pre-
engineering plans developed to support preliminary cost estimating and final engineering 
design.   
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Figure 2  Proposed Project Improvements  
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Figure 3  Proposed Project Improvements  
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Water Quality and Public Health Benefits 

Table 3 summarizes the event mean concentrations (EMCs) of typical pollutants found in 
untreated stormwater runoff from developed sites in residential areas.  

Table 3   Event Mean Concentrations (EMC) of Pollutants in Stormwater Runoff a 

Pollutant Units Typical Pollutant EMC 
for Residential Sites    

Suspended Solids, Total mg/L 48 
Fecal Coliform MPN/100 mL 7,750 
Copper, Total µg/L 12 
Zinc, Total µg/L 73 
Phosphorus, Total mg/L 0.3 
Nitrogen, Total mg/L 1.4 

Notes: 
   µg    Micrograms  
   MPN Most Probable Number 
   mg Milligrams 
   a) Source: Draft Western Washington Phase II Municipal Permit Fact Sheet, November 4, 2011  
              (Ecology 2011).   
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The selected stormwater BMPs will promote infiltration and provide enhanced water quality 
treatment to substantially reduce the pollutant loading of the stormwater discharging from the 
site.  The BMPs provide several treatment mechanisms, including sedimentation, filtration, soil 
adsorption, biological uptake by plants, microbial transformation of nutrients, and stormwater 
runoff volume reduction.  Table 4 summarizes pollutant removal efficiencies for each BMP, 
based on monitoring data provided in the International Stormwater BMP Database (Geosyntec 
and Wright Water Engineers 2012) and published values used in King County’s Stormwater 
Retrofit Analysis and Recommendations for Juanita Creek Basin in the Lake Washington 
Watershed Creek (King County 2012).   

Table 4   Summary of Pollutant Removal Efficiencies by BMP a 

  Bioretention Permeable Pavement 

 Pollutant Units In Out Removal In Out Removal
Total Suspended 
Solids 

mg/L 
37.5 8.3 78% 65.3 13.2 80% 

Fecal Coliforms b 
MPN/100 

mL 
N/A N/A 0% N/A N/A 0% 

Total Copper µg/L 17 7.67 55% 13.07 7.83 40% 

Total Zinc µg/L 73.8 18.3 75% 57.6 15 74% 

Total Phosphorus mg/L 0.11 0.09 18% 0.15 0.09 40% 

Total Nitrogen mg/L 1.25 0.9 28% 1.26 1.49 -18% 
Notes: 

 mg/L Milligrams per liter 
 µg/L Micrograms per liter 
 MPN Most Probable Number 
 N/A Not Available 
 a) Concentrations and removal efficiencies for Total Suspended Solids, Total Copper, Total Zinc, Total 

Phosphorus, and Total Nitrogen based on median (95% confidence interval) values reported in the 2012 
International Stormwater Best Management Practice Database (Geosyntec and Wright Water Engineers 
2012). 

 b) Concentrations and removal efficiencies for Fecal Coliforms were not available in either the 2012 
International Stormwater Best Management Practice Database (Geosyntec and Wright Water Engineers 
2012) or the Stormwater Retrofit Analysis and Recommendations for Juanita Creek Basin (King County 
2012).  Therefore removal of Fecal Coliforms was assumed to be 0% for this analysis. 

. 
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Table 5 summarizes the estimated average annual pollutant load reduction expected from the 
combination of the proposed permeable pavement and bioretention facilities.   

Table 5   Estimated Average Annual Pollutant Loading  

Pollutant Units 

Average 
Annual 

Pollutant 
Loading for 

Existing 
Conditions a

Average 
Annual 

Pollutant Load 
Reduction for 

Proposed 
Conditions b 

Pollutant 
Load 

Reduction c 

Suspended Solids, Total Pounds/year 924 672 72.8% 

Fecal Coliform MPN in 
millions/year 

787,694 0 0% 

Copper, Total d Pounds/year 0.23 0.10 43.5% 

Zinc, Total Pounds/year 1.41 0.97 68.8% 

Phosphorus, Total d Pounds/year 5.78 1.58 27.3% 

Nitrogen, Total Pounds/year 26.96 0.94 3.5% 

Total Volume of 
Stormwater Treated e 

Million 
Gallons/year 

2.00 1.82 91.0% 

Notes: 
   MPN Most Probable Number 
   N/A  Not Applicable 
a) Average Annual Pollutant Loading for Existing Conditions calculated by multiplying the modeled average annual 

runoff volume developed using the WWHM2012 by the typical pollutant EMC values provided in Table 3. 
b) Average Annual Pollutant Load Reduction for Proposed Conditions calculated by multiplying the Average Annual 

Pollutant Loading for Existing Conditions by the BMP pollutant removal efficiency provided in Table 4. 
c) Pollutant Load Reduction calculated by dividing the Average Annual Pollutant Loading for Existing Conditions by 

the Average Annual Pollutant Loading Reduction for Proposed Conditions. 
d) Average Annual Pollutant Load Reduction for Proposed Conditions for both Copper and Phosphorus are based on 

the removal rates provide by the International Stormwater Database, which are not consistent with local testing 
data based on Ecology’s current specification for bioretention soil mix (BSM).  Ecology’s research shows that BSM 
meeting their current specifications exports both copper and phosphorus.  Therefore, Ecology is in the process of 
updating the BSM specification.  The pollutant load reductions should be recalculated when the performance data 
for the new BSM becomes available.  

e) Total Volume of Stormwater Treated calculated by multiplying the area tributary to a BMP by the average annual 
runoff volume for a representative one acre area. 
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Appendix N of Ecology’s Funding Guidelines, State Fiscal Year 2016, Water Quality Financial 
Assistance document outlines procedures for calculating Runoff Treatment Ratios and Flow 
Control Ratios to provide quantitative comparison of the amount of runoff treatment and flow 
control provided by the proposed retrofits versus the amount that would be required were the 
project subject to new or redevelopment standards.  Table 6 provides a summary of the 
calculated ratios and WWHM2012 BMP modeling results are included in Attachment C. 

Table 6   Runoff Treatment and Flow Control Ratios   

BMP 

Type 
of 

Ratio a 

Required 
Facility 

Bottom Area b

(SF) 

Provided 
Facility 
Bottom 
Area c 

(SF) Ratio d 

Area 
Tributary 
to BMP 
(Acres) 

Effective 
New/ 

Replaced 
Area 

(Acres) e 

Bioretention 
WT-2 1,245 1,875 100% f 1.668 1.668 

FC-2 1,195 1,875 100% f 1.668 1.668 

Permeable 
Pavement 

FC-2 3,500 20,842 100% f 1.381 1.381 

Notes: 
a)  Type of Ratio refers to the Ecology’s method for quantifying the stormwater benefits for retrofit projects in 

Western Washington, which is defined in Appendix N of the Funding Guidelines for State Fiscal Year 2016 
(Ecology 2014a).  WT-2 refers to the method of calculating the Runoff Treatment Ratio for bioretention facilities.  
FC-2 refers to the method of calculating the Flow Control Ratio for Bioretention/Permeable Pavement. 

b)  Required Facility Bottom Area was estimated using WWHM2012 software to model the conceptual design 
(attachment C) based on the criteria provided in Appendix N of the Funding Guidelines for State Fiscal Year 
2016 (Ecology 2014a) and the 2012 Ecology Stormwater Management Manual for Western Washington for new 
and redevelopment projects.   

c)  Provided Facility Bottom Area based on the preliminary pre-engineering design layout provided in Attachment B. 
d)  Ratio was calculated by dividing the Provided Facility Bottom Area by the Required Facility Bottom Area. 
e)  Effective New/Replaced Area calculated by multiplying the Ratio by the area tributary to the BMP. 
f)   Ratio (FC-2 and WT-2) is limited to 100% because the facility can only treat the amount of stormwater runoff 

tributary to the facility even if the proposed facility provides more bottom area than required.  
 

In addition to the quantifiable estimates of pollutant load reduction benefits, the proposed 
improvements will improve the connectivity between a number of public facilities (i.e., Burien 
Community Center, King County District Courthouse, post office, and the downtown core).  The 
project will also provide educational opportunities and neighborhood enhancement that will 
benefit the surrounding community.    

Measuring Success 

The Miller-Walker Creek Basin Partners currently monitor water quality, flow rates, and 
biological health of the creek on an on-going basis, as required by the Washington State Water 
Quality Standards (WAC 173-201A) (King County 2013).  The monitoring program measures 
the dissolved oxygen (DO), pH, temperature, and turbidity in the creek; calculates the average 
BIBI score; and monitors the pre-spawn mortality rate of the coho salmon.  By removing 
pollutants and reducing peak flow rates and volumes discharging to the creek, the project will 
contribute to the basin-wide goal to improve the water quality and flow conditions in the creek.  
See Table 5 for estimated pollutant load reductions.   
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The success of the project will be assessed based on the improved biological conditions of the 
creeks, which will be measured by the rate of coho pre-spawn mortality, BIBI scores, and flow 
rates in the creeks. 

Long-Term Maintenance  

The City of Burien Public Works Department will be responsible for long-term operation and 
maintenance of the proposed improvements.  Operation and maintenance guidelines for 
bioretention and permeable pavement, based on the Western Washington Low Impacted 
Development (LID) Operations and Maintenance Guidance document (Ecology 2013), are 
provided in Attachment D.   

Coordination with State and Federal Priorities Form  
Objective of the Form:  Discuss the degree to which the project addresses a current permit 
requirement or TMDL implementation, other state or federal water quality requirements, the 
Puget Sound Partnership Action Agenda, and/or greenhouse emission reductions in accordance 
with RCW 70.235.070. 

Information for Input into the Form: 

This project was identified as one of the top priority projects in the Miller-Walker Basin Retrofit 
Planning Study, conducted by HDR under contract with WLRD.  The primary goal of the study 
was to identify feasible retrofit projects and prioritize the best projects that will most cost-
effectively improve water quality and protect and restore habitat in the creeks.   

This goal directly aligns with the Puget Sound Partnership’s 2014/2015 Action Agenda, which 
prioritizes preventing pollution from urban stormwater runoff and protecting and restoring 
salmon habitat in creeks that flow to Puget Sound. 

The improvements will be designed in accordance with the stormwater manual adopted by the 
City at the time of design, which is expected to be the 2012 Stormwater Management Manual 
for Western Washington as amended in December 2014 (Ecology 2014b) or an Ecology-
approved equivalent manual.  The improvements will also be designed with guidance from the 
Low Impact Development Technical Guidance Manual for Puget Sound (WSUPREC 2012) 
where applicable. 

There are no TMDLs for Miller or Walker Creeks. 

Project Development, Local Support, and Past 
Performance Form 
Objective of the Form:  Describe the decision making process that was used to arrive at the 
proposed project and how the project has plans to achieve long-term success and sustainability.  
Provide information showing the level of support and commitment the City has for the project.  
Provide examples of past performance on other water quality projects, including Ecology funded 
projects.  
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Information for Input into the Form:   

Project Selection Process  

The Miller-Walker Basin Stormwater Retrofit Study to identified where stormwater retrofits are 
most needed based on watershed-scale hydrologic modeling, assess the feasibility of installing 
retrofits in those priority areas, identify candidate retrofit projects, evaluate and rank the 
projects, and advance the highest priority projects to a pre-engineering stage of development.   

The study began with a review of existing data and planning documents provided by the Basin 
Partners.  Available soil and groundwater information from past studies and Geographic 
Information System (GIS) data were reviewed, including topography, subbasin boundaries, 
slopes, parcel and right of way boundaries, land use, impervious areas, zoning, critical areas, 
stormwater infrastructure, and historical flooding locations.  Transportation Improvement Plans, 
Capital Improvement Project Plans, Park and Open Space Improvement Plans, and Bike and 
Pedestrian Improvements Plans were also reviewed to identify opportunities where stormwater 
retrofits could be coupled with other planned projects to best leverage public dollars and 
minimize construction impacts to the neighborhood.   

Aspect (2014) conducted an Infiltration Feasibility Assessment to evaluate the feasibility of 
shallow and deep (i.e., approximately 10-feet-deep) infiltration across the basin.  The results of 
this study were used in combination with a GIS evaluation of the above-mentioned data layers 
to identify site opportunities and constraints for retrofit projects.  This evaluation resulted in 
identifying over 80 candidate retrofit sites across the basin.   

With the basin-wide opportunities and constraints mapped and the over 80 feasible 
opportunities identified, HDR conducted a “Level I” analysis to evaluate, rank, and prioritize the 
top 30 projects for further evaluation in the field.  This Level I analysis evaluated the feasibility, 
risk, and benefit of each of the initial 80 projects based on the following criteria:  subbasin 
retrofit need, connectivity to the storm conveyance system, risk to the environment, site slope, 
and infiltration feasibility.   

Subbasin retrofit need was based on hydrologic modeling of the basin conducted by MGS 
Engineers (2014a) using a calibrated Hydrologic Simulation Program – FORTRAN model.  The 
model was run under existing conditions, taking into account any flow control facilities of 
significance already installed in the basin.  The long-term continuous model results were then 
used to evaluate the spatial distribution of runoff rates, BIBI estimates based on simulated runoff 
statistics, and the amount of stormwater retrofits needed to improve stream flows and aquatic 
conditions in the basin.  Connectivity to the storm conveyance system was based on GIS 
evaluation of the degree of connectivity to stormwater trunk main lines (i.e., a site that sheet 
flows into vegetated areas under existing conditions would have a relatively lower retrofit need 
than a site that contributes directly to a stormwater conveyance trunk facility, contributing 
relatively higher peak flow rates to the creek more quickly).   Risk to the environment was 
evaluated in GIS based on proximity to creek buffers and other environmentally sensitive areas, 
site slope was evaluated based on GIS slope data, and infiltration feasibility for shallow and 
deep infiltration was based on the findings of the Infiltration Feasibility Evaluation (Aspect 2014).  
See Attachment E for the inputs, assumptions, and results of the Level I evaluation. 
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The highest ranking 30 projects identified in the Level I evaluation were advanced for further 
evaluation in the field, termed “Level II” analysis.  The information collected in the field was used 
to refine the initial project rankings and select the 4 highest ranking projects for preliminary pre-
engineering design.  The Level II ranking criteria included: helps achieve multiple goals (flow 
control, water quality, ability to be constructed as part of other planned improvements), 
educational opportunities (project visibility, opportunities for hands-on support from the 
community), impervious area managed (amount of impervious and pollution-generating 
impervious area managed), local/subbasin retrofit need, risks to private property, 
constructability, land ownership (public, private, need to coordinate land acquisition or 
easements), relative ease of securing grant funding, and available space to construct retrofits.   

Based on this planning framework implemented for the Miller-Walker Creek basin, the 6th 
Avenue SW Retrofit project ranked as #3 out of the 30 highest priority LID retrofit projects. For 
detailed information on the GIS data, scoring criteria, and application of the scoring for the Level 
I and Level II analyses, see Attachment E. 

The hydrologic performance of the top 30 projects was simulated using the calibrated HSPF 
model discussed above. The model was used to develop flood frequency statistics and mean 
daily discharge values for each subbasin, with and without the proposed retrofits.  These values 
were used to calculate the sub-basin-scale metrics for peak flow reduction, high pulse count 
reduction, and BIBI score increases.  Table 7 summarizes the modeling results for the subbasin 
in which the 6th Avenue LID Retrofit Project is located (Subbasin M11).  Attachment F provides 
a copy of the Hydrologic Performance of top 30 Projects memorandum (MGS 2015). 

Table 7   Creek Improvement Metrics Modeled in HSPF   

Metric 
Existing 

Conditions 

With 30 Highest 
Ranking LID 

Retrofit Projects Change 

2-year Peak Flow 42.8 38.4 10% Decrease 

High Pulse Count Reduction 
(Average # High Pulses/Year) 

28.4 27.0 5% Decrease 

High Pulse Range Reduction 
(Average High Pulse Range/Year 
[days]) 

327 322 2% Decrease 

BIBI Scores 16.6 17.3 4% Increase 

 
Field testing was conducted for the top six sites, including this LID retrofit project site (6th 
Avenue SW), to provide preliminary site specific evaluation of infiltration feasibility and long-term 
design infiltration rates to be used in pre-engineering.  The findings from the testing are 
provided in the Preliminary Infiltration Feasibility, Miller Walker Retrofit Project Technical 
Memorandum (Martin 2015) included as Attachment G.   

The vactor borings conducted on the site indicate that Fill and Till-like soils in the top six feet of 
soil will limit the downward movement of water making infiltration infeasible.  The areas of 
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advanced outwash (greater than 10 feet deep) would likely provide good to moderate infiltration.  
The report recommends using a long-term infiltration rate of 6 inches per hour for conceptual 
design provided the design includes deep infiltration facilities.  Deep infiltration facilities (i.e., pit 
drains, drilled drains, or UIC wells) hydraulically connect an infiltrating faculty to deeper soil 
layers that support higher and/or more reliable infiltration rates.   

The presence and thickness of the Advanced Outwash layer will need to be confirmed using 
deeper explorations.  Additional borehole infiltration tests are recommended in proposed 
excavations and pilot infiltration tests where deep infiltration facilities are proposed. 
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Miller Walker Basin Stormwater Retrofit Planning Study

Planning-Level Cost Estimate

Site B-20

 

CONCEPTUAL DESIGN PLANNING-LEVEL 

CONSTRUCTION COST ESTIMATE

6th Ave SW Between SW 146th St and SW 153rd St
 

PREPARED BY: John Erickson, P.E. DATE: 01/13/15

QUANTITY UNIT ITEM UNIT COST 
a AMOUNT

1 L.S. MOBILIZATION 8.0% $67,112
1 L.S. TEMPORARY WATER POLLUTION/EROSION CONTROL 3.0% $25,167
1 L.S. SPCC PLAN $1,000 $1,000

3390 S.Y. REMOVING ASPHALT CONCRETE PAVEMENT $10 $33,900
18114 S.F. PERMEABLE PAVERS $25 $452,850
2728 S.F. PERMEABLE CONCRETE SIDEWALKS $25 $68,200
600 L.F. VERTICAL CONCRETE CURB $23 $13,800
16 E.A. CURB CUTS $216 $3,456

2100 L.F. 8-INCH FLUSH CURB $15 $31,500
40 LF. SCHEDULE A STORM SEWER PIPE 12 IN. DIAM. $40 $1,600
4 EA. CATCH BASIN TYPE 1L $1,500 $6,000
2 EA. OVERFLOW STRUCTURE $800 $1,600
2 EA. REPLACE EXIST. GRATED COVER WITH BEEHIVE GRATE $500 $1,000

1850 S.F. BIORETENTION $100 $185,000
2400 S.F. UPLAND LANDSCAPING $10 $24,000

8 EA. PIT DRAINS $1,500 $12,000
1 F.A. PRIVATE/ADJACENT PROPERTY RESTORATION $3,000 $3,000

Subtotal: $931,186
ITEM TOTAL  

CONSTRUCTION ENGINEERING b 20% $186,237.13

ENGINEERING SERVICES DURING CONSTRUCTION c 5% $46,559.28

CONTINGENCIES 50% $465,592.83
CITY FORCE WORK $5,000 $5,000
SALES TAX $0

ESTIMATED PROJECT TOTAL  
Total Conceptual Design Planning-Level Cost: $1,634,575

Notes:
DIAM. Diameter

EA Each
IN. Inch
L.F. Linear Feet
L.S. Lump Sump
S.F. Square Feet
S.Y. Square Yards
F.A. Force Account

a)
b)

c)

Construction Engineering includes project management and preparation of final plans, specifications, 

and estimates.

Engineering Services During Construction includes time and expenses for the Project Manager, Lead 

Civil, Lead Landscape Architect, and Hydrogeologist to attend construction meetings, prepare 

responses to contractor and design changes if needed, and observe excavation and placement of 

materials as directed in the plans.

Unit costs were developed based on bid tabulations and HDR's experience on recent projects.
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                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: B 20 BR 1 FC  
Site Name: Bioretention #1  
Site Address:   
City     : Burien  
Report Date: 1/14/2015  
Gage     : Seatac  
Data Start : 1948/10/01  
Data End : 2009/09/30  
Precip Scale: 1.00  
Version  : 2014/11/03   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 50 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Forest, Flat              1.0188  
  
Pervious Total                1.0188  
 
Impervious Land Use         Acres   
  
Impervious Total              0  
 
Basin Total                   1.0188  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    



 C, Lawn, Flat                .0189  
  
Pervious Total                0.0189  
 
Impervious Land Use         Acres   
 ROADS FLAT                   0.98  
  
Impervious Total              0.98  
 
Basin Total                   0.9989  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
Surface retention  1  Surface retention  1    
___________________________________________________________________ 
 
 
Name   : Bioretention  1  
Bottom Length: 58.00 ft.  
Bottom Width: 15.00 ft.  
Material thickness of first layer:  1.5  
Material type for first layer:  SMMWW  
Material thickness of second layer:  0  
Material type for second layer:  GRAVEL   
Material thickness of third layer:  0  
Material type for third layer:  GRAVEL   
Infiltration On   
Infiltration rate: 6  
Infiltration safety factor: 1  
Wetted surface area On    
Total Volume Infiltrated (ac-ft): 155.653  
Total Volume Through Riser (ac-ft): 0.006  
Total Volume Through Facility (ac-ft): 155.659  
Percent Infiltrated: 100  
Total Precip Applied to Facility: 0.717  
Total Evap From Facility: 0.572  
Underdrain not used    
Discharge Structure   
Riser Height: 1 ft.  
Riser Diameter: 12 in.  
 
Element Flows To:      
Outlet 1              Outlet 2           
  
___________________________________________________________________ 
 
 
  
             Bioretention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) Infilt(cfs)    
0.0000      0.0369      0.0000      0.0000      0.0000  
0.0385      0.0364      0.0003      0.0000      0.0000  
0.0769      0.0360      0.0006      0.0000      0.0001  
0.1154      0.0355      0.0009      0.0000      0.0002  



0.1538      0.0350      0.0013      0.0000      0.0005  
0.1923      0.0345      0.0016      0.0000      0.0008  
0.2308      0.0341      0.0019      0.0000      0.0013  
0.2692      0.0336      0.0023      0.0000      0.0020  
0.3077      0.0331      0.0026      0.0000      0.0028  
0.3462      0.0327      0.0030      0.0000      0.0038  
0.3846      0.0322      0.0033      0.0000      0.0049  
0.4231      0.0318      0.0037      0.0000      0.0064  
0.4615      0.0313      0.0040      0.0000      0.0080  
0.5000      0.0309      0.0044      0.0000      0.0099  
0.5385      0.0304      0.0048      0.0000      0.0121  
0.5769      0.0300      0.0052      0.0000      0.0146  
0.6154      0.0295      0.0056      0.0000      0.0175  
0.6538      0.0291      0.0060      0.0000      0.0206  
0.6923      0.0286      0.0064      0.0000      0.0242  
0.7308      0.0282      0.0068      0.0000      0.0281  
0.7692      0.0278      0.0072      0.0000      0.0324  
0.8077      0.0273      0.0077      0.0000      0.0371  
0.8462      0.0269      0.0081      0.0000      0.0423  
0.8846      0.0265      0.0090      0.0000      0.0480  
0.9231      0.0260      0.0099      0.0000      0.0541  
0.9615      0.0256      0.0108      0.0000      0.0608  
1.0000      0.0252      0.0117      0.0000      0.0681  
1.0385      0.0248      0.0127      0.0000      0.0759  
1.0769      0.0244      0.0136      0.0000      0.0843  
1.1154      0.0240      0.0146      0.0000      0.0933  
1.1538      0.0236      0.0156      0.0000      0.1029  
1.1923      0.0231      0.0166      0.0000      0.1133  
1.2308      0.0227      0.0176      0.0000      0.1243  
1.2692      0.0223      0.0186      0.0000      0.1361  
1.3077      0.0219      0.0196      0.0000      0.1486  
1.3462      0.0215      0.0207      0.0000      0.1619  
1.3846      0.0211      0.0217      0.0000      0.1760  
1.4231      0.0208      0.0228      0.0000      0.1910  
1.4615      0.0204      0.0239      0.0000      0.2068  
1.5000      0.0200      0.0250      0.0000      0.2233  
  
             Surface retention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) To Amended(cfs)  Wetted Surface    
1.5000      0.0369      0.0250      0.0000      0.2479      0.1054  
1.5385      0.0374      0.0264      0.0000      0.2479      0.1084  
1.5769      0.0379      0.0279      0.0000      0.2541      0.1113  
1.6154      0.0384      0.0294      0.0000      0.2603      0.1143  
1.6538      0.0389      0.0308      0.0000      0.2665      0.1173  
1.6923      0.0394      0.0323      0.0000      0.2726      0.1203  
1.7308      0.0399      0.0339      0.0000      0.2788      0.1233  
1.7692      0.0403      0.0354      0.0000      0.2850      0.1263  
1.8077      0.0408      0.0370      0.0000      0.2912      0.1293  
1.8462      0.0414      0.0386      0.0000      0.2974      0.1324  
1.8846      0.0419      0.0402      0.0000      0.3036      0.1355  
1.9231      0.0424      0.0418      0.0000      0.3098      0.1386  
1.9615      0.0429      0.0434      0.0000      0.3160      0.1417  
2.0000      0.0434      0.0451      0.0000      0.3222      0.1448  
2.0385      0.0439      0.0468      0.0000      0.3284      0.1479  
2.0769      0.0444      0.0485      0.0000      0.3346      0.1511  
2.1154      0.0449      0.0502      0.0000      0.3408      0.1542  
2.1538      0.0455      0.0519      0.0000      0.3470      0.1574  



2.1923      0.0460      0.0537      0.0000      0.3532      0.1606  
2.2308      0.0465      0.0554      0.0000      0.3594      0.1638  
2.2692      0.0470      0.0572      0.0000      0.3656      0.1670  
2.3077      0.0476      0.0591      0.0000      0.3718      0.1702  
2.3462      0.0481      0.0609      0.0000      0.3780      0.1735  
2.3846      0.0486      0.0628      0.0000      0.3842      0.1768  
2.4231      0.0492      0.0646      0.0000      0.3904      0.1800  
2.4615      0.0497      0.0666      0.0000      0.3966      0.1833  
2.5000      0.0503      0.0685      0.0000      0.4028      0.1866  
2.5385      0.0508      0.0704      0.0735      0.4090      0.1900  
2.5769      0.0514      0.0724      0.2078      0.4152      0.1933  
2.6154      0.0519      0.0744      0.3817      0.4214      0.1967  
2.6538      0.0525      0.0764      0.5877      0.4276      0.2000  
2.6923      0.0530      0.0784      0.8213      0.4338      0.2034  
2.7308      0.0536      0.0805      1.0796      0.4400      0.2068  
2.7692      0.0542      0.0825      1.3605      0.4462      0.2102  
2.8077      0.0547      0.0846      1.6622      0.4524      0.2136  
2.8462      0.0553      0.0867      1.9834      0.4585      0.2171  
2.8846      0.0559      0.0889      2.3230      0.4647      0.2205  
2.9231      0.0564      0.0910      2.6801      0.4709      0.2240  
2.9615      0.0570      0.0932      3.0537      0.4771      0.2275  
3.0000      0.0576      0.0954      3.4433      0.4833      0.2310  
3.0385      0.0582      0.0976      3.8481      0.4895      0.2345  
3.0769      0.0587      0.0999      4.2677      0.4957      0.2380  
3.1154      0.0593      0.1022      4.7015      0.5019      0.2416  
3.1538      0.0599      0.1045      5.1491      0.5081      0.2452  
3.1923      0.0605      0.1068      5.6100      0.5143      0.2487  
3.2308      0.0611      0.1091      6.0839      0.5205      0.2523  
3.2692      0.0617      0.1115      6.5705      0.5267      0.2559  
3.3077      0.0623      0.1139      7.0694      0.5329      0.2595  
3.3462      0.0629      0.1163      7.5803      0.5391      0.2632  
3.3846      0.0635      0.1187      8.1030      0.5453      0.2668  
3.4231      0.0641      0.1211      8.6372      0.5515      0.2705  
3.4615      0.0647      0.1236      9.1826      0.5577      0.2742  
3.5000      0.0653      0.1261      9.7390      0.5639      0.2742  
3.5000      0.0653      0.1261      10.306      0.5639      0.0000  
___________________________________________________________________ 
 
Name   : Surface retention  1  
 
Element Flows To:      
Outlet 1              Outlet 2           
Bioretention  1         
___________________________________________________________________ 
 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
                Stream Protection Duration  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:1.0188  
Total Impervious Area:0  



___________________________________________________________________ 
 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:0.0189  
Total Impervious Area:0.98  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.029954  
5 year                  0.047043  
10 year                 0.056728  
25 year                 0.066989  
50 year                 0.073338  
100 year                0.078738  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0  
5 year                  0  
10 year                 0  
25 year                 0  
50 year                 0  
100 year                0  
___________________________________________________________________ 
 
Stream Protection Duration  
Annual Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1949           0.029          0.000  
1950           0.037          0.000  
1951           0.066          0.000  
1952           0.021          0.000  
1953           0.017          0.000  
1954           0.026          0.000  
1955           0.041          0.000  
1956           0.033          0.000  
1957           0.026          0.000  
1958           0.030          0.000  
1959           0.026          0.000  
1960           0.045          0.000  
1961           0.025          0.000  
1962           0.016          0.000  
1963           0.021          0.000  
1964           0.028          0.000  
1965           0.020          0.000  
1966           0.019          0.000  
1967           0.041          0.000  
1968           0.025          0.000  
1969           0.025          0.000  
1970           0.020          0.000  
1971           0.022          0.000  
1972           0.049          0.000  
1973           0.022          0.000  
1974           0.024          0.000  
1975           0.033          0.000  
1976           0.024          0.000  



1977           0.003          0.000  
1978           0.021          0.000  
1979           0.013          0.000  
1980           0.047          0.000  
1981           0.019          0.000  
1982           0.036          0.000  
1983           0.032          0.000  
1984           0.020          0.000  
1985           0.012          0.000  
1986           0.052          0.000  
1987           0.046          0.000  
1988           0.018          0.000  
1989           0.012          0.000  
1990           0.096          0.000  
1991           0.058          0.000  
1992           0.022          0.000  
1993           0.023          0.000  
1994           0.008          0.000  
1995           0.033          0.000  
1996           0.070          0.000  
1997           0.059          0.000  
1998           0.013          0.000  
1999           0.055          0.000  
2000           0.023          0.000  
2001           0.004          0.000  
2002           0.025          0.000  
2003           0.032          0.000  
2004           0.042          0.093  
2005           0.030          0.000  
2006           0.035          0.000  
2007           0.071          0.000  
2008           0.092          0.000  
2009           0.045          0.000  
___________________________________________________________________ 
 
Stream Protection Duration  
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1         0.0960              0.0927  
2         0.0919              0.0000  
3         0.0713              0.0000  
4         0.0702              0.0000  
5         0.0660              0.0000  
6         0.0587              0.0000  
7         0.0578              0.0000  
8         0.0550              0.0000  
9         0.0519              0.0000  
10        0.0491              0.0000  
11        0.0466              0.0000  
12        0.0459              0.0000  
13        0.0451              0.0000  
14        0.0446              0.0000  
15        0.0419              0.0000  
16        0.0412              0.0000  
17        0.0407              0.0000  
18        0.0367              0.0000  
19        0.0358              0.0000  



20        0.0355              0.0000  
21        0.0333              0.0000  
22        0.0328              0.0000  
23        0.0328              0.0000  
24        0.0324              0.0000  
25        0.0321              0.0000  
26        0.0301              0.0000  
27        0.0298              0.0000  
28        0.0294              0.0000  
29        0.0283              0.0000  
30        0.0264              0.0000  
31        0.0258              0.0000  
32        0.0255              0.0000  
33        0.0254              0.0000  
34        0.0254              0.0000  
35        0.0252              0.0000  
36        0.0249              0.0000  
37        0.0242              0.0000  
38        0.0237              0.0000  
39        0.0232              0.0000  
40        0.0232              0.0000  
41        0.0223              0.0000  
42        0.0223              0.0000  
43        0.0219              0.0000  
44        0.0215              0.0000  
45        0.0208              0.0000  
46        0.0208              0.0000  
47        0.0205              0.0000  
48        0.0203              0.0000  
49        0.0198              0.0000  
50        0.0195              0.0000  
51        0.0186              0.0000  
52        0.0181              0.0000  
53        0.0168              0.0000  
54        0.0157              0.0000  
55        0.0133              0.0000  
56        0.0126              0.0000  
57        0.0118              0.0000  
58        0.0118              0.0000  
59        0.0078              0.0000  
60        0.0042              0.0000  
61        0.0028              0.0000  
___________________________________________________________________ 
 
Stream Protection Duration  
POC #1  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0150    229502  8      0      Pass  
0.0156    220946  8      0      Pass  
0.0162    212968  8      0      Pass  
0.0167    205290  8      0      Pass  
0.0173    198018  8      0      Pass  
0.0179    191002  8      0      Pass  



0.0185    184500  8      0      Pass  
0.0191    178318  8      0      Pass  
0.0197    172415  8      0      Pass  
0.0203    166833  8      0      Pass  
0.0209    161550  8      0      Pass  
0.0215    156480  8      0      Pass  
0.0221    151711  8      0      Pass  
0.0226    147112  8      0      Pass  
0.0232    142706  8      0      Pass  
0.0238    138450  8      0      Pass  
0.0244    134257  8      0      Pass  
0.0250    130301  8      0      Pass  
0.0256    126365  8      0      Pass  
0.0262    122622  8      0      Pass  
0.0268    119007  8      0      Pass  
0.0274    115457  8      0      Pass  
0.0279    112013  8      0      Pass  
0.0285    108719  8      0      Pass  
0.0291    105447  8      0      Pass  
0.0297    102324  8      0      Pass  
0.0303    99351   8      0      Pass  
0.0309    96463   8      0      Pass  
0.0315    93683   8      0      Pass  
0.0321    91009   8      0      Pass  
0.0327    88421   8      0      Pass  
0.0333    85983   8      0      Pass  
0.0338    83587   8      0      Pass  
0.0344    81277   8      0      Pass  
0.0350    79010   8      0      Pass  
0.0356    76829   8      0      Pass  
0.0362    74732   8      0      Pass  
0.0368    72701   8      0      Pass  
0.0374    70797   8      0      Pass  
0.0380    68957   8      0      Pass  
0.0386    67075   8      0      Pass  
0.0391    65321   8      0      Pass  
0.0397    63653   8      0      Pass  
0.0403    62006   8      0      Pass  
0.0409    60488   8      0      Pass  
0.0415    59012   8      0      Pass  
0.0421    57557   8      0      Pass  
0.0427    56124   8      0      Pass  
0.0433    54691   8      0      Pass  
0.0439    53365   8      0      Pass  
0.0445    52082   8      0      Pass  
0.0450    50798   8      0      Pass  
0.0456    49579   8      0      Pass  
0.0462    48339   8      0      Pass  
0.0468    47226   8      0      Pass  
0.0474    46071   8      0      Pass  
0.0480    44938   8      0      Pass  
0.0486    43911   8      0      Pass  
0.0492    42906   8      0      Pass  
0.0498    41922   8      0      Pass  
0.0503    40960   7      0      Pass  
0.0509    40061   7      0      Pass  
0.0515    39077   7      0      Pass  



0.0521    38179   7      0      Pass  
0.0527    37302   7      0      Pass  
0.0533    36425   7      0      Pass  
0.0539    35548   7      0      Pass  
0.0545    34735   7      0      Pass  
0.0551    33965   7      0      Pass  
0.0557    33174   7      0      Pass  
0.0562    32404   7      0      Pass  
0.0568    31720   7      0      Pass  
0.0574    30971   7      0      Pass  
0.0580    30265   7      0      Pass  
0.0586    29517   7      0      Pass  
0.0592    28918   7      0      Pass  
0.0598    28255   7      0      Pass  
0.0604    27592   7      0      Pass  
0.0610    26993   7      0      Pass  
0.0615    26415   7      0      Pass  
0.0621    25816   7      0      Pass  
0.0627    25303   7      0      Pass  
0.0633    24725   7      0      Pass  
0.0639    24212   7      0      Pass  
0.0645    23699   7      0      Pass  
0.0651    23250   7      0      Pass  
0.0657    22779   7      0      Pass  
0.0663    22309   7      0      Pass  
0.0669    21902   7      0      Pass  
0.0674    21474   7      0      Pass  
0.0680    21025   7      0      Pass  
0.0686    20619   7      0      Pass  
0.0692    20244   7      0      Pass  
0.0698    19802   7      0      Pass  
0.0704    19376   7      0      Pass  
0.0710    19019   7      0      Pass  
0.0716    18617   7      0      Pass  
0.0722    18245   7      0      Pass  
0.0727    17902   7      0      Pass  
0.0733    17573   7      0      Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Water Quality BMP Flow and Volume for POC #1   
On-line facility volume: 0 acre-feet  
On-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
Off-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
___________________________________________________________________ 
 
 
 LID Report   
 
LID Technique                 Used for    Total Volumn   Volumn    Infiltration  Cumulative   
Percent     Water Quality  Percent       Comment     
                              Treatment?  Needs          Through   Volumn        Volumn       
Volumn                     Water Quality             
                                          Treatment      Facility  (ac-ft)       Infiltration 
Infiltrated                Treated                   
                                          (ac-ft)        (ac-ft)                 Credit                                                            
retention  1 POC                   Y      141.65         155.66    155.65              Y      
100.00      155.65         100.00        Treat. Credit                             



Total Volume Infiltrated                  141.65         155.66    155.65                     
100.00      155.65         156 / 156 = 10Treat. Credit = 100%                      
Compliance with LID Standard 8                                                                                                         
Duration Analysis Result = Passed         
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear Creek 
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either expressed 
or implied, including but not limited to implied warranties of program and accompanying documentation.  
In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without 
limitation to damages for loss of business profits, loss of business information, business 
interruption, and the like) arising out of the use of, or inability to use this program even if Clear 
Creek Solutions Inc. or their authorized representatives have been advised of the possibility of such 
damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2015; All Rights Reserved. 



                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: B 20 BR 1 WT  
Site Name:   
Site Address:   
City     :   
Report Date: 1/14/2015  
Gage     : Seatac  
Data Start : 1948/10/01  
Data End : 2009/09/30  
Precip Scale: 1.00  
Version  : 2014/11/03   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 50 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Forest, Flat              1.0188  
  
Pervious Total                1.0188  
 
Impervious Land Use         Acres   
  
Impervious Total              0  
 
Basin Total                   1.0188  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    



 C, Lawn, Flat                .0189  
  
Pervious Total                0.0189  
 
Impervious Land Use         Acres   
 ROADS FLAT                   0.98  
  
Impervious Total              0.98  
 
Basin Total                   0.9989  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
Surface retention  1  Surface retention  1    
___________________________________________________________________ 
 
 
Name   : Bioretention  1  
Bottom Length: 58.00 ft.  
Bottom Width: 15.00 ft.  
Material thickness of first layer:  1.5  
Material type for first layer:  SMMWW  
Material thickness of second layer:  0  
Material type for second layer:  GRAVEL   
Material thickness of third layer:  0  
Material type for third layer:  GRAVEL   
Underdrain used    
Underdrain Diameter (ft):  1  
Orifice Diameter (in):  12  
Offset (in):  0  
Flow Through Underdrain (ac-ft):  151.17  
Total Outflow (ac-ft):  155.107  
Percent Through Underdrain:  97.46  
Discharge Structure   
Riser Height: 1 ft.  
Riser Diameter: 12 in.  
Notch Type: Rectangular  
Notch Width: 0.000 ft.  
Notch Height: 0.000 ft.  
 
Element Flows To:      
Outlet 1              Outlet 2           
  
___________________________________________________________________ 
 
 
  
             Bioretention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) Infilt(cfs)    
0.0000      0.0200      0.0000      0.0000      0.0000  
0.0385      0.0200      0.0003      0.0000      0.0000  
0.0769      0.0200      0.0006      0.0001      0.0000  
0.1154      0.0200      0.0009      0.0002      0.0000  
0.1538      0.0200      0.0012      0.0004      0.0000  



0.1923      0.0200      0.0015      0.0008      0.0000  
0.2308      0.0200      0.0018      0.0012      0.0000  
0.2692      0.0200      0.0021      0.0017      0.0000  
0.3077      0.0200      0.0024      0.0024      0.0000  
0.3462      0.0200      0.0027      0.0032      0.0000  
0.3846      0.0200      0.0030      0.0041      0.0000  
0.4231      0.0200      0.0033      0.0052      0.0000  
0.4615      0.0200      0.0036      0.0065      0.0000  
0.5000      0.0200      0.0039      0.0079      0.0000  
0.5385      0.0200      0.0042      0.0095      0.0000  
0.5769      0.0200      0.0045      0.0112      0.0000  
0.6154      0.0200      0.0048      0.0132      0.0000  
0.6538      0.0200      0.0051      0.0153      0.0000  
0.6923      0.0200      0.0054      0.0177      0.0000  
0.7308      0.0200      0.0057      0.0202      0.0000  
0.7692      0.0200      0.0060      0.0229      0.0000  
0.8077      0.0200      0.0063      0.0259      0.0000  
0.8462      0.0200      0.0066      0.0291      0.0000  
0.8846      0.0200      0.0072      0.0325      0.0000  
0.9231      0.0200      0.0078      0.0361      0.0000  
0.9615      0.0200      0.0084      0.0400      0.0000  
1.0000      0.0200      0.0090      0.0441      0.0000  
1.0385      0.0200      0.0096      0.0484      0.0000  
1.0769      0.0200      0.0103      0.0530      0.0000  
1.1154      0.0200      0.0109      0.0578      0.0000  
1.1538      0.0200      0.0115      0.0629      0.0000  
1.1923      0.0200      0.0121      0.0683      0.0000  
1.2308      0.0200      0.0127      0.0739      0.0000  
1.2692      0.0200      0.0133      0.0798      0.0000  
1.3077      0.0200      0.0139      0.0860      0.0000  
1.3462      0.0200      0.0145      0.0924      0.0000  
1.3846      0.0200      0.0151      0.0991      0.0000  
1.4231      0.0200      0.0157      0.1061      0.0000  
1.4615      0.0200      0.0163      0.1134      0.0000  
1.5000      0.0200      0.0169      0.1208      0.0000  
  
             Surface retention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) To Amended(cfs)  Wetted Surface    
1.5000      0.0200      0.0169      0.0000      0.2479        0.0000  
1.5385      0.0200      0.0177      0.0000      0.2479        0.0000  
1.5769      0.0200      0.0184      0.0000      0.2541        0.0000  
1.6154      0.0200      0.0192      0.0000      0.2603        0.0000  
1.6538      0.0200      0.0200      0.0000      0.2665        0.0000  
1.6923      0.0200      0.0207      0.0000      0.2726        0.0000  
1.7308      0.0200      0.0215      0.0000      0.2788        0.0000  
1.7692      0.0200      0.0223      0.0000      0.2850        0.0000  
1.8077      0.0200      0.0230      0.0000      0.2912        0.0000  
1.8462      0.0200      0.0238      0.0000      0.2974        0.0000  
1.8846      0.0200      0.0246      0.0000      0.3036        0.0000  
1.9231      0.0200      0.0253      0.0000      0.3098        0.0000  
1.9615      0.0200      0.0261      0.0000      0.3160        0.0000  
2.0000      0.0200      0.0269      0.0000      0.3222        0.0000  
2.0385      0.0200      0.0276      0.0000      0.3284        0.0000  
2.0769      0.0200      0.0284      0.0000      0.3346        0.0000  
2.1154      0.0200      0.0292      0.0000      0.3408        0.0000  
2.1538      0.0200      0.0299      0.0000      0.3470        0.0000  
2.1923      0.0200      0.0307      0.0000      0.3532        0.0000  



2.2308      0.0200      0.0315      0.0000      0.3594        0.0000  
2.2692      0.0200      0.0322      0.0000      0.3656        0.0000  
2.3077      0.0200      0.0330      0.0000      0.3718        0.0000  
2.3462      0.0200      0.0338      0.0000      0.3780        0.0000  
2.3846      0.0200      0.0346      0.0000      0.3842        0.0000  
2.4231      0.0200      0.0353      0.0000      0.3904        0.0000  
2.4615      0.0200      0.0361      0.0000      0.3966        0.0000  
2.5000      0.0200      0.0369      0.0000      0.4028        0.0000  
2.5385      0.0200      0.0376      0.0735      0.4090        0.0000  
2.5769      0.0200      0.0384      0.2078      0.4152        0.0000  
2.6154      0.0200      0.0392      0.3817      0.4214        0.0000  
2.6538      0.0200      0.0399      0.5877      0.4276        0.0000  
2.6923      0.0200      0.0407      0.8213      0.4338        0.0000  
2.7308      0.0200      0.0415      1.0796      0.4400        0.0000  
2.7692      0.0200      0.0422      1.3605      0.4462        0.0000  
2.8077      0.0200      0.0430      1.6622      0.4524        0.0000  
2.8462      0.0200      0.0438      1.9834      0.4585        0.0000  
2.8846      0.0200      0.0445      2.3230      0.4647        0.0000  
2.9231      0.0200      0.0453      2.6801      0.4709        0.0000  
2.9615      0.0200      0.0461      3.0537      0.4771        0.0000  
3.0000      0.0200      0.0468      3.4433      0.4833        0.0000  
3.0385      0.0200      0.0476      3.8481      0.4895        0.0000  
3.0769      0.0200      0.0484      4.2677      0.4957        0.0000  
3.1154      0.0200      0.0491      4.7015      0.5019        0.0000  
3.1538      0.0200      0.0499      5.1491      0.5081        0.0000  
3.1923      0.0200      0.0507      5.6100      0.5143        0.0000  
3.2308      0.0200      0.0515      6.0839      0.5205        0.0000  
3.2692      0.0200      0.0522      6.5705      0.5267        0.0000  
3.3077      0.0200      0.0530      7.0694      0.5329        0.0000  
3.3462      0.0200      0.0538      7.5803      0.5391        0.0000  
3.3846      0.0200      0.0545      8.1030      0.5453        0.0000  
3.4231      0.0200      0.0553      8.6372      0.5515        0.0000  
3.4615      0.0200      0.0561      9.1826      0.5577        0.0000  
3.5000      0.0200      0.0568      9.7390      0.5639        0.0000  
3.5000      0.0200      0.0568      10.306      0.5639        0.0000  
___________________________________________________________________ 
 
Name   : Surface retention  1  
 
Element Flows To:      
Outlet 1              Outlet 2           
Bioretention  1         
___________________________________________________________________ 
 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
                Stream Protection Duration  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:1.0188  
Total Impervious Area:0  
___________________________________________________________________ 



 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:0.0189  
Total Impervious Area:0.98  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.029954  
5 year                  0.047043  
10 year                 0.056728  
25 year                 0.066989  
50 year                 0.073338  
100 year                0.078738  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.242328  
5 year                  0.390558  
10 year                 0.498545  
25 year                 0.644188  
50 year                 0.758515  
100 year                0.877302  
___________________________________________________________________ 
 
Stream Protection Duration  
Annual Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1949           0.029          0.257  
1950           0.037          0.323  
1951           0.066          0.294  
1952           0.021          0.122  
1953           0.017          0.154  
1954           0.026          0.121  
1955           0.041          0.288  
1956           0.033          0.255  
1957           0.026          0.388  
1958           0.030          0.212  
1959           0.026          0.175  
1960           0.045          0.309  
1961           0.025          0.130  
1962           0.016          0.092  
1963           0.021          0.095  
1964           0.028          0.230  
1965           0.020          0.155  
1966           0.019          0.117  
1967           0.041          0.434  
1968           0.025          0.291  
1969           0.025          0.294  
1970           0.020          0.205  
1971           0.022          0.174  
1972           0.049          0.399  
1973           0.022          0.185  
1974           0.024          0.097  
1975           0.033          0.376  
1976           0.024          0.121  
1977           0.003          0.134  



1978           0.021          0.380  
1979           0.013          0.121  
1980           0.047          0.351  
1981           0.019          0.337  
1982           0.036          0.533  
1983           0.032          0.419  
1984           0.020          0.177  
1985           0.012          0.311  
1986           0.052          0.295  
1987           0.046          0.342  
1988           0.018          0.098  
1989           0.012          0.097  
1990           0.096          0.685  
1991           0.058          0.513  
1992           0.022          0.257  
1993           0.023          0.094  
1994           0.008          0.096  
1995           0.033          0.249  
1996           0.070          0.356  
1997           0.059          0.277  
1998           0.013          0.253  
1999           0.055          0.616  
2000           0.023          0.325  
2001           0.004          0.100  
2002           0.025          0.489  
2003           0.032          0.167  
2004           0.042          0.725  
2005           0.030          0.315  
2006           0.035          0.243  
2007           0.071          0.588  
2008           0.092          0.506  
2009           0.045          0.356  
___________________________________________________________________ 
 
Stream Protection Duration  
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1         0.0960              0.7248  
2         0.0919              0.6847  
3         0.0713              0.6160  
4         0.0702              0.5879  
5         0.0660              0.5327  
6         0.0587              0.5132  
7         0.0578              0.5060  
8         0.0550              0.4892  
9         0.0519              0.4341  
10        0.0491              0.4189  
11        0.0466              0.3992  
12        0.0459              0.3881  
13        0.0451              0.3804  
14        0.0446              0.3759  
15        0.0419              0.3558  
16        0.0412              0.3556  
17        0.0407              0.3506  
18        0.0367              0.3422  
19        0.0358              0.3372  
20        0.0355              0.3246  



21        0.0333              0.3227  
22        0.0328              0.3147  
23        0.0328              0.3113  
24        0.0324              0.3088  
25        0.0321              0.2951  
26        0.0301              0.2938  
27        0.0298              0.2936  
28        0.0294              0.2915  
29        0.0283              0.2879  
30        0.0264              0.2772  
31        0.0258              0.2570  
32        0.0255              0.2565  
33        0.0254              0.2548  
34        0.0254              0.2533  
35        0.0252              0.2490  
36        0.0249              0.2427  
37        0.0242              0.2297  
38        0.0237              0.2119  
39        0.0232              0.2051  
40        0.0232              0.1851  
41        0.0223              0.1770  
42        0.0223              0.1753  
43        0.0219              0.1741  
44        0.0215              0.1671  
45        0.0208              0.1548  
46        0.0208              0.1537  
47        0.0205              0.1344  
48        0.0203              0.1302  
49        0.0198              0.1223  
50        0.0195              0.1212  
51        0.0186              0.1210  
52        0.0181              0.1209  
53        0.0168              0.1171  
54        0.0157              0.1005  
55        0.0133              0.0985  
56        0.0126              0.0975  
57        0.0118              0.0969  
58        0.0118              0.0961  
59        0.0078              0.0947  
60        0.0042              0.0936  
61        0.0028              0.0924  
___________________________________________________________________ 
 
Stream Protection Duration  
POC #1  
 
Facility FAILED duration standard for 1+ flows.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0150    229502  354199 154    Fail  
0.0156    220946  347140 157    Fail  
0.0162    212968  340296 159    Fail  
0.0167    205290  333665 162    Fail  
0.0173    198018  327249 165    Fail  
0.0179    191002  320832 167    Fail  
0.0185    184500  315057 170    Fail  
0.0191    178318  309710 173    Fail  



0.0197    172415  304577 176    Fail  
0.0203    166833  299871 179    Fail  
0.0209    161550  295165 182    Fail  
0.0215    156480  290460 185    Fail  
0.0221    151711  285754 188    Fail  
0.0226    147112  281477 191    Fail  
0.0232    142706  277413 194    Fail  
0.0238    138450  273563 197    Fail  
0.0244    134257  269713 200    Fail  
0.0250    130301  266077 204    Fail  
0.0256    126365  262654 207    Fail  
0.0262    122622  259018 211    Fail  
0.0268    119007  255596 214    Fail  
0.0274    115457  252174 218    Fail  
0.0279    112013  248966 222    Fail  
0.0285    108719  246185 226    Fail  
0.0291    105447  243191 230    Fail  
0.0297    102324  240196 234    Fail  
0.0303    99351   237630 239    Fail  
0.0309    96463   234849 243    Fail  
0.0315    93683   232282 247    Fail  
0.0321    91009   229716 252    Fail  
0.0327    88421   227149 256    Fail  
0.0333    85983   224582 261    Fail  
0.0338    83587   222230 265    Fail  
0.0344    81277   219877 270    Fail  
0.0350    79010   217524 275    Fail  
0.0356    76829   215385 280    Fail  
0.0362    74732   213311 285    Fail  
0.0368    72701   211236 290    Fail  
0.0374    70797   209182 295    Fail  
0.0380    68957   207193 300    Fail  
0.0386    67075   205204 305    Fail  
0.0391    65321   203236 311    Fail  
0.0397    63653   201418 316    Fail  
0.0403    62006   199600 321    Fail  
0.0409    60488   197889 327    Fail  
0.0415    59012   196178 332    Fail  
0.0421    57557   194488 337    Fail  
0.0427    56124   192841 343    Fail  
0.0433    54691   191216 349    Fail  
0.0439    53365   189612 355    Fail  
0.0445    52082   187986 360    Fail  
0.0450    50798   186403 366    Fail  
0.0456    49579   184928 372    Fail  
0.0462    48339   183409 379    Fail  
0.0468    47226   181826 385    Fail  
0.0474    46071   180350 391    Fail  
0.0480    44938   178917 398    Fail  
0.0486    43911   177527 404    Fail  
0.0492    42906   176180 410    Fail  
0.0498    41922   174832 417    Fail  
0.0503    40960   173570 423    Fail  
0.0509    40061   172265 430    Fail  
0.0515    39077   170982 437    Fail  
0.0521    38179   169699 444    Fail  
0.0527    37302   168522 451    Fail  



0.0533    36425   167282 459    Fail  
0.0539    35548   165977 466    Fail  
0.0545    34735   164758 474    Fail  
0.0551    33965   163624 481    Fail  
0.0557    33174   162469 489    Fail  
0.0562    32404   161272 497    Fail  
0.0568    31720   160181 504    Fail  
0.0574    30971   159069 513    Fail  
0.0580    30265   157999 522    Fail  
0.0586    29517   156865 531    Fail  
0.0592    28918   155839 538    Fail  
0.0598    28255   154748 547    Fail  
0.0604    27592   153700 557    Fail  
0.0610    26993   152759 565    Fail  
0.0615    26415   151818 574    Fail  
0.0621    25816   150812 584    Fail  
0.0627    25303   149957 592    Fail  
0.0633    24725   148952 602    Fail  
0.0639    24212   148010 611    Fail  
0.0645    23699   147048 620    Fail  
0.0651    23250   146192 628    Fail  
0.0657    22779   145294 637    Fail  
0.0663    22309   144417 647    Fail  
0.0669    21902   143583 655    Fail  
0.0674    21474   142621 664    Fail  
0.0680    21025   141722 674    Fail  
0.0686    20619   140867 683    Fail  
0.0692    20244   140075 691    Fail  
0.0698    19802   139220 703    Fail  
0.0704    19376   138450 714    Fail  
0.0710    19019   137701 724    Fail  
0.0716    18617   136888 735    Fail  
0.0722    18245   136076 745    Fail  
0.0727    17902   135412 756    Fail  
0.0733    17573   134600 765    Fail  
_____________________________________________________ 
 
 The development has an increase in flow durations  
from 1/2 Predeveloped 2 year flow to the 2 year flow  
or more than a 10% increase from the 2 year to the 50  
year flow.  
The development has an increase in flow durations for  
more than  50% of the flows for the range of the  
duration analysis.  
___________________________________________________________________ 
 
Water Quality BMP Flow and Volume for POC #1   
On-line facility volume: 0 acre-feet  
On-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
Off-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
___________________________________________________________________ 
 
 
 LID Report   
 
LID Technique                 Used for    Total Volumn   Volumn    Infiltration  Cumulative   
Percent     Water Quality  Percent       Comment     
                              Treatment?  Needs          Through   Volumn        Volumn       
Volumn                     Water Quality             



                                          Treatment      Facility  (ac-ft)       Infiltration 
Infiltrated                Treated                   
                                          (ac-ft)        (ac-ft)                 Credit                                                            
retention  1 POC                   Y      141.15         155.11    0.00                N      
0.00        151.17         97.46         Treat. Credit                             
Total Volume Infiltrated                  141.15         155.11    0.00                       0.00        
151.17         151 / 155 = 97Treat. Credit = 97%                       
Compliance with LID Standard 8                                                                                                         
Duration Analysis Result = Failed         
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear Creek 
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either expressed 
or implied, including but not limited to implied warranties of program and accompanying documentation.  
In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without 
limitation to damages for loss of business profits, loss of business information, business 
interruption, and the like) arising out of the use of, or inability to use this program even if Clear 
Creek Solutions Inc. or their authorized representatives have been advised of the possibility of such 
damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2015; All Rights Reserved. 



                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: B 20 BR 2 FC  
Site Name: Bioretention #2  
Site Address:   
City     : Burien  
Report Date: 1/13/2015  
Gage     : Seatac  
Data Start : 1948/10/01  
Data End : 2009/09/30  
Precip Scale: 1.00  
Version  : 2014/03/21   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 50 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Forest, Flat              .477  
  
Pervious Total                0.477  
 
Impervious Land Use         Acres   
  
Impervious Total              0  
 
Basin Total                   0.477  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    



 C, Lawn, Flat                .0156  
  
Pervious Total                0.0156  
 
Impervious Land Use         Acres   
 ROADS FLAT                   0.454  
  
Impervious Total              0.454  
 
Basin Total                   0.4696  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
Surface retention  1  Surface retention  1    
___________________________________________________________________ 
 
 
Name   : Bioretention  1  
Bottom Length: 32.00 ft.  
Bottom Width: 10.00 ft.  
Material thickness of first layer:  1.5  
Material type for first layer:  SMMWW  
Material thickness of second layer:  0  
Material type for second layer:  GRAVEL   
Material thickness of third layer:  0  
Material type for third layer:  GRAVEL   
Infiltration On   
Infiltration rate: 6  
Infiltration safety factor: 1  
Wetted surface area On    
Total Volume Infiltrated (ac-ft): 72.562  
Total Volume Through Riser (ac-ft): 0.003  
Total Volume Through Facility (ac-ft): 72.565  
Percent Infiltrated: 100  
Underdrain not used    
Discharge Structure   
Riser Height: 1 ft.  
Riser Diameter: 24 in.  
Notch Type: Rectangular  
Notch Width: 0.000 ft.  
Notch Height: 0.000 ft.  
 
Element Flows To:      
Outlet 1              Outlet 2           
  
___________________________________________________________________ 
 
 
  
             Bioretention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) Infilt(cfs)    
0.0000      0.0179      0.0000      0.0000      0.0000  
0.0385      0.0176      0.0001      0.0000      0.0000  
0.0769      0.0173      0.0002      0.0000      0.0000  



0.1154      0.0169      0.0003      0.0000      0.0000  
0.1538      0.0166      0.0005      0.0000      0.0001  
0.1923      0.0163      0.0006      0.0000      0.0002  
0.2308      0.0160      0.0007      0.0000      0.0003  
0.2692      0.0157      0.0009      0.0000      0.0004  
0.3077      0.0154      0.0010      0.0000      0.0005  
0.3462      0.0151      0.0011      0.0000      0.0008  
0.3846      0.0148      0.0013      0.0000      0.0010  
0.4231      0.0145      0.0014      0.0000      0.0013  
0.4615      0.0142      0.0016      0.0000      0.0016  
0.5000      0.0140      0.0019      0.0000      0.0021  
0.5385      0.0137      0.0022      0.0000      0.0025  
0.5769      0.0134      0.0025      0.0000      0.0031  
0.6154      0.0131      0.0029      0.0000      0.0037  
0.6538      0.0128      0.0032      0.0000      0.0044  
0.6923      0.0126      0.0036      0.0000      0.0052  
0.7308      0.0123      0.0039      0.0000      0.0061  
0.7692      0.0120      0.0043      0.0000      0.0071  
0.8077      0.0117      0.0047      0.0000      0.0081  
0.8462      0.0115      0.0051      0.0000      0.0093  
0.8846      0.0112      0.0054      0.0000      0.0107  
0.9231      0.0110      0.0058      0.0000      0.0121  
0.9615      0.0107      0.0063      0.0000      0.0137  
1.0000      0.0104      0.0067      0.0000      0.0154  
1.0385      0.0102      0.0071      0.0000      0.0173  
1.0769      0.0099      0.0075      0.0000      0.0193  
1.1154      0.0097      0.0080      0.0000      0.0215  
1.1538      0.0094      0.0084      0.0000      0.0238  
1.1923      0.0092      0.0089      0.0000      0.0264  
1.2308      0.0090      0.0094      0.0000      0.0291  
1.2692      0.0087      0.0098      0.0000      0.0320  
1.3077      0.0085      0.0103      0.0000      0.0351  
1.3462      0.0083      0.0108      0.0000      0.0385  
1.3846      0.0080      0.0113      0.0000      0.0420  
1.4231      0.0078      0.0118      0.0000      0.0458  
1.4615      0.0076      0.0124      0.0000      0.0499  
1.5000      0.0073      0.0129      0.0000      0.0499  
  
             Surface retention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) To Amended(cfs)  Wetted Surface    
1.5000      0.0179      0.0129      0.0000      0.0912      0.0657  
1.5385      0.0182      0.0136      0.0000      0.0912      0.0676  
1.5769      0.0185      0.0143      0.0000      0.0934      0.0696  
1.6154      0.0188      0.0150      0.0000      0.0957      0.0716  
1.6538      0.0192      0.0158      0.0000      0.0980      0.0736  
1.6923      0.0195      0.0165      0.0000      0.1003      0.0756  
1.7308      0.0198      0.0173      0.0000      0.1026      0.0776  
1.7692      0.0202      0.0180      0.0000      0.1048      0.0796  
1.8077      0.0205      0.0188      0.0000      0.1071      0.0817  
1.8462      0.0208      0.0196      0.0000      0.1094      0.0837  
1.8846      0.0212      0.0204      0.0000      0.1117      0.0858  
1.9231      0.0215      0.0212      0.0000      0.1140      0.0879  
1.9615      0.0219      0.0221      0.0000      0.1162      0.0900  
2.0000      0.0222      0.0229      0.0000      0.1185      0.0921  
2.0385      0.0226      0.0238      0.0000      0.1208      0.0943  
2.0769      0.0229      0.0247      0.0000      0.1231      0.0964  
2.1154      0.0233      0.0255      0.0000      0.1254      0.0986  



2.1538      0.0236      0.0264      0.0000      0.1276      0.1008  
2.1923      0.0240      0.0274      0.0000      0.1299      0.1030  
2.2308      0.0244      0.0283      0.0000      0.1322      0.1052  
2.2692      0.0247      0.0292      0.0000      0.1345      0.1074  
2.3077      0.0251      0.0302      0.0000      0.1368      0.1096  
2.3462      0.0255      0.0312      0.0000      0.1390      0.1119  
2.3846      0.0258      0.0322      0.0000      0.1413      0.1142  
2.4231      0.0262      0.0332      0.0000      0.1436      0.1164  
2.4615      0.0266      0.0342      0.0000      0.1459      0.1188  
2.5000      0.0270      0.0352      0.0000      0.1481      0.1211  
2.5385      0.0274      0.0362      0.1469      0.1504      0.1234  
2.5769      0.0277      0.0373      0.4156      0.1527      0.1257  
2.6154      0.0281      0.0384      0.7634      0.1550      0.1281  
2.6538      0.0285      0.0395      1.1754      0.1573      0.1305  
2.6923      0.0289      0.0406      1.6426      0.1595      0.1329  
2.7308      0.0293      0.0417      2.1593      0.1618      0.1353  
2.7692      0.0297      0.0428      2.7210      0.1641      0.1377  
2.8077      0.0301      0.0440      3.3244      0.1664      0.1401  
2.8462      0.0305      0.0451      3.9669      0.1687      0.1426  
2.8846      0.0309      0.0463      4.6461      0.1709      0.1450  
2.9231      0.0313      0.0475      5.3601      0.1732      0.1475  
2.9615      0.0317      0.0487      6.1074      0.1755      0.1500  
3.0000      0.0321      0.0500      6.8865      0.1778      0.1525  
3.0385      0.0326      0.0512      7.6962      0.1801      0.1550  
3.0769      0.0330      0.0525      8.5353      0.1823      0.1576  
3.1154      0.0334      0.0537      9.4030      0.1846      0.1601  
3.1538      0.0338      0.0550      10.298      0.1869      0.1627  
3.1923      0.0342      0.0563      11.220      0.1892      0.1653  
3.2308      0.0347      0.0577      12.168      0.1915      0.1679  
3.2692      0.0351      0.0590      13.141      0.1937      0.1705  
3.3077      0.0355      0.0604      14.139      0.1960      0.1731  
3.3462      0.0360      0.0617      15.161      0.1983      0.1757  
3.3846      0.0364      0.0631      16.206      0.2006      0.1784  
3.4231      0.0368      0.0645      17.274      0.2028      0.1811  
3.4615      0.0373      0.0660      18.365      0.2051      0.1838  
3.5000      0.0377      0.0674      19.478      0.2074      0.1838  
3.5000      0.0377      0.0674      20.612      0.2074      0.0000  
___________________________________________________________________ 
 
Name   : Surface retention  1  
 
Element Flows To:      
Outlet 1              Outlet 2           
Bioretention  1         
___________________________________________________________________ 
 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
                Stream Protection Duration  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:0.477  



Total Impervious Area:0  
___________________________________________________________________ 
 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:0.0156  
Total Impervious Area:0.454  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.014024  
5 year                  0.022026  
10 year                 0.02656  
25 year                 0.031364  
50 year                 0.034337  
100 year                0.036865  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0  
5 year                  0  
10 year                 0  
25 year                 0  
50 year                 0  
100 year                0  
___________________________________________________________________ 
 
Stream Protection Duration  
Annual Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1949           0.014          0.000  
1950           0.017          0.000  
1951           0.031          0.000  
1952           0.010          0.000  
1953           0.008          0.000  
1954           0.012          0.000  
1955           0.019          0.000  
1956           0.015          0.000  
1957           0.012          0.000  
1958           0.014          0.000  
1959           0.012          0.000  
1960           0.021          0.000  
1961           0.012          0.000  
1962           0.007          0.000  
1963           0.010          0.000  
1964           0.013          0.000  
1965           0.009          0.000  
1966           0.009          0.000  
1967           0.019          0.000  
1968           0.012          0.000  
1969           0.012          0.000  
1970           0.010          0.000  
1971           0.010          0.000  
1972           0.023          0.000  
1973           0.010          0.000  
1974           0.011          0.000  
1975           0.015          0.000  



1976           0.011          0.000  
1977           0.001          0.000  
1978           0.010          0.000  
1979           0.006          0.000  
1980           0.022          0.000  
1981           0.009          0.000  
1982           0.017          0.000  
1983           0.015          0.000  
1984           0.009          0.000  
1985           0.006          0.000  
1986           0.024          0.000  
1987           0.022          0.000  
1988           0.008          0.000  
1989           0.006          0.000  
1990           0.045          0.000  
1991           0.027          0.000  
1992           0.010          0.000  
1993           0.011          0.000  
1994           0.004          0.000  
1995           0.016          0.000  
1996           0.033          0.000  
1997           0.027          0.000  
1998           0.006          0.000  
1999           0.026          0.000  
2000           0.011          0.000  
2001           0.002          0.000  
2002           0.012          0.000  
2003           0.015          0.000  
2004           0.020          0.052  
2005           0.014          0.000  
2006           0.017          0.000  
2007           0.033          0.000  
2008           0.043          0.000  
2009           0.021          0.000  
___________________________________________________________________ 
 
Stream Protection Duration  
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1         0.0450              0.0521  
2         0.0430              0.0000  
3         0.0334              0.0000  
4         0.0329              0.0000  
5         0.0309              0.0000  
6         0.0275              0.0000  
7         0.0271              0.0000  
8         0.0258              0.0000  
9         0.0243              0.0000  
10        0.0230              0.0000  
11        0.0218              0.0000  
12        0.0215              0.0000  
13        0.0211              0.0000  
14        0.0209              0.0000  
15        0.0196              0.0000  
16        0.0193              0.0000  
17        0.0191              0.0000  
18        0.0172              0.0000  



19        0.0168              0.0000  
20        0.0166              0.0000  
21        0.0156              0.0000  
22        0.0154              0.0000  
23        0.0153              0.0000  
24        0.0152              0.0000  
25        0.0150              0.0000  
26        0.0141              0.0000  
27        0.0139              0.0000  
28        0.0138              0.0000  
29        0.0132              0.0000  
30        0.0124              0.0000  
31        0.0121              0.0000  
32        0.0120              0.0000  
33        0.0119              0.0000  
34        0.0119              0.0000  
35        0.0118              0.0000  
36        0.0116              0.0000  
37        0.0113              0.0000  
38        0.0111              0.0000  
39        0.0109              0.0000  
40        0.0108              0.0000  
41        0.0104              0.0000  
42        0.0104              0.0000  
43        0.0103              0.0000  
44        0.0101              0.0000  
45        0.0097              0.0000  
46        0.0097              0.0000  
47        0.0096              0.0000  
48        0.0095              0.0000  
49        0.0093              0.0000  
50        0.0091              0.0000  
51        0.0087              0.0000  
52        0.0085              0.0000  
53        0.0079              0.0000  
54        0.0073              0.0000  
55        0.0062              0.0000  
56        0.0059              0.0000  
57        0.0055              0.0000  
58        0.0055              0.0000  
59        0.0037              0.0000  
60        0.0019              0.0000  
61        0.0013              0.0000  
___________________________________________________________________ 
 
Stream Protection Duration  
POC #1  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0070    17545   6      0      Pass  
0.0073    16159   6      0      Pass  
0.0076    14964   6      0      Pass  
0.0078    13849   6      0      Pass  
0.0081    12810   5      0      Pass  



0.0084    11807   5      0      Pass  
0.0087    10898   5      0      Pass  
0.0089    10119   5      0      Pass  
0.0092    9383    5      0      Pass  
0.0095    8729    5      0      Pass  
0.0098    8143    5      0      Pass  
0.0100    7610    5      0      Pass  
0.0103    7069    4      0      Pass  
0.0106    6588    4      0      Pass  
0.0109    6154    4      0      Pass  
0.0112    5779    4      0      Pass  
0.0114    5437    4      0      Pass  
0.0117    5103    4      0      Pass  
0.0120    4808    4      0      Pass  
0.0123    4528    3      0      Pass  
0.0125    4254    3      0      Pass  
0.0128    4021    3      0      Pass  
0.0131    3784    2      0      Pass  
0.0134    3546    2      0      Pass  
0.0136    3341    2      0      Pass  
0.0139    3138    2      0      Pass  
0.0142    2954    2      0      Pass  
0.0145    2787    2      0      Pass  
0.0147    2597    2      0      Pass  
0.0150    2449    2      0      Pass  
0.0153    2304    2      0      Pass  
0.0156    2162    2      0      Pass  
0.0158    2027    2      0      Pass  
0.0161    1898    2      0      Pass  
0.0164    1790    2      0      Pass  
0.0167    1688    2      0      Pass  
0.0169    1590    2      0      Pass  
0.0172    1483    2      0      Pass  
0.0175    1379    2      0      Pass  
0.0178    1293    2      0      Pass  
0.0181    1219    2      0      Pass  
0.0183    1155    2      0      Pass  
0.0186    1098    2      0      Pass  
0.0189    1048    2      0      Pass  
0.0192    997     2      0      Pass  
0.0194    930     2      0      Pass  
0.0197    884     2      0      Pass  
0.0200    838     2      0      Pass  
0.0203    789     2      0      Pass  
0.0205    743     2      0      Pass  
0.0208    713     2      0      Pass  
0.0211    670     2      0      Pass  
0.0214    631     2      0      Pass  
0.0216    595     2      0      Pass  
0.0219    567     2      0      Pass  
0.0222    539     2      0      Pass  
0.0225    497     2      0      Pass  
0.0227    473     2      0      Pass  
0.0230    434     2      0      Pass  
0.0233    401     2      0      Pass  
0.0236    366     2      0      Pass  
0.0238    348     2      0      Pass  



0.0241    323     2      0      Pass  
0.0244    296     2      0      Pass  
0.0247    272     2      0      Pass  
0.0250    256     2      0      Pass  
0.0252    235     2      0      Pass  
0.0255    217     2      0      Pass  
0.0258    195     2      1      Pass  
0.0261    180     2      1      Pass  
0.0263    158     2      1      Pass  
0.0266    145     2      1      Pass  
0.0269    129     2      1      Pass  
0.0272    119     2      1      Pass  
0.0274    109     2      1      Pass  
0.0277    97      2      2      Pass  
0.0280    91      2      2      Pass  
0.0283    82      2      2      Pass  
0.0285    76      2      2      Pass  
0.0288    69      2      2      Pass  
0.0291    61      2      3      Pass  
0.0294    54      2      3      Pass  
0.0296    48      2      4      Pass  
0.0299    41      2      4      Pass  
0.0302    38      2      5      Pass  
0.0305    33      2      6      Pass  
0.0307    27      2      7      Pass  
0.0310    22      2      9      Pass  
0.0313    21      2      9      Pass  
0.0316    20      2      10     Pass  
0.0319    19      2      10     Pass  
0.0321    17      2      11     Pass  
0.0324    14      2      14     Pass  
0.0327    12      2      16     Pass  
0.0330    9       2      22     Pass  
0.0332    4       2      50     Pass  
0.0335    3       2      66     Pass  
0.0338    3       2      66     Pass  
0.0341    3       2      66     Pass  
0.0343    3       2      66     Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Water Quality BMP Flow and Volume for POC #1   
On-line facility volume: 0 acre-feet  
On-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
Off-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
___________________________________________________________________ 
 
 
 LID Report   
 
LID Technique                 Used for    Total Volumn   Volumn    Infiltration  Cumulative   
Percent     Water Quality  Percent       Comment     
                              Treatment?  Needs          Through   Volumn        Volumn       
Volumn                     Water Quality             
                                          Treatment      Facility  (ac-ft)       Infiltration 
Infiltrated                Treated                   
                                          (ac-ft)        (ac-ft)                 Credit                                                            



retention  1 POC                   Y      66.03          72.56     72.56               Y      
100.00      72.56          100.00        Treat. Credit                             
Total Volume Infiltrated                  66.03          72.56     72.56                      
100.00      72.56          73 / 73 = 100%Treat. Credit = 100%                      
Compliance with LID Standard 8                                                                                                         
Duration Analysis Result = Passed         
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear Creek 
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either expressed 
or implied, including but not limited to implied warranties of program and accompanying documentation.  
In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without 
limitation to damages for loss of business profits, loss of business information, business 
interruption, and the like) arising out of the use of, or inability to use this program even if Clear 
Creek Solutions Inc. or their authorized representatives have been advised of the possibility of such 
damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2013; All Rights Reserved. 



                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: B 20 BR 2 WT  
Site Name: Bioretention #2  
Site Address:   
City     : Burien  
Report Date: 1/13/2015  
Gage     : Seatac  
Data Start : 1948/10/01  
Data End : 2009/09/30  
Precip Scale: 1.00  
Version  : 2014/03/21   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 50 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Forest, Flat              .477  
  
Pervious Total                0.477  
 
Impervious Land Use         Acres   
  
Impervious Total              0  
 
Basin Total                   0.477  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    



 C, Lawn, Flat                .0144  
  
Pervious Total                0.0144  
 
Impervious Land Use         Acres   
 ROADS FLAT                   0.454  
  
Impervious Total              0.454  
 
Basin Total                   0.4684  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
Surface retention  1  Surface retention  1    
___________________________________________________________________ 
 
 
Name   : Bioretention  1  
Bottom Length: 37.00 ft.  
Bottom Width: 10.00 ft.  
Material thickness of first layer:  1.5  
Material type for first layer:  SMMWW  
Material thickness of second layer:  0  
Material type for second layer:  GRAVEL   
Material thickness of third layer:  0  
Material type for third layer:  GRAVEL   
Underdrain used    
Underdrain Diameter (ft):  1  
Orifice Diameter (in):  12  
Offset (in):  0  
Flow Through Underdrain (ac-ft):  66.451  
Total Outflow (ac-ft):  72.624  
Percent Through Underdrain:  91.5  
Discharge Structure   
Riser Height: 1 ft.  
Riser Diameter: 24 in.  
Notch Type: Rectangular  
Notch Width: 0.000 ft.  
Notch Height: 0.000 ft.  
 
Element Flows To:      
Outlet 1              Outlet 2           
  
___________________________________________________________________ 
 
 
  
             Bioretention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) Infilt(cfs)    
0.0000      0.0085      0.0000      0.0000      0.0000  
0.0385      0.0085      0.0001      0.0000      0.0000  
0.0769      0.0085      0.0003      0.0000      0.0000  
0.1154      0.0085      0.0004      0.0000      0.0000  
0.1538      0.0085      0.0005      0.0001      0.0000  



0.1923      0.0085      0.0006      0.0002      0.0000  
0.2308      0.0085      0.0008      0.0003      0.0000  
0.2692      0.0085      0.0009      0.0004      0.0000  
0.3077      0.0085      0.0010      0.0005      0.0000  
0.3462      0.0085      0.0012      0.0007      0.0000  
0.3846      0.0085      0.0013      0.0009      0.0000  
0.4231      0.0085      0.0014      0.0011      0.0000  
0.4615      0.0085      0.0015      0.0014      0.0000  
0.5000      0.0085      0.0017      0.0017      0.0000  
0.5385      0.0085      0.0018      0.0020      0.0000  
0.5769      0.0085      0.0021      0.0024      0.0000  
0.6154      0.0085      0.0023      0.0028      0.0000  
0.6538      0.0085      0.0026      0.0033      0.0000  
0.6923      0.0085      0.0028      0.0038      0.0000  
0.7308      0.0085      0.0031      0.0043      0.0000  
0.7692      0.0085      0.0033      0.0049      0.0000  
0.8077      0.0085      0.0036      0.0055      0.0000  
0.8462      0.0085      0.0038      0.0062      0.0000  
0.8846      0.0085      0.0041      0.0069      0.0000  
0.9231      0.0085      0.0044      0.0077      0.0000  
0.9615      0.0085      0.0046      0.0085      0.0000  
1.0000      0.0085      0.0049      0.0094      0.0000  
1.0385      0.0085      0.0051      0.0103      0.0000  
1.0769      0.0085      0.0054      0.0113      0.0000  
1.1154      0.0085      0.0056      0.0123      0.0000  
1.1538      0.0085      0.0059      0.0134      0.0000  
1.1923      0.0085      0.0062      0.0145      0.0000  
1.2308      0.0085      0.0064      0.0157      0.0000  
1.2692      0.0085      0.0067      0.0170      0.0000  
1.3077      0.0085      0.0069      0.0183      0.0000  
1.3462      0.0085      0.0072      0.0196      0.0000  
1.3846      0.0085      0.0074      0.0211      0.0000  
1.4231      0.0085      0.0077      0.0226      0.0000  
1.4615      0.0085      0.0080      0.0241      0.0000  
1.5000      0.0085      0.0082      0.0257      0.0000  
  
             Surface retention  1 Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) To Amended(cfs)  Wetted Surface    
1.5000      0.0085      0.0082      0.0000      0.1054        0.0000  
1.5385      0.0085      0.0085      0.0000      0.1054        0.0000  
1.5769      0.0085      0.0089      0.0000      0.1080        0.0000  
1.6154      0.0085      0.0092      0.0000      0.1107        0.0000  
1.6538      0.0085      0.0095      0.0000      0.1133        0.0000  
1.6923      0.0085      0.0098      0.0000      0.1160        0.0000  
1.7308      0.0085      0.0102      0.0000      0.1186        0.0000  
1.7692      0.0085      0.0105      0.0000      0.1212        0.0000  
1.8077      0.0085      0.0108      0.0000      0.1239        0.0000  
1.8462      0.0085      0.0111      0.0000      0.1265        0.0000  
1.8846      0.0085      0.0115      0.0000      0.1291        0.0000  
1.9231      0.0085      0.0118      0.0000      0.1318        0.0000  
1.9615      0.0085      0.0121      0.0000      0.1344        0.0000  
2.0000      0.0085      0.0125      0.0000      0.1370        0.0000  
2.0385      0.0085      0.0128      0.0000      0.1397        0.0000  
2.0769      0.0085      0.0131      0.0000      0.1423        0.0000  
2.1154      0.0085      0.0134      0.0000      0.1449        0.0000  
2.1538      0.0085      0.0138      0.0000      0.1476        0.0000  
2.1923      0.0085      0.0141      0.0000      0.1502        0.0000  



2.2308      0.0085      0.0144      0.0000      0.1528        0.0000  
2.2692      0.0085      0.0147      0.0000      0.1555        0.0000  
2.3077      0.0085      0.0151      0.0000      0.1581        0.0000  
2.3462      0.0085      0.0154      0.0000      0.1608        0.0000  
2.3846      0.0085      0.0157      0.0000      0.1634        0.0000  
2.4231      0.0085      0.0160      0.0000      0.1660        0.0000  
2.4615      0.0085      0.0164      0.0000      0.1687        0.0000  
2.5000      0.0085      0.0167      0.0000      0.1713        0.0000  
2.5385      0.0085      0.0170      0.1469      0.1739        0.0000  
2.5769      0.0085      0.0174      0.4156      0.1766        0.0000  
2.6154      0.0085      0.0177      0.7634      0.1792        0.0000  
2.6538      0.0085      0.0180      1.1754      0.1818        0.0000  
2.6923      0.0085      0.0183      1.6426      0.1845        0.0000  
2.7308      0.0085      0.0187      2.1593      0.1871        0.0000  
2.7692      0.0085      0.0190      2.7210      0.1897        0.0000  
2.8077      0.0085      0.0193      3.3244      0.1924        0.0000  
2.8462      0.0085      0.0196      3.9669      0.1950        0.0000  
2.8846      0.0085      0.0200      4.6461      0.1976        0.0000  
2.9231      0.0085      0.0203      5.3601      0.2003        0.0000  
2.9615      0.0085      0.0206      6.1074      0.2029        0.0000  
3.0000      0.0085      0.0209      6.8865      0.2056        0.0000  
3.0385      0.0085      0.0213      7.6962      0.2082        0.0000  
3.0769      0.0085      0.0216      8.5353      0.2108        0.0000  
3.1154      0.0085      0.0219      9.4030      0.2135        0.0000  
3.1538      0.0085      0.0223      10.298      0.2161        0.0000  
3.1923      0.0085      0.0226      11.220      0.2187        0.0000  
3.2308      0.0085      0.0229      12.168      0.2214        0.0000  
3.2692      0.0085      0.0232      13.141      0.2240        0.0000  
3.3077      0.0085      0.0236      14.139      0.2266        0.0000  
3.3462      0.0085      0.0239      15.161      0.2293        0.0000  
3.3846      0.0085      0.0242      16.206      0.2319        0.0000  
3.4231      0.0085      0.0245      17.274      0.2345        0.0000  
3.4615      0.0085      0.0249      18.365      0.2372        0.0000  
3.5000      0.0085      0.0252      19.478      0.2398        0.0000  
3.5000      0.0085      0.0252      20.612      0.2398        0.0000  
___________________________________________________________________ 
 
Name   : Surface retention  1  
 
Element Flows To:      
Outlet 1              Outlet 2           
Bioretention  1         
___________________________________________________________________ 
 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
                Stream Protection Duration  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:0.477  
Total Impervious Area:0  
___________________________________________________________________ 



 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:0.0144  
Total Impervious Area:0.454  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.014024  
5 year                  0.022026  
10 year                 0.02656  
25 year                 0.031364  
50 year                 0.034337  
100 year                0.036865  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.149892  
5 year                  0.206445  
10 year                 0.24492  
25 year                 0.294678  
50 year                 0.332571  
100 year                0.371176  
___________________________________________________________________ 
 
Stream Protection Duration  
Annual Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1949           0.014          0.184  
1950           0.017          0.246  
1951           0.031          0.141  
1952           0.010          0.109  
1953           0.008          0.137  
1954           0.012          0.102  
1955           0.019          0.155  
1956           0.015          0.145  
1957           0.012          0.183  
1958           0.014          0.100  
1959           0.012          0.104  
1960           0.021          0.145  
1961           0.012          0.164  
1962           0.007          0.088  
1963           0.010          0.093  
1964           0.013          0.119  
1965           0.009          0.116  
1966           0.009          0.124  
1967           0.019          0.215  
1968           0.012          0.180  
1969           0.012          0.172  
1970           0.010          0.162  
1971           0.010          0.160  
1972           0.023          0.192  
1973           0.010          0.111  
1974           0.011          0.128  
1975           0.015          0.181  
1976           0.011          0.135  
1977           0.001          0.116  



1978           0.010          0.179  
1979           0.006          0.101  
1980           0.022          0.224  
1981           0.009          0.184  
1982           0.017          0.263  
1983           0.015          0.210  
1984           0.009          0.090  
1985           0.006          0.186  
1986           0.024          0.143  
1987           0.022          0.164  
1988           0.008          0.097  
1989           0.006          0.071  
1990           0.045          0.328  
1991           0.027          0.250  
1992           0.010          0.132  
1993           0.011          0.090  
1994           0.004          0.060  
1995           0.016          0.135  
1996           0.033          0.185  
1997           0.027          0.155  
1998           0.006          0.129  
1999           0.026          0.337  
2000           0.011          0.143  
2001           0.002          0.161  
2002           0.012          0.228  
2003           0.015          0.091  
2004           0.020          0.328  
2005           0.014          0.153  
2006           0.017          0.132  
2007           0.033          0.300  
2008           0.043          0.241  
2009           0.021          0.169  
___________________________________________________________________ 
 
Stream Protection Duration  
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1         0.0450              0.3369  
2         0.0430              0.3284  
3         0.0334              0.3278  
4         0.0329              0.2997  
5         0.0309              0.2626  
6         0.0275              0.2497  
7         0.0271              0.2459  
8         0.0258              0.2408  
9         0.0243              0.2284  
10        0.0230              0.2239  
11        0.0218              0.2147  
12        0.0215              0.2098  
13        0.0211              0.1924  
14        0.0209              0.1858  
15        0.0196              0.1848  
16        0.0193              0.1840  
17        0.0191              0.1837  
18        0.0172              0.1828  
19        0.0168              0.1810  
20        0.0166              0.1802  



21        0.0156              0.1793  
22        0.0154              0.1723  
23        0.0153              0.1695  
24        0.0152              0.1641  
25        0.0150              0.1637  
26        0.0141              0.1615  
27        0.0139              0.1609  
28        0.0138              0.1602  
29        0.0132              0.1552  
30        0.0124              0.1552  
31        0.0121              0.1530  
32        0.0120              0.1451  
33        0.0119              0.1446  
34        0.0119              0.1433  
35        0.0118              0.1433  
36        0.0116              0.1415  
37        0.0113              0.1365  
38        0.0111              0.1354  
39        0.0109              0.1354  
40        0.0108              0.1320  
41        0.0104              0.1318  
42        0.0104              0.1291  
43        0.0103              0.1279  
44        0.0101              0.1239  
45        0.0097              0.1188  
46        0.0097              0.1164  
47        0.0096              0.1159  
48        0.0095              0.1107  
49        0.0093              0.1091  
50        0.0091              0.1037  
51        0.0087              0.1024  
52        0.0085              0.1007  
53        0.0079              0.1003  
54        0.0073              0.0969  
55        0.0062              0.0931  
56        0.0059              0.0906  
57        0.0055              0.0903  
58        0.0055              0.0897  
59        0.0037              0.0877  
60        0.0019              0.0711  
61        0.0013              0.0596  
___________________________________________________________________ 
 
Stream Protection Duration  
POC #1  
 
Facility FAILED duration standard for 1+ flows.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0070    17545   145444 828    Fail  
0.0073    16159   140845 871    Fail  
0.0076    14964   136439 911    Fail  
0.0078    13849   132290 955    Fail  
0.0081    12810   128440 1002   Fail  
0.0084    11807   124804 1057   Fail  
0.0087    10898   121296 1113   Fail  
0.0089    10119   118066 1166   Fail  



0.0092    9383    114986 1225   Fail  
0.0095    8729    112184 1285   Fail  
0.0098    8143    109361 1343   Fail  
0.0100    7610    106752 1402   Fail  
0.0103    7069    104035 1471   Fail  
0.0106    6588    101533 1541   Fail  
0.0109    6154    99223  1612   Fail  
0.0112    5779    96977  1678   Fail  
0.0114    5437    94902  1745   Fail  
0.0117    5103    92806  1818   Fail  
0.0120    4808    90795  1888   Fail  
0.0123    4528    88956  1964   Fail  
0.0125    4254    87095  2047   Fail  
0.0128    4021    85470  2125   Fail  
0.0131    3784    83865  2216   Fail  
0.0134    3546    82304  2321   Fail  
0.0136    3341    80850  2419   Fail  
0.0139    3138    79352  2528   Fail  
0.0142    2954    78005  2640   Fail  
0.0145    2787    76615  2749   Fail  
0.0147    2597    75310  2899   Fail  
0.0150    2449    74091  3025   Fail  
0.0153    2304    72850  3161   Fail  
0.0156    2162    71738  3318   Fail  
0.0158    2027    70540  3480   Fail  
0.0161    1898    69449  3659   Fail  
0.0164    1790    68359  3818   Fail  
0.0167    1688    67332  3988   Fail  
0.0169    1590    66348  4172   Fail  
0.0172    1483    65428  4411   Fail  
0.0175    1379    64487  4676   Fail  
0.0178    1293    63653  4922   Fail  
0.0181    1219    62798  5151   Fail  
0.0183    1155    62006  5368   Fail  
0.0186    1098    61086  5563   Fail  
0.0189    1048    59782  5704   Fail  
0.0192    997     58156  5833   Fail  
0.0194    930     53964  5802   Fail  
0.0197    884     12574  1422   Fail  
0.0200    838     10934  1304   Fail  
0.0203    789     10258  1300   Fail  
0.0205    743     9862   1327   Fail  
0.0208    713     9554   1339   Fail  
0.0211    670     9340   1394   Fail  
0.0214    631     9163   1452   Fail  
0.0216    595     9015   1515   Fail  
0.0219    567     8883   1566   Fail  
0.0222    539     8776   1628   Fail  
0.0225    497     8667   1743   Fail  
0.0227    473     8551   1807   Fail  
0.0230    434     8461   1949   Fail  
0.0233    401     8369   2087   Fail  
0.0236    366     8273   2260   Fail  
0.0238    348     8205   2357   Fail  
0.0241    323     8151   2523   Fail  
0.0244    296     8096   2735   Fail  
0.0247    272     8029   2951   Fail  



0.0250    256     7961   3109   Fail  
0.0252    235     7901   3362   Fail  
0.0255    217     7852   3618   Fail  
0.0258    195     7766   3982   Fail  
0.0261    180     7685   4269   Fail  
0.0263    158     7623   4824   Fail  
0.0266    145     7552   5208   Fail  
0.0269    129     7486   5803   Fail  
0.0272    119     7428   6242   Fail  
0.0274    109     7368   6759   Fail  
0.0277    97      7311   7537   Fail  
0.0280    91      7255   7972   Fail  
0.0283    82      7210   8792   Fail  
0.0285    76      7146   9402   Fail  
0.0288    69      7088   10272  Fail  
0.0291    61      7030   11524  Fail  
0.0294    54      6979   12924  Fail  
0.0296    48      6928   14433  Fail  
0.0299    41      6864   16741  Fail  
0.0302    38      6804   17905  Fail  
0.0305    33      6757   20475  Fail  
0.0307    27      6697   24803  Fail  
0.0310    22      6643   30195  Fail  
0.0313    21      6583   31347  Fail  
0.0316    20      6541   32704  Fail  
0.0319    19      6489   34152  Fail  
0.0321    17      6447   37923  Fail  
0.0324    14      6397   45692  Fail  
0.0327    12      6333   52775  Fail  
0.0330    9       6286   69844  Fail  
0.0332    4       6222   155550 Fail  
0.0335    3       6169   205633 Fail  
0.0338    3       6111   203700 Fail  
0.0341    3       6066   202200 Fail  
0.0343    3       6010   200333 Fail  
_____________________________________________________ 
 
 The development has an increase in flow durations  
from 1/2 Predeveloped 2 year flow to the 2 year flow  
or more than a 10% increase from the 2 year to the 50  
year flow.  
The development has an increase in flow durations for  
more than  50% of the flows for the range of the  
duration analysis.  
___________________________________________________________________ 
 
Water Quality BMP Flow and Volume for POC #1   
On-line facility volume: 0 acre-feet  
On-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
Off-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
___________________________________________________________________ 
 
 
 LID Report   
 
LID Technique                 Used for    Total Volumn   Volumn    Infiltration  Cumulative   
Percent     Water Quality  Percent       Comment     
                              Treatment?  Needs          Through   Volumn        Volumn       
Volumn                     Water Quality             



                                          Treatment      Facility  (ac-ft)       Infiltration 
Infiltrated                Treated                   
                                          (ac-ft)        (ac-ft)                 Credit                                                            
retention  1 POC                   Y      66.09          72.62     0.00                N      
0.00        66.45          91.50         Treat. Credit                             
Total Volume Infiltrated                  66.09          72.62     0.00                       0.00        
66.45          66 / 73 = 92% Treat. Credit = 92%                       
Compliance with LID Standard 8                                                                                                         
Duration Analysis Result = Failed         
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear Creek 
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either expressed 
or implied, including but not limited to implied warranties of program and accompanying documentation.  
In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without 
limitation to damages for loss of business profits, loss of business information, business 
interruption, and the like) arising out of the use of, or inability to use this program even if Clear 
Creek Solutions Inc. or their authorized representatives have been advised of the possibility of such 
damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2013; All Rights Reserved. 



                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: B 20 PP 1  
Site Name: Permeable Pavement #1  
Site Address:   
City     : Burien  
Report Date: 1/13/2015  
Gage     : Seatac  
Data Start : 1948/10/01  
Data End : 2009/09/30  
Precip Scale: 1.00  
Version  : 2014/11/03   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 50 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Forest, Flat              1.38  
  
Pervious Total                1.38  
 
Impervious Land Use         Acres   
  
Impervious Total              0  
 
Basin Total                   1.38  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name   : Permeable Pavement  1  
Pavement Area: 0.0803 ft.  
Pavement Length: 70.00 ft.  
Pavement Width: 50.00 ft.  
Pavement slope  1: 0.01 To 1  
Pavement thickness:  0.67  



Pour Space of Pavement:  0.3  
Material thickness of second layer:  0.5  
Pour Space of material for second layer:  0.3  
Material thickness of third layer:  0  
Pour Space of material for third layer:  0  
Infiltration On   
Infiltration rate: 6  
Infiltration safety factor: 1  
Total Volume Infiltrated (ac-ft): 209.976  
Total Volume Through Riser (ac-ft): 0  
Total Volume Through Facility (ac-ft): 209.976  
Percent Infiltrated: 100  
Total Precip Applied to Facility: 0  
Total Evap From Facility: 1.899  
 
Element Flows To:      
Outlet 1              Outlet 2           
  
___________________________________________________________________ 
 
 
  
             Permeable Pavement Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) Infilt(cfs)    
0.0000      0.080      0.000      0.000      0.000  
0.0130      0.080      0.000      0.000      0.486  
0.0260      0.080      0.000      0.000      0.486  
0.0390      0.080      0.000      0.000      0.486  
0.0520      0.080      0.001      0.000      0.486  
0.0650      0.080      0.001      0.000      0.486  
0.0780      0.080      0.001      0.000      0.486  
0.0910      0.080      0.002      0.000      0.486  
0.1040      0.080      0.002      0.000      0.486  
0.1170      0.080      0.002      0.000      0.486  
0.1300      0.080      0.003      0.000      0.486  
0.1430      0.080      0.003      0.000      0.486  
0.1560      0.080      0.003      0.000      0.486  
0.1690      0.080      0.004      0.000      0.486  
0.1820      0.080      0.004      0.000      0.486  
0.1950      0.080      0.004      0.000      0.486  
0.2080      0.080      0.005      0.000      0.486  
0.2210      0.080      0.005      0.000      0.486  
0.2340      0.080      0.005      0.000      0.486  
0.2470      0.080      0.006      0.000      0.486  
0.2600      0.080      0.006      0.000      0.486  
0.2730      0.080      0.006      0.000      0.486  
0.2860      0.080      0.006      0.000      0.486  
0.2990      0.080      0.007      0.000      0.486  
0.3120      0.080      0.007      0.000      0.486  
0.3250      0.080      0.007      0.000      0.486  
0.3380      0.080      0.008      0.000      0.486  
0.3510      0.080      0.008      0.000      0.486  
0.3640      0.080      0.008      0.000      0.486  
0.3770      0.080      0.009      0.000      0.486  
0.3900      0.080      0.009      0.000      0.486  
0.4030      0.080      0.009      0.000      0.486  
0.4160      0.080      0.010      0.000      0.486  



0.4290      0.080      0.010      0.000      0.486  
0.4420      0.080      0.010      0.000      0.486  
0.4550      0.080      0.011      0.000      0.486  
0.4680      0.080      0.011      0.000      0.486  
0.4810      0.080      0.011      0.000      0.486  
0.4940      0.080      0.011      0.000      0.486  
0.5070      0.080      0.012      0.000      0.486  
0.5200      0.080      0.012      0.000      0.486  
0.5330      0.080      0.012      0.000      0.486  
0.5460      0.080      0.013      0.000      0.486  
0.5590      0.080      0.013      0.000      0.486  
0.5720      0.080      0.013      0.000      0.486  
0.5850      0.080      0.014      0.000      0.486  
0.5980      0.080      0.014      0.000      0.486  
0.6110      0.080      0.014      0.000      0.486  
0.6240      0.080      0.015      0.000      0.486  
0.6370      0.080      0.015      0.000      0.486  
0.6500      0.080      0.015      0.000      0.486  
0.6630      0.080      0.016      0.000      0.486  
0.6760      0.080      0.016      0.000      0.486  
0.6890      0.080      0.016      0.000      0.486  
0.7020      0.080      0.017      0.000      0.486  
0.7150      0.080      0.017      0.000      0.486  
0.7280      0.080      0.017      0.000      0.486  
0.7410      0.080      0.017      0.000      0.486  
0.7540      0.080      0.018      0.000      0.486  
0.7670      0.080      0.018      0.000      0.486  
0.7800      0.080      0.018      0.000      0.486  
0.7930      0.080      0.019      0.000      0.486  
0.8060      0.080      0.019      0.000      0.486  
0.8190      0.080      0.019      0.000      0.486  
0.8320      0.080      0.020      0.000      0.486  
0.8450      0.080      0.020      0.000      0.486  
0.8580      0.080      0.020      0.000      0.486  
0.8710      0.080      0.021      0.000      0.486  
0.8840      0.080      0.021      0.000      0.486  
0.8970      0.080      0.021      0.000      0.486  
0.9100      0.080      0.022      0.000      0.486  
0.9230      0.080      0.022      0.000      0.486  
0.9360      0.080      0.022      0.000      0.486  
0.9490      0.080      0.022      0.000      0.486  
0.9620      0.080      0.023      0.000      0.486  
0.9750      0.080      0.023      0.000      0.486  
0.9880      0.080      0.023      0.000      0.486  
1.0010      0.080      0.024      0.000      0.486  
1.0140      0.080      0.024      0.000      0.486  
1.0270      0.080      0.024      0.000      0.486  
1.0400      0.080      0.025      0.000      0.486  
1.0530      0.080      0.025      0.000      0.486  
1.0660      0.080      0.025      0.000      0.486  
1.0790      0.080      0.026      0.000      0.486  
1.0920      0.080      0.026      0.000      0.486  
1.1050      0.080      0.026      0.000      0.486  
1.1180      0.080      0.027      0.000      0.486  
1.1310      0.080      0.027      0.000      0.486  
1.1440      0.080      0.027      0.000      0.486  
1.1570      0.080      0.028      0.000      0.486  



1.1700      0.080      0.028      0.000      0.486  
___________________________________________________________________ 
 
Name   : Lateral Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Lawn, Flat           .054  
  
Element Flows To:      
Surface               Interflow               Groundwater   
Permeable Pavement  1 Permeable Pavement  1   
___________________________________________________________________ 
 
 
Name   : Lateral I Basin  1  
Bypass: No  
Impervious Land Use         Acres    
ROADS FLAT LAT               1.247  
___________________________________________________________________ 
 
 
Element Flows To:      
Outlet 1              Outlet 2           
Permeable Pavement  1   
___________________________________________________________________ 
 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
                Stream Protection Duration  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:1.38  
Total Impervious Area:0  
___________________________________________________________________ 
 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:0.054  
Total Impervious Area:1.327349  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.040573  
5 year                  0.063722  
10 year                 0.07684  
25 year                 0.090738  
50 year                 0.099339  
100 year                0.106654  
 



Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0  
5 year                  0  
10 year                 0  
25 year                 0  
50 year                 0  
100 year                0  
___________________________________________________________________ 
 
Stream Protection Duration  
Annual Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1949           0.040          0.000  
1950           0.050          0.000  
1951           0.089          0.000  
1952           0.028          0.000  
1953           0.023          0.000  
1954           0.035          0.000  
1955           0.056          0.000  
1956           0.044          0.000  
1957           0.036          0.000  
1958           0.040          0.000  
1959           0.035          0.000  
1960           0.060          0.000  
1961           0.034          0.000  
1962           0.021          0.000  
1963           0.029          0.000  
1964           0.038          0.000  
1965           0.027          0.000  
1966           0.026          0.000  
1967           0.055          0.000  
1968           0.034          0.000  
1969           0.034          0.000  
1970           0.028          0.000  
1971           0.030          0.000  
1972           0.067          0.000  
1973           0.030          0.000  
1974           0.033          0.000  
1975           0.044          0.000  
1976           0.032          0.000  
1977           0.004          0.000  
1978           0.028          0.000  
1979           0.017          0.000  
1980           0.063          0.000  
1981           0.025          0.000  
1982           0.048          0.000  
1983           0.043          0.000  
1984           0.027          0.000  
1985           0.016          0.000  
1986           0.070          0.000  
1987           0.062          0.000  
1988           0.025          0.000  
1989           0.016          0.000  
1990           0.130          0.000  
1991           0.078          0.000  
1992           0.030          0.000  



1993           0.031          0.000  
1994           0.011          0.000  
1995           0.045          0.000  
1996           0.095          0.000  
1997           0.079          0.000  
1998           0.018          0.000  
1999           0.075          0.000  
2000           0.031          0.000  
2001           0.006          0.000  
2002           0.034          0.000  
2003           0.044          0.000  
2004           0.057          0.000  
2005           0.041          0.000  
2006           0.048          0.000  
2007           0.097          0.000  
2008           0.125          0.000  
2009           0.061          0.000  
___________________________________________________________________ 
 
Stream Protection Duration  
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1         0.1301              0.0000  
2         0.1245              0.0000  
3         0.0965              0.0000  
4         0.0951              0.0000  
5         0.0893              0.0000  
6         0.0795              0.0000  
7         0.0783              0.0000  
8         0.0745              0.0000  
9         0.0703              0.0000  
10        0.0665              0.0000  
11        0.0631              0.0000  
12        0.0622              0.0000  
13        0.0611              0.0000  
14        0.0604              0.0000  
15        0.0568              0.0000  
16        0.0558              0.0000  
17        0.0552              0.0000  
18        0.0497              0.0000  
19        0.0485              0.0000  
20        0.0480              0.0000  
21        0.0451              0.0000  
22        0.0444              0.0000  
23        0.0444              0.0000  
24        0.0439              0.0000  
25        0.0435              0.0000  
26        0.0407              0.0000  
27        0.0403              0.0000  
28        0.0399              0.0000  
29        0.0383              0.0000  
30        0.0358              0.0000  
31        0.0350              0.0000  
32        0.0346              0.0000  
33        0.0344              0.0000  
34        0.0344              0.0000  
35        0.0341              0.0000  



36        0.0337              0.0000  
37        0.0328              0.0000  
38        0.0321              0.0000  
39        0.0315              0.0000  
40        0.0314              0.0000  
41        0.0302              0.0000  
42        0.0302              0.0000  
43        0.0297              0.0000  
44        0.0291              0.0000  
45        0.0282              0.0000  
46        0.0282              0.0000  
47        0.0278              0.0000  
48        0.0274              0.0000  
49        0.0268              0.0000  
50        0.0264              0.0000  
51        0.0252              0.0000  
52        0.0245              0.0000  
53        0.0228              0.0000  
54        0.0212              0.0000  
55        0.0180              0.0000  
56        0.0170              0.0000  
57        0.0160              0.0000  
58        0.0159              0.0000  
59        0.0106              0.0000  
60        0.0056              0.0000  
61        0.0038              0.0000  
___________________________________________________________________ 
 
Stream Protection Duration  
POC #1  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0203    229502  0      0      Pass  
0.0211    220946  0      0      Pass  
0.0219    212947  0      0      Pass  
0.0227    205247  0      0      Pass  
0.0235    197996  0      0      Pass  
0.0243    190981  0      0      Pass  
0.0251    184478  0      0      Pass  
0.0259    178318  0      0      Pass  
0.0267    172415  0      0      Pass  
0.0275    166854  0      0      Pass  
0.0283    161550  0      0      Pass  
0.0291    156480  0      0      Pass  
0.0299    151711  0      0      Pass  
0.0307    147134  0      0      Pass  
0.0315    142706  0      0      Pass  
0.0323    138450  0      0      Pass  
0.0331    134257  0      0      Pass  
0.0339    130301  0      0      Pass  
0.0347    126365  0      0      Pass  
0.0355    122622  0      0      Pass  
0.0363    118986  0      0      Pass  
0.0371    115435  0      0      Pass  



0.0379    112035  0      0      Pass  
0.0387    108719  0      0      Pass  
0.0395    105468  0      0      Pass  
0.0402    102324  0      0      Pass  
0.0410    99351   0      0      Pass  
0.0418    96463   0      0      Pass  
0.0426    93662   0      0      Pass  
0.0434    91009   0      0      Pass  
0.0442    88421   0      0      Pass  
0.0450    85983   0      0      Pass  
0.0458    83587   0      0      Pass  
0.0466    81256   0      0      Pass  
0.0474    79010   0      0      Pass  
0.0482    76829   0      0      Pass  
0.0490    74732   0      0      Pass  
0.0498    72701   0      0      Pass  
0.0506    70797   0      0      Pass  
0.0514    68979   0      0      Pass  
0.0522    67097   0      0      Pass  
0.0530    65343   0      0      Pass  
0.0538    63696   0      0      Pass  
0.0546    62070   0      0      Pass  
0.0554    60552   0      0      Pass  
0.0562    59033   0      0      Pass  
0.0570    57579   0      0      Pass  
0.0578    56167   0      0      Pass  
0.0586    54777   0      0      Pass  
0.0594    53365   0      0      Pass  
0.0602    52082   0      0      Pass  
0.0610    50820   0      0      Pass  
0.0618    49622   0      0      Pass  
0.0626    48403   0      0      Pass  
0.0634    47226   0      0      Pass  
0.0642    46093   0      0      Pass  
0.0650    44959   0      0      Pass  
0.0658    43954   0      0      Pass  
0.0666    42970   0      0      Pass  
0.0674    41922   0      0      Pass  
0.0682    40960   0      0      Pass  
0.0690    40040   0      0      Pass  
0.0698    39077   0      0      Pass  
0.0706    38222   0      0      Pass  
0.0714    37259   0      0      Pass  
0.0722    36404   0      0      Pass  
0.0730    35570   0      0      Pass  
0.0738    34778   0      0      Pass  
0.0746    33923   0      0      Pass  
0.0754    33153   0      0      Pass  
0.0762    32425   0      0      Pass  
0.0770    31698   0      0      Pass  
0.0778    30992   0      0      Pass  
0.0786    30244   0      0      Pass  
0.0794    29538   0      0      Pass  
0.0802    28896   0      0      Pass  
0.0810    28255   0      0      Pass  
0.0818    27613   0      0      Pass  
0.0826    26971   0      0      Pass  



0.0834    26394   0      0      Pass  
0.0842    25838   0      0      Pass  
0.0850    25282   0      0      Pass  
0.0858    24704   0      0      Pass  
0.0866    24212   0      0      Pass  
0.0874    23720   0      0      Pass  
0.0882    23228   0      0      Pass  
0.0890    22779   0      0      Pass  
0.0898    22309   0      0      Pass  
0.0906    21902   0      0      Pass  
0.0914    21453   0      0      Pass  
0.0922    21036   0      0      Pass  
0.0930    20634   0      0      Pass  
0.0937    20221   0      0      Pass  
0.0945    19795   0      0      Pass  
0.0953    19389   0      0      Pass  
0.0961    19013   0      0      Pass  
0.0969    18606   0      0      Pass  
0.0977    18238   0      0      Pass  
0.0985    17887   0      0      Pass  
0.0993    17567   0      0      Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Water Quality BMP Flow and Volume for POC #1   
On-line facility volume: 0 acre-feet  
On-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
Off-line facility target flow: 0 cfs.   
Adjusted for 15 min: 0 cfs.   
___________________________________________________________________ 
 
 
 LID Report   
 
LID Technique                 Used for    Total Volumn   Volumn    Infiltration  Cumulative   
Percent     Water Quality  Percent       Comment     
                              Treatment?  Needs          Through   Volumn        Volumn       
Volumn                     Water Quality             
                                          Treatment      Facility  (ac-ft)       Infiltration 
Infiltrated                Treated                   
                                          (ac-ft)        (ac-ft)                 Credit                                                            
Permeable Pavement  1 POC          Y      191.88         210.86    209.98              Y      
99.58       209.98         99.58         Treat. Credit                             
Total Volume Infiltrated                  191.88         210.86    209.98                     
99.58       209.98         210 / 211 = 10Treat. Credit = 100%                      
Compliance with LID Standard 8                                                                                                         
Duration Analysis Result = Passed         
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear Creek 
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either expressed 
or implied, including but not limited to implied warranties of program and accompanying documentation.  
In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without 
limitation to damages for loss of business profits, loss of business information, business 
interruption, and the like) arising out of the use of, or inability to use this program even if Clear 



Creek Solutions Inc. or their authorized representatives have been advised of the possibility of such 
damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2015; All Rights Reserved. 



       

Miller-Walker Basin Stormwater Retrofit Planning Study February 2015 
B-20 Preliminary Pre-Engineering Design Report   

Attachment D 

Operations and Maintenance Guidelines 
 

 
Bioretention 

 
Permeable Pavement 

 
Pipes 

 
Structures 

 



       

Miller-Walker Basin Stormwater Retrofit Planning Study February 2015 
B-20 Preliminary Pre-Engineering Design Report   

This page intentionally left blank. 

  



July 2013 

12 Guidance Document—W. Washington Low Impact Development (LID) Operation and Maintenance (O&M) 

Table 1. Maintenance Standards and Procedures for All LID BMPs. �� �� � � � � �� 	 � 
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Equipment and Materials 

Table 2 includes recommendations for equipment and materials common to all LID BMPs 

included in this guidance document. 

Table 2. Equipment and Materials List for All LID BMPs. 
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¨ e a f c g h i c a d j c k l m n b c o g p m o q r l s m o i t u u g v w r u o i v r c c x c v a o s n a o g v w i r u x c v w c h c a o s c a d n d u g c q g m u o w a o s j u dy m i y x m v m t m r m g h v a f c g h x c v g z
¨ e y u x c r p g u q y c q { s c n g y a o s q u o s m g m u o u f v u m r v z
¨ | c a v l d m o i g a n c
¨ } y u g u v w d c n u d g v w a o s j u d q y c q { r m v g v f d u b n a v g b a m o g c o a o q c x m v m g v p g u y c r n m s c o g m f h q y a o i c v v l q y a vg y m o o m o i n r a o g v a o s q y a o i m o i n a x c b c o g q u o s m g m u o v z
¨ ` u n h ~ � � � � � � � � � � � � | b a o l a r u d b a m o g c o a o q c n r a o
¨ � � | q y c q { r m v g
¨ � v � t l m r g p m � c � w d c q u d s z s d a � m o i v u f g y c f a q m r m g h w m o q r l s m o i v m g c s d a � m o i v � m g y f a q m r m g h r u q a g m u o p v z
¨ | a o l f a q g l d c d m o f u d b a g m u o p m f a n n r m q a t r c z
 

Skills 

The required skills common to maintenance 

of all LID BMPs are listed in the text box to 

the right. 

 

 

 

 

 

Skills Needed for Maintenance 
of all LID BMPs 

· Understanding of as-built (or record) 
drawings of the facility 

· Understanding of facility design and intent 
(to identify issues that would inhibit 
function) 

· General labor (manual tool skills) 
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Bioretention Facilities 
Bioretention facilities are engineered facilities that store and treat stormwater by filtering it 

through a specified soil profile. Water that enters the facility ponds in an earthen depression 

or other basin (e.g., concrete planter) before it infiltrates into the underlying bioretention 

soil. Stormwater that exceeds the surface storage capacity overflows to an adjacent drainage 

system. Treated water is either infiltrated into the underlying native soil or collected by an 

underdrain and discharged. Bioretention facilities are considered Stormwater Treatment and 

Flow Control BMPs/Facilities when used to help meet Minimum Requirements #6 (treatment), 

#7 (flow control), or both. 

Key Maintenance Considerations 

The main components of bioretention facilities are listed below with descriptions of their 

function and key maintenance considerations. 

· Inlet: Stormwater can flow into a bioretention facility in a number of ways including: 

dispersed flow across vegetated areas, sheet flow across impervious areas, or 

concentrated flow through curb cuts and/or piped flow inlets. Inlets must be 

maintained to be unobstructed to ensure that stormwater enters the facility as 

designed. Erosion control measures must also be maintained in areas of concentrated 

flows (e.g., pipes inlets or narrow curb cuts). 

· Facility footprint: The facility footprint is typically an earthen depression or another 

type of basin (e.g., concrete planter box) that provides surface storage for stormwater 

before it infiltrates into the underlying bioretention soil. If the facility is located on a 

slope, low permeability check dams may be included (oriented perpendicular to the 

slope) to encourage ponding. Key maintenance considerations for the facility footprint 

include the following: � The integrity of earthen berms and basin walls must be maintained, soil areas must 

be protected from erosion, and accumulated sediment must be removed. � Bioretention facilities are designed to infiltrate all ponded water within a 24- 

to 48-hour “drawdown” time after the end of a storm. This allows the soil to 

dry out periodically in order to restore the hydraulic capacity of the system and 

prevent conditions supportive of mosquito breeding. Slower drawdown times may 

indicate that the underdrain (if present) is plugged or the bioretention soil is 

overly compacted, clogged, or does not meet design specifications. Corrective 

maintenance may include clearing underdrain obstructions or partial or complete 

replacement of bioretention soil to restore bioretention facility function. 

· Bioretention soil: Infiltration of stormwater through the engineered bioretention soil 

mix provides water quality treatment. All maintenance activities must be performed in 

a manner to prevent compaction of the bioretention soil. 

· Mulch: The bioretention soil is covered by a layer of mulch, comprised of arborist 

wood chips, compost, and/or rocks. Mulch reduces weed establishment. Organic 
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mulches regulate soil temperatures and moisture, and add organic matter to soil. The 

mulch layer must be supplemented regularly. 

· Vegetation: Bioretention systems rely on vegetation (i.e., grasses, shrubs, and 

sometimes trees) to intercept, uptake, and evapotranspire stormwater. In addition, 

plant roots improve soil structure and increase infiltration capacity. Regular 

maintenance activities associated with vegetation include weeding and pruning. 

Plants also require irrigation during the first 2 to 3 years of establishment and during 

extended dry periods. 

· Overflow: Flows exceeding the capacity of the facility are discharged via an overflow 

structure (e.g., pipe, curb cut, earthen channel). It is important to maintain clear 

outlet pipes and overflow structures to ensure that stormwater can be safely conveyed 

to a designated discharge point (e.g., storm drain system). 

· Underdrains (optional): Underdrains are optional components of a bioretention 

facility that may be included in bioretention systems where, for example, infiltration 

to underlying soil is not prudent or feasible. Underdrains are installed under the 

bioretention soil layer to collect and convey treated water. An underdrain system can 

be comprised of perforated or slotted pipe, wrapped in an aggregate blanket. It is 

important to maintain clear drains so that water moves through system as designed. 

Maintenance may include occasional cleaning to remove plant roots or debris. If 

underdrains are equipped with a flow restrictor (e.g., orifice) to attenuate flows, the 

orifice must be inspected and cleaned regularly. 

Nutrient sensitivity of the receiving water is also an important maintenance consideration, 

particularly in watersheds draining to phosphorous limited water bodies. The addition of 

excess fertilizers to the system and/or systems operating in bypass, can increase the 

potential for export of phosphorous found in bioretention soil or compost and increase 

nutrient loads to downstream receiving waters. 

Key Operations to Preserve Facility Function 

For a bioretention system to function properly, stormwater must infiltrate freely through the 

bioretention soil. The soil infiltration rate can be reduced if the soil is subject to compaction 

(e.g., foot and vehicle traffic loads). To limit the likelihood of corrective maintenance (e.g., 

bioretention soil replacement), the facility footprint area should be protected from external 

loads. Because the risk of compaction is higher when soils are saturated, any type of loading 

in the bioretention facility (including foot traffic) should be avoided during wet conditions. 

Signage can also be used to identify the vegetated area as a stormwater BMP and inform 

maintenance crews and the general public about protecting the facility’s function. 

Maintenance Standards and Procedures 

Table 3 provides the recommended maintenance frequencies, standards, and procedures for 

bioretention facility components. The level of routine maintenance required and the 

frequency of corrective maintenance actions may increase for facilities subject to high 

sediment loads from the contributing drainage area. 
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Additional Maintenance Resources 

Useful related guidance documents include the following: 

· LID Technical Guidance Manual for Puget Sound: 

http://www.wastormwatercenter.org/files/library/lid-manual-2012-final-secure.pdf. 

· Natural Lawn and Garden Care resources (King County and SPU 2008; Saving Water 

Partnership 2006, 2007, and 2012) include guidance on building healthy soil with 

compost and mulch, selecting appropriate plants, watering, using alternatives to 

pesticides, and implementing natural lawn care techniques. 

· Integrated Pest Management (IPM) protocols (the term “pest” covers a broad range 

of species including harmful insects, plant pathogens, rodents, and weedy vegetation) 

provide an approach to pest control that uses regular monitoring to determine if 

and when treatments are needed, and employs physical, mechanical, cultural, and 

biological tactics to keep pest numbers low enough to prevent intolerable damage or 

annoyance (Ecology 2012c) while avoiding or minimizing the use of pesticides and 

fertilizers herbicides as a management strategy. 

· See EPA’s website for general information on IPM: 

www.epa.gov/pesticides/factsheets/ipm.htm 

· See the City of Seattle’s website for IPM Fact Sheets and Washington specific 

resources: 

www.seattle.gov/util/forbusinesses/landscapes/integrated_pest_management 

· The International Society of Arboriculture (ISA) is a group that promotes the 

professional practice of arboriculture and fosters a greater worldwide awareness of 

the benefits of trees through research, technology, and education. ISA standards 

used for managing trees, shrubs, and other woody plants are the American National 

Standards Institute (ANSI) A300 standards. The ANSI A300 standards are voluntary 

industry consensus standards developed by the Tree Care Industry Association (TCIA) 

and written by the Accredited Standards Committee (ASC). The ANSI standards can be 

found on the ISA website: www.isa-arbor.com/education/publications/index.aspx. 

· Volume IV (Source Control) of Ecology’s 2012 SWMMWW provides guidance on herbicide 

and pesticide application and alternative management strategies for controlling weeds 

and pests. 

· WSU Weeding Guidelines: http://gardening.wsu.edu 

· Pacific Northwest Plant Disease Management Handbook for information on disease 

recognition and for additional resources: 

http://pnwhandbooks.org/plantdisease/diagnosis-and-testing/disease-diagnosis-and-

control 

These resources are supplemental and do not supersede guidance provided in the Standards 

and Procedures tables. 
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Equipment and Materials 

Table 4 includes recommendations for equipment and materials commonly used to maintain 

bioretention facilities. Some of the equipment and materials will be used for routine 

maintenance activities, while other equipment and materials will be necessary for specialized 

maintenance. 
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Skills and Staffing 

The skills required for maintenance 

of bioretention facilities are listed in 

the text box to the right. Additional 

specialized skills may also be required 

for corrective maintenance such as: 

horticulturalists, arborists, erosion 

control specialists, engineers, landscape 

architects, and soil scientists. 

The staff effort required for maintenance 

varies. Table 5 provides some examples of 

staffing estimates from Washington 

jurisdictions, the City of Portland, a study 

conducted among Minnesota jurisdictions 

(Wilson et al. 2008), and the BMP and LID 

Whole Life Cost Models (WERF 2009). Annual 

staff hours are listed for an individual 

facility (i.e., a “typical” facility of 

undefined area), 1,000 square feet of 

facility, or 1,000 linear feet of facility. 

Table 5. Maintenance Frequency and Staffing for Bioretention Facilities. » ¼ ½ ¾ ¿ À Á Â Ã ¿ À ¾ Á À Ã À Ä ÁÅ Ä ¾ ¿ Æ ¿ ¾ Ç È É Á Ê ½ Á À Ä Ç Ë Å À À ½ Ã Ì Í ¾ Ã Î ÎÏ ¼ ½ É Ð Í ¼ ½ É Ä ÁÑ Ò Ó Ò Ô Õ Ö × Ó Ø Õ Ù Ú Û Ü Û Ú ÝÞ ß Ò Ù Û à Û Ò á â ã Ø Ô ä å Ú Ø å æ ç Ø è Ô Þ× ß Ò Ô à Õ Ù Û Ö Û Ú Ý â é Õ Û Ó Ú Ò Ó Õ Ó Ù Ò Ø à ê Ú Ø Ô ë ì Õ Ú Ò Ô ä é í Þ î ï Ô Ò ð è Ò Ó Ù Ý ñò à à Ø Ô Ú ñ Õ Ó á ó Ø Þ Ú × ô Û Ö Þ Ø Ó Ò Ú Õ Ö õ ö ÷ ÷ ø âù Ò ú Ò Ú Õ Ú Û Ø Ó ë Õ Ó Õ ú Ò ë Ò Ó Ú ã ÷ Ú Ø ö ç Ø è Ô Þ× ß Ò Ô à Õ Ù Û Ö Û Ú Ý â ä é í Õ Ó á û ü ý ô ç Ø Ö Ò û Û à Ò ó Ø Þ Ú é Ø á Ò Ö Þ × ô ò þ ïö ÷ ÷ ÿ âÑ Ò Ó Ò Ô Õ Ö × Ó Ø Õ Ù Ú Û Ü Û Ú ÝÞ ß Ò Ù Û à Û Ò á â é ö � ç Ø è Ô Þ× ß Ò Ô å ñ ÷ ÷ ÷ Þ à â ó Û Ú Ý Ø à ä Ò Ö Ö Ò Ü è ÒÑ Ò Ó Ò Ô Õ Ö × Ó Ø Õ Ù Ú Û Ü Û Ú ÝÞ ß Ò Ù Û à Û Ò á â é å æ ç Ø è Ô Þ× ß Ò Ô à Õ Ù Û Ö Û Ú Ý â � Û Ú Þ Õ ß ó Ø è Ó Ú Ýô Ò Ò á Û Ó ú é × é Õ Ý � ê Ò ß Ú â � ç Ø è Ô Þ× ß Ò Ô å ñ ÷ ÷ ÷ Ö à â � ç è Ô Þ Ú Ø Ó ó Ø è Ó Ú Ýþ Ò ß Ö Õ Ó Ú Û Ó ú Õ Ó á ë è Ö Ù ç Û Ó ú ã� Ý ß Û Ù Õ Ö à Õ Ù Û Ö Û Ú Ýë Õ Û Ó Ú Ò Ó Õ Ó Ù Ò � å ÷ Ú Ø � ÷ ç Ø è Ô Þ �× ß Ò Ô å ñ ÷ ÷ ÷ Þ à â ó Û Ú Ý Ø à í Ø Ô Ú Ö Õ Ó áé Ø Ô Ò Ù Ø ë ß Ö Ò � Þ Û Ú Òë Õ Û Ó Ú Ò Ó Õ Ó Ù Ò 	 
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a Frequency: A = Annually; B = Biannually (twice per year); M = Monthly; Q = Quarterly (four times per year)  
b Low end of range pertains to City staff and high end of range pertains to Contractor staff 
c Deciduous canopy, poor soils, adjacent weed vectors, unmaintained commercial right-of-way 

lf = linear feet 

sf = square feet 

Skills Needed for Maintenance 
of Bioretention Facilities 

· Landscaping skills (e.g., general plant care) 

· Plant identification skills (weeds vs. planted 
species, invasive vs. common weeds, how to 
dispose of invasive weeds, timing of weed 
seed dispersal) 

· Erosion control knowledge 

· General drainage system maintenance 
skills (e.g., inlet/pipe/underdrain cleaning 
experience, inlet/ pipe maintenance or 
repair experience) 

· Operation of specialized equipment 

· Engineer and/or landscape architect for 
major maintenance 

· Certified arborist (or equivalently trained 
staff) for pruning of mature trees 
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Staffing estimates averaged approximately 16 to 22 hours per bioretention facility on an 

annual basis. The City of Portland estimated that bioretention facilities with more complex 

maintenance requirements could require up to 38 hours of staff time when using less 

seasoned maintenance crews. 
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Rain Gardens 
Rain gardens are non-engineered, shallow, landscaped depressions with compost-amended 

soils and adapted plants. The depression temporarily stores stormwater runoff from adjacent 

areas. Some or all of the influent stormwater passes through the amended soil profile and 

into the underlying native soil. Stormwater that exceeds the storage capacity is designed to 

overflow to an adjacent drainage system.  

Key Maintenance Considerations 

The main components of rain gardens (and the associated maintenance considerations) are 

very similar to those listed for bioretention facilities. However, rain gardens do not require an 

engineered soil mix (native soils may be amended) and usually do not have underdrains or 

other control structures. 

Fertilizer use should be avoided in rain gardens, particularly those located in watersheds 

draining to phosphorous limited water bodies. 

Key Operations to Preserve Facility Function 

As explained for bioretention facilities, rain gardens must be protected from foot traffic, 

vehicles and other loads, particularly during wet conditions, to prevent compaction of the 

amended soil and preserve infiltration capacity.  

Signage can also be used to identify the vegetated area as a stormwater BMP and inform 

maintenance crews and the general public about protecting the rain garden’s function (e.g., 

no walking in the garden). 

Maintenance Standards and Procedures 

Table 6 provides the recommended maintenance frequencies, standards, and procedures for 

rain garden components. For guidance on underdrains, check dams and other control 

structures, see “Bioretention Facilities”. 
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j ffj lhij ykopoi edj okyi {feoeki
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� oeoyhx ef� yoeoyfo{yi ghi efgj i� ho� ygefi p{eghkz g� ek

j ffj lhij ykopoi edj okyi {feoeki

b cddefghi efj klm hn i ef
eoi h�|j o� dekiq

� okeez ez� oi h�|j o� ez telei hij ykm hn i ef� pehfoq ·

� hi efz cfj klz fycl� i sykzj ij ykoyfdyfeyn i ekjn keseoohfpi y

dhj ki hj k{| hki sytef

·

�z ekijn pi fj llefdes� hkj odon yfz fycl� i voi feoom e �l �~| ehn gj| i ~| ehn
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Additional Maintenance Resources 

In addition to the resources listed for bioretention, useful guidance for rain gardens 

can be found in the Rain Garden Handbook for Western Washington Homeowners 

(http://www.wastormwatercenter.org/low-impact/). These resources are supplemental and 

do not supersede guidance provided in the Standards and Procedures tables. 

Equipment and Materials  

Table 7 includes recommendations for equipment and materials commonly used to maintain 

rain gardens. Some of the equipment and materials will be used for routine maintenance 

activities, while other equipment and materials will be necessary for specialized 

maintenance. 

Table 7. Rain Garden Equipment and Materials List. í î ï ð ñ ò î ó ô ï õ ö ÷ ø ô ó ù ö ï ú û î ú ö ü ô ï õ ö ÷ ø ô ó ù ö ï ú
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* Items not required for routine maintenance 
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Permeable Pavement 
Permeable pavement is a paving system which allows rainfall to percolate through the surface 

into the underlying soil or an aggregate bed, where stormwater is stored and infiltrated to 

underlying subgrade, or removed by an overflow drainage system. Permeable pavement 

facilities are considered Stormwater Treatment and Flow Control BMPs and can be used to 

meet Minimum Requirements #6 (treatment), #7 (flow control), or both. To satisfy Minimum 

Requirement #6, stormwater must be infiltrated into underlying soils that meet Ecology’s soil 

treatment requirements or filtered through an engineered treatment layer included in the 

pavement section.  

Key Maintenance Considerations 

The main components of permeable pavement facilities are listed below with descriptions of 

their function and key maintenance considerations.  

· Wearing course: The surface layer of any permeable pavement system is the wearing 

course. Categories of wearing courses include: / Porous asphalt: A flexible pavement similar to standard asphalt that uses a 

bituminous binder to adhere aggregate. However, the fine material (sand and 

finer) is reduced or eliminated, resulting in the formation of voids between the 

aggregate in the pavement surface that allows water to infiltrate to the underlying 

aggregate base. / Pervious concrete: A rigid pavement similar to conventional concrete that uses a 

cementitious material to bind aggregate together. However, the fine aggregate 

(sand) component is reduced or eliminated in the gradation, resulting in the 

formation of voids between the aggregate in the pavement surface that allows 

water to infiltrate to the underlying aggregate base. / Interlocking concrete paver blocks: Solid, precast, manufactured modular units. 

Pavements constructed with these units create joints that are filled with 

permeable aggregate and installed on an open-graded aggregate base.  / Aggregate Pavers (or Pervious Pavers): Modular precast paving units made with 

uniformly sized aggregates and bound with Portland cement concrete using a high 

strength adhesive. Unlike concrete paver blocks, these pavers are permeable. 

Pavements constructed with these units create joints that are filled with 

permeable aggregate and installed on an open-graded aggregate base. / Open-celled paving grid with gravel: Concrete or plastic grids that are filled with 

permeable aggregate. The system can be installed on an open-graded aggregate 

base. / Open-celled paving grid with grass: Concrete or plastic grids that are filled with a 

mix of sand, gravel, and topsoil for planting vegetation. The cells can be planted 

with a variety of non-turf forming grasses or low-growing groundcovers. The system 

can be installed on an open-graded aggregate base. 
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A critical component of a successful maintenance program is regular removal of 

sediment and debris, excessive moss from the facility surface to prevent clogging of 

the permeable wearing course. 

· Inlet (optional): While permeable pavement facilities often manage only the 

rain falling directly on the pavement surface, they may also be designed to accept 

stormwater runoff from additional areas (e.g., adjacent impervious areas, nearby 

rooftops). Runoff can be directed to the facility by two main methods: 0 Sheet flow to the surface: Surface areas of the facility receiving runoff 

contributions will likely be prone to clogging due to sediment inputs, particularly 

in areas of concentrated inflow. These areas should be carefully inspected and 

corrective maintenance should be performed as necessary to maintain the function 

of the pavement at these sites. In addition, the source of the sediment loads 

should be evaluated to determine if modifications to features in the drainage area 

landscape (e.g., stabilization of adjacent planted areas) would help to prevent 

clogging.  0 Piped flow into the aggregate base: Pipes dispersing water into the aggregate bed 

should be designed with cleanout access to allow pipe maintenance. Runoff that is 

piped into the aggregate base should be pretreated for sediment removal (e.g., 

screens, sumps) to protect the subbase from sedimentation and clogging. The 

pretreatment system must be maintained to remove accumulated sediment. 

· Aggregate Base / Storage Reservoir: Stormwater passes through the wearing course 

to an underlying aggregate storage reservoir where it is stored prior to infiltration 

into the underlying soil. This aggregate bed also provides the structural function of 

supporting design loads (e.g., vehicle loading) for flexible pavement systems. To allow 

inspection of the aggregate course, some facilities have an observation port (typically 

installed during construction) that allows monitoring of the water levels in the 

aggregate bed to determine if the facility is draining properly. 

· Overflow: Unless designed to provide full infiltration of stormwater, permeable 

pavement facilities have an overflow. Facility overflow can be provided by subsurface 

slotted drain pipe(s) (elevated in the aggregate bed) routed to an inlet or catch basin 

structure or by lateral flow through the storage reservoir to a daylighted drainage 

system. 

· Underdrain with flow restrictor (optional): A slotted drain pipe with flow restrictor 

assembly may be installed at the bottom of or elevated within the aggregate storage 

reservoir. Permeable pavement facilities with underdrains and flow restrictors operate 

as underground detention systems with some infiltration. 

Key Operations to Preserve Facility Function 

There are several permeable pavement operational actions that can limit the likelihood of 

corrective maintenance actions or replacement including the following: 
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· Prohibiting use of sealant on porous asphalt 

· Protecting from construction site runoff with proper temporary erosion and sediment 

controls and flow diversion measures 

· Modifying utility cut procedures for permeable pavements. Protocols should 

recommend restoring permeable pavement section in-kind, where feasible, and 

require restoring permeable pavement section in-kind where replacement with 

conventional pavement would impact overall facility function. Replacing permeable 

pavement with conventional pavement is acceptable if it is a small percentage of the 

total facility area and does not impact the overall facility function. 

· Modifying snow removal procedures such as: 1 Using a snow plow with skids or rollers to slightly raise the blade above permeable 

pavers or open-celled paving grid systems to prevent loss of top course aggregate 

and damage to paver blocks or grids 1 Avoiding stockpiling plowed snow (i.e., dirty snow) directly on top of permeable 

pavement 1 Avoiding application of sand to pervious pavement and adjacent streets where 

vehicles may track it onto the pervious pavement. If sand is applied, on an 

emergency basis during snowy conditions, vacuum sweep surface as soon as 

possible after the sand is no longer needed. 1 Use alternative deicers in moderation (e.g., salt, molasses-based and chemical 

deicers). 

· Protecting the surface from stockpiles of landscaping materials (e.g., mulch, soil, 

compost) being used for adjacent pervious areas 

· Stabilizing adjacent landscaped areas to avoid eroding soil and clogging surfaces or 

sloping adjacent landscaped areas away from permeable pavement , if possible 

Signage or pavement marking can also be used to identify permeable pavement as a 

stormwater BMP and inform maintenance crews and the general public about protecting the 

facility’s function (e.g., no stockpiling of soils or mulch on pavement surface). 

Maintenance Standards and Procedures 

Table 8 provides the recommended maintenance frequencies, standards, and procedures for 

permeable pavement components. The level of routine maintenance required and the 

frequency of corrective maintenance actions may increase for facilities receiving high 

sediment loads (e.g., sanding) or facilities subject to extended wet, shady conditions where 

moss may accumulate. 
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sb e_a_fg h m`o br_p m`t fvb̀bt f_ e_fgzp n_hfngt fotdg b̀g _|·
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bfbpptgt nfbdg _hgo ǹ_bru bpptgt nfbd� i��� h� mb̀_o __g msg n�� i��� h� mb̀_o __gg ng bd �jc n e_�� i��� h� mb̀_o __g ibpp nf_g _hgo ǹ_ e_̀ {�� i��� h� mb̀_o __g �
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·
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·
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Ü ÑÏÝÞ ÑÌÎß ÏÑ àÍÔ ÌÎá×Ô ÌÍ ÎÌ×ÌÒÎâ
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H IJK LMNOP NLJQ RST UIJVNW MURXYZ[
\ ]̂_ `âbb ^c ]d ef _g ghfc ifjk ghdll
m nhop n_̂q hn rjf _̂sdf _j _̂d_ât

·

u ŝn el̂̂cf ŝ_j vc ^w hf l vj hdlk veĝ̂j djf n_ vd_c njk ĥc ^w hf lc ]̂nlfj ^c n_j n]d eŝ̂_jq hdx l̂d_cb d̂ywb n iĥlad_w ^ rl̂cy nhĥsn ef _gb d̂ el̂t
·

z nbb n i{̂ rf ]ŝ_j sd_ ry daj rĥhg rfc ^bf _̂ly nhab d̂_f _gl rhy dâ |

m}
m ggĥgdj ^f lab ngĝc ~ � n_cf _gn_l rhy dânh idj ĥyb n ilnyyjk ]̂̂hŝdwb ^

]d eŝ̂_j l rhy dâc rhf _gdhdf _̂ e_̂jqc n̂l_njf _yfbj hdj ^t�·

� �� ������ �� ������� �� ��� ����� ���������� ��� ��� �

m
� d ef _gghfc sf llf _gnhc dsdĝc

·

u ŝn e]̂f _l v]h �r]ghfc l̂gŝ_j l vd_c ĥ]b dâghdll
·

u ]̂b dâghfc l̂gŝ_j l ik ĥ̂jk ĥ̂nhsnĥdc� dâ_j hf _gldĥw hnx _̂nhc dsdĝc
·

z nbb n isd_ ry daj rĥhg rfc ^bf _̂ly nhĥ]df hf _gl rhy dâ |

m
� ^jjb ŝ̂_j ny l rhy dâ

·

� d �ĥ{ rf ĥĥl̂jjf _g

m
� nnhghdllan eĥdĝf _]d ef _gghfc

·

u l̂j nĥghn if _gŝcf rs vĥl̂̂c nh]b d_j vd̂hdj ^ vd_c� nhdŝ_c eĝ̂j dj ^c dĥddl_̂̂c ^c
·

� hdyyf ab ndcf _gsd �w ^f _kfwfjf _gghdllghn ijk �ĥan_lfc ĥj hdyyf ab ndcf _gfyy d̂lfwb ^

m l_̂̂c ^cp n_̂q hn rjf _̂sdf _j _̂d_ât

·

� l̂ds rb ak sn iĥj nsn ighdll

mp n_̂q hn rjf _̂sdf _j _̂d_ât

·

� ]hf _xb d̂jkf _b d �ĥny ans]nlj n_j n]ny ghdlll rhy dâ��� ¡� ��� ����� �¢£ ��� � ¤^̂]fjf _
·

¥ n_nj rl̂y ĥjfbf ¦ĥ

m§ ^̂c l]ĥl̂_j

·

� d_ rdbb �ĥsn e^ i^̂c l
·

� n i vj nhak vnhf _na rb dj d̂_c ĥ]b dâ ifjk ]ĥy ĥĥc eĝ̂j djf n_

¨ R© NX VOª IX© NX VO«Q ¬NV ­ _b ^j� n rjb ^j ]f ]̂m
�f ]̂f lc dsdĝc
u ]̂df h� ĥ]b dâ

m
�f ]̂f lab ngĝc
u ŝn eĥnnj lnhc ^w hf l

� _c ĥc hdf _]f ]̂®b d̂_]f ]̂dl _̂̂c ^c®b d̂_nhfyf âdj b d̂ljwf d__ rdbb � q sd �_̂̂c snĥ y ĥ{ r_̂j ab d̂_f _g c rhf _g i^j l̂dln_t�b d_j hnnj l vl̂cf ŝ_j nhc ^w hf lĥc raf _gad]dafj �ny
r_c ĥc hdf _q sd �ad rl̂]hnb n_ĝcc hd ic n i_]̂hf nct·¯ ^j ab d̂_nhhnj dh �a rjc ^w hf l� hnnj ly hns r_c ĥc hdf _q lt

·

­y r_c ĥc hdf _ldĥ̂{ rf ]]̂c ifjk dyb n iĥlj hf aj nhq ^ |g |vnhfyf âtj ndjj _̂ rdj ^yb n il vjk n̂hfyf âs rljw âb d̂_̂c ĥg rb dhb �

u df l̂c l rw l rhy dâ n eĥyb n i]f ]̂®b d̂_]f ]̂dl _̂̂c ^c®b d̂_nhfyf âdj b d̂ljwf d__ rdbb � q sd �_̂̂c snĥ y ĥ{ r_̂j ab d̂_f _g c rhf _g i^j l̂dln_t�b d_j hnnj l vl̂cf ŝ_j nhc ^w hf lĥc raf _gad]dafj �ny
r_c ĥc hdf _

·
¯ ^j ab d̂_nhhnj dh �a rjc ^w hf l� hnnj ly hns r_c ĥ `c hdf _q lt

·

­y r_c ĥc hdf _ldĥ̂{ rf ]]̂c ifjk dyb n iĥlj hf aj nhq ^ |g |vnhfyf âtj ndjj _̂ rdj ^yb n il vjk n̂hfyf âs rljw âb d̂_̂c ĥg rb dhb �

\ rjb ^j lj h raj rĥm v�
� ^cf ŝ_j veĝ̂j djf n_ vnhc ^w hf lĥc raf _gad]dafj �ny n rjb ^j

lj h raj rĥ
·

®b d̂hjk ^wb nax dĝ
·

­c _̂jfy �jk l̂n rhânyjk ^wb nax dĝd_cj dx d̂ajf n_lj n]ĥ e_̂jy rj rĥwb nax dĝl
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Equipment and Materials 
Table 9 includes recommendations for equipment and materials commonly used to maintain 

permeable pavement. Some of the equipment and materials will be used for routine 

maintenance activities, while other equipment and materials will be necessary for specialized 

maintenance. 

Table 9. Permeable Pavement Equipment and Materials List. � � � � � � � � � � �  ! ! " � # # $ % � & & � � & � ' ( �  " � � & $ � � " # � ) # � $ *  # + , � � ! - . � & � �  � � � � " � � � .  % � � � � � � � � � ) # � $ * # +
¨ / 0 1 2 3 4 5 2 6 7 4 8 8 9 7 4 : 0 8 3 4 7 ; 7 6 ; : 4 7 : 0 8 3 4 7 : < = 37 ; = 0 = < 1 > ? 7 9 8 3 4 8 @ 1 ; = 7 4 A ; B B 4 1 2 4 2 C ; 7 ; 6 4 1 D A 4 5 5 4 20 > > 7 4 > 0 = 4 D C < 5 5 4 2 8 E 8 = 4 B 8 F
¨ G 0 5 H D ? 4 3 < 1 2 I 0 A 9 9 B @ 8 < 2 4 : 0 5 H 8 F
¨ J 9 7 4 I 0 A 9 9 B 8 : 4 4 6 4 7
¨ K 3 ; 6 L 0 A @ 8 B 0 5 5 0 7 4 0 8 F
¨ M ; B ? < 1 4 2 3 < > 3 4 7 6 7 4 8 8 9 7 4 : 0 8 3 0 1 2 I 0 A 9 9 B 8 E 8 = 4 B

¨ G 4 4 2 < 1 > = ; ; 5 8
¨ G 4 4 2 ? 9 7 1 4 7
¨ N 2 > < 1 > 0 1 2 = 7 < B B < 1 > 4 O 9 < 6 B 4 1 = = ;A ; 1 = 7 ; 5 > 7 ; 9 1 2 A ; I 4 7 0 1 2 ; = 3 4 7I 4 > 4 = 0 = < ; 1 C 7 ; B 4 P = 4 1 2 < 1 > ; 1 = ;6 0 I 4 B 4 1 = 8 9 7 C 0 A 4� � � � � � � � � � � " � � � . � # � ! � � � � � ) ! � Q " � # )  � ! % �  ' % � � � � " ) # � $ * # + R ! ! � � � � �  % � � � � � � � � � ' � " & "  # # S ' � % % � ! � � � � S$ � % % � ! & " � ! # T # � � � #

¨ / < > 3 4 C C < A < 4 1 A E 7 4 > 4 1 4 7 0 = < I 4 0 < 7 ; 7 I 0 A 9 9 B 8 : 4 4 6 4 7@ 7 ; 0 2 : 0 E 8 U 6 0 7 H < 1 > 5 ; = 8 F
¨ J 9 8 3 ? 7 ; ; B @ A 0 1 0 5 8 ; ? 4 9 8 4 2 = ; 8 6 7 4 0 2 0 1 2 A 5 4 0 10 > > 7 4 > 0 = 4 < 1 > 7 0 I 4 5 D C < 5 5 4 2 ; 6 4 1 D A 4 5 5 4 2 > 7 < 2 0 1 26 4 7 B 4 0 ? 5 4 6 0 I 4 7 8 E 8 = 4 B 8 F
¨ V 7 9 8 3 ? 7 ; ; B @ A ; 9 7 8 4 ? 7 < 8 = 5 4 2 ? 7 ; ; B F = ; 7 4 B ; I 4 B ; 8 8
¨ W 4 0 C ? 5 ; : 4 7

¨ X ; : 4 7 ; 7 B 9 5 A 3 B ; : 4 7
¨ Y ; 6 2 7 4 8 8 > 7 0 8 8 8 4 4 2
¨ M ; B 6 ; 8 =
¨ Z 4 6 5 0 A 4 B 4 1 = > 7 < 2 8 4 > B 4 1 = 8� " � # � � � $ � � � " � % � � � � � � � � � [ � � # �  Q � % � \ �  ! ]  $ � � � %  � ! # $  � � ! " �  #  � ! � " � � � $ � �  . � � � � � ' " � � # � ! � � � � � � � � � � # ^ _ R ! ! � � � � �  % � � � � � � � � � ' � " & "  . � % S ' � % % � ! � � � � S$ � % % � ! & " � ! # T # � � � #

¨ N 7 ; 8 < ; 1 A ; 1 = 7 ; 5 B 0 = = < 1 >
¨ Z ; A H 8
¨ X 9 5 A 3
¨ J 5 0 1 = 8
¨ W 0 1 2 8 A 0 6 < 1 > = ; ; 5 8
¨ Y 0 7 6 8 @ = ; 6 7 ; = 4 A = 6 0 I 4 B 4 1 = < 1 0 7 4 0 ; C 5 0 1 2 8 A 0 6 < 1 > C 7 ; BA 5 ; > > < 1 > U 4 ` > ` U B 9 5 A 3 8 = ; A H 6 < 5 4 8 F

¨ Z 0 H 4 8 0 1 2 8 3 ; I 4 5 8
¨ a > > 7 4 > 0 = 4 = ; 7 4 6 5 0 A 4 B 0 = 4 7 < 0 5 0 C = 4 7I 0 A 9 9 B < 1 > ; 7 = ; 7 4 6 5 4 1 < 8 3 B 0 = 4 7 < 0 5 < 13 < > 3 9 8 4 0 7 4 0 8
¨ Z 4 6 5 0 A 4 B 4 1 = > 7 < 2 8 4 > B 4 1 = 8
¨ G 3 4 4 5 ? 0 7 7 ; : @ C ; 7 = 7 0 1 8 6 ; 7 = < 1 >7 4 6 5 0 A 4 B 4 1 = 0 > > 7 4 > 0 = 4 Fb � � � - # � " � $ � � " � � � # � � $ � � � �  � ! �  � � � � �  � $ � � � � � � � � � � R ! ! � � � � �  % � � � � � � � � � ' � " � � " � �  Q % � �  . � "# T # � � � #

¨ / 0 1 2 = ; ; 5 8
¨ G 7 4 1 A 3 ; 7 B 0 1 3 ; 5 4 ; 6 4 1 4 7 @ C ; 7 ; 6 4 1 < 1 > B 0 1 3 ; 5 4 5 < 2 8 U> 7 0 = 4 8 U 4 = A ` F
¨ c 5 0 8 3 5 < > 3 =
¨ X < 7 7 ; 7 @ C ; 7 I < 4 : < 1 > 6 < 6 4 8 : < = 3 ; 9 = 4 1 = 4 7 < 1 > 8 = 7 9 A = 9 7 4 F
¨ d 0 7 2 4 1 3 ; 8 4
¨ J 5 9 B ? < 1 > 8 1 0 H 4
¨ X 4 0 8 9 7 < 1 > = 0 6 4 ; 7 7 9 5 4 7

¨ Z 0 H 4 8 0 1 2 8 3 ; I 4 5 8
¨ N P = 7 0 6 0 I 4 7 8 0 1 2 ? 4 2 2 < 1 > B 0 = 4 7 < 0 5
¨ a > > 7 4 > 0 = 4 = ; 7 4 6 5 0 A 4 B 0 = 4 7 < 0 5 8 ? 4 = : 4 4 16 0 I 4 7 8 0 C = 4 7 I 0 A 9 9 B < 1 >
¨ G 3 4 4 5 ? 0 7 7 ; : @ C ; 7 = 7 0 1 8 6 ; 7 = < 1 >7 4 6 5 0 A 4 B 4 1 = 0 > > 7 4 > 0 = 4 Fe � � ( " � � � .  % � � � � � � � � � ) # � $ *  # +
¨ J 5 ; : : < = 3 8 H < 2 8 = ; 6 7 4 I 4 1 = 2 0 B 0 > 4 = ;6 4 7 B 4 0 ? 5 4 6 0 I 4 B 4 1 =
¨ K 1 ; : ? 5 ; : 4 7

* Items not required for routine maintenance 
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Skills and Staffing 

The skills required for the maintenance of 

permeable pavement facilities are listed in 

the text box to the right. 

The staff effort required for maintenance 

varies based on the type of facility, 

sediment loading, and site conditions. 

Table 10 provides some examples of staffing 

estimates from Washington jurisdictions, 

Washington contractors/vendors, a study 

conducted among Minnesota jurisdictions 

(Wilson et al. 2008), and the BMP and LID Whole Life Cost Models (WERF 2009). Staff 

estimates are listed as the number of hours to maintain an individual facility (i.e., a “typical” 

facility of undefined area) per year or as the area of facility maintained per hour of staff 

time. Staffing estimates ranged from 1 to 24 hours per facility on an annual basis, with an 

average of approximately 4 to 6 hours per permeable pavement facility on an annual basis. 

Cleaning estimates in sf/hr ranged from 1,000 to 87,000 sf/hr depending on the type of 

maintenance activity. 

Skills Needed for Maintenance 
of Permeable Pavement 

· Sweeper and equipment operation 

· Commercial driver’s license (CDL) 

· Landscaping skills (e.g., general plant care) 
for grass-filled open-celled grid systems 

· Engineer and/or landscape architect for 
major maintenance 
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Table 10. Maintenance Frequency and Staffing for Permeable Pavement. f g h i j kl m n i o i p q r j s q t p i u m t p q i p m p v iw v q t n t q g x y i z s i p v g { w p p s m | } q m k k~ j s y � } j s y v i� � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � �   � � � � � ¡ ¢ � � � � � ¡ � � £ ¤ � � � � ¥ � � � � �� � � � ¦ § ¨ ¨ © �� � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � ª « ¬ � � � � � � � £� � � � � ­ � � � � � ® � � � � � � «� � £ ® � � � � £ ¯ � � � � � ª � � � � ° � � � � �� � � � � � � � � � � � � � � � � � £ ¬ ± ­ ¥ � � � � ¬ � � � ¤ � � � � � £ � � �� ¥ ¢ ® � § ¨ ¨ ² �� � � � � � � � �� � � � � � � � � � � � � ¤ � � � � � � ª � � ¡ ¨ ¨ ¨ � � ³ � � � � ¤ � � � � � ´ � � � � � �� � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � µ � � � � � ¤ � � � � �� � � � � � � � �� � � � � � � � � � � � � � � ¶ � � � � � ³ � � � � § � � � � � � � � � �� � � � � � � � � � � � � � � ¤ � � � � �� � � � � � � �¤ � � � � � � � � � � ¯ � � ª � � � � £ � � � · ° ¡ ¨ ¨ ¨ ¸ ² ¡ ¨ ¨ ¨� � ³ � � � � � ¯ � � � � � ¤ � � � ¹ � � £ � � � � ¯� � £ � � � � ¯ � £ � � � � � ¡ ¨ ¨ ¨ � � ³ � �� � � � � � � � � § � � � � � ª ¥ � � ¯ � � � � � § § ¡ ¨ ¨ ¨ ¸ ¶ ¶ ¡ ¨ ¨ ¨� � ³ � � � � � � � � � � � ¬ � � � � ª � ¹ � � � � � º � � � �� � � � � � � » � � ª � � £ � � � � � ª ° ¼ ¡ ¨ ¨ ¨ ¸ © ½ ¡ ¨ ¨ ¨� � ³ � �� � � � � � � � � � § � � � � � � � � ¯ � � ª ³� � ¸ £ � � � � � � � � � � � � � ¡ ¨ ¨ ¨ ¸ § § ¡ ¨ ¨ ¨� � ³ � �¥ � � £ � � � � � � � ° ¼ ¡ ¨ ¨ ¨ ¸ © ½ ¡ ¨ ¨ ¨� � ³ � �
a Frequency: A = Annually; B = Biannually (twice per year); M = Monthly; Q = Quarterly (four times per year); NG = 

no guidance provided 

sf/hr = square feet per hour 
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King County Water and Land Resources Division

Miller-Walker Basin Stormwater Retrofit Planning Study

Project #: 221041

Task: 300

Working Draft - For Preliminary Review Purposes Only

Table 1 - Level I Retrofit Project Ranking Criteria and Scoring

Type Name Values Description

Information Sources Used for 

Scoring

3 Good shallow infiltration feasibility

2 Moderate shallow (i.e., underdrains may be needed) or good deep infiltration feasibility

1
Moderate deep infiltration feasibility or limited shallow infiltration feasibility (i.e., underdrains and/or impermeable 

liners likely needed)

0 Shallow and deep infiltration infeasible

3 Flat (0-3%)

2 Moderate (3-5%)

1 Steep (>5%)

3
Sites located outside creek buffers and at least 100 feet from existing wells, steep slopes, and critical areas; or 

project would restore creek buffer from a degraded condition

2
Sites located in creek buffer or less than 100 feet from above elements, risks considered minor and can be mitigated 

with proper design, construction, and maintenance

1 Sites located in creek buffer or less than 100 feet from above elements, high environmental risk

3 High (subbasin unit area runoff > 0.1 cfs/acre), indicates relatively high need for flow control

2 Moderate (subbasin unit area runoff between 0.05-0.1 cfs/acre)

1 Low (subbasin unit area runoff < 0.05 cfs/acre), indicates relatively low need for flow control

0 Closed depression

3 Runoff contributes to major stormwater conveyance trunk line or creek drainage within 500 feet of site boundary

2 Runoff contributes to major stormwater conveyance trunk line within 1,000 feet of site boundary

1
Disconnected (i.e., runoff sheet flows off site and infiltrates, site lies within closed depression, connectivity 

controlled by pumps, etc.)

0 Closed depression

Notes

a - 

b -  

c -  

Criteria Scoring

GIS analysis, windshield survey

GIS analysis, windshield survey

Infiltration Feasibility 

Assessment (Aspect 2014)

Infiltration 

Feasibility 
a

Environment 
b

Site Slope 
a

Feasibility

Risk

Subbasin Retrofit 

Need 
a,c

Connectivity to Storm 

Conveyance System

Benefit

GIS analysis, windshield survey

Subbasin Retrofit Need was based on modeled unit area runoff rates, representing the ratio of the modeled 2-year recurrence interval peak flow to the tributary drainage area at the 

subbasin outlet. Modeling was based on existing conditions.

For projects with multiple possible scores, the dominant score was used (i.e. if a project covered 500 feet of moderate slope [score of 2] and 400 feet of steep slope

 [score of 1], an overall score of 2 was assigned).

Environmental Risk was assessed based on the City of Burien's creek buffer GIS data layer and 100 foot buffers developed in GIS around floodplains, aquifer recharge areas, landslide 

hazards, seismic hazards, and wetlands. 

HSPF Modeling (MGS 2014)
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King County Water and Land Resources Division

Miller-Walker Basin Stormwater Retrofit Planning Study

Project #: 221041

Task: 300

Working Draft - For Preliminary Review Purposes Only

Table 2 - Level I Potential Retrofit Project Site Evaluation
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Notes

1 B-27
S 152nd St from 1st Ave S to Des 

Moines Memorial Drive

Permeable bicycle lane, Silva Cells, and 

bioretention

Connect existing intermittent sidewalks and 

construct bicycle lane on both sides of roadway
3 3 3 3 3 15

Potential partnership opportunity with Highline High 

School.

2 B-50
John F. Kennedy Catholic High 

School (140 S 140th St)

Permeable parking, bioretention, 

infiltration gallery, and rainwater cisterns

Potential upgrade to playground and athletic 

fields
3 3 3 3 3 15

3 B-21 Burien Community Center Permeable parking, bioretention N/A 2 3 3 3 3 14

Parking lot is newer.  There are opportunities to convert 

the existing swale to bioretention, roof cisterns, and 

interpretive signage.  

4 B-29 Moshier Park (422 SW 160th St)
Infiltration gallery, permeable parking, 

bioretention
Improve parking and construct bioretention 2 3 3 3 3 14

The park parking lot is shares with the Highline School 

District.  Coordination between the two parties would be 

required.  

5 B-31
Moshier Community Art Center 

(430 S 156th St)

Rainwater cistern, permeable pavement, 

bioretention

Improve parking, construct bioretention, and 

potentially improve Art Center building
3 3 3 3 2 14

Parking lot in very poor condition 

6 B-39
S 160th St from 1st Ave S to Des 

Moines Memorial Drive
Permeable pavement, Silva Cells

Construct sidewalk to connect intermittent gaps 

and ADA compliant pedestrian ramps
3 2 3 3 3 14

The portion of the project area that crosses over Highway 

509 would not be suitable for infiltration.

7 KC-47
King County District Court (601 SW 

149th St)
Bioretention, additional storage N/A 2 3 3 3 3 14

8 B-40
SW 165th St from 16th Ave SW to 

19th Ave SW
Permeable parking, bioretention

Regrade roadway to drain to the center and 

construct a storm drainage system
2 3 3 2 3 13

Burien Staff have assumed that bioretention could be 

added to this projects in front of properties that area 

supportive of the project.

9 B-19
SW 146th St from 1st Ave S to 14th 

Ave SW

Permeable bicycle lane, permeable 

sidewalk,  Silva Cells

Constructed bicycle lanes and sidewalks on both 

sides of street
2 3 2 3 3 13

10 B-20
6th Ave SW from SW 153rd St to 

SW 146th St

Permeable bicycle lane, permeable 

sidewalk
Bicycle lane, sidewalk 2 3 2 3 3 13

11 B-26
2nd Ave SW from SW 150th St to 

SW 156th St

Permeable bicycle lane, permeable 

pavement, and Silva Cells
Bicycle lane, sidewalk 3 3 1 3 3 13

12 B-28
Highline Performing Arts Center 

(401 S 152nd St)
Rainwater cistern New development 3 3 1 3 3 13

13 B-44
4th Ave S from S 168th St to S 

165th St
Permeable pavement, bioretention

Construct storm drainage and water quality 

facilities 
3 2 3 1 3 12

14 B-32

SW/S 156th St/Ambaum Blvd SW 

from SW 154th St to Des Moines 

Memorial Drive

permeable pavement, bioretention Construct bicycle lane, sidewalk, planter strip 3 3 1 2 3 12

The portion of the project area that crosses over Highway 

509 would not be suitable for infiltration.

Other Planned Projects 
a

Potential Retrofit Project EvaluationPotential Retrofit Project
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15 B-22
S & SW 146th St from Ambaum 

Blvd SW to 8th Ave S
Permeable pavement, Silva Cells

Repair existing sidewalk make ADA 

improvements as necessary
2 3 1 3 3 12

16 B-6
Puget Sound Park (135 SW 126th 

St)

Deep infiltration, permeable pavement, 

bioretention, and conveyance 

improvements

Improve parking, drainage, and sport courts and 

conduct trail maintenance
2 3 2 1 3 11

Burien staff indicated there are many major utilities 

running through the site.  LID improvements would need 

to be focused on the flat to moderatly sloped portion of 

the site.

17 W-2
SR 518 from 1st Ave S to S 

154th St
Bioretention, permeable shoulders None 3 2 2 1 3 11

Coordination with WSDOT would be required.  The portion 

of the project area that crosses over Highway 509 would 

not be suitable for infiltration.  Project would need to be 

sited to avoid critical areas and/or improve creek buffers.

18 B-10
1st Ave S from SW 128th to SW 

140th St
Bioretention

Reconstruct roadway including storm drainage 

conveyance, flow control and water quality 

facilities, and landscaping

2 3 2 1 3 11

19 B-23
SW 152nd St from 10th Ave SW to 

22nd Ave SW
Bioretention, permeable parking

Improve roadway with sidewalks, parking, bicycle 

lane, planter strip
2 2 3 1 3 11

The City of Burien has received numerous complaints 

about local flooding in the area.

20 NP-2 City Hall Park (801 SW 174th St)

Rainwater cisterns, vegetated roofs, 

bioretention, permeable parking, and 

infiltration gallery

Repair walking trail, sports field improvement, 

parking extension
3 3 3 1 1 11

21 NP-8
1st Ave S from SW Normandy Road 

to 186th Ave SW
Permeable pavement and bioretention

Improve safety and mobility of roadway by 

adding permeable sidewalks, storm drainage, 

street trees, landscaped medians, and ADA 

compliant facilities

3 2 2 1 3 11

22 NP-10
SW Normandy RD west of 4th Ave 

S to 8th Avenue SW

Permeable sidewalks, bioretention, and 

Silva Cells

Install curb and gutter, ADA compliant pedestrian 

improvements
3 2 1 2 3 11

Normandy Park is completing phase 1, from 1st to 4th, 

and this will tie in well. Field check for Level 1 while doing 

Level II.

23 B-38
4th Ave SW from SW 153rd St to 

SW 160th St

Permeable bicycle lane, permeable 

pavement, and Silva Cells

Reconstruct roadway to include storm drainage, 

curb and gutter, bicycle lanes, and sidewalk
3 2 1 2 3 11

Site located near Burien outlet tributary and could help 

improve hydrology.  

24 B-24
12th Ave SW from SW 152nd St to 

SW 148th St

Permeable bicycle lane, permeable 

sidewalk, and Silva Cell
Bicycle lane, sidewalk 2 3 1 2 3 11

25 B-41
16th Ave SW from SW 160th to SW 

168th St

Permeable pavement, roadway 

bioretention, and Silva Cells

Storm drainage, reconstruct roadway, and 

sidewalk
2 3 1 2 3 11
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26 B-25
SW 150th St from 1st Ave S to 

Ambaum Blvd SW

Permeable pavement, Silva Cells, and 

permeable sidewalk
Sidewalk 1 3 1 3 3 11

27 NP-1
SW Suburban Sewer District 

Treatment Plant

Permeable pavement, roadway 

bioretention
None 1 3 3 1 3 11

LID Retrofit improvement would be focused on flat the 

portion of site. Creek buffer extremely degraded, could 

remove road on one side of creek and restore native 

vegetation.

28 W-1
SR 509 from S 120th St to Des 

Moines Memorial Drive

Bioretention, permeable pavement 

(median and shoulder)
None 3 2 2 1 3 11

Coordination with WSDOT would be required.  Project 

would need to be sited to avoid critical areas and/or 

improve creek buffers.

29 S-1

Des Moines Memorial Drive, 

between S 128th Street and S 

144th Street  

Bioretention None 3 2 2 2 2 11

The wetland northwest of the intersection of S 146th St 

and Des Moines Memorial Drive is not being considered 

for restoration, due to private land ownership.  

30 B-3
1st Ave S from SW 116th St to SW 

128th

Roadway bioretention, permeable 

pavement, and Silva Cells

Storm drainage, reconstruct roadway, 

landscaping, stormwater detention and water 

quality facility

1 2 2 3 3 11

 -- B-11
8th Ave S from S 136th St to SR 

518/S 148th St

Roadway bioretention, permeable bicycle 

lane and sidewalk

Storm drainage, reconstruct roadway, 

landscaping,  bicycle lane, and sidewalk
1 2 1 3 3 10

This project has been shortened to reflect that the 

improvements between SR 518 and Des Moines Memorial 

Drive will be constructed under another project.

 -- B-14
8th Ave S from S 128th St to S 

136th St

Roadway bioretention, permeable bicycle 

lane and sidewalk, and Silva Cells

Sidewalk, bicycle lanes, storm drainage, and 

landscaping
1 2 1 3 3 10

 -- B-42
Sylvester Rd from W City Limits to 

Highline Medical Center

Permeable pavement, bioretention, Silva 

Cells
N/A 3 2 1 1 3 10

 -- B-43
Ambaum Blvd S from S 160th St to 

S 174th St
Permeable bicycle lane, bioretention

Construct pathway/bicycle lane with swale or 

planter strip on one side
2 2 2 1 3 10

Potential for curb bulb-out bioretention at the 

intersections of S 169th Pl. and S 163rd Pl. 
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 -- B-45
Des Moines Memorial Drive from S 

165th St to Normandy Rd

Permeable bicycle lane, permeable 

pavement, and Silva Cells

Reconstruct roadway constant with the Des 

Moines Memorial Drive corridor plan and Lake to 

Sound Trail, which will include storm drainage, 

landscaping, bicycle lane, sidewalk 

improvements.

2 2 2 1 3 10

The properties on the southern side of the roadway area 

downgradiant from the roadway.  

 -- NP-11
SW 178th St from 1st Ave S to SW 

2nd Ave 
Permeable sidewalks, Silva Cells

Install curb and gutter, ADA compliant pedestrian 

improvements, and pavement overlay
3 2 1 1 3 10

 -- B-1
1st Ave S from SW 116th to SW 

128th St

Roadway bioretention, permeable 

shoulders
N/A 1 2 2 2 3 10

 -- B-2
Near 2nd Avenue SW, between SW 

116th Street and SW 118th Street 
Existing ditch retrofit N/A 2 2 1 2 3 10

 -- B-35
10th Ave SW from SW 150th St to 

SW 160th St

Permeable bicycle lane, permeable 

pavement, and Silva Cells
Bicycle lane, sidewalk 1 3 1 2 3 10

 -- B-48
SW 119th St. from 1st Ave S to 4th 

Ave SW
Bioretention N/A 2 2 1 2 3 10

 -- B-5
Southern Heights Park (12025 14th 

Ave S)
Permeable pavement Parking and sport court improvement 3 2 1 2 2 10

 -- B-7
2nd Ave S from S 124th St to S 

128th St
Bioretention, permeable pavement N/A 1 2 2 2 3 10

 -- B-8
8th Ave S from S 124th St to S 

128th St

Roadway bioretention, permeable bicycle 

lane and sidewalk, and Silva Cells

Storm drainage, landscaping,  bicycle lane, and 

sidewalk
1 3 1 2 3 10

 -- KC-1
1st Ave S from SW 108th to SW 

116th St

Roadway bioretention, permeable 

shoulders
N/A 1 3 2 2 2 10

 -- NP-12
Normandy Park Swim Club (17655 

12th Ave SW)
Permeable pavement parking lot N/A 1 2 3 1 3 10

 -- B-13
S 136th St from 1st Ave S to Des 

Moines Memorial Drive

Permeable pavement,  bioretention, and 

Silva Cells
Construct bicycle lane, sidewalk 2 2 1 1 3 9

Potential for curb bulb-out at intersections.  Portions of 

this potential project area are very steep and would not 

be suitable for infiltration.  The portion of the project area 

that crosses over Highway 509 would not be suitable for 

infiltration.
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 -- B-17
6th Ave SW & SW 148th St 

Intersection
Bioretention 

Improve intersection by adding a left turn lane, 

undergrounding overhead utilities, major storm 

drainage replacement

1 3 1 1 3 9

Burien staff agreed this project should not be a Level II 

project due to low infiltration feasibility.

 -- B-18
S 146th St from 1st Ave S to Des 

Moines Memorial Drive
bioretention, permeable bicycle lane Construct bicycle lane 2 2 1 1 3 9

Burien staff agreed this project should not be a Level II 

project due to slopes.  The portion of the project area that 

crosses over Highway 509 would not be suitable for 

infiltration.

 -- B-34
SW 160th St from 8th Ave to SW 

21st St
Permeable pavement, Silva Cells Sidewalk 1 3 2 1 2 9

 -- B-36
8th Ave SW from Ambaum Blvd 

SW to Sylvester Rd SW

Permeable bicycle lane, permeable 

pavement

Storm drainage, bicycle lane, sidewalk, and 

parking
1 3 1 1 3 9

 -- B-9
SW 130th St. from 14th Ave SW to 

Ambaum Blvd SW
Cascade bioretention Storm drainage, reconstruct roadway 1 3 1 1 3 9

 -- NP-5 Brittany Dr/ Normandy Terrace Roadway bioretention Culvert replacement 2 3 1 1 2 9

 -- NP-6

SW Normandy Terrace from 

Marine View Dr to Shoremont / 

Normandy Rd

Silva Cells, permeable sidewalk, and 

curb bulb-out
Sidewalk 1 3 1 1 3 9

 -- B-46 Walker Creek Wetland Additional Storage (retrofit type TBD) Parking improvement 1 2 1 2 3 9

 -- B-37 Lakeview Park (422 SW 160th St) Rainwater cistern, permeable sport court Redevelopment, sport court improvement 1 2 1 2 3 9

 -- B-4 Arbor Lake Park (12380 2nd Ave S) Permeable pavement parking and trails Parking improvement, trail extension 1 2 1 2 3 9

 -- B-52
Sylvester Middle School (16222 

Sylvester Rd SW)
Permeable pavement, Rainwater cistern N/A 1 2 1 2 3 9 Added based on client direction received 07.03.2014.

 -- B-51 Chelsea Park (839 SW 136th St) Bioretention, additional storage N/A 2 3 3 0 0 8

 -- B-49 Goodwill (1031 SW 128th St) Permeable parking and bioretention N/A 1 2 1 1 3 8

 -- NP-9
SW 186th St from 1st Ave to 4th 

Ave
Silva Cells Sidewalk 1 3 2 1 1 8
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 -- B-12
SW 136th St from 1st Ave S to 

Ambaum Blvd SW
Permeable shoulder, bioretention

Improve storm drainage, bicycle lane, sidewalk, 

parking
2 3 2 0 0 7

Wide street provide potentially good opportunities for 

permeable shoulders and planter strip bioretention.   

 -- B-33
SW 159th St & 19th Ave SW from 

SW 21st Ave to SW 160th St

Roadway bioretention, permeable 

pavement, and Silva Cells

Storm drainage, reconstruct roadway, bicycle 

lane, sidewalk, and parking
1 3 1 1 1 7

Notes:

CIP

MVSA

N/A Not Applicable or Not Available

TIP

WSDOT

a - 

b - 

Transportation Improvement 

Washington State Department of 

Other Planned Projects are based on the City of Burien's TIP (2014-2019), Recreation and Open Space Plan (2000), and Bicycle and Pedestrian Facilities Plans (2004); the City of Normandy Park's TIP (2003-2008); and meetings with City of 

Burien, Normandy Park and King County staff.

Potential Retrofit Project Evaluation categories scored based on the  Level I Criteria in Table 1. 

Capital Improvement Project

Manhattan Village Sub-Area
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Table 3 - Level II Retrofit Project Ranking Criteria and Scoring

Type Name Weight Values Description

Information Sources Used 

for Scoring

3 Available right-of-way width for siting facilities (X) ≥ 10 feet, or available area of parcel is >50%

5% 2 7.5 feet ≤ X < 10 feet, or available area of parcel is 20-50%

1 X < 7.5 feet, or available area of parcel is <20%

3
Project expected to compete successfully for grant funding through Ecology's Stormwater LID Retrofit grant program.  Project 

can be cost-effectively piggybacked on other infrastructure improvement projects

10% 2 Project expected to compete successfully for grant funding through Ecology's Stormwater LID Retrofit grant program

1 Project not expected to compete successfully for grant funding; collaboration with other agencies makes funding more difficult

3 Site is located on public right-of-way

5% 2 Site is located on private property.  Additional coordination on land acquisition or easements likely needed

1 Site is located on private property.  Retrofits would be owned and operated by private property owner

3 Good constructability.  No significant access, utility, geotechnical, or other constructability issues identified

5% 2 Moderate constructability.  Issues can likely be remedied during design and construction

1 Poor constructability due to access issues, utility conflicts, geotechnical, or other considerations

3 No significant downgradient property issues identified

5% 2 Downgradient property issues relatively easily mitigated with proper design, construction, and maintenance

1 Significant down gradient property issues identified

3 High (subbasin unit area runoff > 0.1 cfs/acre), indicates relatively high need for flow control

25% 2 Moderate (subbasin unit area runoff between 0.05-0.1 cfs/acre)

1 Low (subbasin unit area runoff < 0.05 cfs/acre), indicates relatively low need for flow control

3 Project manages runoff from at least 10,000 square feet of Pollution Generating Impervious Surface (PGIS) surface

20% 2 Project manages runoff at least 5,000 square feet of PGIS

1 Project manages Non-Pollution Generating Impervious Surface (NPGIS) only

3
Project would incorporate hands-on educational opportunities (i.e., student maintenance of plants for projects located on school 

grounds, etc.)

10% 2
Project would be highly visible.  Signage or similar materials could be installed in highly visible places to help educate the public 

on stormwater management benefits

1 Project would have low public visibility and limited educational opportunities

3
Project can be completed in conjunction with other currently planned project.  Project provides flow control, water quality 

treatment, and neighborhood enhancement (i.e., traffic calming, pedestrian/biker safety, aesthetic enhancement, etc.)

15% 2 Project provides flow control and water quality treatment

1 Project provides flow control only

Notes

a - Subbasin Retrofit Need based on modeled unit area runoff rates, representing the ratio of the modeled 2-year recurrence interval peak flow to the tributary drainage area at the subbasin outlet. 

Modeling was based on existing conditions.

ScoringCriteria

Available Space
GIS analysis, field 

assessment

Risk Property 
GIS analysis, field 

assessment

Feasibility

Constructability

Ease of funding

Land Ownership

Professional judgment, 

review of other 

infrastructure 

improvement plans

GIS analysis

Field assessment

Impervious Area 

Managed

GIS analysis, field 

assessment

Benefit

Local/Subbasin 

Retrofit Need 
a HSPF Modeling (MGS 2014)

Educational 

Opportunities
Professional judgment

Helps Achieve 

Multiple Goals

GIS analysis, field 

assessment

Page 1/1 Date Printed: 11/3/2014 8:02 AM



 



King County Water and Land Resources Division

Miller-Walker Basin Stormwater Retrofit Planning Study

Project #: 221041

Task: 300

Working Draft - For Preliminary Review Purposes Only

Table 4 - Level II Potential Retrofit Project Site Evaluation

Other Planned Projects 
a

5% 10% 5% 5% 5% 25% 20% 10% 15% 100% Weighting Factors

 R
a

n
k

Retrofit 

Project 

ID Location Potential Retrofit Opportunities Proposed Improvements  A
v

a
il

a
b

le
 S

p
a

ce

 E
a

se
 o

f 
F

u
n

d
in

g

 L
a

n
d

 O
w

n
e

rs
h

ip

 C
o

n
st

ru
ct

a
b

il
it

y

 P
ro

p
e

rt
y

 R
is

k

 L
o

ca
l/

S
u

b
b

a
si

n
 

 R
e

tr
o

fi
t 

N
e

e
d

 I
m

p
e

rv
io

u
s 

A
re

a

 M
a

n
a

g
e

d

 E
d

u
ca

ti
o

n
a

l 

 O
p

p
o

rt
u

n
it

ie
s

 H
e

lp
s 

A
ch

ie
v

e
 

 M
u

lt
ip

le
 G

o
a

ls

 T
o

ta
l

Notes

1 B-29 Moshier Park (430 S 156th St)
Infiltration gallery, permeable parking, 

bioretention
Improve parking and construct bioretention 15 30 15 15 15 75 60 30 45 300

The Burien Parks Department plans to convert the fields to artificial turf using 

the same footprint.  They are also interested in either an infiltration gallery or 

rainwater harvesting facility.

2 B-31
Moshier Community Art Center 

(430 S 156th St)

Rainwater cistern, permeable pavement, 

bioretention

Improve parking, construct bioretention, and 

potentially improve Art Center building
15 30 10 15 15 75 60 30 45 295

The park parking lot, which is in poor condition, is shared between the City of 

Burien and the Highline School District.  Retrofits would require inter-

jurisdiction coordination.

3 B-20
6th Ave SW from SW 153rd St to SW 

146th St

Permeable pavement (permeable sidewalk, 

parking), bioretention, and Silva Cells

Construct sidewalks and bicycle lanes on both sides 

of the street
15 30 15 15 15 75 60 20 45 290

Existing curb bulb-outs on the intersection of 6th Ave SW and SW 150th St 

appear to be new, but could be converted to bioretention bulb-outs.  Two 

mature trees south of the SW 152nd St and 6th Ave SW intersection would 

need to be protected during construction.  

4 B-27
S 152nd St from 1st Ave S to Des Moines 

Memorial Drive

Permeable bicycle lane, permeable parking, 

Silva Cells, bioretention

Connect existing intermittent sidewalks and 

construct bicycle lane on both sides of roadway
10 30 15 15 15 75 60 20 45 285

Potential partnership opportunity with Highline High School.  The portion of 

the project area that crosses over Highway 509 would not be suitable for 

infiltration.

5 B-24
12th Ave SW from SW 152nd St to SW 

148th St

Permeable bicycle lane, permeable sidewalk, 

bioretention, and Silva Cell

Construct sidewalks and bicycle lanes on both sides 

of the street
15 30 15 15 15 50 60 20 45 265

6 KC-47
King County District Court (601 SW 149th 

St & 14905 6th Ave SW)

Bioretention, additional storage, and 

permeable parking

Replacing existing parking lot on the south side of 

the courthouse
15 30 10 15 15 75 40 30 30 260

Existing on-site ditch/pond could be modified or expanded to allow additional 

stormwater runoff to be diverted from SW 148th St.  Valuable trees to be 

protected during construction.     

7 B-50
John F. Kennedy Catholic High School 

(140 S 140th St)

Permeable parking, bioretention, infiltration 

gallery, rainwater cisterns
Potential upgrade to playground and athletic fields.  15 10 5 15 15 75 60 30 30 255

Private school; track and ball field improvements have already begun.

8 B-39
S 160th St from 1st Ave S to Des Moines 

Memorial Drive
Permeable pavement, Silva Cells

Construct sidewalk to connect intermittent gaps and 

ADA compliant pedestrian ramps
15 20 15 15 15 75 60 10 30 255

The portion of the project area that crosses over Highway 509 would not be 

suitable for infiltration.

9 B-21 Burien Community Center
Permeable parking, bioretention rainwater 

cisterns
N/A 15 20 15 15 15 75 40 30 30 255

Parking lot is newer.  There are opportunities to convert the existing swale to 

bioretention, roof cisterns, and interpretive signage.  Valuable trees need to 

be protected during construction.

10 B-3 1st Ave S from SW 116th St to SW 128th
Roadway bioretention, permeable pavement, 

and Silva Cells

Reconstruct roadway to principal arterial standards 

including pedestrian, stormwater detention and 

water quality facilities, landscaping, driveway 

consolidation, and overhead to underground utilitiy 

conversion.  

10 30 15 5 5 75 60 10 45 255

11 NP-2 City Hall Park (801 SW 174th St)

Rainwater cisterns, vegetated roofs, 

bioretention, permeable parking, infiltration 

gallery

Repair walking trail, sports field improvement, 

parking extension
15 30 15 15 15 25 60 30 45 250

12 B-10 1st Ave S from SW 128th to SW 140th St Bioretention

Reconstruct roadway including storm drainage 

conveyance, flow control and water quality facilities, 

and landscaping

15 30 15 15 15 25 60 30 45 250

Public education nodes could be included along the project.

13 B-19
SW 146th St from 1st Ave S to 14th Ave 

SW

Permeable bicycle lane, permeable sidewalk,  

Silva Cells

Constructed bicycle lanes and sidewalks on both 

sides of street
5 10 15 15 15 75 60 10 45 250

Limited available space east of 6th Ave SW.

Potential Retrofit Projects Level II Potential Retrofit Project Evaluation (Weighted Scores) 
b
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Potential Retrofit Projects Level II Potential Retrofit Project Evaluation (Weighted Scores) 
b

14 NP-10
SW Normandy RD west of 4th Ave S to 

8th Avenue SW
Permeable sidewalks, bioretention, Silva Cells

Install curb and gutter, ADA compliant pedestrian 

improvements
15 30 15 5 15 50 60 10 45 245

Downgradiant properties on the north side of the roadway.  Facilities may 

require weirs due to steep roadway slope.

15 B-28
Highline Performing Arts Center (401 S 

152nd St)
Rainwater cistern Constructing an addition onto the existing building 15 10 5 15 15 75 60 30 15 240

16 B-26
2nd Ave SW from SW 150th St to SW 

156th St

Permeable bicycle lane, permeable 

pavement, and Silva Cells

Construct sidewalks and bicycle lanes on both sides 

of the street
10 30 15 5 10 75 40 10 45 240

Permeable sidewalk would require subsurface weirs due to roadway slope.  

The linkage between SW 152nd St and SW 150th St is currently private 

property and not connected.

17 B-6 Puget Sound Park (135 SW 126th St)
Deep infiltration, permeable pavement, 

bioretention, and conveyance improvements

Improve parking, drainage, and sport courts; and 

conduct trail maintenance
15 20 15 10 15 25 60 30 45 235

Burien staff indicated there are many major utilities running through the site.  

18 B-41
16th Ave SW from SW 160th to SW 

168th St

Permeable pavement, roadway bioretention, 

and Silva Cells

Reconstruct roadway including curb and gutter and 

major drainage replacement
15 30 15 15 15 50 40 10 45 235 Limited opportunities due to steep roadway slope south of the school.

19 B-32

SW/S 156th St/Ambaum Blvd SW from 

SW 154th St to Des Moines Memorial 

Drive

permeable pavement, bioretention Construct bicycle lane, sidewalk, planter strip 5 20 15 15 15 50 60 20 30 230

The portion of the project area that crosses over Highway 509 would not be 

suitable for infiltration.

20 B-23
SW 152nd St from 10th Ave SW to 22nd 

Ave SW
Bioretention, permeable parking

Improve roadway with sidewalks, parking, bicycle 

lane, planter strip
10 30 15 15 10 25 60 20 45 230

The City of Burien has received numerous complaints about local flooding in 

the area.  

21 B-25
SW 150th St from 1st Ave S to Ambaum 

Blvd SW

Permeable pavement, Silva Cells, and 

permeable sidewalk

Fill in gaps in intermittent sidewalks and make ADA 

improvements
5 30 15 10 15 75 20 10 45 225

22 S-1
Des Moines Memorial Drive, between S 

128th Street and S 144th Street  

Bioretention, Silva Cells, permeable walking 

path
None 15 10 15 15 15 50 60 10 30 220

The wetland northwest of the intersection of S 146th St and Des Moines 

Memorial Drive is not being considered for restoration due to private land 

ownership.  Although project provides opportunities for siting LID facilities, 

the benefits may be low due to low connectivity to storm conveyance 

systems.

23 W-1
SR 509 from S 120th St to Des Moines 

Memorial Drive

Bioretention, permeable pavement (median 

and shoulder)
None 15 20 15 15 15 25 60 10 45 220

24 B-22
S & SW 146th St from Ambaum Blvd SW 

to 8th Ave S
Permeable pavement, Silva Cells

Repair existing sidewalks and make ADA 

improvements
5 10 15 5 15 75 60 10 15 210

The portion of the project area that crosses over Highway 509 would not be 

suitable for infiltration.  Facilities may require weirs to accommodate hilly 

topography. 

25 B-40
SW 165th St from 16th Ave SW to 19th 

Ave SW
Permeable parking, bioretention

Regrade roadway to drain to the center and 

construct a storm drainage system
10 10 15 15 15 50 40 10 45 210

Downgradiant properties on the south side of roadway.
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Potential Retrofit Projects Level II Potential Retrofit Project Evaluation (Weighted Scores) 
b

26 W-2 SR 518 from 1st Ave S to S 154th St Bioretention, permeable shoulders None 15 20 15 15 15 25 60 10 30 205

Coordination with WSDOT would be required.  The portion of the project area 

that crosses over Highway 509 would not be suitable for infiltration.

27 NP-8
1st Ave S from SW Normandy Road to 

186th Ave SW
Permeable sidewalks and bioretention

Improve safety and mobility of roadway by adding 

permeable sidewalks, storm drainage, street trees, 

landscaped medians, and ADA compliant facilities

15 20 15 15 15 25 40 10 45 200

28 B-44 4th Ave S from S 168th St to S 165th St Permeable pavement, bioretention, Filterra Construct storm drainage and water quality facilities 10 20 15 15 15 25 40 10 45 195

29 B-38
4th Ave SW from SW 153rd St to SW 

160th St

Permeable bicycle lane, permeable 

pavement,  Silva Cells

Reconstruct roadway to include storm drainage, 

curb and gutter, bicycle lanes, and sidewalk
5 10 15 5 5 50 40 10 45 185

Site located near Burien outlet tributary and could help improve hydrology.  

30 NP-1
SW Suburban Sewer District Treatment 

Plant
Permeable pavement, roadway bioretention None 5 10 15 15 15 25 40 10 15 150

Notes:

CIP  Capital Improvement Project

MVSA  Manhattan Village Sub-Area

N/A  Not Applicable or Not Available

TIP  Transportation Improvement Project

WSDOT  Washington State Department of Transportation

a - 

b - Weighted Scores calculated by multiplying unweighted scores by weighting values for each criterion for each project.  See Table 3 for Level II criteria scores and weighting values.

Other Planned Projects are based on the City of Burien's TIP (2014-2019), Recreation and Open Space Plan (2000), and Bicycle and Pedestrian Facilities Plans (2004); the City of Normandy Park's TIP (2003-2008); and meetings with City of Burien, Normandy Park and 

King County staff.
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MILLER/WALKER STORMWATER RETROFIT ANALYSIS 
 Hydrologic Performance of Top 30 Projects 

March 2, 2015 
 

Bruce Barker P.E., MGS Engineering Consultants, Inc. 
 
Overview 

The purpose of this analysis was to provide information on the potential hydrologic benefit of 
proposed stormwater retrofit projects in the Miller and Walker Creek Watershed. The retrofit 
projects include one or more types of Green Stormwater Infrastructure (GSI) facilities. Eighty 
projects were identified and were prioritized using criteria developed during the basin partner 
meetings.  The effectiveness of the top ranked 30 retrofit projects was simulated using a calibrated 
HSPF watershed model developed as part of the Miller and Walker Creeks Basin Plan (King County 
DNR, 2006), the Port of Seattle’s Airport Expansion Project (Parametrix, Inc., 2001) and analyses to 
identify the bedload movement characteristics and develop habitat improvement structures in the 
lower reaches of Miller and Walker Creeks (MGS Engineering Consultants, 2008, 2009, 2013). 
 
Results of this analysis are presented using statistics computed from simulated streamflow from 
the HSPF model. These statistics include High Pulse Count (HPC), High Pulse Range (HPR), Benthic 
Index of Biotic Integrity (B‐IBI), and peak 2‐year discharge rate. Statistical models developed for the 
WRIA 9 Stormwater Retrofit Study (Horner, 2013) were used to estimate potential improvement in 
B‐IBI scores assuming no other limiting factors are present. These statistics are reported at the 
outlet of each modeled subbasin. Two scenarios were examined: Existing Conditions and Existing 
Conditions with Proposed Retrofit Projects. Existing conditions represents current hydrologic 
conditions in the watershed. Existing Conditions with Proposed Retrofit Projects includes the 30 
proposed stormwater mitigation retrofit projects. The statistics for each scenario were compared 
to provide a measure of the effectiveness of the 30 projects at improving hydrologic and biological 
conditions in the watershed. 
 
A spreadsheet screening tool was developed to estimate the potential B‐IBI improvement for the 
50 projects not analyzed using the HSPF model. The screening tool was developed using results 
from the HSPF hydrologic model used to analyze the top 30 ranked projects to develop a 
relationship between fraction of basin area mitigated and B‐IBI score. Using this relationship, an 
estimate of the potential change in B‐IBI score for each project could be made using the amount of 
basin area treated by the project as input. 
 
Retrofit Projects Analyzed using the HSPF Model 
The locations of the proposed 30 stormwater retrofit projects are shown in Figure 1. This is a 
planning‐level analysis with estimates of tributary area and infiltration footprint for each project 
determined from available Geographic Information System (GIS) data and windshield field surveys. 
Many of the projects span across model subbasin boundaries, which required delineating separate 
tributary areas for each subbasin that the project was located in. A summary of each project 
showing the type(s) of GSI, the tributary area captured by each type of GSI, and the area of each 
type of facility proposed is shown in Table 1. 
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Each project may include up to five different types of GSI facilities. These include bioretention, 
permeable pavement, infiltration gallery, Silva Cell, and/or roof cistern. The goal of the modeling 
exercise was to simulate the effects of the proposed projects on the watershed hydrology and to 
estimate the potential B‐IBI score improvement. Additional modeling of each project will be 
performed during construction design. 
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Figure 1 – Locations of Top 30 Stormwater Retrofit Projects 
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Table 1 – 30 Miller‐Walker Basins Stormwater Retrofit Projects Included in HSPF Model  

Available Infiltration Area (SF)   

Project  
ID  Location 

HSPF 
Model 

Subbasin 

Area 
Tributary to 
Each GSI 

Facility Type 
(SF)  Bioretention 

Permeable  
Pavement 

Infiltration  
Gallery  Silva Cell 

Roof area 
to Cistern 

(sf) 

B‐29 and 
31 

Moshier Park and 
Community Art Center 

(430 S 156th St) 

M08 0 0  0  0  0  0 

B‐29 and 
31 

M10 380,880 0  0  10000  0  0 

B‐29 and 
31 

M10 156,867 4401  99585  0  1032  0 

B‐20 
6th Ave SW from SW 

153rd St to SW 146th St 
M11 165,709 5400  31352  0  0  0 

B‐27 
S 152nd St from 1st Ave S 
to Des Moines Memorial 

Drive 

M08 42,823 400  0  0  0  0 

B‐27  M10 176,914 2294  43983  0  0  0 

B‐27  M11 3,735 0  0  0  0  0 

B‐24 
12th Ave SW from SW 
152nd St to SW 148th St 

M12 84,508 3899  34344  0  0  0 

KC‐47 
King County District 

Court (601 SW 149th St & 
14905 6th Ave SW) 

M11 57,033 3968  12000  0  0  0 

B‐50 
John F. Kennedy Catholic 
High School (140 S 140th 

St) 
M24 194,495 12760  110000  0  0  0 

B‐39 
S 160th St from 1st Ave S 
to Des Moines Memorial 

Drive 

M10 136,803 2600  0  0  1500  0 

B‐39  M11 77,960 4200  0  0  0  0 

B‐39  M16 10,207 0  0  0  0  0 

B‐21 
Burien Community 

Center 
M11 95,878 180  8400  0  0  4000 

B‐3  1st Ave S from SW 116th 
St to SW 128th 

M24 152,207 0  10960  0  0  0 

B‐3  M01 408,491 0  20240  0  0  0 

NP‐2 

City Hall Park (801 SW 
174th St) 

M18 31,399 390  8100  0  0  0 

NP‐2  M21 87,225 0  38000  0  0  0 

NP‐2  M21A 3,419 0  1600  0  0  0 

B‐10 
1st Ave S from SW 128th 

to SW 140th St 
M24 315,219 925  0  0  0  0 

B‐19  SW 146th St from 1st Ave 
S to 14th Ave SW 

M11 223,850 0  26000  0  0  0 

B‐19  M12 96,277 0  0  0  0  0 

NP‐10 
SW Normandy RD west 
of 4th Ave S to 8th 

Avenue SW 
M21A 133,814 150  10000  0  1200  0 

B‐28 
Highline Performing Arts 
Center (401 S 152nd St) 

M10  25,671  0  0  0  0  25000 

B‐26 
2nd Ave SW from SW 

150th St to SW 156th St 
M11  37,843  0  19600  0  0  0 

B‐6 
Puget Sound Park (135 

SW 126th St) 
M24 44,842 8000  8800  0  0  0 
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Available Infiltration Area (SF)   

Project  
ID  Location 

HSPF 
Model 

Subbasin 

Area 
Tributary to 
Each GSI 

Facility Type 
(SF)  Bioretention 

Permeable  
Pavement 

Infiltration  
Gallery  Silva Cell 

Roof area 
to Cistern 

(sf) 

B‐41 
16th Ave SW from SW 
160th to SW 168th St. 

M14 
 

68,304 
 

1120 
 

9360 
 
0 

 
0 

 
0 

B‐32  SW/S 156th St/Ambaum 
Blvd SW from SW 154th 

St to Des Moines 
Memorial Drive 

M10 38,725 600  0  0  0  0 

B‐32  M11 25,736 1200  0  0  0  0 

B‐32  M12 60,619 1200  2400  0  0  0 

B‐23  SW 152nd St from 10th 
Ave SW to 22nd Ave SW 

M12 51,312 450  4000  0  0  0 

B‐23  M13 128,035 1500  10000  0  0  0 

B‐25  SW 150th St from 1st Ave 
S to Ambaum Blvd SW 

M11  29,215  0  7160  0  0  0 

B‐25  M12  10,059  0  0  0  0  0 

S‐1 

Des Moines Memorial 
Drive, between S 128th 
Street and S 144th Street 

M03 66,073 1200  0  0  0  0 

S‐1  M04 198,122 4800  0  0  0  0 

S‐1  M04A 30,693 1600  0  0  0  0 

S‐1  M05 50,545 2000  0  0  0  0 

W‐1 

SR 509 from S 120th St to 
Des Moines Memorial 

Drive. 

M02 273,809 9500  0  0  0  0 

W‐1  M02A 1,459 0  0  0  0  0 

W‐1  M10 527,810 37000  0  0  0  0 

W‐1  M11 393,141 14300  0  0  0  0 

W‐1  M16 173,152 4000  0  0  0  0 

W‐1  M20 521,267 26600  0  0  0  0 

W‐1  MC08 15,717 2500  0  0  0  0 

B‐22  S & SW 146th St from 
Ambaum Blvd SW to 8th 

Ave S 

M11 222,553 0  26000  0  0  0 

B‐22  M12 105,415 0  0  0  0  0 

B‐40 
SW 165th St from 16th 
Ave SW to 19th Ave SW 

M14 43,070 1700  0  0  0  0 

W‐2 

SR 518 from 1st Ave S to 
S 154th St 

M03 61,082 1000  0  0  0  0 

W‐2  M10 57,455 6200  0  0  0  0 

W‐2  M11 3,114 0  0  0  0  0 

W‐2  MC03 98,714 18000  0  0  0  0 

W‐2 
SDN1-
OFF 

145,844 14000  0  0  0  0 

NP‐8 
1st Ave S from SW 

Normandy Road to 186th 
Ave SW 

M21A 209,787 770  24000  0  0  0 

B‐44  4th Ave S from S 168th St 
to S 165th St 

M16 90,686 2000  2400  0  0  0 

B‐44  M19 4,911 0  0  0  0  0 

B‐38  4th Ave SW from SW 
153rd St to SW 160th St 

M11 30,765 0  2640  0  0  0 

B‐38  M12 73,733 150  4200  0  0  0 

NP‐11 
SW Suburban Sewer 

District Treatment Plant 
M17  6,445  0  6445  0  0  0 
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Simulation of Retrofit Projects in HSPF Model 
Each project will be designed to provide stormwater treatment (water quality and quantity) to 
the greatest extent feasible given the constraints of each site. Thus, the performance of each 
facility will vary depending on the facility size and the tributary area.  
 
A simplified approach was used to represent each of the retrofit projects in the HSPF hydrologic 
model. One of eight designs listed in Table 2 were selected for each project based on the ratio 
of the infiltration area to runoff tributary area and the potential soil infiltration rate. The 
infiltration area was computed as the sum of the bioretention, infiltration gallery, and Sylva Cell 
infiltration areas for each project in each subbasin (pervious pavement and cisterns were 
addressed in a procedure described below). This approach recognizes that the performance of 
each facility varies depending on the size of the facility and the area draining to it. One of two 
Infiltration rates (2 inches per hour (in/hr) or 6 in/hr) was selected for each facility based on 
shallow and deep infiltration mapping by Aspect Consulting (Aspect Consulting, 2014). Shallow 
and deep infiltration feasibility were defined by Aspect as follows: 
 

 Shallow Infiltration Feasibility: The lower‐lying portions of the study area with recessional 
outwash soils were considered to have good or moderate feasibility for shallow infiltration. 

 Deep Infiltration Feasibility: Deep infiltration may be feasible in a significant portion of the 
basin, including many of the higher elevation areas covered with glacial till that are 
unsuitable for shallow infiltration. 

 
Table 2 ‐ Combined Bioretention, Infiltration Gallery, and Silva Cells HSPF Designs  

One of Used to Represent Each of the 30 Proposed Retrofit Projects 

Hydraulic Routing 
Reach Number  Design Performance   Design Infiltration Rate  

1  Infiltrate All Runoff up to 1.25 Year Recurrence Interval  2 in/hr 

2  Infiltrate All Runoff up to 2 Year Recurrence Interval 2 in/hr 

3  Infiltrate All Runoff to 10 Year Recurrence Interval 2 in/hr 

4  Infiltrate All Runoff in Simulation Period 2 in/hr 

5  Infiltrate All Runoff up to 1.25 Year Recurrence Interval 6 in/hr 

6  Infiltrate All Runoff up to 2 Year Recurrence Interval 6 in/hr 

7  Infiltrate All Runoff to 10 Year Recurrence Interval 6 in/hr 

8  Infiltrate All Runoff in Simulation Period 6 in/hr 

 
The MGSFlood hydrologic model (MGS Engineering Consultants, 2014) was used to develop the 
hydraulic rating table for each facility listed in Table 2. Each facility was designed for a tributary 
area of 1 acre. In the HSPF model, the outflow from the facility assigned to each project was 
scaled by the actual tributary area (in acres) to obtain the total discharge. This approach is 
efficient because it allows for the simulation of a large number of projects (in this case 30) with 
only eight hydraulic routing reaches. The design parameters used to develop the eight routing 
reaches in Table 2 are shown in Table 3. 
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Table 3 ‐ Bioretention Parameters used to Design Hydraulic Routing Reaches That Represent the Combined 
Hydraulics of Bioretention, Infiltration Gallery, and Silva Cells  

Parameter  Value

Side Slopes  3:H to 1:V

Ponding Depth to Overflow  1 foot

Bottom Area   Varied to produce Desired Infiltration Performance 

Biosoil Depth  1 foot

Biosoil Infiltration Rate 6 in/hr

Biosoil Porosity  30‐percent

Native Soil Infiltration Rate  2 in/hr or 6 in/hr (Separate facilities were designed for each rate)

 
The criteria for assigning one of the eight designs in Table 2 to each of the 30 proposed projects 
are listed in Table 4. The ratio of the sum of bioretention, infiltration gallery, and Silva Cell 
infiltration area to the tributary area was computed for each project. The ratio in Table 4 that 
was closest to that computed for a particular project defined the reach performance standard 
and the appropriate routing reach. This approach recognizes that projects with larger treatment 
facilities and relatively small tributary area will perform better than smaller treatment facilities 
with larger tributary areas. An example showing the application of this approach is described 
later in this report.  
 
The infiltration to tributary area ratios in Table 4 were determined through modeling with 
MGSFlood. This was accomplished using a bioretention facility and varying the footprint to 
produce overflows for a range of recurrence intervals (1.25‐year, 2‐year, 10‐year, and no 
overflow).  
 

Table 4 – Criteria for Selecting Performance Standard Based for Each Facility Based on the Ratio of  
Infiltration Area to Tributary Area and Site Infiltration Rate (2 in/hr and 6 in/hr) 

Ratio of Sum of Bioretention, Infiltration Gallery and Silva 
Cell Infiltration Area to Tributary Area Criteria  Reach Performance Standard  

Infiltration Rate 2 in/hr   Infiltration Rate 6 in/hr

0.013  0.0069 Infiltrate to 1.25 Year Recurrence Interval

0.016  0.0087 Infiltrate to 2 Year Recurrence Interval

0.029  0.013 Infiltrate to 10 Year Recurrence Interval

0.055  0.028 Infiltrate All Runoff

 
Permeable pavement and downspout disconnections were represented in one of two ways 
depending on whether they were used in conjunction with infiltration GSI (bioretention, 
Infiltration gallery, and/or Sylva Cells). If permeable pavement and/or downspouts were located 
upstream of an infiltration GSI, then the impervious surface upstream of the infiltration GSI was 
reduced by an area equal to the permeable pavement plus area of downspout disconnect. This 
recognizes that permeable pavement and downspout disconnects located upstream of an 
infiltration facility would have the effect of increasing the performance of the infiltration 
facility.  
 
If permeable pavement and/or downspouts were not upstream of an infiltration GSI, then the 
area tributary to the permeable pavement was routed to a separate hydraulic routing reach 
that represents the cistern and/or permeable pavement.  Sensitivity Runs with MGSFlood 
showed that all runoff would be infiltrated even when the ratio of the permeable pavement 
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area to the tributary areas is as small as 10‐percent (for both design infiltration rates used in 
the model). When the ratio drops to 5‐percent, then the 2 in/hr rate only infiltrates to about a 
5‐year recurrence interval before overflowing (the 6 in/hr rate still infiltrated all runoff). There 
are no proposed projects where the 2 in/hr infiltration rate has a permeable pavement to 
tributary ratio less than 10‐percent. Therefore, only one hydraulic reach that infiltrates all 
runoff was used to simulate the effects of cisterns and/or permeable pavement where they are 
not used in conjunction with other infiltration BMPs. Design parameters for the 
cistern/permeable pavement reach for projects without other infiltration BMPs are listed in 
Table 5.  
 

Table 5 –Parameters used to Design Reaches Representing the Hydraulics of Cisterns and/or Permeable 
Pavement. Designed to Infiltrate 1 acre of tributary area 

Parameter  Value

Permeable Pavement Infiltration Rate 20 in/hr

Permeable Pavement Area  10,890 sf

Gravel Subgrade Area  10,890 sf

Gravel Subgrade Depth  1 foot

Gravel Subgrade Porosity  30‐percent

Gravel Infiltration Rate  6 in/hr

Native Soil Infiltration Rate  6 in/hr

 
Example Application of Modeling Approach 
An example application of the model approach described in the previous sections is shown 
below for Project B‐20. Table 6 shows the tributary area and infiltration areas for the project 
(Taken from Table 1). 
 

Table 6 – Example Data for Project B‐20 from Table 1 
 Tributary Area and Infiltration Area 

Tributary Area (sf)  165,709 sf

Bioretention Infiltration Area  5,400 sf

Permeable Pavement Infiltration Area  31,352 sf

Infiltration Gallery Infiltration Area  0 sf

Silva Cell Infiltration Area  0 sf

Roof Cistern to Infiltration Area  0 sf

 
Permeable pavement is located upstream of the bioretention area and is subtracted from the 
tributary area. The resulting infiltration area to tributary area ratio is: 
 

Ratio=5,400/(165,709‐31,352) = 0.040 
 
The project is located in an area with a 6 in/hr infiltration rate. From Table 4, 0.040 is greater 
than the ratio required to infiltrate all runoff for the 6 in/hr infiltration rate (0.028). Thus, 
hydraulic reach Number 8 from Table 2 will be used to represent the GSI for this project. In the 
HSPF model, the outflow from the reach will be scaled by the tributary area in acres 
(165,709/43,560) = 3.804. The remaining subbasin will be reduced by the area of pervious and 
impervious tributary to the GSI facility, 3.804 acres in this case.  
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Groundwater Return Flow 
Infiltration of stormwater runoff via GSI facilities increases the amount of recharge to shallow 
and deep groundwater. The additional recharge would likely increase baseflow in nearby 
streams. The additional baseflow in receiving streams was accounted for in the HSPF model 
using an additional routing reach that represents the routing of infiltrated water through 
shallow groundwater. The water infiltrated from each GSI facility was captured by a second 
routing reach with routing characteristics similar to a groundwater response. 75‐percent of the 
infiltrated water was returned to the receiving creek in the same subbasin via the groundwater 
routing reach with 25‐percent assumed lost to deep groundwater (not tributary to the stream). 
The hydraulic response from the groundwater reach was simulated using the HSPF interflow 
outflow algorithm. This was chosen because it represents a shallow groundwater response, is 
relatively simple, and the response can be easily adjusted using a single parameter (IRC).  An 
IRC value of 0.995 was used and provides a reasonable groundwater lag for the return of 
infiltrated water to the stream.  
 
Simulation Results  
The HSPF model was used to develop flood‐frequency statistics and mean daily discharge values at 
the outlet of each model subbasin. Precipitation from the Sea‐Tac gage and daily evaporation 
derived from the Puyallup 2 West Experimental Station (station number 45‐6803) for the period of 
1948‐2011 were used as input to the model to compute a 63‐year time series of flow. 
 
The Benthic Index of Biotic Integrity (B‐IBI) was developed as an index to quantify the ecological 
condition of streams in the Pacific Northwest. B‐IBI scores range between 10 and 50, with 
higher scores representing more pristine conditions. B‐IBI scores have been assigned qualitative 
descriptions of stream condition by Karr el al., 1999 (Table 7). 
 

Table 7 – Qualitative Categorization of B‐IBI (Karr et al. 1986) 

Condition   Description  B‐IBI Range 

Excellent  
Comparable to least disturbed reference condition; overall high taxa 
diversity, particularly of mayflies, stoneflies, caddis flies, long‐lived, 
clinger, and intolerant taxa. Relative abundance of predators high.  

46‐50  

Good  
Slightly divergent from least disturbed condition; absence of some 
long‐lived and intolerant taxa; slight decline in richness of mayflies, 
stoneflies, and caddis flies; proportion of tolerant taxa increases.  

38‐45  

Fair  
Total taxa richness reduced – particularly intolerant, long‐lived, 
stonefly, and clinger taxa; relative abundance of predators declines; 
proportion of tolerant taxa continues to increase.  

28‐37  

Poor  
Overall taxa diversity depressed; proportion of predators greatly 
reduced as is long‐lived taxa richness; few stoneflies or intolerant taxa 
present; dominance by three most abundant taxa often very high.  

18‐27  

Very Poor  
Overall taxa diversity very low and dominated by a few highly tolerant 
taxa; mayfly, stonefly, caddis fly, clinger, long‐lived, and intolerant 
taxa largely absent; relative abundance of predators very low.  

10‐17  

 

B‐IBI scores have been related to several hydrologic metrics that quantify the impacts to 
streamflow from urbanization by DeGasperi et al. (2009) and Horner (2013). The regression 
equations developed by Horner (2013), summarized in Table 8, were used to estimate B‐IBI 
values using High Pulse Count (HPC) and High Pulse Range (HPR) values computed with the 



 
10 March 2, 2015 

 

HSPF model for existing conditions and existing conditions with the 30 proposed retrofit 
projects. B‐IBI values obtained from the HPC and HPR regression equations were averaged to 
estimate potential B‐IBI values at the outlet of each subbasin assuming that flow flashiness 
represented by HPC and HPR are the only factor limiting B‐IBI scores. The results for best 
estimate and the upper 90‐percent confidence bound are presented in the appendix (Tables 
A1a, A1b, and A2a, A2b) for existing and existing with proposed projects, respectively.  
 
 

Table 8 ‐ Regression Equations and Associated Statistics Relating High Pulse Count (HPC) and  
High Pulse Range (HPR) with Benthic Index of Biotic Integrity  
Used to Estimate B‐IBI Scores (Reproduced from Horner, 2013) 

 

 
 
King County staff requested that the B‐IBI values computed using the upper 90‐percent 
confidence bound be used in evaluating the performance of stormwater retrofit projects to 
represent the maximum potential change in B‐IBI scores. Table A3 in the appendix compares 
the B‐IBI values for existing conditions and existing conditions with the 30 retrofit projects for 
the upper 90‐percent confidence bound. Results show that with the proposed 30 retrofit 
projects, the B‐IBI scores increased from 0 to 2, which represents a percentage increase from 
zero to 11‐percent depending on the location in the watersheds. The majority of 
subcatchments remained in the “Poor” and “Very Poor” ranking with the 30 retrofit projects. 
This does not mean that the proposed projects have no benefit to the system, as discussed 
further below in regards to potential peak flow reductions expected from the retrofits. It 
merely shows that the hydrology must be aggressively altered to effect any meaningful change 
in the B‐IBI score based on the regression model. 
 
Table A4 compares the peak 2‐year discharge at each subbasin outlet for existing conditions 
and existing conditions with the 30 retrofit projects. Peak flow reductions ranging from a couple 
of percent to 8‐percent are seen at many subbasins. The largest flow reductions of 27‐percent 
and 10‐percent were noted for Subbasins M10 and M11, respectively. These subbasins are 
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highly urbanized and the proposed projects address a significant portion of runoff from 
development with undersized stormwater controls. 
 

Estimating B‐IBI Improvement for Second Tier Projects  
Eighty stormwater retrofit projects were identified and prioritized as part of this analysis.  The 
effectiveness of the top 30 ranked projects was simulated using the HSPF watershed model as 
discussed in the previous sections. This section describes the development of a spreadsheet 
screening tool to aid in the evaluation of the remaining 50 (second tier) projects.  
 
The spreadsheet screening tool was developed with the HSPF model used to evaluate the 
hydrologic performance of top 30 ranked projects. Six hypothetical 1‐acre urban sites were 
simulated with the model and a relationship between fraction of site area mitigated and B‐IBI score 
was developed. The land use of each site consisted of 60‐percent impervious and 40‐percent urban 
grass and the geology was assumed to be glacial till. The fraction of the site mitigated ranged from 
0‐ to 100‐percent. An additional 100‐percent forested site was included to provide an indication of 
the upper limit of the B‐IBI score achievable. GSI mitigation for each site consisted of a bioretention 
facility designed to infiltrate all inflows during the simulation period. A portion of the water 
infiltrated by the facility (75‐percent) was returned to the receiving stream after routing through a 
reach that mimics a shallow groundwater response. Design parameters used for the bioretention 
facilities are shown in Table 9.  
 

Table 9 ‐ Bioretention Design Parameters Used to Develop Relationship between  
Fraction of Site Mitigated and Resulting B‐IBI Score 

Parameter  Value

Side Slopes  3:H to 1:V

Ponding Depth to Overflow 1 foot

Bottom Area   Varies with each site 

Biosoil Depth  1 foot

Biosoil Infiltration Rate  6 in/hr

Biosoil Porosity  30‐percent

Native Soil Infiltration Rate 6 in/hr 

 
Table 10 shows the predicted B‐IBI score for each of the seven sites simulated. The B‐IBI scores 
were estimated using the equations in Table 8 for the upper 90‐percent confidence bound. The 
values in Table 10 were used to develop a regression relationship between predicted B‐IBI score 
and fraction of site retrofitted with GSI facilities (Figure 2).  The B‐IBI prediction equation uses the 
fraction of the watershed retrofit with GSI entered as a decimal (x value) to predict the B‐IBI score 
(y value). Using this relationship, an estimate of the potential change in B‐IBI score for each project 
could be made using the fraction of the total subbasin area that would be treated by the project as 
input. 
 

 
 

   



 
12 March 2, 2015 

 

Table 10 – Predicted B‐IBI Scores for Each Site Simulated Used to Develop Relationship between  
Fraction of Site Mitigated and Resulting B‐IBI Score 

 
Test Site 

Fraction of Site
Mitigated by GSI  Predicted B‐IBI Score 

1. Urban  0.00 15

2. Urban  0.10 16

3. Urban  0.25 16

4. Urban  0.50 19

5. Urban  0.75 24

6. Urban  1.00 40

7. Forest  N/A 43

 
 

Figure 2 – Relationship Between Predicted B‐IBI Score and Fraction of Watershed Retrofit with GSI 
 
 

An example application of the regression equation is as follows. A GSI project is proposed for a 
subbasin that currently has 50‐percent of the urban area mitigated with GSI. Using the B‐IBI 
prediction equation in Figure 2, the estimated B‐IBI score for current conditions would be 18.7. 
With the proposed project, the subbasin would have 60‐percent of the total area mitigated with 
GSI and the predicted B‐IBI score would be 20.2 or a 1.5 point increase in B‐IBI score. 
 
Figure 2 shows that the B‐IBI prediction line is relatively flat until the amount of the watershed 
retrofit reaches about 60‐percent where the rate of change increases. This means that for highly 
urban basins with little stormwater controls, it will take a substantial amount of GSI retrofit before 
a significant increase in the B‐IBI scores would be expected. The reason for this is the high pulse 
count and high pulse range statistics are dominated by the uncontrolled runoff from unmitigated 
areas. This agrees with the seemingly low predicted B‐IBI increases noted earlier for the proposed 
top 30 projects in the Miller/Walker basin, which is highly urban and has relatively few GSI 
facilities.  
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Table A1a, B-IBI Estimates from Horner (2013) Regression Equation  
 Existing Conditions (Best-Estimate) 

 
 
 

Subbasin 

High Pulse Count 
(HPC) 

(Average No High 
Pulses/Year) 

High Pulse Range 
(HPR) 

Average High Pulse 
Range/Year (days) 

B-IBI Regression Results (Best Estimate) 

Regression with 
HPC 

Regression with 
HPR 

Average 
B-IBI 

SUBBASIN M01 23.8 310 10.0 11.5 10.8 

SUBBASIN M02 24.2 312 10.0 11.4 10.7 

SUBBASIN M02A 18.5 278 13.2 13.6 13.4 

SUBBASIN M03 24.5 312 10.0 11.5 10.7 

SUBBASIN M03A 25.9 326 10.0 10.7 10.3 

SUBBASIN M04 28.0 331 10.0 10.4 10.2 

SUBBASIN M04A 23.7 315 10.0 11.2 10.6 

SUBBASIN M05 25.1 322 10.0 10.9 10.4 

SUBBASIN M08 29.7 331 10.0 10.4 10.2 

SUBBASIN M09 31.6 335 10.0 10.2 10.1 

SUBBASIN M10 27.2 322 10.0 10.9 10.4 

SUBBASIN M11 28.4 327 10.0 10.6 10.3 

SUBBASIN M12 17.3 259 14.3 14.9 14.6 

SUBBASIN M13 12.8 181 19.3 22.0 20.6 

SUBBASIN M14 16.7 270 14.9 14.1 14.5 

SUBBASIN M15 21.1 301 11.2 12.1 11.6 

SUBBASIN M16 21.0 299 11.2 12.2 11.7 

SUBBASIN M17 20.7 301 11.4 12.1 11.8 

SUBBASIN M23 1.4 79 41.1 36.6 38.9 

SUBBASIN M23A 11.8 267 20.6 14.3 17.5 

SUBBASIN M23B 27.9 330 10.0 10.4 10.2 

SUBBASIN M24 25.3 307 10.0 11.7 10.9 

SUBBASIN MC02 18.6 304 13.2 11.9 12.5 

SUBBASIN MC03 22.6 309 10.1 11.6 10.9 

SUBBASIN MC04 21.5 303 10.9 12.0 11.4 

SUBBASIN MC05 20.9 297 11.3 12.3 11.8 

SUBBASIN M18 18.7 19 18.0 18.1 18.0 

SUBBASIN M19 18.2 18 17.4 17.5 17.4 

SUBBASIN M20 21.0 23 21.0 22.0 21.5 

SUBBASIN M21 11.1 7 10.0 11.0 10.5 

SUBBASIN M21A 14.1 10 12.2 12.5 12.3 

SUBBASIN M22 17.5 17 16.5 16.6 16.6 
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Table A1b, B-IBI Estimates from Horner (2013) Regression Equation  
Existing Conditions (Upper 90% Confidence Bound) 

 
 
 

Subbasin 

High Pulse Count 
(HPC) 

(Average No High 
Pulses/Year) 

High Pulse Range 
(HPR) 

Average High Pulse 
Range/Year (days) 

B-IBI Regression Results (Upper 90% Confidence Bound) 

Regression with 
HPC 

Regression with 
HPR 

Average 
B-IBI 

SUBBASIN M01 23.8 310 17.7 20.4 19.1 

SUBBASIN M02 24.2 312 17.4 20.3 18.8 

SUBBASIN M02A 18.5 278 22.8 23.2 23.0 

SUBBASIN M03 24.5 312 17.1 20.3 18.7 

SUBBASIN M03A 25.9 326 16.0 19.2 17.6 

SUBBASIN M04 28.0 331 14.5 18.8 16.7 

SUBBASIN M04A 23.7 315 17.8 20.0 18.9 

SUBBASIN M05 25.1 322 16.6 19.5 18.0 

SUBBASIN M08 29.7 331 13.4 18.8 16.1 

SUBBASIN M09 31.6 335 12.2 18.5 15.3 

SUBBASIN M10 27.2 322 15.1 19.5 17.3 

SUBBASIN M11 28.4 327 14.2 19.1 16.6 

SUBBASIN M12 17.3 259 24.1 25.1 24.6 

SUBBASIN M13 12.8 181 30.0 34.2 32.1 

SUBBASIN M14 16.7 270 24.9 24.0 24.4 

SUBBASIN M15 21.1 301 20.2 21.2 20.7 

SUBBASIN M16 21.0 299 20.2 21.4 20.8 

SUBBASIN M17 20.7 301 20.5 21.2 20.9 

SUBBASIN M23 1.4 79 50.0 50.0 50.0 

SUBBASIN M23A 11.8 267 31.5 24.2 27.9 

SUBBASIN M23B 27.9 330 14.6 18.8 16.7 

SUBBASIN M24 25.3 307 16.5 20.7 18.6 

SUBBASIN MC02 18.6 304 22.8 20.9 21.8 

SUBBASIN MC03 22.6 309 18.8 20.5 19.6 

SUBBASIN MC04 21.5 303 19.8 21.0 20.4 

SUBBASIN MC05 20.9 297 20.4 21.5 20.9 

SUBBASIN M18 18.7 19 28.5 29.2 28.9 

SUBBASIN M19 18.2 18 27.8 28.5 28.1 

SUBBASIN M20 21.0 23 31.9 34.2 33.0 

SUBBASIN M21 11.1 7 16.9 19.6 18.3 

SUBBASIN M21A 14.1 10 21.5 21.7 21.6 

SUBBASIN M22 17.5 17 26.8 27.3 27.1 
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Table A2a, B-IBI Estimates from Horner (2013) Regression Equation  

Existing Conditions with 30 Retrofit Projects (Best-Estimate) 
 
 
 

Subbasin 

High Pulse Count 
(HPC) 

(Average No High 
Pulses/Year) 

High Pulse Range 
(HPR) 

Average High Pulse 
Range/Year (days) 

B-IBI Regression Results (Best Estimate) 

Regression with 
HPC 

Regression with 
HPR 

Average 
B-IBI 

SUBBASIN M01 23.4 309 10.0 11.6 10.8 

SUBBASIN M02 23.7 312 10.0 11.4 10.7 

SUBBASIN M02A 18.5 278 13.2 13.6 13.4 

SUBBASIN M03 23.9 309 10.0 11.6 10.8 

SUBBASIN M03A 25.9 326 10.0 10.7 10.3 

SUBBASIN M04 27.2 328 10.0 10.5 10.3 

SUBBASIN M04A 23.4 313 10.0 11.4 10.7 

SUBBASIN M05 24.8 320 10.0 11.0 10.5 

SUBBASIN M08 29.7 331 10.0 10.4 10.2 

SUBBASIN M09 31.6 335 10.0 10.2 10.1 

SUBBASIN M10 23.9 305 10.0 11.8 10.9 

SUBBASIN M11 27.0 322 10.0 10.9 10.4 

SUBBASIN M12 16.8 252 14.9 15.4 15.1 

SUBBASIN M13 12.9 181 19.3 22.0 20.6 

SUBBASIN M14 16.2 264 15.5 14.6 15.0 

SUBBASIN M15 20.0 294 12.0 12.5 12.3 

SUBBASIN M16 20.1 294 11.9 12.5 12.2 

SUBBASIN M17 19.7 289 12.3 12.8 12.6 

SUBBASIN M23 1.4 79 41.1 36.6 38.9 

SUBBASIN M23A 11.8 267 20.6 14.3 17.5 

SUBBASIN M23B 27.9 330 10.0 10.4 10.2 

SUBBASIN M24 24.5 304 8.9 11.9 11.0 

SUBBASIN MC02 18.5 303 13.3 12.0 12.6 

SUBBASIN MC03 22.1 306 10.5 11.8 11.1 

SUBBASIN MC04 20.8 297 11.4 12.3 11.9 

SUBBASIN MC05 20.5 296 11.7 12.4 12.0 

SUBBASIN M18 13.3 216 18.7 18.4 18.6 

SUBBASIN M19 14.0 220 17.9 18.1 18.0 

SUBBASIN M20 10.7 178 22.1 22.3 22.2 

SUBBASIN M21 24.3 318 10.0 11.1 10.6 

SUBBASIN M21A 19.2 290 12.7 12.8 12.7 

SUBBASIN M22 14.7 232 17.1 17.1 17.1 
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Table A2b, B-IBI Estimates from Horner (2013) Regression Equation  
Existing Conditions with 30 Retrofit Projects (Upper 90% Confidence Bound) 

 
 
 

Subbasin 

High Pulse Count 
(HPC) 

(Average No High 
Pulses/Year) 

High Pulse Range 
(HPR) 

Average High Pulse 
Range/Year (days) 

B-IBI Regression Results (Upper 90% Confidence Bound) 

Regression with 
HPC 

Regression with 
HPR 

Average 
B-IBI 

SUBBASIN M01 23.4 309 18.1 20.5 19.3 

SUBBASIN M02 23.7 312 17.8 20.3 19.0 

SUBBASIN M02A 18.5 278 22.8 23.2 23.0 

SUBBASIN M03 23.9 309 17.6 20.5 19.0 

SUBBASIN M03A 25.9 326 16.0 19.2 17.6 

SUBBASIN M04 27.2 328 15.0 19.0 17.0 

SUBBASIN M04A 23.4 313 18.1 20.2 19.1 

SUBBASIN M05 24.8 320 16.9 19.7 18.3 

SUBBASIN M08 29.7 331 13.4 18.8 16.1 

SUBBASIN M09 31.6 335 12.2 18.5 15.3 

SUBBASIN M10 23.9 305 17.6 20.8 19.2 

SUBBASIN M11 27.0 322 15.2 19.5 17.3 

SUBBASIN M12 16.8 252 24.8 25.7 25.3 

SUBBASIN M13 12.9 181 30.0 34.2 32.1 

SUBBASIN M14 16.2 264 25.5 24.6 25.1 

SUBBASIN M15 20.0 294 21.3 21.8 21.5 

SUBBASIN M16 20.1 294 21.1 21.8 21.5 

SUBBASIN M17 19.7 289 21.6 22.2 21.9 

SUBBASIN M23 1.4 79 50.0 50.0 50.0 

SUBBASIN M23A 11.8 267 31.5 24.2 27.9 

SUBBASIN M23B 27.9 330 14.6 18.8 16.7 

SUBBASIN M24 24.5 304 17.1 21.0 19.0 

SUBBASIN MC02 18.5 303 22.8 21.0 21.9 

SUBBASIN MC03 22.1 306 19.2 20.7 20.0 

SUBBASIN MC04 20.8 297 20.4 21.5 21.0 

SUBBASIN MC05 20.5 296 20.8 21.6 21.2 

SUBBASIN M18 13.3 216 29.3 29.7 29.5 

SUBBASIN M19 14.0 220 28.4 29.2 28.8 

SUBBASIN M20 10.7 178 33.2 34.6 33.9 

SUBBASIN M21 24.3 318 17.3 19.8 18.6 

SUBBASIN M21A 19.2 290 22.1 22.1 22.1 

SUBBASIN M22 14.7 232 27.5 27.9 27.7 
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Table A3, B-IBI Estimates from Horner (2013) Regression Equation 
Existing Conditions and Existing Conditions with 30 Retrofit Projects (Upper 90% Confidence Bound) 

 
 
 

Subbasin 

B-IBI Regression Results  
(Upper 90% Confidence Bound)

 
 

Percent Increase 
Existing Conditions 

Existing Conditions with 30 
Retrofit Projects 

SUBBASIN M01 19.1 19.3 1% 

SUBBASIN M02 18.8 19.0 1% 

SUBBASIN M02A 23.0 23.0 0% 

SUBBASIN M03 18.7 19.0 2% 

SUBBASIN M03A 17.6 17.6 0% 

SUBBASIN M04 16.7 17.0 2% 

SUBBASIN M04A 18.9 19.1 1% 

SUBBASIN M05 18.0 18.3 2% 

SUBBASIN M08 16.1 16.1 0% 

SUBBASIN M09 15.3 15.3 0% 

SUBBASIN M10 17.3 19.2 11% 

SUBBASIN M11 16.6 17.3 4% 

SUBBASIN M12 24.6 25.3 3% 

SUBBASIN M13 32.1 32.1 0% 

SUBBASIN M14 24.4 25.1 3% 

SUBBASIN M15 20.7 21.5 4% 

SUBBASIN M16 20.8 21.5 3% 

SUBBASIN M17 20.9 21.9 5% 

SUBBASIN M23 50.0 50.0 0% 

SUBBASIN M23A 27.9 27.9 0% 

SUBBASIN M23B 16.7 16.7 0% 

SUBBASIN M24 18.6 19.0 2% 

SUBBASIN MC02 21.8 21.9 0% 

SUBBASIN MC03 19.6 20.0 2% 

SUBBASIN MC04 20.4 21.0 3% 

SUBBASIN MC05 20.9 21.2 1% 

SUBBASIN M18 28.9 29.5 2% 

SUBBASIN M19 28.1 28.8 2% 

SUBBASIN M20 33.0 33.9 3% 

SUBBASIN M21 18.3 18.6 2% 

SUBBASIN M21A 21.6 22.1 2% 

SUBBASIN M22 27.1 27.7 2% 
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Table A4, Comparison of Peak 2-Year Discharge Rates 
Existing Conditions and Existing Conditions with 30 Retrofit Projects 

 
 
 
 

Subbasin 

2-Year Peak Discharge Rate at Subbasin Outlet  
 
 

Percent Decrease Existing Conditions 
Existing Conditions with 30 

Retrofit Projects 

SUBBASIN M01 18.1 16.7 8% 

SUBBASIN M02 29.5 27.0 8% 

SUBBASIN M02A 1.7 1.7 0% 

SUBBASIN M03 68.6 64.4 6% 

SUBBASIN M03A 3.3 3.3 1% 

SUBBASIN M04 15.0 14.2 5% 

SUBBASIN M04A 10.6 10.4 2% 

SUBBASIN M05 17.0 16.6 3% 

SUBBASIN M08 9.9 9.6 3% 

SUBBASIN M09 7.4 7.4 0% 

SUBBASIN M10 21.1 15.5 27% 

SUBBASIN M11 42.8 38.4 10% 

SUBBASIN M12 25.5 24.6 4% 

SUBBASIN M13 7.2 7.1 2% 

SUBBASIN M14 9.9 9.5 4% 

SUBBASIN M15 155.3 143.3 8% 

SUBBASIN M16 86.9 81.0 7% 

SUBBASIN M17 166.3 154.0 7% 

SUBBASIN M23 1.3 1.3 3% 

SUBBASIN M23A 2.9 2.9 2% 

SUBBASIN M23B 6.5 6.5 1% 

SUBBASIN M24 25.7 24.2 6% 

SUBBASIN MC02 11.3 11.3 0% 

SUBBASIN MC03 61.9 60.9 2% 

SUBBASIN MC04 65.2 63.7 2% 

SUBBASIN MC05 68.4 66.8 2% 

SUBBASIN M18 45.3 43.8 3% 

SUBBASIN M19 34.6 33.5 3% 

SUBBASIN M20 16.6 15.3 8% 

SUBBASIN M21 6.9 6.5 6% 

SUBBASIN M21A 19.5 19.0 3% 

SUBBASIN M22 63.8 61.8 3% 

 
 



       

Miller-Walker Basin Stormwater Retrofit Planning Study February 2015 
B-20 Preliminary Pre-Engineering Design Report   

 

Attachment G 

Soil Exploration Results 
  



       

Miller-Walker Basin Stormwater Retrofit Planning Study February 2015 
B-20 Preliminary Pre-Engineering Design Report   

 

This page intentionally left blank. 

 



 Richard Martin Groundwater LLC 
 

Richard Martin Groundwater LLC 206-979-1530 richard.martin.gw@gmail.com 

 
DATE: February 27, 2015 
 
TO: Robin Kirschbaum, PE 

HDR Engineering 
 
FROM: Richard Martin, LHG 
 Richard Martin Groundwater LLC 
 
RE: PRELIMINARY INFILTRATION FEASIBILITY, MILLER WALKER RETROFIT PROJECT, KING COUNTY, 

WASHINGTON  
_____________________________________________________________________________________ 
 
Richard Martin Groundwater LLC (RMGW) is pleased to present this report summarizing the results of 
subsurface explorations and preliminary infiltration feasibility for the Miller Walker Stormwater Retrofit 
project in King County, Washington. This information will be used to support conceptual design of the 
proposed stormwater retrofit, which consists of several stormwater management approaches including 
infiltration of stormwater at bioretention facilities and infiltration galleries, and the use of permeable 
pavement. 

Six sites were selected for evaluation of preliminary infiltration feasibility, including: 

• Burien Site 20 – 6th Avenue SW from SW 146th Street to SW 153rd Street, 
• Burien Site 24 – 12th Avenue SW between SW 148th Street and SW 152nd Street, 
• Burien Site 27 – S 152nd Street from 1st Avenue S to 8th Avenue S, 
• Burien Site 29 – Moshier Park, 
• Burien Site 31 – Moshier Community Arts Center, and 
• King County Site 47 – King County District Courthouse. 

All of the sites are located in the City of Burien (see the main text for a plan showing the locations of the 
sites).  The sites were selected based on the results of a study of the Miller Walker drainage basin and 
including the findings of an infiltration feasibility assessment prepared by Aspect Consulting (2014).  The 
Aspect report should be referenced for additional information on basin soil and groundwater conditions, 
and the feasibility criteria used to select the six sites. 

Preliminary infiltration feasibility for Sites 24, 29, and 31 was evaluated in the initial phase of work and is 
described in our Technical Memorandum dated November 3, 2014, which is provided as Appendix B of 
this report.  The explorations and tests performed for Sites 20, 27, and 47 are described in the main 
body of this report.  This report also includes a summary of infiltration feasibility for the six sites and a 
qualitative ranking of the sites based on hydrogeological and geotechnical considerations. 

These services were completed in general accordance with our subconsultant agreement with HDR 
Engineering dated April 23, 2014. 
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Scope of Services 
To further evaluate site specific soil conditions that may affect the potential for shallow infiltration, five 
vactor explorations were performed for Sites 20, 27, and 47, including three explorations at Site 27 and 
one exploration at Sites 20 and 47.  During the vactor explorations, hand augering was completed ahead 
of the vactoring to collect soil samples for soil characterization.  Five of the soil samples were selected 
for grain size analyses by a geotechnical laboratory.  The observed soil conditions and results of the grain 
size analyses are summarized below. 

Subsurface Explorations  
The subsurface explorations were conducted on December 2, 2014, by City of Burien (City) personnel 
using a city-owned vactor (vacuum excavation) truck and a high-pressure water jet to loosen the soil. 
RMGW recorded soil and groundwater conditions during excavation and collected soil samples using a 
hand auger at approximate 2-foot intervals. The locations of the explorations are shown on Figures 1 
through 3 and the results are summarized in Table 1. Explorations V-6, V-7, and V-10 were excavated to 
approximately 9-10 feet below ground surface (bgs). Exploration V-8 was terminated at approximately 
4.5 feet bgs because of a gravel and cobble layer (artificial fill) was encountered and the sidewalls of the 
exploration were caving and undermining the adjacent ground surface.  Exploration V-9 was terminated 
at approximately 5 feet bgs where groundwater was observed flowing into the vactor hole. Exploration 
ground surface elevations were estimated from Google Earth. As shown on Table 1, borings locations 
range in elevation from 289 to 353 feet. Logs of the vactor holes are shown on Figures 4 through 9. 

Table 1 – Conditions Encountered in Subsurface Vactor Explorations 

Site Location Vactored 
Depth 
(feet) 

Ground 
Elevation 

(feet)  

Summary of Soil Conditions Observed During 
Vactoring 

Soil Type Relative 
Infiltration 
Potential 

King 
County 

#47 

V-6 8.8 352 Fill to 3.5 feet, gravel and cobbles to about 5.5 
feet, and slightly gravelly to gravelly fine sand 
to 9.2 feet 

Fill/Till 
(?)/Advance 

Outwash 

High in 
Outwash 

Burien 
#20 

V-7 8.9 353 Fill to 4 feet, gravel and cobbles to about 5 
feet, and slightly silty to silty, gravelly sand to 
9.2 feet 

Fill/Till 
(?)/Advance 
Outwash (?) 

Low to 
Moderate 

Burien 
#27 

V-8 4.5 320 Fill to 4.5 feet Fill Unknown 

Burien 
#27 

V-9 5 289 Sandy peat to 5 feet.  Groundwater observed at 
approximately 5 feet. 

Peat NA* 

Burien 
#27 

V-10 9.5 325 Fill to 2 feet, slightly silty to silty fine sand to 
about 6 feet, and fine sand to 10 feet 

Fill/Recessional 
Outwash 

Moderate 
to High 
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* NA = Not Applicable. Shallow groundwater was observed during vactoring and the location is not suitable for shallow 
infiltration 

 

Grain Size Analyses 
Selected soil samples were submitted to Phoenix Soil Research for grain size analyses in accordance with 
ASTM D422. The purpose of this testing was to document the range of textural compositions for the soil 
types observed in the borings. The soil laboratory reports are provided in Appendix A and the results are 
summarized in Table 2. Unified Soils Classification System designations in Table 2 were determined in 
general accordance with ASTM D-2487, Standard Practice for Classification of Soils for Engineering 
Purposes (Unified Soil Classification System). 

 

Table 2: Grain Size Analyses Results 

Exploration and 
Sample Number 

Depth 
(ft) 

% Gravel % Sand % Fines USCS Class and Description 

V-6, S-4 8.8-9.2 26.6 72.2 1.2 SP – Poorly graded sand with gravel 

V-7, S-3 6.9-7.2 32.8 57.3 9.9 SP-SM – Poorly graded sand with 
silt and gravel 

V-7, S-4 8.9-9.2 40.1 40.2 19.7 SM – Silty sand with gravel 

V-10, S-3 7.2-7.7 13.9 83.7 2.4 SP – Poorly graded sand 

V-10, S-4 9.5–10 2.9 94.4 2.7 SP – Poorly graded sand 

 
Notes:  % - percentage determined by dry weight 
USCS – Unified Soil Classification System designations as determined by ASTM D-422 and in general accordance with ASTM D-
2487 
 
Soil Conditions 
Soil observed at Sites 20 and 47 consisted of Fill overlying a gravelly Till-like soil, which was underlain by 
Advance Outwash based on relative density.  The Fill consisted generally of gravelly, silty, sand.  
Although Glacial Till was not directly observed during the explorations, the presence of gravel, cobbles, 
and silt, combined with City of Burien staff noting the soil was, “harder” suggests that a thin layer of Till-
like soil is likely present above the Advance Outwash.  The Advance Outwash at Site 47 (V-6) consisted of 
sand and gravel with a low percentage of fines, while the Advance Outwash observed at Site 20 (V-7) 
contained a higher percentage of fines, and included interbeds of sandy silt.  The Fill and Till-like soils 
are anticipated to have a low infiltration rate.  The Advance Outwash at Site 47 is anticipated to have a 
high infiltration rate whereas the Advance Outwash at Site 20 is anticipated to have a low to moderate 
infiltration rate. 



Richard Martin Groundwater LLC 
 

4 
RMC032 

 

At Site 27, the depth of exploration V-8 was limited to approximately 4.5 feet by the presence of Fill 
consisting of gravel and cobbles.  Exploration V-10, completed approximately 300 feet east of 
exploration V-8 and on the north side of S 152nd Street (Figure 3), encountered a thin layer of Fill in the 
upper 2 feet (approximate), which was then underlain by Recessional Outwash consisting of trace silty 
to silty fine sand with the silt percentage decreasing with depth.  The Recessional Outwash is anticipated 
to have a moderate to high infiltration rate.  Exploration V-9, completed at the base of the hill on the 
east edge of the alignment, encountered Peat soil with thin layers of silty sand., and is anticipated to 
have a low infiltration rate.   

Note that soil conditions for sites 24, 29, and 31 were provided in the November 3, 2014, Technical 
Memorandum (Appendix B). 

Groundwater 
Groundwater seepage was not observed in the vactor borings with the exception of Boring V-9.  
Groundwater observed seeping into Boring V-9 at a depth of approximately 5 feet.  The boring was left 
open for approximately 5 minutes and the groundwater level rose in the hole to about 4.7 feet below 
ground surface.  

Note that groundwater conditions for sites 24, 29, and 31 were provided in the November 3, 2014, 
Technical Memorandum (Appendix B). 

Summary of Observed Soil Conditions 
Soil conditions observed at Site 47 (Figure 1) indicate that infiltration into the Advance Outwash below 
the Till-like soil is likely feasible for the proposed infiltration facilities.  The presence of Till-like soil would 
likely limit the feasibility of infiltration shallower than about 6 feet bgs. 

At Site 20 (Figure 2), soil conditions indicate that infiltration shallower than about 6 feet is not feasible 
with Fill and Till-like soil limiting the downward movement of water.  Deep infiltration will likely be more 
effective, particularly if the Advance Outwash contains less fines at depth (greater than 10 feet) similar 
to that observed at Site 47.  With explorations limited to the central portion of Site 20, the feasibility of 
infiltration at the north and south ends of the approximately 2,000-foot alignment is uncertain.  The 
Aspect report (2014) noted that based on mapped surface geology, the northern portion of the 
alignment may be good to moderate for deep infiltration, while the southern portion of the alignment is 
poor for both shallow and deep infiltration.  A review of geotechnical reports for project in the area 
(AMEC, 2014, and HWA Geosciences, 2014) indicate the presence of shallow Advance Outwash in the 
vicinity of the intersection of 6th Avenue SW and SW 148th Street, similar to that observed at Site 47 
while to the south between SW 151st Street and SW 152nd Street, subsurface conditions were more 
variable with both Outwash and Till present at depths greater than 5 feet. 

At Site 27 (Figure 3), sandy soil observed in vactor boring V-10 may be amenable to shallow infiltration 
at higher elevations, although the presence of fill on the south side of S 152nd Street may limit shallow 
infiltration with the possibility of infiltrating water daylighting along the slopes south of the alignment.  
At the east end of the proposed alignment, Peat soil observed at exploration V-9 will not allow for 
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shallow infiltration.  The explorations performed along the alignment were not sufficiently deep to 
estimate the thickness of the Recessional Outwash.  Recessional Outwash is often underlain by Glacial 
Till, which could cause infiltrating water to migrate laterally towards the slopes to the west, south, and 
east, potentially affecting existing underground facilities. 

Note that a summary of soil conditions for sites 24, 29, and 31 were provided in the November 3, 2014, 
Technical Memorandum (Appendix B). 

Ranking of Sites for Preliminary Infiltration Feasibility 
A qualitative evaluation to rank the six sites in overall infiltration feasibility was performed based on the 
observed soil and groundwater conditions from the explorations and the following qualitative criteria: 

• Soil Infiltration Rate – Relative soil infiltration rate based on Table 1 above and in the Appendix 
B Technical Memorandum, and on the results of grain size distribution; 

• Groundwater Risk – Relative risk based on the potential for infiltrating water to impact existing 
facilities and risk of water table rise in areas of shallow or perched water table; 

• Subsurface Uncertainty – Relative uncertainty based on distribution of explorations, depth of 
explorations, and existing subsurface information; and 

• Shallow or Deep – Refers to the type of potential infiltration facility where shallow refers to 
permeable pavement and facilities generally less than 10 feet deep, and deep refers to facilities 
greater than 10 feet in depth. 

Based on the criteria described, a relative ranking from 1 to 6 was qualitatively assigned to each site as 
shown in Table 3, with 1 being the highest ranked site for infiltration and 6 being the lowest. 

Table 3: Relative Infiltration Feasibility Ranking of the Sites 

Site # Feasible 
Infiltration 

Type 

Soil Infiltration 
Rate 

Geotechnical 
Risk 

Subsurface 
Uncertainty 

Ranking 

20 Shallow or 
Deep 

Moderate to 
High 

Low Moderate 3 

24 Deep Low High High 6 
27 Shallow Low to 

Moderate 
High Moderate to 

High 
5 

29 Shallow Low to 
Moderate 

Moderate Moderate to 
High 

4 

31 Shallow Moderate Low to 
Moderate 

Moderate 2 

47 Shallow or 
Deep 

High Low Low to 
Moderate 

1 
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Note that this ranking is based on the available subsurface information and our professional opinion.  
Additional exploration, testing, and evaluation will be needed to corroborate the rankings, as discussed 
in the Recommendations section below. 

Summary and Recommendations 
The recommendations provided below are suitable for preliminary planning-level design.  Once 
proposed facility locations are known, we recommend conducting site-specific infiltration assessments 
at the location of each proposed infiltration facility to confirm the observations and assumptions made 
in this report.  Borehole or pilot infiltration tests should be conducted in all shallow infiltration facilities 
and pilot infiltration test should be conducted for all deep infiltration facilities.  
 
A summary of conclusions and specific recommendations are provided below for each site: 
 

• Shallow and deep infiltration appears feasible. 
King County District Courthouse (Site 47) 

• Perform additional exploration to confirm the presence and thickness of Advance Outwash soil 
relative to the base of the proposed bioretention facilities.  

• Long-term design native soil infiltration rate – 
o Use 6 inches per hour for preliminary planning-level design purposes, based on 

observed site soil conditions and our experience with similar Advance Outwash soil in 
the area. 

o Assumes designs will incorporate deep infiltration techniques.  
 

• Shallow and deep infiltration appears feasible. 
6th Avenue SW (Site 20) 

• Perform additional exploration at minimum 500-foot intervals along the proposed alignment to 
confirm the depth, presence, and thickness of Till/Till-like soil and Advance Outwash soil.  

• Long-term design native soil infiltration rate – 
o Use 6 inches per hour for preliminary planning-level design purposes, based on 

observed on-site soil conditions and our experience with similar Advance Outwash soil 
in the area. 

o Assumes designs will incorporate deep infiltration techniques.  
 

• Shallow infiltration appears feasible, except at the east end of the proposed alignment due to 
shallow groundwater and low permeability peat soil.  

S 152nd Street (Site 27) 

• Perform additional exploration at minimum 500-foot intervals along the proposed alignment to 
confirm the depth, presence, and thickness of Recessional Outwash soil, and to determine if 
lower permeability perching layers that may impede infiltration are present.  

• Perform groundwater mounding analysis to evaluate potential risks to adjacent slopes and 
impacts to shallow groundwater near the base of slopes.  
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• Long-term design native soil infiltration rate – 
o Above recommended explorations and analyses needed to develop a long-term design 

native soil infiltration rate for this site.   
 
Note that recommendations for 12th Avenue SW between SW 148th Street and SW 152nd Street, 
Moshier Park, and Moshier Park Community Art Center (Sites 24, 29, and 31, respectively) were 
provided in the November 3, 2014, Technical Memorandum (Appendix B of this memorandum). 
 

References 
Aspect Consulting, 2014, Infiltration Feasibility Assessment, Miller-Walker Basin Stormwater Retrofit 

Planning, King County, Washington.  Prepared for HDR Engineering. 

AMEC Environment & Infrastructure, Inc., 2014, Geotechnical Summary Report – Burien Town Center 
Apartments, Parcel V, Burien, Washington.  Prepared for Merrill/Legacy at Burien (MF), LLC. 

HWA Geosciences Inc., 2014, Draft Geotechnical Engineering Report, SW 148th Street Improvements, 
Burien, Washington.  Prepared for Perteet Engineering, Inc. 

Limitations 

The opinions, conclusions, and recommendations provided in this report are based on observed soil 
conditions at the site, results of laboratory testing of the soil, previous reports for the project site, and 
the proposed infiltration facilities and structures provided by HDR Engineering.  If there are changes to 
the proposed infiltration facilities and structures, additional testing and evaluation may be necessary.   

The analyses and conclusions presented in this report were prepared in accordance with generally 
accepted professional hydrogeologic principles and practice in this area at this time.  No other warranty, 
either express or implied, is made.  The scope of services did not include any environmental assessment 
or evaluation regarding the presence or absence of wetlands or hazardous or toxic material in the soil, 
surface water, groundwater, or air, on or below or around the site. 

This report was prepared solely for the use of HDR Engineering, King County, and the City of Burien for 
preliminary evaluation of shallow infiltration feasibility at the proposed sites. 
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We are pleased to be of service to you on this project and if you any questions or comments please 
contact RMGW at 206-979-1530 or email at Richard.martin.gw@gmail.com. 

Sincerely, 

 

 

 

 

 

 

Richard Martin, LHG 
Richard Martin Groundwater LLC 
 
 
Attachments: 
Table 1 – Conditions Encountered in Subsurface Vactor Explorations – page 2 
Table 2 – Grain Size Analyses Results – page 3 
Table 3 – Relative Infiltration Feasibility Ranking for the Sites – page 5 
 
Figure 1 – Site #20 – 6th Avenue SW Proposed Plan and Vactor Explorations Locations 
Figure 2 – Site #27 – S 152nd Street Proposed Plan and Vactor Explorations Locations 
Figure 3 – Site #47 – King County District Courthouse Proposed Plan and Vactor Explorations Locations 
Figure 4 – Vactor Log for V-6 
Figure 5 – Vactor Log for V-7 
Figure 6 – Vactor Log for V-8 
Figure 7 – Vactor Log for V-9 
Figure 8 – Vactor Log for V-10 

 
Appendix A – Results of Grain Size Analyses – Sites 20, 27, and 47 
Appendix B – Technical Memorandum, Preliminary Infiltration Feasibility for the City of Burien, dated 
November 3, 2014, prepared by Richard Martin Groundwater LLC for HDR Engineering. 
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SITE #20 - 6th AVENUE SW PROPOSED PLAN AND VACTOR EXPLORATION LOCATIONS

FIGURE 1

January 9, 2015Miller Walker Retrofit - HDR
Burien, Washington

Figure adapted from HDR Engineering (B-20 Project Sheet.pdf)

Vactor Boring V-7
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SITE #27 - S 152nd STREET PROPOSED PLAN AND VACTOR EXPLORATION LOCATIONS

FIGURE 2

January 9, 2015Miller Walker Retrofit - HDR
Burien, Washington

Figure adapted from HDR Engineering (B-27 Project Sheet.pdf)

Vactor boring V-8

Vactor Boring V-9

Vactor Boring V-10
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SITE #47 - KING COUNTY DISTRICT COURTHOUSE PROPOSED PLAN AND VACTOR EXPLORATION LOCATIONS

FIGURE 3

January 9, 2015Miller Walker Retrofit - HDR
Burien, Washington

Figure adapted from HDR Engineering (KC-47 Project Sheet.pdf)

Vactor boring V-6
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January 9, 2015HDR Engineering
King County Miller Walker Retrofit

Burien, Washington

SITE #47 - VACTOR LOG FOR V-6
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Date Started/Ended: 12-8-2014

Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: Within existing retention facility adjacent to parking lot

Vactored Depth: 9.3 feetBorehole Diameter: NA

Ground Elevation: 352 feet (estimated)
Boring V-6
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January 9, 2015HDR Engineering
King County Miller Walker Retrofit

Burien, Washington

SITE #20 - VACTOR LOG FOR V-7
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Date Started/Ended: 12-8-2014

Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: Across from post office on 6th Avenue SW

Vactored Depth: 9.2 feetBorehole Diameter: NA

Ground Elevation: 353 feet (from Google Earth)
Boring V-7
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SITE #27 - VACTOR LOG FOR V-8
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Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: Across from post office on 6th Avenue SW

Vactored Depth: 4.5 feetBorehole Diameter: NA

Ground Elevation: 320 feet (from Google Earth)
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SITE #27 - VACTOR LOG FOR V-9
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Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: Across from post office on 6th Avenue SW

Vactored Depth: 5 feetBorehole Diameter: NA

Ground Elevation: 289 feet (from Google Earth)
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SITE #27 - VACTOR LOG FOR V-10
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Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: Within existing retention facility adjacent to parking lot

Vactored Depth: 9.5 feetBorehole Diameter: NA

Ground Elevation: 325 feet (estimated)
Boring V-10

D
ep

th
(f

ee
t)

R
un

/P
er

ce
nt

R
ec

ov
er

y

S
am

pl
e

N
um

be
r

G
ra

ph
ic

Lo
g

*

U
S

C
S Soil Description

W
el

l
C

om
pl

et
io

n

D
ep

th
to

G
W

C
om

m
en

ts
/

R
em

ar
ks

Tan, slightly silty to silty, fine SAND; moist;
scattered roots. (Recessional Outwash)

Tan, fine to medium SAND; moist; trace silt and
gravel; poorly graded. (Recessional Outwash)

N
ot

ob
se

rv
ed

SP

HA-1

HA-2

Grass and top soil.

HA-1 Hand auger interval and
sample designation

Measured depth to
groundwater (date and time)

Estimated groundwater
level at time of drilling (ATD)

Well
monument

Well riser pipe and
concrete surface seal

Well riser pipe and
bentonite chip seal

Well screen and
filter pack

Well riser pipe and
sand filter pack

Bentonite
chips

HA-3

HA-4

SP/SM



Richard Martin Groundwater LLC 
 

9 
RMC032 

 

 

 

 

 

 

 

 

 

APPENDIX A 

Results of Grain Size Analyses 

  



Phoenix Soil Research

Kingston, WA

poorly graded sand with gravel

poorly graded sand with silt and gravel

silty sand with gravel

inches number
size size

0.0 26.6 72.2 1.2 SP

0.0 32.8 57.3 9.9 SP-SM A-1-b NP NV

0.0 40.1 40.2 19.7 SM A-1-b NP NV

1
.75
.5
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100.0
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84.2
80.4
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97.1
85.7
78.6
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79.4
72.1
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59.7
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41.7
27.3
12.6

9.9

59.9
51.5
46.1
39.3
30.9
21.9
19.7

1.4997 2.0780 4.8009

0.5330 0.2762 0.2352

0.3069 0.0760

0.62 0.48

4.89 27.36

Depth: 8.8-9.3 Sample Number: V6 S4
Depth: 6.9-7.2 Sample Number: V7 S3
Depth: 8.9-9.2 Sample Number: V7 S4
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Phoenix Soil Research

Kingston, WA

poorly graded sand

poorly graded sand

inches number
size size

0.0 13.9 83.7 2.4 SP

0.0 2.9 94.4 2.7 SP
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2.28 5.64

Depth: 7.2-7.7 Sample Number: V10 S3
Depth: 9.5-10.0 Sample Number: V10 S4
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APPENDIX B 

Technical Memorandum, Preliminary Infiltration Feasibility for the City of Burien, dated November 3, 
2014, prepared by Richard Martin Groundwater LLC for HDR Engineering 
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TECHNICAL MEMORANDUM 
  
DATE: November 3, 2014 
 
TO: Robin Kirschbaum, PE 

HDR Engineering 
 
FROM: Richard Martin, LHG 
 Richard Martin Groundwater LLC 
 
RE: CITY OF BURIEN PRELIMINARY INFILTRATION FEASIBILITY  
_____________________________________________________________________________________ 
 
Richard Martin Groundwater LLC (RMGW) is pleased to present this technical memorandum 
summarizing the results of five subsurface explorations and grain size analysis of selected soil samples 
for proposed Site 24 – 12th Avenue SW between SW 148th Street and SW 152nd Street, Site 29 – Moshier 
Park, and Site 31 – Moshier Community Arts Center, all located in the City of Burien. These explorations 
and tests provide information regarding stratigraphy and hydrogeology, and provide a basis for 
evaluation of shallow infiltration feasibility at the sites. This information will be used to support 
conceptual design of the proposed stormwater retrofit as part of King County’s Miller Walker 
Stormwater Retrofit project (Project).  

The three sites that were evaluated are part of a larger group of five sites that were selected for pre-
design evaluation.  The five sites were determined as part of a study of the Miller Walker drainage basin 
and includes the findings of an infiltration feasibility assessment prepared by Aspect Consulting (2014).  
The Aspect report should be referenced for additional information on basin soil and groundwater 
conditions, and the feasibility criteria used to select the five sites. 

Scope of Services 
To further evaluate site specific soil conditions that may affect the potential for shallow infiltration, five 
vactor explorations were performed for the three sites, including two explorations at Sites 24 and 29, 
and one exploration at Site 31.  During the vactor explorations, hand augering was completed ahead of 
the vactoring to collect soil samples for soil characterization.  Three of the soil samples were selected for 
grain size analyses by a geotechnical laboratory.  The observed soil conditions and results of the grain 
size analyses are summarized in this technical memorandum. 

Subsurface Explorations  
The subsurface explorations were conducted on October 24, 2014, by City of Burien (City) personnel 
using a city-owned vactor (vacuum excavation) truck and a high-pressure water jet to loosen the soil. 
RMGW recorded soil and groundwater conditions during excavation and collected soil samples using a 
hand auger at approximate 2-foot intervals. The locations of the explorations are shown on Figures 1 
through 3 and the results are summarized in Table 1. Explorations V-1, V-2, V-3, and V-5 were excavated 
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to approximately10 feet below ground surface. Exploration V-4 was terminated at approximately 6.5 
feet where groundwater was observed flowing into the vactor hole. Exploration ground surface 
elevations were estimated from Google Earth. As shown on Table 1, borings locations range in elevation 
from 299 to 368 feet. Logs of the vactor holes are shown on Figures 4 through 9. 

 

Table 1 – Conditions Encountered in Subsurface Vactor Explorations 

Location Vactored 
Depth 
(feet) 

Ground 
Elevation 

(feet)  

Summary of Soil Conditions Observed 
During Vactoring 

Soil Type Relative 
Infiltration 
Potential 

V-1 10 299 Slightly silty to silty fine sand to 10 feet Alluvium Moderate 

V-2 10 300 Slightly silty to silty fine sand to 3.5 feet, 
peat to 10 feet 

Peat Low 

V-3 10 306 Slightly silty to silty fine sand to 10 feet Alluvium Moderate 

V-4 6 368 Fill to 2 feet, sandy silt to 5 feet, silty 
gravelly sand to 6 feet.  Groundwater 
observed at approximately 6 feet. 

Fill/Alluvium/ 
Outwash 

NA* 

V-5 9.8 349 Fill to 2 feet, silty sand to sandy silt to 
9.8 feet 

Fill/Outwash Low to 
Medium 

* NA = Not Applicable. Shallow groundwater was observed during vactoring and the location is not suitable for shallow 
infiltration 

 

Grain Size Analyses 
Selected soil samples were submitted to Phoenix Soil Research for grain size analyses in accordance with 
ASTM D422. The purpose of this testing was to document the range of textural compositions for the soil 
types observed in the borings. The soil laboratory reports are provided in Appendix A and the results are 
summarized in Table 2. Unified Soils Classification System designations in Table 2 were determined in 
general accordance with ASTM D-2487, Standard Practice for Classification of Soils for Engineering 
Purposes (Unified Soil Classification System). 
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Table 2: Grain Size Analyses Results 

Exploration and 
Sample Number 

Depth 
(ft) 

% Gravel % Sand % Fines USCS Class and Description 

V-1, S-4 8.3-8.8 19.7 67.0 13.3 SM – Silty sand with gravel 

V-1, S-5 10–10.5 22.8 55.3 21.9 SM – Silty sand with gravel 

V-3, S-3 6.3–6.8 1.3 96.2 2.5 SP – Poorly graded sand 

 
Notes:  % - percentage determined by dry weight 
USCS – Unified Soil Classification System designations as determined by ASTM D-422 and in general accordance with ASTM D-
2487 
 
Soil Conditions 
Soil observed at Sites 29 and 31 consisted of Recent Alluvium and Peat.  The Recent Alluvium consisted 
generally of fine sand with variable amounts of silt.  Thin silt seams less than 0.5 inches thick were 
periodically observed.  The Recent Alluvium is anticipated to have a medium to high infiltration rate.  
The Peat contained small percentages of silt and sand, and scattered woody debris.  The Peat is 
anticipated to have a low infiltration rate. 

At Site 24, the upper 2 feet (approximate) soil was observed as Artificial Fill consisting of varying 
percentages of silt, sand, and gravel, was possibly placed during grading of the road bed.  Underlying the 
Fill was possible Alluvium at vactor boring V-4 consisting of a sandy silt with a high percentage of organic 
matter.  Below the fill and alluvium was slightly silty, gravelly sand to sandy silt, which is likely 
Recessional Outwash.  Because of the high silt content of the Outwash, the infiltration rate would likely 
be low to medium. 

Groundwater 
Groundwater seepage was not observed in the vactor borings with the exception of Boring V-4.  
Groundwater observed seeping into Boring V-4 at a depth of approximately 6 feet.  The boring was left 
open for approximately 15 minutes and the groundwater level rose in the hole to about 4.5 feet below 
ground surface.  Although groundwater was not observed in Boring V-5, the neighboring resident 
commented water often seeps into crawl space of the house during the winter, which may be indicative 
of the presence of shallow groundwater in the area.  

Conclusions 
Soil and groundwater conditions observed at Site 24 (Figure 3) indicate that shallow infiltration is not 
likely feasible along the proposed alignment.  Shallow groundwater was observed in vactor boring V-4 
and the generally silty nature of the soil in the upper 10 feet of the soil profile will likely result in low 
design infiltration rates and the potential for groundwater mounding below infiltration facilities. 

At Site 29 (Figure 1), the vactor borings (V-1 and V-2) indicate very different soil conditions, with the 
sandy soil observed in V-1 conducive to shallow infiltration whereas the peat observed in V-2 will likely 
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result in low infiltration rates.  Shallow infiltration will likely be effective in areas where the sandy 
alluvium is present. 

At Site 31 (Figure 2), sandy soil observed in vactor boring V-3 was similar in nature to the soil observed 
in V-1 and will be amenable to shallow infiltration. 

Recommendations 
The recommendations provided in this memorandum are suitable for preliminary design. Once 
proposed facility locations are known, we recommend conducting site-specific infiltration assessments 
at proposed locations for stormwater facilities that include infiltration. Depending on their location, 
these assessments may include additional field explorations and/or infiltration testing.  

At Site 29 (Moshier Park) explorations will be needed to delineate the areas of peat soils which are not 
conducive to shallow infiltration from the sandy alluvium that should be suitable for infiltration.  We 
recommend completing Pilot Infiltration Tests (PITs) at both of the proposed infiltration galleries and 
performing borehole infiltration tests in the explorations used to delineate the extent of the peat and 
sand where sand is observed. 

At Site 31 (Moshier Community Arts Center) additional explorations will be necessary to verify the 
extent of the sandy alluvium, and testing should be performed to estimate design infiltration rates.  
Borehole infiltration and PITs are both likely to be suitable testing methods. 

As indicated in the conclusions section above, Site 24 (12th Avenue SW) soil and groundwater conditions 
are not suitable for shallow infiltration.  We understand from Aspect Report (2014) that deeper outwash 
soil may be present below the alignment and deep infiltration may be feasible.  Additional deep 
explorations and testing will necessary to evaluate if the soil and groundwater conditions are sufficient 
to meet the project requirements. 

References 
Aspect Consulting, 2014, Infiltration Feasibility Assessment, Miller-Walker Basin Stormwater Retrofit 

Planning, King County, Washington.  Prepared for HDR Engineering. 
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Limitations 
The opinions, conclusions, and recommendations provided in this report are based on observed soil 
conditions at the site, results of laboratory testing of the soil, previous reports for the project site, and 
the proposed infiltration facilities and structures provided by HDR Engineering.  If there are changes to 
the proposed infiltration facilities and structures, additional testing and evaluation may be necessary.   

The analyses and conclusions presented in this report were prepared in accordance with generally 
accepted professional hydrogeologic principles and practice in this area at this time.  No other warranty, 
either express or implied, is made.  The scope of services did not include any environmental assessment 
or evaluation regarding the presence or absence of wetlands or hazardous or toxic material in the soil, 
surface water, groundwater, or air, on or below or around the site. 

This report was prepared solely for the use of HDR Engineering, King County, and the City of Burien 
preliminary evaluation of shallow infiltration feasibility at the proposed sites. 

Attachments: 
Table 1 – Conditions Encountered in Subsurface Vactor Explorations – page 2 
Table 2 – Grain Size Analyses Results – page 3 
 
Figure 1 – Site #29 – Moshier Park Proposed Plan and Vactor Explorations Locations 
Figure 2 – Site #31 – Moshier Community Art Center Proposed Plan and Vactor Explorations Locations 
Figure 3 – Site #24 – 12th Avenue SW Proposed Plan and Vactor Explorations Locations 
Figure 4 – Vactor Log for V-1 
Figure 5 – Vactor Log for V-2 
Figure 6 – Vactor Log for V-3 
Figure 7 – Vactor Log for V-4 
Figure 8 – Vactor Log for V-5 

 
Appendix A – Results of Grain Size Analyses 
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SITE #29 - MOSHIER PARK PROPOSED PLAN AND VACTOR EXPLORATION LOCATIONS

FIGURE 1

November 3, 2014Miller Walker Retrofit - HDR
Burien, Washington

Figure adapted from HDR Engineering (B-29 Project Sheet.pdf) Vactor Boring V-1

Vactor Boring V-2
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SITE #31 - MOSHIER COMMUNITY ART CENTER PROPOSED PLAN AND VACTOR EXPLORATION LOCATIONS

FIGURE 2

November 3, 2014Miller Walker Retrofit - HDR
Burien, Washington

Figure adapted from HDR Engineering (B-31 Project Sheet.pdf)
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SITE #24 - 12TH AVENUE SW PROPOSED PLAN AND VACTOR EXPLORATION LOCATIONS

FIGURE 3

June 24, 2013Miller Walker Retrofit - HDR
Burien, Washington

Figure adapted from HDR Engineering (B-24 Project Sheet.pdf)
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November 3, 2014HDR Engineering
King County Miller Walker Retrofit
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SITE #29 - VACTOR LOG FOR V-1
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Location: North side of Proposed South Infiltration Facility

Vactored Depth: 10 feetBorehole Diameter: NA

Ground Elevation: 299 feet (from Google Earth)
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Burien, Washington

SITE #29 - VACTOR LOG FOR V-2
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Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: West side of Proposed North Infiltration Facility

Vactored Depth: 10 feetBorehole Diameter: NA

Ground Elevation: 300 feet (from Google Earth)
Boring V-2
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SITE #31 - VACTOR LOG FOR V-3

30

25

20

15

10

5

0

Date Started/Ended: 10-24-2014

Logged by: RJM

Driller: City of Burien Drilling Method: Vactor

Location: Landscaped area on west side of Arts Center building

Vactored Depth: 10 feetBorehole Diameter: NA

Ground Elevation: 306 feet (from Google Earth)
Boring V-3
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SITE #24 - VACTOR LOG FOR V-4
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Ground Elevation: 368 feet (from Google Earth)
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SITE #24 - VACTOR LOG FOR V-5
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APPENDIX A 

Results of Grain Size Analyses 
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