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Executive Summary

Introduction

Miller and Walker creeks are natural coho and chum salmon bearing creeks that crosses
through a highly urbanized area in South King County and ultimately discharge to Puget Sound
(Figure 1). Due to the large amount of untreated stormwater runoff draining from the basin, the
health of the creeks has become severely degraded. Local flooding and erosion along the
banks, associated with high impervious surface coverage in the basin, contribute to poor water
guality and habitat conditions.

Studies at seven sites along Miller and Walker creeks between 2003 and 2012 found that the
average Benthic Index of Biotic Integrity (BIBI) score of the creeks was 11.8 out of 50 for Miller
Creek and 27.7 out of 50 for Walker Creek. Both creeks ranked in the “Poor” to “Very Poor”
range (Ferguson et al. 2014). These scores can be linked to high pre-spawn mortality rates for
the returning coho salmon, ranging between 50% and 95% based on stream surveys conducted
in recent years (King County 2014).

The basin covers approximately nine square miles, including area in the Cities of Burien,
SeaTac, and Normandy Park; unincorporated King County; Port of Seattle’s SeaTac
International Airport; and Washington Department of Transportation (WSDOT) State Route (SR)
518 and 509 highway corridors (Figure 1). These six jurisdictions have collaborated on past
basin planning efforts (Executive Committee 2006). King County and the cities or Burien,
Normandy Park, and SeaTac, referred to as Basin Partners, worked together to complete this
study, with King County Water and Land Resources Division (WLRD) serving as the lead
agency. Port of Seattle lands were excluded from the study area because they conducted a
separate stormwater retrofit analysis.

The project was funded in part by the United States Environmental Protection Agency (EPA)
under Puget Sound Ecosystem Restoration and Protection Cooperative Agreement Grant PC-
00J20101 with Washington State Department of Ecology. The contents of this document do not
necessarily reflect the views and policies of the EPA, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.

Study Objective

The objective of this study was to identify and prioritize the most cost-effective stormwater
retrofit projects within the Miller-Walker basin to improve water quality and habitat conditions in
the creek, while also providing neighborhood enhancements, such as reduced localized
flooding, increased tree coverage, and pedestrian and bicycle safety improvements.

Methods

The study employed a 5-step process, as follows:

e Step 1 — Evaluate opportunities and constraints;

e Step 2 — Identify preliminary retrofit opportunities;

e Step 3 — Develop, assess, and rank retrofit concepts;
e Step 4 — Refine concepts and prioritize projects; and

o Step 5 — Perform preliminary pre-engineering of top ranked projects.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan ES-1
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Step 1 began with a preliminary infiltration feasibility assessment using available soil,
groundwater, and Geographic Information Systems (GIS) information data. Maps of shallow
(i.e., less than or equal to 10-feet-deep) and deep (i.e., greater than 10-feet deep) infiltration
opportunity areas were developed to identify possible target locations for retrofit evaluation.
Available planning documents (i.e., Capital Improvement Plans, Transportation Improvement
Plans, etc.) were reviewed and interviews with Basin Partner staff were conducted to
understand how other long-term infrastructure improvement projects, as well as individual
jurisdiction priorities may affect retrofit planning. Finally, a calibrated Hydrologic Simulation
Program-FORTRAN (HSPF) model of the basin was used in this step to evaluate the spatial
distribution of retrofit need based on existing condition peak flow rates and BIBI scores.

In Step 2, over 80 candidate retrofit sites were identified based on the opportunities and
constraints identified above. An initial screening of the candidate sites was performed to
eliminate areas that did not warrant further consideration. Walking/driving tours of the
remaining areas were performed to observe existing conditions and verify retrofit potential.

Step 3 assessed and ranked the candidate retrofit sites based on feasibility, benefit, and risk
criteria. This preliminary assessment, termed “Level | Analysis”, was done in collaboration with
the Basin Partners and incorporated input gathered from the community during the public
outreach process. The result of the Level | Analysis was prioritization of the top 30 projects for
further evaluation and development. HSPF modeling was also performed in this step to
evaluate the expected benefits associated with implementing these top 30 projects at the sub-
basin scale.

Step 4 refined the concepts using information gathered from the previous work. Pollutant load
reductions were estimated using a spreadsheet model and preliminary planning-level costs
were estimated and compared. Additional field evaluations were made to refine the preliminary
stormwater retrofits and potential conflicts. A “Level Il Analysis” was performed using criteria
and weighting factors developed in coordination with Basin Partners. Project sheets were
developed to succinctly summarize existing and proposed conditions for selected sites based on
this analysis. These project sheets were instrumental in communicating concepts with
stakeholders and gathering additional feedback through the public outreach process.

Finally, Step 5 advanced the six top-ranking projects to preliminary pre-engineering design.

This step began with field evaluation of soil and infiltration feasibility for each site by the Project
Hydrogeologist. During these evaluations, two of the six sites showed limited opportunities for
infiltration and were not carried forward. Preliminary pre-engineering designs and reports were
completed for the remaining four projects. These preliminary pre-engineering design reports will
be used by the Basin Partners to help secure grant funding for final design and construction.
Grant funding has already been secured for design of the two Moshier Park sites (B-29 and B-
31, Table ES-1).

Public involvement was an important part of the study and was conducted throughout each of
the five steps. Community feedback was sought through a series of six public outreach
meetings, and that feedback was used to help shape understanding of opportunities and
constraints, identify candidate retrofit projects, develop prioritization criteria, and refine retrofit
design concepts.

Results

Results from this study include:

¢ Retrofit planning framework that can be replicated in other areas (electronic spreadsheet
included in Appendix A);

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan ES-2
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Basin-wide infiltration feasibility assessment (Appendix B);

Retrofit concepts developed for high priority projects (Appendix C);

Preliminary pre-engineering design plans and reports for four top-ranked projects

(Appendix D);

Near, mid-, and long-term recommendations for implementing stormwater retrofits,
including LID (Section 9.1);

Comprehensive planning coordination strategies (Section 9.1); and

Retrofit Planning Tools (Section 9.2).

Table ES-1 provides a summary of the top four projects that were advanced through preliminary
pre-engineering design. Two of these projects, Moshier Park Ball Fields (B-29) and Moshier
Park Community Art Center (B-31), have received grant funding for design from the Washington
State Department of Ecology Stormwater Financial Assistance Program, Fiscal Year 2016 and
will begin final design this year. Recommendations for preparing grant applications to fund the
remaining two projects, 6th Avenue SW between SW 153" Street and SW 146th Street (B-2)
and King County District Courthouse (KC-47), are provided in Section 9.

Table ES-1 Top Four (4) Projects Advanced through Preliminary Pre-Engineering Design

Site
ID

Location

Description

B-29

Moshier Park
Ball Fields
(430 S 156th St)

This project will install infiltration galleries with hydrodynamic
separators for pre-treatment beneath the northwestern and the
southern ball fields to provide flow control for stormwater runoff from
the fields, as well as off-site runoff from the adjacent impervious
driveway/ turnaround area west of the northwest field and from a
portion of S 156th Street south of the southern field. Runoff from these
contributing areas currently discharges untreated and undetained to
Miller Creek.

B-31

Moshier Park
Community Art Center
(430 S 156th St)

This project will install retrofits in the parking lot that serves the ball
fields, Community Art Center, and Highline High School. Parking lot
retrofits will include bioretention between and at the end of parking
aisles, permeable pavement drive lanes and parking stalls, and
permeable pavement sidewalks with a below-surface bioretention
system and newly planted trees. Parcel-based retrofits include
permeable pavement sidewalks, parking stalls, bioretention, and a
rainwater cistern. Runoff from the parking lot and parcel areas
currently discharges undetained and untreated to Miller Creek.

B-20

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

This project will install bioretention and permeable sidewalks and
parking lanes to provide enhanced water quality treatment and flow
control for stormwater runoff from contributing roadway areas. Runoff
from this site currently discharges untreated to the Ambaum Regional
Detention Facility, which has inadequate capacity to manage its
contributing drainage area. The Ambaum Regional Detention Facility
ultimately discharges to Miller Creek.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan ES-3
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Site Location Description
ID

This project will modify an existing detention pond to accommodate
additional stormwater runoff diverted from SW 148" Street and

King County District incorporate bioretention into the facility to provide enhanced water

Courthouse quality treatment for the on- and off-site tributary drainage areas. The

KC-47 project will also replace the existing impervious police parking lot

(601 SW 149th St & (south of the King County District Courthouse) with permeable

14905 6th Ave SW) pavement to provide flow control. Both sites currently discharge with
minimal treatment to Miller Creek via the Ambaum Regional Detention
Facility.
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1.0 Introduction

Miller and Walker creeks are natural coho and chum salmon bearing creeks that cross through
a highly urbanized area in southwest King County and ultimately discharge to Puget Sound
(Figure 1). Due to the large amount of untreated stormwater runoff draining from the basin, the
health of the creeks has become degraded. Local flooding, erosion along creek banks, and
stormwater pollutant loading are associated with high impervious surface coverage and
inadequate existing stormwater management controls throughout the basin, contributing to poor
water quality in the creeks and Puget Sound.

Studies at seven sites along Miller and Walker creeks between 2003 and 2012 found that the
average Benthic Index of Biotic Integrity (BIBI) score of the creeks was 11.8 out of 50 for Miller
Creek and 27.7 out of 50 for Walker Creek. Both creeks ranked in the “Poor” to “Very Poor”
range (Ferguson et al. 2014). These scores can be linked to high pre-spawn mortality rates for
the returning coho salmon, ranging between 50% and 95% based on stream surveys conducted
in recent years (King County 2014).

This Miller-Walker Basin Stormwater Retrofit Plan developed and implemented a planning
framework to identify feasible projects, apply agreed upon criteria to objectively prioritize those
projects, and advance the highest priority projects to preliminary pre-engineering design.
Recommendations for implementing the retrofits are provided for near-, mid-, and long-term
planning horizons. Additional recommendations for dovetailing the retrofits with other
stormwater programs and plans, such as future comprehensive plan updates and future
programs to be implemented by the Basin Partners to comply with their updated National
Pollutant Discharge Elimination System (NPDES) Municipal Separated Storm Sewer System
(MS4) permits, are also provided (Section 9).

The remainder of this section provides additional background information and a brief overview
of the project team, study objectives, and the purpose of this report.

1.1 Basin and Study area Descriptions

The Miller-Walker Creek basin is located in southwest King County, north and west of SeaTac
Airport. Walker Creek extends approximately two miles in length, and is a substantial tributary to
Miller Creek, which extends approximately six miles in length. The combined basin area covers
approximately nine square miles.

The study area covers approximately eight square miles, including most of the Miller-Walker
Creek basin, excluding the SeaTac International Airport (Figure 1). Figure 2 shows the study
area including creeks, water bodies, topographic contours, and jurisdictional boundaries.

The creeks flow through six jurisdictions, including the cities of Burien, Normandy Park, and
SeaTac; King County; the Port of Seattle; and The Washington State Department of
Transportation (WSDOT). These agencies have collaborated on basin planning efforts for more
than a decade. A subset of these agencies, including the cities of Burien, Normandy Park,
SeaTac, and King County, referred to as the Basin Partners, worked together to help develop
this plan. The Port of Seattle lands, including SeaTac Airport, were excluded because they are
being analyzed for stormwater opportunities separately. WSDOT opted not to participate in this
planning effort, but the two state highways in the basin, State Route 509 and State Route 518
were included in the analysis.

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan 5
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There are two relatively large closed depressions included within the study area, called the
Hermes Depression and the SW 142nd Street Depression. Stormwater from the Hermes
Depression is pumped to an open channel/piped stormwater conveyance system that
discharges to Miller Creek. The SW 142nd Street Depression has no natural or pumped
discharge.

Figure 1 Vicinity Map

As discussed above, both creeks are currently in a severely degraded condition due to the
impacts from urban development over the last several decades. Much of this development
occurred prior to code requirements for flow control and water quality treatment, resulting in
inadequate stormwater conveyance, flow control, and treatment facilities in many parts of the
basin. The uncontrolled stormwater runoff carries significant pollutant loadings to Puget Sound
via Miller-Walker Creek, degrading water quality, exacerbating local flooding and erosion, and
contributing to Very Poor aquatic habitat conditions.

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan
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1.2 Project Team & Funding

The project team was led by King County Water and Land Resources Division (WLRD) and their
consultant team, led by HDR, with collaboration from the Cities of Burien, SeaTac, and
Normandy Park. WSDOT and Port of Seattle did not participate directly because they
implement separate stormwater retrofit and similar programs to meet their MS4 permit
requirements; but both agencies provided data and information to facilitate the study.

The consultant team included civil and water resource engineers, geotechnical engineers,
natural resource scientists, biologists, hydrologists, water quality experts, basin stewards, and
public outreach professionals. Figure 3 shows the consultant team organization. King County
experts in hydrologic modeling and stormwater retrofit analyses provided peer review of the
technical reports, and Department of Ecology reviewed all elements of this report prior to final
submittal.

Figure 3 Project Team Organization Chart

The United States Environmental Protection Agency (EPA) provided partial funding for this
study under Puget Sound Ecosystem Restoration and Protection Cooperative Agreement Grant
PC-00J20101 with Washington State Department of Ecology. The contents of this document do
not necessarily reflect the views and policies of the EPA, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.

1.3 Study Objective & Results

The objective of this study was to identify and prioritize the most cost-effective retrofit projects
within the Miller-Walker basin to improve water quality and habitat conditions in the creek, while
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also providing neighborhood enhancements, such as reduced localized flooding, increased tree
coverage, and pedestrian and bicycle safety improvements.

Results from this study include:

o Retrofit planning framework that can be replicated in other areas (electronic spreadsheet
included in Appendix A);

e Basin-wide infiltration feasibility assessment (Appendix B);
e Retrofit concepts developed for high priority projects (Appendix C);

e Preliminary pre-engineering design plans and reports for four (4) top-ranked projects
(Appendix D);

¢ Near-, mid-, and long-term recommendations for implementing stormwater retrofits,
including low impact development (LID) (Section 9.1);

e Comprehensive planning coordination strategies (Section 9.1); and

e Retrofit Planning Tools (Section 9.2).
See Section 9 for additional discussion of results, recommendations, and tools developed as
part of this study.
1.4 How to Use This Report

This report can be used by the Basin Partners to implement recommended retrofit projects, and
can be included in future Comprehensive Plan updates by the Basin Partners. The new
technical mapping of infiltration feasibility (Appendix B) can be used by each City in applying
existing and updating land use and zoning codes, as well as incorporating into permit
requirements and code enforcement.

2.0 Project Background

This section provides a brief overview of relevant studies conducted previously in the basin, a
description of the study area, and an overview of the retrofit analysis framework developed for
this project.

2.1 Previous Studies

Numerous studies have been conducted over the last decade to evaluate creek conditions,
analyze target flow control and treatment standards for improving creek health, and identifying
opportunities for implementing LID in portions of the basin. The following relevant previous
reports were reviewed as part of this study:

¢ Miller and Walker Creeks Basin Plan (Executive Committee 2006)

¢ Hydrologic Analysis of Miller and Walker Creek Watersheds to Identify Watershed-
Specific Stormwater Treatment Standards (MGS Engineering 2009)

e Hydrologic Analysis of Miller and Walker Creek Watersheds to Identify Watershed-
Specific Stormwater Treatment Standards (MGS Engineering 2013)

e City of Burien Low Impact Development Implementation Framework (CH2MHILL 2008)

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan 10
King County Water and Land Resources Division



Topography throughout much of the study area is characterized by rolling glaciated upland
terrain with sporadic hills with elevations ranging between approximately 200 and 450 feet. A
number of small lakes (Arbor, Tub, Reba, Lora, Burien, and a few unnamed minor lakes) are
scattered across the study area that discharge to Miller and Walker Creeks via smaller
tributaries.

The area is highly developed, with impervious surface covering more than 40% of the study
area. Land use in these developed areas is predominantly residential, with a few commercial
areas located in downtown Burien, Manhattan Village in Normandy Park, along 1st Avenue
South and north and west of the Airport (Appendix E).

The City of Burien constructed the Ambaum Pond Regional Detention Facility, located east of
1st Avenue SW between South 160th Street and SW 164th Place, in 1991. The facility was
expanded in 2006 to provide additional water quality and peak flow control to help mitigate the
effects of development on Miller Creek. However, the current detention storage (less than 9
acre feet) is far less than the estimated 73.5 acre feet needed to mitigate flows to the current
standards (MGS 2015a).

2.2  Overview of Study Framework

This study developed a 5-step framework for systematically evaluating retrofit opportunities and
constraints and advancing the best retrofit opportunities to preliminary pre-engineering design:

e Step 1 — Evaluate opportunities and constraints

e Step 2 — Identify preliminary retrofit opportunities

e Step 3 — Develop, assess, and rank retrofit concepts
o Step 4 — Refine concepts and prioritize projects

e Step 5 — Perform preliminary pre-engineering of top ranked projects

Figure 4 illustrates the framework, showing key actions performed (in green) and the major
outcomes (in orange) at each step (in blue).

The framework involves two successive rounds of retrofit project ranking, termed “Level |
Analysis” and “Level Il Analysis”. Level | Analysis was done during Step 3, using available
information gathered in the previous steps to evaluate and prioritize opportunities. The goal of
this analysis was to determine which opportunities warranted further development and
evaluation in the field. Level Il Analysis, conducted during Step 4, built on the Level | Analysis
with addition of site-specific information gathered in the field, refined concepts, and more
detailed evaluation of project feasibility, benefits, and risks.

Sections 3 through 7, document the methods and results for each of the 5 steps, respectively,
while Section 8 documents the extensive public outreach performed throughout the entire study.
Section 9 provides discussion of study results, including near-, mid-, and long-term
recommendations for implementing proposed retrofits and planning tools that can be used for
future studies.
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Figure 4 Retrofit Analysis Framework

3.0 Evaluate Opportunities and Constraints

The first step in the framework entailed evaluating stormwater retrofit opportunities and
constraints. This was done by reviewing available information, interviewing City staff to
understand their needs and priorities, assessing infiltration feasibility, and quantifying
stormwater retrofit need by subbasin using a calibrated Hydrologic Simulation Program —
FORTRAN (HSPF) model. The results of this evaluation are summarized in a map of retrofit
opportunities and constraints, which was used to help identify specific retrofit opportunities in
subsequent steps. The sub-sections below provided more detailed discussion of the methods
used.

3.1 Review Available Information

Review of available information is an important early step in the planning process. This is
especially true for the Miller-Walker creek basin, where a significant amount of relevant study
and planning has been completed.

The information reviewed in this step provides understanding of:
e Existing approved plans that can be leveraged to add value through stormwater retrofits;

e Technical factors that affect feasibility and cost-effectiveness of retrofit implementation;
and

e Basin Partner needs and priorities.
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Following is a detailed discussion of the planning documents and Geographic Information
System (GIS) data reviewed, as well as interviews conducted with Basin Partner staff.

3.1.1 Planning Documents

Table 1 summarizes planning documents from the Cities of Burien, Normandy Park, and
SeaTac and WSDOT that were reviewed to identify approved plans that could potentially be
leveraged to add value through incorporating stormwater retrofits.

Table 1 Planning Documents Reviewed

Date

Agency Reviewed Document Issued/Accessed
City of Burien Storm Drainage Master Plan July 2012
City of Burien Six Year Transpiration Improvement Program 2015-2020 | 2015
City of Burien Pedestrian and Bicycle Facilities Plans June 21, 2004
City of Burien Park, Recreation, & Open Space (PROS) Plan February 2012
City of Burien Storm Drainage Complaint Log July 2012
City of . . I

Comprehensive Plan, 6-Year Capital Facilities Plan 2004
Normandy Park
City of 2015-2020 6-Year Transportation Improvement Program | 2015
Normandy Park P P 9
City of .

Manhattan Village Stormwater and LID Report June 2013
Normandy Park
City of SeaTac | 2014-2023 Transportation Improvement Program June 2013

I-5 / SR509 Corridor Completion and Freight
WSDOT Improvement Project summary, downloaded from Downloaded

(http://www.wsdot.wa.gov/projects/i5/sr509freightcongesti | May 2014

onrelief/)

3.1.2 Geographic Information Systems Data

Geographic Information System (GIS) data were provided by King County and the City of
Burien. Table 2 summarizes the data layers used by name and source.

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan
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Table 2 GIS Data Layers Reviewed

Layer Name Source Notes
City Boundary KCGIS Data Portal

Parcel KCGIS Data Portal

Right-of-way KCGIS Data Portal

Park KCGIS Data Portal

Stream KCGIS Data Portal

Water Body KCGIS Data Portal

Wetland KCGIS Data Portal

Floodplain City of Burien IS/GIS Department
Seismic Hazard City of Burien I1S/GIS Department
Landslide Hazard City of Burien IS/GIS Department

Aquifer Recharge City of Burien IS/GIS Department

Area

Roadway KCGIS Data Portal

Zoning City of Burien I1S/GIS Department

LiDAR KCGIS Data Portal 6-meter pixel resolution

Topography KCGIS Data Portal 25-foot contour resolution
National Oceanic and 30-meter pixel resolution. See

Land Cover Atmospheric Administration discussion below on adjustments
(NOAA) made

Impervious Cover KCGIS Data Portal, 2-foot x 2-foot pixel resolution

Shallpv'v'lnflltratlon Aspect Consulting (2014) Dat_a layer developed for this

Feasibility project

Deep Infiltration Aspect Consulting (2014)

Data layer developed for this

Feasibility project

Subbasin MGS Engineers (2014) Dat_a layer developed for this
project

Closed and Open City of Burien IS/GIS

Conveyance Department, WSDOT

Flow Control Facility | City of Burien IS/GIS Department

Flow Control Facility

Parcel City of Burien IS/GIS Department

Water Quality Facility | City of Burien IS/GIS Department

Aerial Imagery KCGIS Data Portal
Note:

KCGIS King County GIS

IS Information System
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Most of the GIS data were used as-provided. However, changes were made to the NOAA Land
Cover data set. Specifically, the original 16 land cover categories were consolidated into four
categories to simplify viewing of the data, as shown in the table in Appendix E. Two corrections
were also made to the dataset in coordination with WLRD GIS staff, as follows:

e Areabounded to the north by State Route 518, to the south by South 156th Street,
to the west by Des Moines Memorial Way South, and to the east by 24th Avenue
South - This area is classified within the NOAA dataset as “Developed”, but is actually
forested. The dataset was updated accordingly.

e Areanear the southwest corner of the mouth of Miller Creek — This area is classified
in the NOAA dataset as “Wetland, Waterbody, and Shoreline”. This area is actually
developed and was reclassified accordingly.

Appendix E provides the resulting GIS maps used to evaluate retrofit opportunities and
constraints for this study. The maps included in the appendix are:

e Figure E-1 — LID Retrofit Study Area

e Figure E-2 — Zoning and Planned Projects

e Figure E-3 — Existing Drainage, Flow Control, Treatment, and Subbasins

e Figure E-4 — Site Slopes

e Figure E-5 — Existing Land Cover

e Figure E-6 — Critical Areas

e Figure E-7 — Shallow Infiltration Feasibility

e Figure E-8 — Deep Infiltration Feasibility

e Figure E-9 — LID Retrofit Feasibility

3.1.3 Interviews with Basin Partner Staff

HDR met with the Basin Partners to identify existing problems, priority areas, preferred Best
Management Practice (BMP) types, and any operations and maintenance concerns that should
be accounted for through the course of the study. The following presents a summary of the
information provided by Burien, Normandy Park, and SeaTac.

City of Burien

HDR met with City of Burien staff on March 4, 2014. Important points discussed are
summarized below, while the complete meeting summary minutes are provided in Appendix F:

e Retrofit BMP types:
0 Bioretention in planter strips or curb bulb-outs are preferred.

0 Permeable pavement would be considered, but the City currently lacks
equipment and experience maintaining these facilities.

o Below-ground soil cells (i.e. Silva Cells) may be an option to promote healthy
trees and below-grade bioretention.

e Potential target areas:

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan 15
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0 Moshier Park near Highline High School is a potential partnership opportunity
with the Burien Parks Department and Highline School District.

0 The area east of SR 509 and north of SR 518 has older infrastructure consisting
mostly of open ditches and culverts and no curb and gutter.

0 The area north of Chelsea Park bounded by SW 148th Street, SW 128th Street,
Ambaum Boulevard SW, and 1st Avenue SW has wide right-of-way areas and a
lack of drainage infrastructure as well as poorly placed infrastructure. This area
is also within a closed depression that has several infiltration ponds.

0 The old annex building parcel at 14549 4th Avenue SW is a potential location for
a demonstration LID project, as the parcel is expected to be redeveloped.

Following the meeting, the City provided a historical drainage complaint log. The historical
complaints reviewed in this log were largely related to aging infrastructure and were spread out
across the City, with no discernible pattern that could be addressed specifically through this
retrofit study.

Normandy Park

HDR met with City of Normandy Park staff on July 1, 2014. Important points discussed are
summarized below, while the complete meeting summary minutes are provided in Appendix F:

o Potential retrofit BMP types and target areas

0 SW Normandy Road between 1st Avenue S and 4th Avenue SW is already in
design. Funding for construction could be pursued or the project could be
extended west from 4th Avenue SW to 8th Avenue SW.

0 The proposed BMPs for The Park at City Hall project should not include building-
related retrofits, but cisterns may be acceptable.

0 The proposed BMPs for the 1st Avenue S project from SW Normandy Road to
186th Avenue SW should include permeable pavement sidewalks.

SeaTac

HDR conducted a phone interview with Don Robinett, the Stormwater Compliance Manager for
the City of SeaTac. Don indicated there was a low need for retrofits within the City in general.
Regarding one potential retrofit project along Des Moines Memorial Drive between South 128th
Street and South 144th Street, Don identified the potential opportunity as low priority because
stormwater runoff currently sheet flows into vegetated areas adjacent to the roadway, where
dispersion and infiltration through naturally vegetated areas occurs before reaching Tub Lake.

3.2  Assess Infiltration Feasibility

Aspect Consulting, LLC (Aspect) prepared the Infiltration Feasibility Assessment (2014;
Appendix B) to support identification of stormwater retrofit opportunities in the study area. The
study area was assessed for both shallow (i.e., equal or less than 10 feet-deep) and deep
infiltration (i.e., greater than 10 feet-deep) opportunities. Shallow infiltration feasibility was
considered a function of four factors: landslide hazards, surficial permeability, surface slope
gradient, and the potential for shallow ground water mounding. Deep infiltration, in which treated
stormwater runoff would access relatively deep soil horizons through the use of pit drains, was
considered a function of landslide hazards, depth to permeable unsaturated zone and thickness
of permeable unsaturated zone.
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The assessments were based on review of available information on surficial soils and
observations in the field by Aspect’'s Lead Hydrogeologist. In addition, subsurface explorations
were conducted for the six highest priority projects as part of the Preliminary Pre-Design stage,
discussed later in Section 7.

Shallow infiltration feasibility was considered to be good to moderate in areas with recessional
outwash soils, which are primarily found in the lower-lying portions of the study area. The
remainder of the study area, which appears to be covered primarily with glacial till soils or has a
high potential for groundwater mounding was not expected to support shallow infiltration.
Slopes less than 5% were considered good for shallow infiltration. The results of the shallow
infiltration feasibility analysis are shown in Figure 5.

Deep infiltration feasibility was considered good to moderate across a significant portion of the
study area. Some of the areas where shallow infiltration is not feasible are considered suitable
for deep infiltration due to a layer of good infiltrating soil beneath poor infiltrating soil. The
results of the deep infiltration feasibility analysis are shown in Figure 6.
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3.3  Quantify Stormwater Retrofit Need

Stormwater retrofit need was evaluated in HSPF to help target subbasins for retrofit projects.
Existing condition peak flow rates and BIBI scores were considered, along with the relative
volume of retrofit facility needed to meet target flow conditions in each subbasin. The process
for determining the stormwater retrofit need is summarized in the following sections. The
Assessment of Current Runoff Rates and Retrofits Needed to Meeting Specific Targets in the
Miller and Walker Creek Watersheds Technical Memorandum (MGS 2014), included in
Appendix G, provides more detailed discussion of the analysis methods and results.

3.3.1 Unit Area Runoff Rates

The calibrated HSPF model (MGS 2013) was used to estimate unit area runoff rates for each
subbasin. The results, shown in Figure 7, are based on the peak discharge rates for flows with
a 2-year recurrence interval and are expressed as cubic feet per second per tributary acre
(cfs/acre). Subbasins M09, M10, M11, and M21 have the highest unit area runoff rates (0.102,
0.106, 0.117, and 0.103 cubic feet per second per acre respectively). Subbasins M09, M10,
and M11 are located in the City of Burien’s downtown core, which has a high percentage of
impervious area coverage that causes the high runoff rates. Subbasin M21 is located in a
residential neighborhood located on a hillside that slopes down to Walker Creek, which leads to
the higher runoff rates.

3.3.2 BIBI Scores

BIBI scores were calculated using regression equations developed by Horner (2013), which use
high pulse count (HPC) and high pulse range (HPR) statistics developed from the model results.
Figure 8 shows that a majority of the study area has predicted scores in the “Very Poor” range
(BIBI score between 10 and 17), with subbasins M23 and M23a scoring higher as a result of
hydrologic buffering from lakes, wetlands or glacial outwash (MGS 2014).
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Figure 7 Modeled Unit Area Subbasin Discharge Rates (MGS Engineering 2014a)
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Figure 8 Estimated BIBI Score by Subbasin (MGS Engineering 2014a)
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3.3.3 Retrofit Volume Needed

Retrofit volume needed was evaluated using MGS Flood modeling software. The model was
used to estimate BMP sizes needed to meet the LID and flow control standards in the 2012
Stormwater Management Manual for Western Washington, Amended 2014. These standards,
though not required to be met for retrofit projects, provide a useful benchmark for comparing
relative retrofit volume need by subbasin. The LID standard entails matching flow durations for
8% of the 2-year flow through 50% of the 2-year flow, while the flow control standard entails
matching flow durations for flows up to the full 50-year peak flow rate based on pre-developed
forested conditions.

Modeling was first done to estimate the retrofit volume needed to meet the standards for
hypothetical 1-acre residential and commercial/multi-family sites on till and outwash soils.
Bioretention BMPs were sized for both soil types to meet the LID standard with downstream
detention ponds sized to meet the flow control standard. The resulting volumes for each land
use/soil type combination were summed and then multiplied by the corresponding areas in each
subbasin to develop sub-basin-scale totals. Figure 9 shows the results.
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Figure 9 Subbasin Retrofit Volume Needed to Mitigate to the LID and Flow Control
Standards Based on Pre-developed Forested Conditions (MGS Engineering 2014a)
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3.4  Map Retrofit Opportunities and Constraints

A map summarizing retrofit opportunities and constraints was developed based on findings from
this evaluation (Figure 10). The map shows opportunity areas for infiltrating stormwater runoff,
avoiding known areas of high groundwater, low permeability soils, wetlands, floodplains, and
landslide hazard areas. The landslide hazard areas were mapped using a 50-foot buffer to
serve as an initial assumption of feasible locations for LID BMPs. The actual buffer should be
assessed during design of selected retrofits based on site-specific conditions. This map was
used to help identify sites for retrofit projects, discussed further below.

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan 28
King County Water and Land Resources Division



Date: 3/24/2015 | Path: G:\Projects\Washington\King Coun

| |
| |
'l
" . %
oeuntil u>.|
*
¢ = -
x g T @
. > < w
-« C S
. z f_‘
*
. :
s O
a O
a =
| |
o SW136THST
g
[ §
a
| |
| |
| |
| |
.
.
| B .
.
| |
| 1]
’0
*
'-"--..“’
L 4
| |
| |
. SW 152ND ST
B =
7]
’ g
“ <
LY - =
. G
n [}
n L
- Z
'] =
" SW 160TH ST )

000019\Miller Walker SW_221041\Map Docs\Retrofit_Feasibility\Final Figures\Figure 9 LID Retrofit Feasibil

S 160TH ST

lity. mxd

oV
L 4
[ ]
[]
]
[ 4
- [ ]
» n Ll
w e L 4
Z *a*
=
© S 128TH ST
S 136TH ST
7))
<
<
= =
=
©
S 146TH ST
.
S 154-ST
- l-.‘..~ .
asssmanmnnm’ O LR
. .
[ ]
[ ]
[ ]
[]
[ ]
[]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
" SeeTae
[]
[ ]
[ ]
>

»
Q.'-...‘IIIIII-I.I"E

R

- Landslide Hazard Buffer (50 feet)

Data Sources: King County (2014), City of Burien (2014), Aspect Consulting, LLC (2014)

[4
Seattle\® Bellevue @

g N{; 0 2,200 4,400
Legend w ] 00
:- - : Study Area Boundary Infiltration Feasibility Infiltration Infeasible S

L]
Due To:
D City Boundary - Good (Shallow) ue 1o
Poor Hydrogeological Feasibility
|:| Right-of-Way |:I Good (Deep)
Wetland
Stream D Moderate (Shallow) /A etlan
Floodplain )
Figure 10

LID Retrofit Feasibility




This page intentionally left blank.

Miller-Walker Basin Stormwater Retrofit Planning Study — Implementation Plan
King County Water and Land Resources Division

30



4.0 Identify Preliminary Retrofit Opportunities

Preliminary retrofit opportunities were identified based on the understanding of opportunities
and constraints from the previous work (Section 3). In this step, candidate retrofit opportunity
areas were identified, initial screening was performed to eliminate areas that did not warrant
further consideration, and walking/driving tours of the remaining areas were performed to
observe existing conditions and verify retrofit potential.

4.1 Identify Candidate Retrofit Opportunity Areas

A total of 84 candidate retrofit opportunity areas were identified based on the review of available
information, GIS analysis, infiltration feasibility assessment, and retrofit need evaluation
(Section 3). Many of the identified opportunities overlapped with planned transportation
(motorized, bike, and pedestrian) and park improvements, to leverage those approved plans to
cost-effectively incorporate stormwater retrofits. This approach not only saves money, but also
minimizes construction impacts to the community and the environment.

The retrofit opportunities shown in Figure 11 were generally categorized based on the type of
improvement that the retrofit is associated with. For example, retrofits categorized as “Bike” are
associated with bike and pedestrian improvement plans, “Road” retrofits are associated with
transportation and capital improvement plans, “State Highway” retrofits were based on WSDOT
planning documents, and “Park” retrofits were based on park and recreation plans (Section
3.1.1)

4.2  Select Projects for Level | Analysis

A workshop with the Basin Partners was conducted on March 22, 2014 to review the identified
candidate opportunities and perform preliminary screening so that only high potential
opportunities would be advanced for further analysis. A total of 22 projects were screened out
during this meeting based on feedback received, as summarized in Table 3.

Figure 11 shows the remaining 62 projects that were selected for Level | Analysis. See Section
5 for a discussion of Level | Analysis methods and results. Note that the Retrofit Project
Identification Numbers (ID #s) for the screened out projects in Table 3 include an “X” to avoid
confusion between the screened out project ID #s in Table 3 and the Level | project ID #s in
Table 5 (i.e., screened out project BX-1 is not related to Level | project B-1, etc.).
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Table 3 Summary of Screened Out Projects

roadway bioretention

Retrofit
Project Potential Retrofit Other Planned
ID Location Opportunities Improvements Comments
Des Moines Memorial Drive : : Project screened out at the March 22,
BX-1 | from S 171st Stto S 173rd P | ROAdWay bioretention N/A 2014 workshop.
S Normandy Rd from 1st Ave | Roadway bioretention, Storm drainage, reconstruct
BX-2 S to Des Moines Memorial permeable bike lane and roadway, bicycle lanes, Site has overly steep gradients.
Drive sidewalk, Silva Cells sidewalk
S Normandy Rd from 1st Ave
BX-3 S to Des Moines Memorial Permeable bicycle lane Bicycle lane connection Site has overly steep gradients.
Drive
. . Overlay planned for summer 2014
4th Ave SW from SW 116th Roadway bioretention, - . -
BX-4 St to SW 130th St permeable pavement N/A (too_ soon to coordinate with retrofit
projects).
BX.5 20th Ave SW from SW 152nd | Permeable pavement, Storm drainage, water quality ESi'grégggemgang? corr;rﬁ)tlsted
St to SW 154th St bioretention facility fun d?ng gy capacily g
SW 159th St from 21st Ave to | Permeable pavement, :
BX-6 | s\w 160th St bioretention Storm drainage Too soon for another project here -
recent roadway overlay and newly
BX-7 Ambaum Blvd SW from P.ermeablle pavement, N/A constructed sidewalks.
152nd St to 154th St bioretention
Design currently being completed
BX-8 SW 135th St and 6th Ave SW | Bioretention Storm drainage, bioretention using Ecology capacity grants
funding.
City Hall Park (480 SW 152nd | Bioretention, permeable Rain gardens already installed on-
BX-9 N/A .
St) pavement site. Recent re-development.
BX-15 Fred Meyer parking lot or Permeable pavement, N/A Private ownership and recent parking
WSDOT Right-of-Way bioretention lot overlay completed.
Annex parking lot, building, . . .
BX-16 | and skate park (14549 4th Rainwater C|§tern, pgrmeable Site redevelopment No current plan established for
pavement, bioretention property.
Ave SW)
NPX-1 Sylvester Rd SW from 6th Permeable pavement, Silva Storm drainage, landscaping,
Ave SW to 8th Pl SW Cells sidewalk . : -
Permeable pavement Infeasible due to slope instability.
NPX-2 | SW 166th Pl & 3rd Ave S ' Pipe installation
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Retrofit

Project Potential Retrofit Other Planned
ID Location Opportunities Improvements Comments
NPX-3 Shorebrook Dr. from 13th Ave Permeable pavement Roadway overlay .
SW to beach City of Normandy Park staff screened
. out project due to recent flooding
NPX-4 Shorebrook Dr. from SW 13th | Permeable pavement, Silva Sidewalk replacement nearby at the Cove.
to end Cells
NPX-5 | Sylvester Rd Bridge Permeablg pavement, Pavement replacement
roadway bioretention . . .
- - Infeasible due to slope instability.
NPX-6 S_yl\_/ester Rd_from W City Permeable pavement, Silva Sidewalk replacement
Limits to E City Limits Cells
NPX-7 | SW 175th Pl Roadway bioretention, curb F\’_eplace 500 feet of 12—_|nch- Steep slopes make LID expensive
bulb-out diameter conveyance pipe and less effective.
. City of SeaTac staff noted there is a
i Interchange at S 188th St and , , Complete interchange at : : :
WX-1 SR 509 Roadway bioretention South 188th St and 509 gltgrze;:otentlal for spills on S 188th
From SR 509 to S 188th St City of SeaTac staff noted there is a
WX-2 and from S 192nd Stto S Roadway bioretention Add truck climbing lane high potential for spills on S 188th
200th St Street.
. . City of SeaTac staff noted there is a
WX-3 Interchange at S 188th St and Roadway bioretention V\/|den SR 509 in each high potential for spills on S 188th
SR 509 direction Street
City of SeaTac staff noted there is a
WX-4 Between S 188th St and 28th Roadway bioretention Two lanes each direction high potential for spills on S 188th
and 24th Avenues
Street.
Notes:

N/A Not Applicable or Not Available
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4.3 Conduct Driving Tour of Candidate Sites

Driving tours of the 62 screened opportunity areas (Figure 11 and Table 5) were conducted to
observe existing conditions and site potential, and to begin developing retrofit concepts for
further evaluation (Section 5).

5.0 Develop, Assess, and Rank Retrofit Concepts

After opportunities and constraints were mapped (Section 3) and specific retrofit opportunity
locations were identified, screened, and observed in the field (Section 4), preliminary retrofit
concepts for the remaining sites were developed, assessed and ranked in this step.

5.1 Develop Preliminary Retrofit Concepts

Preliminary retrofit concepts for the sites on Figure 11 developed at this stage included
definition of potential BMP types and possible drainage areas that could be managed by the
proposed retrofits (Table 5). LID BMPs, including bioretention, permeable pavement, and
cisterns, as well as subsurface bioretention (i.e., Silva Cells or similar) and more conventional
infiltration gallery BMPs were used in these early concepts.

5.2 Conduct Level | Analysis

Level | Analysis was conducted to objectively evaluate and rank the preliminary concepts,
allowing the Basin Partners to select the highest priority concepts to advance further. The
criteria were developed and the used to evaluate, rank, and select the highest priority projects
are discussed further below.

5.2.1 Develop Criteria
Feasibility, risk, and benefit criteria were developed in coordination with the Basin Partners to
assess and rank the preliminary concepts. Level | criteria included:

¢ Infiltration Feasibility;

e Site Slope;

¢ Risk to the Environment;

e Subbasin Retrofit Need; and

e Connectivity to the Storm Conveyance System.

Each criterion was scored on a scale of 1 (low) to 3 (high), with the exception of Infiltration
Feasibility, which had a possible score of O (infeasible or not recommended). Table 4

summarizes the Level | criteria, their possible scores, and the sources of information used in the

assessment.
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Table 4 Level | Ranking Criteria and Scoring

Criteria Scoring
Information Sources
Type Name Values | Description Used for Scoring
Feasibility Infiltration 3 Good shallow infiltration feasibility Infiltration Feasibility
g
Feasibility 2 Moderate shallow (i.e., underdrains may be needed) or good deep infiltration feasibility é‘giissmem (Aspect
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
Site Slope # 3 Flat (0-3%) GIS analysis, windshield
2 Moderate (3-5%) survey
1 Steep (>5%)
Risk Environment ° 3 Sites located outside creek buffers and at least 100 feet from existing wells, steep slopes, GIS analysis, windshield
and critical areas; or project would restore creek buffer from a degraded condition survey
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
Benefit Subbasin Retrofit 3 High (subbasin unit area runoff > 0.1 cfs/acre), indicates relatively high need for flow control | HSPF Modeling (MGS
Need * ¢ — 2014
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
Connectivity to 3 Runoff contributes to major stormwater conveyance trunk line or creek drainage within 500 GIS analysis, windshield
Storm feet of site boundary survey
Conveyance 2 Runoff contributes to major stormwater conveyance trunk line within 1,000 feet of site
System 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) 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).
b) 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.
c) 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.
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5.2.2 Evaluate and Rank Projects

Each of the 62 projects (Section 3) was evaluated in collaboration with the Basin Partners using
the above criteria. Table 5 shows the individual criteria scores and total scores. The total
scores for each project represent the straight summation of the individual criteria scores (i.e., all
criteria were weighted equally). The table summarizes the retrofit project identification number,
location, potential retrofit opportunities, other planned improvements that could be leveraged by
the project, Level | scoring, and notes considered during concept development and evaluation.

5.3 Select Top-Ranked Projects for Level Il Analysis

Table 5 provides the results from the Level | evaluation and ranking. Projects were ranked from
highest to lowest score. The top 30 projects, which scored a total of 11 points or greater, were
selected for Level Il Analysis (Section 6; Figure 12). The Retrofit Project ID numbers provided in
Table 5 are also shown in Figure 12.
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Table 5 Level | Analysis

Potential Retrofit Project

Other Planned Projects #

Potential Retrofit Project Evaluation °

()
o
S
= | 25
5 g |2z
S c
= E|&|c2 |38
) == o S o n = o O =
| Retrofit S22 1 =2 | |85 | 2l =
S | Project Potential Retrofit =8 |wz |2 |85 | 529 5
ad ID Location Opportunities Proposed Improvements | EuL | XW |0 | | O® O ~ | Notes
. . Connect existing intermittent
1 B-27 S 152no_| St from 1St. Ave .S to Permeable l_3|cyc|e I_ane, Silva sidewalks and construct bicycle 3 3 3 3 3 15 | Potential partnership opportunity with Highline High School.
Des Moines Memorial Drive Cells, and bioretention .
lane on both sides of roadway
L Permeable parking, .
) John F. Kennedy Catholic High | | . AR Potential upgrade to
2 B-50 | School (140 S 140th St) bioretention, infiltration gallery, | v round and athletic fields 3 3 3 3 3 15
and rainwater cisterns
3 B-21 Burien Community Center P_ermeab_le parking, N/A 2 3 3 3 3 14 Parl_«ng lot is newer. _There are opportunities to convert the existing swale
bioretention to bioretention, roof cisterns, and interpretive signage.
Moshier Park (422 SW 160th Infiltration gallery, permeable Improve parking and construct The park parking lot is shares with the Highline School District.
4 B-29 : . . . ; 2 3 3 3 3 14 .ot . .
St) parking, bioretention bioretention Coordination between the two parties would be required.
. . . . Improve parking, construct
5 B-31 Moshier Community Art Center | Rainwater cistern, pgrmeable bioretention, and potentially 3 3 3 3 2 14 | Parking lot in very poor condition
(430 S 156th St) pavement, bioretention . o
improve Art Center building
S 160th St from 1st Ave S to Permeable pavement, Silva Qonst(uct sidewalk to connect The portion of the project area that crosses over Highway 509 would not
6 B-39 . . - intermittent gaps and ADA 3 2 3 3 3 14 . oo
Des Moines Memorial Drive Cells . . be suitable for infiltration.
compliant pedestrian ramps
) King County District Court (601 | Bioretention, additional
! KC-47 SW 149th St) storage N/A 2 3 3 3 3 14
SW 165th St from 16th Ave Permeable parking, Regrade roadway to drain to Burien Staff have assumed that bioretention could be added to this project
8 B-40 . . the center and construct a 2 3 3 2 3 13 | . . : .
SW to 19th Ave SW bioretention ) in front of properties that are supportive of the project.
storm drainage system
Permeable bicycle lane, Constructed bicycle lanes and
9 B-19 SW 146th St from 1st Ave S to permeable sidewalk, Silva sidewalks on both sides of 2 3 2 3 3 13
14th Ave SW
Cells street
6th Ave SW from SW 153rd St | Permeable bicycle lane, . .
10 B-20 to SW 146th St permeable sidewalk Bicycle lane, sidewalk 2 3 2 3 3 13
Permeable bicycle lane,
11 B-26 2nd Ave SW from SW 150th St permeable pavement, and Bicycle lane, sidewalk 3 3 1 3 3 13
to SW 156th St ;
Silva Cells
) Highline Performing Arts . .
12 B-28 Center (401 S 152nd St) Rainwater cistern New development 3 3 1 3 3 13
) 4th Ave S from S 168th Stto S | Permeable pavement, Construct storm drainage and
13 B-44 165th St bioretention water quality facilities s 2 3 L 3 12
SWI/S 156th St/Ambaum Blvd . . . .
14 B-32 SW from SW 154th St to Des p_ermeab_le pavement, C_onstruct bicycle Iar_1e, 3 3 1 2 3 12 The portion of t_he_ project area that crosses over Highway 509 would not
. ; . bioretention sidewalk, planter strip be suitable for infiltration.
Moines Memorial Drive
S & SW 146th St from Permeable pavement. Silva Repair existing sidewalk make
15 B-22 Ambaum Blvd SW to 8th Ave Cells P ’ ADA improvements as 2 3 1 3 3 12
S necessary
Puget Sound Park (135 SW Deep infiltration, permeable Improve parking, drainage, and Burien staff indicated there are many major utilities running through the
16 B-6 123th St) pavement, bioretention, and sport courts and conduct trail 2 3 2 1 3 11 | site. LID improvements would need to be focused on the flat to
conveyance improvements maintenance moderately sloped portion of the site.
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Potential Retrofit Project

Other Planned Projects @

Potential Retrofit Project Evaluation °

)
(&)
S
- e} 8 5
5 g |22
g
52 E|l2a|£2 |29
- %5 (o5 |8 |85 |83
o Retr_oflt _ _ S ;_g » |85 |cEGC =
S | Project Potential Retrofit =8 |vwz | L | S5 592 <
o ID Location Opportunities Proposed Improvements | EL | XW |0 | O | O®n® ~ | Notes
Coordination with WSDOT would be required. The portion of the project
17 W-2 SR 518 from 1st Ave Sto S Bioretention, permeable None 3 > > 1 3 11 | area that crosses over Highway 509 would not be suitable for infiltration.
154th St shoulders Project would need to be sited to avoid critical areas and/or improve creek
buffers.
Reconstruct roadway including
) 1st Ave S from SW 128th to . . storm drainage conveyance,
18 B-10 SW 140th St Bioretention flow control and water quality 2 3 2 L 3 1
facilities, and landscaping
SW 152nd St from 10th Ave Bioretention, permeable Improve roadwgy W'th The City of Burien has received numerous complaints about local flooding
19 B-23 - sidewalks, parking, bicycle 2 2 3 1 3 11 | .
SW to 22nd Ave SW parking . in the area.
lane, planter strip
. Rainwater cisterns, vegetated | Repair walking trail, sports field
20 NP-2 ggy Hall Park (801 SW 174th roofs, bioretention, permeable | improvement, parking 3 3 3 1 1 11
parking, and infiltration gallery | extension
Improve safety and mobility of
roadway by adding permeable
21 NP-8 1st Ave S from SW Normandy | Permeable pavement and sidewalks, storm drainage, 3 2 > 1 3 11
Road to 186th Ave SW bioretention street trees, landscaped
medians, and ADA compliant
facilities
22 NP-10 SW Normandy RD west of 4th | Permeable sidewalks, L%Sr:]a””;lrj]:b Zggs%?iztatﬁr, ADA 3 5 1 > 3 11 Normandy Park is completing phase 1, from 1st to 4th, and this will tie in
Ave S to 8th Avenue SW bioretention, and Silva Cells . P P well. Field check for Level 1 while doing Level 1.
improvements
Permeable bicycle lane Reconstruct roadway to include
23 B-38 ath Ave SW from SW 153rd St permeable pavement, and storm drainage, curb and 3 2 1 2 3 11 | Site located near Burien outlet tributary and could help improve hydrology.
to SW 160th St . gutter, bicycle lanes, and
Silva Cells )
sidewalk
12th Ave SW from SW 152nd | " ermeable bicycle lane,
24 B-24 St to SW 148th St ?:e;rl[neable sidewalk, and Silva | Bicycle lane, sidewalk 2 3 1 2 3 11
Permeable pavement, .
o5 B-41 16th Ave SW from SW 160th roadway bioretention, and Storm drainage, reconstruct 5 3 1 > 3 11
to SW 168th St . roadway, and sidewalk
Silva Cells
SW 150th St from 1st Ave S to | Permeable pavement, Silva .
26 B-25 Ambaum Blvd SW Cells, and permeable sidewalk Sidewalk 1 3 1 3 3 11
The creek is extremely degraded. LID Retrofit improvement would be
SW Suburban Sewer District Permeable pavement, focused on flat the portion of site where a road on one side of the creek
27 NP-11 . . None 1 3 3 1 3 11 : .
Treatment Plant roadway bioretention could be removed to create room restore the creek using native
vegetation.
SR 509 from S 120th St to Des Bioretention, pe_rmeable Coordination with WSDOT would be required. Project would need to be
28 W-1 . . . pavement (median and None 3 2 2 1 3 11 . o .
Moines Memoaorial Drive shoulder) sited to avoid critical areas and/or improve creek buffers.
Des Moines Memorial Drive, The wetland northwest of the intersection of S 146th St and Des Moines
29 S-1 between S 128th Streetand S | Bioretention None 3 2 2 2 2 11 | Memorial Drive is not being considered for restoration, due to private land
144th Street ownership.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division

42



Potential Retrofit Project

Other Planned Projects @

Potential Retrofit Project Evaluation °
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51,.| 3|28
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52 E|l2a|£2 |29
| %5 |25 |5 |82 | 8325
~ | Retrofit _ _ S5 |22 |% |35 | cE Q| -
S | Project Potential Retrofit =8 vz |2 |S8 | 529 5
o ID Location Opportunities Proposed Improvements Suw rw | | e | On un| ~ | Notes
Roadway bioretention Storm drainage, reconstruct
1st Ave S from SW 116th St to y ’ roadway, landscaping,
30 B-3 permeable pavement, and X 1 2 2 3 3 11
SW 128th : stormwater detention and water
Silva Cells ; .
quality facility
8th Ave S from S 136th St to Roadway bioretention, Storm drainage, reconstruct This project has been shortened to reflect that the improvements between
-- B-11 permeable bicycle lane and roadway, landscaping, bicycle 1 2 1 3 3 10 | SR 518 and Des Moines Memorial Drive will be constructed under another
SR 518/S 148th St . . .
sidewalk lane, and sidewalk project.
Roadway bioretention, . .
_ B-14 8th Ave S from S 128th Stto S permeable bicycle lane and Sldgwalk, bicycle Ianes,. storm 1 2 1 3 3 10
136th St . ; drainage, and landscaping
sidewalk, and Silva Cells
Sylvester Rd from W City Permeable pavement
-- B-42 Limits to Highline Medical . '€ pav ! N/A 3 2 1 1 3 10
bioretention, Silva Cells
Center
_ B-43 Ambaum Blvd S from S 160th Permeable bicycle lane, \C,:vﬁasstw;tep;th\g?t/ét;lgﬁleolsne 2 2 > 1 3 10 Potential for curb bulb-out bioretention at the intersections of S 169th PI.
Stto S 174th St bioretention . P P and S 163rd PI.
one side
Reconstruct roadway constant
with the Des Moines Memorial
Des Moines Memorial Drive Permeable bicycle lane, Drive corridor plan and Lake to The properties on the southern side of the roadwav area downaradient
-- B-45 from S 165th St to Normandy permeable pavement, and Sound Trail, which will include 2 2 2 1 3 10 prop y 9
- ; : from the roadway.
Rd Silva Cells storm drainage, landscaping,
bicycle lane, sidewalk
improvements.
Install curb and gutter, ADA
SW 178th St from 1st Ave Sto | Permeable sidewalks, Silva compliant pedestrian
-- NP-11 . 3 2 1 1 3 10
SW 2nd Ave Cells improvements, and pavement
overlay
1st Ave S from SW 116th to Roadway bioretention,
- B-1 SW 128th St permeable shoulders NIA L 2 2 2 3 10
Near 2nd Avenue SW,
-- B-2 between SW 116th Street and | Existing ditch retrofit N/A 2 2 1 2 3 10
SW 118th Street
Permeable bicycle lane
10th Ave SW from SW 150th ’ . .
-- B-35 St to SW 160th St pgrmeable pavement, and Bicycle lane, sidewalk 1 3 1 2 3 10
Silva Cells
SW 119th St. from 1st Ave S . .
-- B-48 10 4th Ave SW Bioretention N/A 2 2 1 2 3 10
_ B-5 Southern Heights Park (12025 Permeable pavement _Parklng and sport court 3 2 1 2 > 10
14th Ave S) improvement
2nd Ave S from S 124th St to Bioretention, permeable
- B-7 S 128th St pavement N/A ! 2 2 2 3 10
Roadway bioretention, . .
_ B-8 8th Ave S from S 124th Stto S permeable bicycle lane and S.torm drainage, Iandscaplng, 1 3 1 2 3 10
128th St . ; bicycle lane, and sidewalk
sidewalk, and Silva Cells
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Potential Retrofit Project

Other Planned Projects @

Potential Retrofit Project Evaluation °

)
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S
- e} 8 5
5 g |22
g
52 E|l2a|£2 |29
) &= 3 o c 9 n = 8 @) £
| Retrofit _ _ S5 |22 |® |85 | SEQ o
S | Project Potential Retrofit =8 vz |2 |S8 | 529 5
o ID Location Opportunities Proposed Improvements | EL | XW |0 | O | O®n® ~ | Notes
1st Ave S from SW 108th to Roadway bioretention,
- KC-1 SW 116th St permeable shoulders N/A L 3 2 2 2 10
_ i Normandy Park Swim Club Permeable pavement parking
NP-12 (17655 12th Ave SW) lot N/A ! 2 3 1 3 10
Potential for curb bulb-out at intersections. Portions of this potential
_ B-13 S 136th St from 1st Ave S to Permeable pavement, Construct bicycle lane, 5 5 1 1 3 9 project area are very steep and would not be suitable for infiltration. The
Des Moines Memoarial Drive bioretention, and Silva Cells sidewalk portion of the project area that crosses over Highway 509 would not be
suitable for infiltration.
Improve intersection by adding
_ B-17 6th Ave SW & SW 148th St Bioretention a left turn Iang, undergroundlng 1 3 1 1 3 9 .Bu_nen.staff agre_gd this project should not be a Level Il project due to low
Intersection overhead utilities, major storm infiltration feasibility.
drainage replacement
. . Burien staff agreed this project should not be a Level |l project due to
-- B-18 S 146th.8t from 1st .Ave S to b!oretentlon, permeable Construct bicycle lane 2 2 1 1 3 9 | slopes. The portion of the project area that crosses over Highway 509
Des Moines Memoarial Drive bicycle lane . L
would not be suitable for infiltration.
SW 160th St from 8th Ave to Permeable pavement, Silva .
- B-34 SW 21st St Cells Sidewalk 1 3 2 1 2 9
_ B-36 8th Ave SW from Ambaum Permeable bicycle lane, Storm drainage, bicycle lane, 1 3 1 1 3 9
Blvd SW to Sylvester Rd SW permeable pavement sidewalk, and parking
SW 130th St. from 14th Ave . . Storm drainage, reconstruct
-- B-9 SW to Ambaum Blvd SW Cascade bioretention roadway 1 3 1 1 3 9
-- NP-5 Brittany Dr/ Normandy Terrace | Roadway bioretention Culvert replacement 2 3 1 1 2 9
SW Normandy Terrace from Silva Cells. permeable
- NP-6 Marine View Dr to Shoremont/ | ~. P Sidewalk 1 3 1 1 3 9
sidewalk, and curb bulb-out
Normandy Rd
-- B-46 Walker Creek Wetland S?)i't_'rogg; Storage (retrofit Parking improvement 1 2 1 2 3 9
Lakeview Park (422 SW 160th | Rainwater cistern, permeable Redevelopment, sport court
- B-37 . 1 2 1 2 3 9
St) sport court improvement
Arbor Lake Park (12380 2nd Permeable pavement parking Parking improvement, trail
- B-4 . : 1 2 1 2 3 9
Ave S) and trails extension
_ ) Sylvester Middle School Permeable pavement, : N ,
B-52 (16222 Sylvester Rd SW) 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 Bioretention, additional N/A 2 3 3 0 0 8
St) storage
- B-49 | Goodwill (1031 SW 128th St) E.ermeab.'e parking and N/A 1 2 1 1 3 8
ioretention
~ | Np-g |SWIBGthStiromlstAveto | gy cells Sidewalk 1 3 | 2| 1 1 8
4th Ave
SW 136th St from 1st Ave S to | Permeable shoulder, Improve storm drainage, Wide street provide potentially good opportunities for permeable shoulders
- B-12 . . . . . 2 3 2 0 0 7 S .
Ambaum Blvd SW bioretention bicycle lane, sidewalk, parking and planter strip bioretention.
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Potential Retrofit Project Other Planned Projects @ Potential Retrofit Project Evaluation °
()
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S
- e} 8 5
5 g |22
g
52 E|la|lcz |28
) &= 3 o c 9 n = 8 O E
| Retrofit _ _ S5 |22 |® |85 | SEQ o
S | Project Potential Retrofit =8 vz |2 |S8 | 529 5
o ID Location Opportunities Proposed Improvements | EL | XW |0 | O | O®n® ~ | Notes
SW 159th St & 19th Ave SW Roadway bioretention, Storm drainage, reconstruct
-- B-33 from SW 21st Ave to SW permeable pavement, and roadway, bicycle lane, 1 3 1 1 1 7
160th St Silva Cells sidewalk, and parking
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) 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.

b) Potential Retrofit Project Evaluation categories scored based on the Level | Criteria in Table 1.
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6.0 Refine Concepts and Prioritize Projects

The preliminary concepts developed for the top 30 projects (Section 5) were refined to support
final retrofit prioritization. This step involved field assessment and refinement of preliminary
concepts, Level Il Analysis to evaluate and rank the refined concepts, and selection of the top
Six projects to advance to preliminary pre-engineering design (Section 7). Only four of the top
six projects were pre-designed due to lack of infiltration feasibility found during field work at two
of the project sites.

While only the top six projects were advanced to preliminary pre-engineering design in this
study, additional analyses were conducted for all 30 projects to support mid- and long-term
implementation of those remaining projects (Section 9). Additional analyses included
preliminary planning-level BMP cost estimation, pollutant load reduction assessment, and
modeling of subbasin-scale creek benefits in HSPF. Project sheets were also developed to
graphically summarize existing and proposed conditions for 18 of the highest-ranking projects,
to help communicate the intent of those projects and further support their future implementation.

6.1 Field Assess and Refine Concepts

Field assessment of the top 30 projects in this step entailed visually observing existing
infrastructure and potential utility conflicts, field estimating drainage areas tributary to each
proposed facility, assessing available space for proposed BMPs, and noting potential risks to
surrounding properties and the environment. Detailed topographic/site surveys were not
conducted, and assessments were based on multiple brief field visits to each site. Basin Partner
Staff participated in several field visits to help identify known issues with drainage and local
flooding.

The preliminary concepts (Section 5) were refined based on these observations, including
adjusting the BMP locations and sizes based on estimated drainage areas and site constraints,
as needed.

6.2 Conduct Level Il Analysis

Level Il Analysis used a similar framework as the Level | Analysis, but incorporated different
criteria to take advantage of site specific information gathered in this step. Unlike Level |
Analysis, weighting factors were used to weight the individual criteria in this step based on
Basin Partner priorities, as described further below.

6.2.1 Develop Criteria and Weighting Factors

The Level | Analysis was used only to rank the top sites to select the top 30 for Level Il analysis.
New criteria were developed for the Level 1l Analysis so that projects could be ranked according
to relative constructability after visiting the site, as well as relative stormwater and other benefits
if the project would be built. Level Il feasibility, risk, and benefit criteria included:

e Available Space on the site for stormwater BMPs;

e Ease of Funding, including availability of matching funds, current plans for investment in
the site, and how the project may rank;

¢ Land Ownership;

e Constructability;
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e Risk to downgradient properties;

e Local/Subbasin Retrofit Need, based on which subbasin the project was located in and
that subbasin’s ranking according to the modeling results;

e Impervious Area Managed, based on the area tributary to the proposed stormwater
facilities on the site;

e Education Opportunities, given the site proximity to a park, school, or where students are
present; and

e Helps Achieve Multiple Goals, including whether the site had already been identified for
improvements to transportation, stormwater, or other capitol investment.

The possible scores for each criterion ranged from 1 (low) to 3 (high). Weighting factors were
assigned by the Basin Partners to reflect their relative importance, resulting in the greatest
weight (25%) assigned to Local/Subbasin Retrofit Need, followed by Impervious Area Managed
(20%), Helps Achieve Multiple Goals (15%), and Ease of Funding and Educational
Opportunities (10%). The remaining criteria were all weighted equally (5%). Table 6 (below)
summarizes the criteria, possible scores and descriptions, weighting factors, and sources of
information used to assess scores for individual projects.

6.2.2 Evaluate and Rank Projects

Total Level Il scores were developed by assessing scores for each criterion, applying weights to
those scores, and summing the weighted scores for each project. Each project had the potential
to score between a maximum of 300 (best projects) and a minimum of 100. The projects were
then sorted in order of the weighted total Level Il scores, from highest to lowest, as shown in
Table 7.
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Table 6 Level Il Ranking Criteria and Scoring

Information Sources

Type Name Weight | Values | Description Used for Scoring
Feasibility | Available 3 Available right-of-way width for siting facilities (X) = 10 feet, or available | GIS analysis, field
Space area of parcel is >50% assessment
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%
Ease of Project expected to compete successfully for grant funding through Professional judgment,
funding 3 Ecology's Stormwater LID Retrofit grant program. Project can be cost- review of other
effectively piggybacked on other infrastructure improvement projects infrastructure
Project expected to compete successfully for grant funding through improvement plans
10% 2 . .
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
Land 3 Site is located on public right-of-way GIS analysis
Ownership 2 Site is located on private property. Additional coordination on land
5% acquisition or easements likely needed
1 Site is located on private property. Retrofits would be owned and
operated by private property owner
Constructability 3 Good constructability. No significant access, utility, geotechnical, or Field assessment
other constructability issues identified
5% 5 Moderate constructability. Issues can likely be remedied during design
and construction
1 Poor constructability due to access issues, utility conflicts, geotechnical,
or other considerations
Risk Property 3 No significant downgradient property issues identified GIS analysis, field
- . . . — - assessment
5% 2 Downgradient property issues relatively easily mitigated with proper
design, construction, and maintenance
1 Significant down gradient property issues identified
Benefit Local/Subbasin 3 High (subbasin unit area runoff > 0.1 cfs/acre), indicates relatively high HSPF Modeling (MGS
Retrofit Need ? need for flow control 2014)
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
Impervious 20% 3 Project manages runoff from at least 10,000 square feet of Pollution GIS analysis, field

Area Managed

Generating Impervious Surface (PGIS) surface

assessment
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Information Sources

Type Name Weight | Values | Description Used for Scoring
2 Project manages runoff at least 5,000 square feet of PGIS
1 Project manages Non-Pollution Generating Impervious Surface (NPGIS)
only
Educational Project would incorporate hands-on educational opportunities (i.e., Professional judgment
Opportunities 3 student maintenance of plants for projects located on school grounds,
etc.)
10% Project would be highly visible. Signage or similar materials could be
2 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
Helps Achieve Project can be completed in conjunction with other currently planned GIS analysis, field
Multiple Goals 3 project. Project provides flow control, water quality treatment, and assessment
neighborhood enhancement (i.e., traffic calming, pedestrian/biker safety,
15% aesthetic enhancement, etc.)
2 Project provides flow control and water quality treatment
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.
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6.3  Select Projects for Preliminary Pre-Engineering

The total weighted Level Il scores (Table 7) for the top 30 projects ranged between 150 and 300
points out of a maximum total score of 300 points. The six highest-ranked projects had scores of
260 points or higher and were selected for preliminary pre-engineering design (Section 7).
Figure 13 shows the location of these top six projects.
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Table 7 Level Il Project Analysis

Other Planned

Level Il Potential Retrofit Project Evaluation (Weighted Scores) "

Potential Retrofit Projects Projects * 5% | 10% | 5% | 5% | 5% | 25% | 20% | 10% | 15% | 100% | Weighting Factors
o o ©
§ £ < E o = = ol v
5| 2| 5|52 |88 |s8|88
N > 2 Sl x| 829 EE|28
Q@ L = c -~ |SZ| 3 T | o S| o (52
. o 4= = © 0n=e=| < S5 | <l
« | Retrofit 8 o g = s 3% g 21 85|ws -
S | Project Potential Retrofit Proposed Date of Planned Reference/ & g = S| o|8g|l 28|28 <3 s
o ID Location Opportunities Improvements Improvements Source < Ll | O & |Jdx| E=|@Lmo|IT= — Notes
Infiltration gallery Burien Park The Burien Parks Department plans to convert
1| B-2g | MoshierPark permeable parking, Improve parking and N/A Recreation & Open 15 | 30 | 15 | 15 | 15 | 75 | 60 | 30 | 45 | 30o | the fieldsto artficial urf using the same
(430 S 156th St) . - construct bioretention footprint. They are also interested in either an
bioretention Space Plan (2012) T : ; -
infiltration gallery or rainwater harvesting facility.
ggrsnhr:]ednity Art Rainwater cistern, Improve parking, construct Burien Park, thehzfélé Ezrtt\',:grl]ottﬁgvglif; (')? guﬂ(;?]rgr?g?;]téon’
2 B-31 permeable pavement, bioretention, and potentially N/A Recreation & Open 15 30 10 15 15 75 60 30 45 295 I e ) .
Center bioretention imorove Art Center buildin Space Plan (2012) Highline School District. Retrofits would require
(430 S 156th St) P 9 P inter-jurisdiction coordination.
Existing curb bulb-outs on the intersection of
6th Ave SW from (P(zrﬂeeﬁ)llee ps?(;/:vn\:aelﬂt Construct sidewalks and City of Burien Bicycle gtek\‘NA\éi tscvglu? dnges(\:/g:\/se?ttzdszoagg (?Ztretr?titc))i
3 B-20 SW 153rd St to P Ki bi . bicycle lanes on both sides N/A and Pedestrian 15 30 15 15 15 75 60 20 45 290 b Ib’ T h of the SW
SW 146th St par |n_g), loretention, of the street Facilities Plan (2004) ulb-outs. Two mature trees south of the
and Silva Cells 152nd St and 6th Ave SW intersection would
need to be protected during construction.
Permeable bicycle Connect existing intermittent City of Burien TIP Potential partnership opportunity with Highline
S 152nd St from lane, permeable sidewalks and construct (2014-2019), City of High School. The portion of the project area
4 B-27 | 1stAve S to 8th » PErm . ! 2016-2017 Burien Bicycle and 10 | 30 | 15 | 15 | 15 | 75 60 20 | 45 285 9 : P proj
parking, Silva Cells, bicycle lane on both sides of : S that crosses over Highway 509 would not be
Avenue S . ; Pedestrian Facilities . e
bioretention roadway suitable for infiltration.
Plan (2004)
12th Ave SW :;?]Lmeilr)rlﬁezg?g:le Construct sidewalks and City of Burien Bicycle
5 B-24 from SW 152nd side\,/vzlk bioretention bicycle lanes on both sides N/A and Pedestrian 15 30 15 15 15 50 60 20 45 265
St to SW 148th St o " | of the street Facilities Plan (2004)
and Silva Cell
King County 05.29.2014 Site - i .
District Court (601 | Bioretention, additional | Replacing existing parking Reconnaissance and Ei(lsz;:r?dgegntosgi:vcc;ézﬁﬂ)igfs:grrze\/vgt%?IIluer?o(f)fr
6 KC-47 SW 149th St & storage, and lot on the south side of the 2015 KC Facilities 15 30 10 15 15 75 40 30 30 260 pand
. S to be diverted from SW 148th St. Valuable
14905 6th Ave permeable parking courthouse Management Division . .
. trees to be protected during construction.
SW) project
John F. Kennedy | Permeable parking, Potential upgrade to
7 B-50 Catholic High bloretenthn, infiltration playground and athletic July, 3 _2014 email 15 10 5 15 15 75 60 30 30 255 _Prlvate school; track and ball field
School (140 S gallery, rainwater fields (private property) from Elissa improvements have already begun.
140th St) cisterns P property).
S 160th St from Permeable pavement Construct sidewalk to The portion of the project area that crosses over
8 | B39 &ASt.A"e StoDes | g0 cells, and connect intermittent gaps 2018-2019 City of Burien TIP 15 | 20 | 15 | 15| 15| 75 | 60 | 10 | 30 | 255 | Highway 509 would not be suitable for
oines Memorial ) . and ADA compliant (2014-2019) Lo
X bioretention . infiltration.
Drive pedestrian ramps
Burien Permeable parking Parking lot is newer. There are opportunities to
9 | B21 | Community bioretention rainwater | N/A N/A Meeting with City staff | 5 | 53 | 15 | 15 | 15 | 75 | 40 | 30 | 30 | 255 | Convertthe existing swale to bioretention, roof
C . (03.04.2014) cisterns, and interpretive signage. Valuable
enter cisterns ; X
trees need to be protected during construction.
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Other Planned

Level Il Potential Retrofit Project Evaluation (Weighted Scores) b

Potential Retrofit Projects Projects ® 5% | 10% | 5% | 5% | 5% | 25% | 20% | 10% | 15% | 100% | Weighting Factors
o o ]
S| S| | & |s_|¢ ol oo
2 | 2| 2| 8|2|8B|T< |So|8¢T
” 5 1 8| x |29 9 SE|£8
o | O S | S| »|322| 35|55 S ©
. a = = 2 =] S = B a0
Retrofit © °© O = 3 (25| 22|85, —
= . . . = () ie) @ o | 82| o ) A= <
S | Project Potential Retrofit Proposed Date of Planned Reference/ S & S = o (8w| & S 3 Sl g3 <
04 1D Location Opportunities Improvements Improvements Source < L — O & |Jx| E=|WO |3 = Notes
Reconstruct roadway to
principal arterial standards
including pedestrian
1st Ave S from Roadway bioretention, | improvements, stormwater
10 B-3 SW 116th St to permeable pavement, detention and water quality 10 30 15 5 5 75 60 10 45 255
SW 128th and Silva Cells facilities, landscaping,
driveway consolidation, and
overhead to underground
utility conversion.
Rainwater cisterns,
City Hall Park vegetated roofs, Repair walking trail, sports Citv of Normand
11 NP-2 (801 SW 174th bioretention, field improvement, parking N/A y y 15 30 15 15 15 25 60 30 45 250
. . Park TIP (2003-2008)
St) permeable parking, extension
infiltration gallery
Reconstruct roadway
1st Ave S from including storm drainage . . . . .
12 B-10 SW 128th to SW Bioretention conveyance, flow control 2016-2019 City of Burien TIP 15 30 15 15 15 25 60 30 45 250 Public (_educatlon nodes could be included along
X e (2014-2019) the project.
140th St and water quality facilities,
and landscaping
SW 146th St from | Permeable bicycle Constructed bicycle lanes City of Burien Bicycle
13 B-19 1st Ave S to 14th | lane, permeable and sidewalks on both sides | N/A and Pedestrian 5 10 15 15 15 75 60 10 45 250 Limited available space east of 6th Ave SW.
Ave SW sidewalk, Silva Cells of street Facilities Plan (2004)
g\évxgsrpoinﬂ% Permeable sidewalks, Install curb and gutter, ADA City of Normandy Downgradient properties on the north side of
14 NP-10 Ave S to 8th bioretention, Silva compliant pedestrian 2017-2019 Park TIP (2015-2020) 15 30 15 5 15 50 60 10 45 245 the roadway. Facilities may require weirs due
Cells improvements #14-0004. to steep roadway slope.
Avenue SW
Highline .
. . . Burien Park,
15 | B-gg | Performing Arts | oo ater cistern Constructing an addition N/A Recreation & Open 15 | 10 5 | 15 | 15 | 75 60 30 | 15 240
Center (401 S onto the existing building Plan (2012
152nd St) Space Plan (2012)
2nd Ave SW from :;?]Lmeil:rlsezg?g:le Construct sidewalks and City of Burien Bicycle fvggg%ikg?osgi‘g‘?vlg vvsolgldere_?_lﬁge“rs]rgsgrface
16 | B-26 | SW150th Stto P : bicycle lanes on both sides | N/A and Pedestrian 10 | 30 | 15 | 5 |10 | 75 | 40 | 10 | 45 | 240 y slope. g9
pavement, and Silva . between SW 152nd St and SW 150th St is
SW 156th St of the street Facilities Plan (2004) .
Cells currently private property and not connected.
Deep infiltration,
Puget Sound permeable pavement, Improve parking, drainage, Burien Park, Burien staff indicated there are many maior
17 B-6 Park (135 SW bioretention, and and sport courts; and N/A Recreation & Open 15 20 15 10 15 25 60 30 45 235 utilities runnina throuah the site y may
126th St) conveyance conduct trail maintenance Space Plan (2012) 9 9 '
improvements
Reconstruct roadway
16th Ave SW Permeable pavement, . . . . _ "
18 | B-41 | from SW 160thto | roadway bioretention, '”Cé“d'”g Cgrb.a”d gutter 2018-2019 City of Burien TIP 15 | 30 | 15 | 15 | 15 | 50 | 40 | 10 | 45 | 235 "I'm'ted Opﬁorft“kr]"“eshd“? o steep roadway
SW 168th St and Silva Cells and major drainage (2014-2019) slope south of the school.

replacement
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Other Planned

Level Il Potential Retrofit Project Evaluation (Weighted Scores) b

Potential Retrofit Projects Projects ® 5% | 10% | 5% | 5% | 5% | 25% | 20% | 10% | 15% | 100% | Weighting Factors
o ]
S| 2| = |2, |¢2 ol 0o
% © 2 S 7 e 5 < S P
) = ) @ T |lQo0| @ S= =R
o LL § g >~ |3Z| 3 S 5 S 2 2
. o = = 2 =] S = B ©
Retrofit © °© O = 3 (25| 22|85, —
x ; . . = o = % o 82| © o A = 3
S | Project Potential Retrofit Proposed Date of Planned Reference/ S & S = o (8w| & S 3 Sl g3 <
x ID Location Opportunities Improvements Improvements Source < i | O £ |[Sx| E=|Do| T3 [ Notes
SW/S 156th
St/Ambaum Blvd . . . . .
. City of Burien Bicycle The portion of the project area that crosses over
19 B-32 SW from SW p_ermeab_le pavement, C_onstruct bicycle |ar_1e, N/A and Pedestrian 5 20 15 15 15 50 60 20 30 230 Highway 509 would not be suitable for
154th St to Des bioretention sidewalk, planter strip . Lo
; ; Facilities Plan (2004) infiltration.
Moines Memorial
Drive
City of Burien TIP
fSr:)Ar/nlfgt?ldA?/te Bioretention Improve roadwe_ly With (20.14'20.19)’ City of The City of Burien has received numerous
20 B-23 . sidewalks, parking, bicycle 2018-2019 Burien Bicycle and 10 30 15 15 10 25 60 20 45 230 ’ L
SW to 22nd Ave permeable parking lane. planter stri Pedestrian Eacilities complaints about local flooding in the area.
SW P p
Plan (2004)
f::/:\/s:tg t?)t from Permeable pavement, Fill in gaps in intermittent Citv of Burien TIP
21 B-25 Silva Cells, and sidewalks and make ADA 2018-2019 y 5 30 15 10 15 75 20 10 45 225
Ambaum Blvd : ; (2014-2019)
SW permeable sidewalk improvements
The wetland northwest of the intersection of S
Des Moines 146th St and Des Moines Memorial Drive is not
Memorial Drive, Bioretention, Silva Meeting with Count being considered for restoration due to private
22 S-1 between S 128th Cells, permeable None N/A Staff (0% 01.2014) y 15 10 15 15 15 50 60 10 30 220 land ownership. Although project provides
Streetand S walking path T opportunities for siting LID facilities, the benefits
144th Street may be low due to low connectivity to storm
conveyance systems.
SR 509 from S Bioretention
23 | w. | 120thSttoDes oo eable pavement | None 15 | 20 | 15 | 15 | 15 | 25 | 60 | 10 | 45 | 220
Moines Memorial .
X (median and shoulder)
Drive
S & SW 146th St Repair existing sidewalks The portion of the project area that crosses over
i from Ambaum Permeable pavement, } City of Burien TIP Highway 509 would not be suitable for
24 B-22 Blvd SW to 8th Silva Cells ﬁ:drgnvzlﬁeﬁ?j 2018-2019 (2014-2019) 5 10 15 5 15 5 60 10 15 A infiltration. Facilities may require weirs to
Ave S P accommodate hilly topography.
SW 165th St from . Regrade roadway to drain to . . . . .
25 B-40 16th Ave SW to P_ermeab_le parking, the center and construct a N/A City of Burien CIP 10 10 15 15 15 50 40 10 45 210 Downgradient properties on the south side of
bioretention ) (1997-2003) roadway.
19th Ave SW storm drainage system
Coordination with WSDOT would be required.
SR 518 from 1st Bioretention, The portion of the project area that crosses over
26 W-2 Ave S to S 154th None N/A N/A 15 20 15 15 15 25 60 10 30 205 . .
St permeable shoulders _nghwc'_;ly 509 would not be suitable for
infiltration.
Improve safety and mobility
1st Ave S from of roadway by adding
) SW Normandy Permeable sidewalks permeable sidewalks, storm City of Normandy
21 NP-8 Road to 186th and bioretention drainage, street trees, N/A Park TIP (2003-2008) 15 20 15 15 15 25 40 10 45 A
Ave SW landscaped medians, and
ADA compliant facilities
4th Ave S from S . . .
o8 B-44 168th St to S Permeable pavement, | Construct storm drainage N/A City of Burien CIP 10 20 15 15 15 o5 20 10 45 195

165th St

bioretention, Filterra

and water quality facilities

(1997-2003)
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Other Planned

Level Il Potential Retrofit Project Evaluation (Weighted Scores) b

Potential Retrofit Projects Projects ® 5% | 10% | 5% | 5% | 5% | 25% | 20% | 10% | 15% | 100% | Weighting Factors
@
g1 2|2 s | @ o
S| T | 2|5 |83 < |=-8|3=
n = o s | g |23 o Ts |20
> c = X | o S c=|<S0O
1L 2| S| 2|32|288|25|20
Retrofit < °© Ol 5|5 |25|22|85| s _
= . . . = () ie) @ o | 82| o ) A= <
S | Project Potential Retrofit Proposed Date of Planned Reference/ S & S = o (8w| & S 3 Sl g3 <
04 1D Location Opportunities Improvements Improvements Source < L — O & |Jx| E=|WO |3 = Notes
Reconstruct roadway to City of Burien TIP
4th Ave SW from | Permeable bicycle include storm drainaée curb (20.14'20.19)’ City of Site located near Burien outlet tributary and
29 B-38 SW 153rd St to lane, permeable and qutter. bicvcle Ianés 2018-2019 Burien Bicycle and 5 10 15 5 5 50 40 10 45 185 could helo imorove hvdrolo
SW 160th St pavement, Silva Cells 9 » DIcy ! Pedestrian Facilities pimp Y gy
and sidewalk
Plan (2004)
SW Suburban . .
30 | NP-1 | Sewer District Permeable pavement, | ;0 N/A Meeting with County | 5| 45 | 45 | 15 | 15 | 25 | 40 | 10 | 15 | 150
roadway bioretention staff (05.01.2014)
Treatment Plant
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
"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."

Weighted Scores calculated by multiplying unweighted scores by weighting values for each criterion for each project. See Table 3 for Level |l criteria scores and weighting values. Maximum possible score is 300.

a)
b)
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6.4  Estimate Preliminary Planning-Level BMP Construction Costs

Preliminary planning-level BMP construction costs for the top 30 projects were roughly
estimated based on lumped unit costs for bioretention, permeable pavement, and below-surface
bioretention systems (i.e., Silva Cells or equivalent). These unit costs were developed based on
review of local and regional cost information and professional judgment (Table 8).

Table 8 LID Retrofit Preliminary Planning-Level BMP Unit Costs

Planning-Level BMP
Construction Cost
Retrofit BMP Type Unit (2015 9)
. . a Square
Bioretention Foot $100.00
. b Square
Permeable Paving Foot $25.00
Below-Surface Bioretention Square
System € Foot $48.00

Notes:

a) Bioretention unit cost includes excavation, inflow and outflow conveyance piping, soil and aggregate layers,
and plantings.

b) Permeable paving unit cost includes permeable pavers, aggregate leveling course and storage layer, and
underdrain piping.

c) Below-Surface Bioretention System unit cost provided by DeepRoot Green Infrastructure LLC, manufacturer
of Silva Cells. The unit cost includes excavation and installation of Silva Cells, aggregates, bioretention soil
mix, and underdrain and overflow conveyance. The unit cost does not include the surface restoration above
the Silva Cells (i.e., sidewalk, paving, landscaping).

Mid-, low-, and high-level BMP construction cost estimates are provided in Table 9, where the

mid-level estimates represent costs calculated by multiplying the proposed BMP footprint area
by the corresponding unit costs. Low-level costs were estimated as 70% of the mid-level cost,
while high-level costs were estimated as 150% of the mid-level costs.

These preliminary planning-level construction costs were used for rough BMP cost comparison
and development of project sheets (Section 6.7) only. Other project costs that would be in
addition to installing the BMP retrofits (i.e., roadway and sidewalk repairs, park improvements,
etc.) are not included in these figures. More detailed cost estimates were developed during the
preliminary pre-engineering stage for the top-ranking projects, as discussed in Section 7. See
the preliminary pre-engineering reports (Appendix D) for those total project cost estimates.
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Table 9 Preliminary Planning-Level BMP Construction Cost Estimates

Planning-Level BMP Construction Costs

Site ID Site/Project Name Low ® Mid ® High ¢
B-29/31 | Moshier Park (430 S 156th St) ---d
B-20 6th Ave SW from SW 153rd St to SW 146th St - — -
B-27 S 152nd St from 1st Ave S to 8th Ave S $959,000 $1,369,000 $2,054,000
12th Ave SW from SW 152nd St to
B-24 SW 148th St $664,000 $948,000 $1,422,000
KC-47 King County District Court (601 SW 149th St) --- - ---
John F. Kennedy Catholic High School
2,819,000 4,026,000 6,039,000
B-50 (140 S 140th St) 2 2 2
S 160th.St from 1st Ave S.to $527,000 $752,000 41,128,000
B-39 Des Moines Memorial Drive
B-21 Burien Community Center $252,000 $360,000 $540,000
B-3 1st Ave S from SW 116th St to SW 128th $526,000 $751,000 $1,127,000
NP-2 City Hall Park (801 SW 174th St) $693,000 $989,000 $1,484,000
B-10 1st Ave S from SW 128th to SW 140th St $705,000 $1,006,340 $1,510,000
SW 146th St from 1st Ave S to 14th Ave $392,000 $560,000 $840,000
B-19 SW
SW Normandy RD west of 4th Ave S to $154,000 $220,000 $330,000
NP-10 8th Avenue SW
Highline Performing Arts Center
70,000 100,000 150,000
B-28 (401 S 152nd St) > 2 >
2nd Ave SW from SW 150th St to
1,255,000 1,792,000 2,688,000
B-26 SW 156th St S ’ ’ S ’ ’ S ’ ’
B-6 Puget Sound Park (135 SW 126th St) $387,000 $552,000 $828,0000
16th Ave SW from SW 160th to
350,000 500,000 750,000
B-41 SW 168th St 2350, >500, 2750,
SW/S 156th St/Ambaum Blvd SW from
70,000 100,000 150,000
B-32 SW 154th St to Des Moines Memorial Dr. 2 2 2
SW 152nd St from 10th Ave SW to
448,000 640,000 960,000
B-23 22nd Ave SW 2 > 2
Notes:

a) Low-level costs are 30% less than mid-level costs
b) Mid-level costs calculated based on proposed BMP footprint area or number of BMP's, depending on BMP

type.

c) High-level costs are 50% greater than mid-level costs
d) See Section 7 for total project costs developed for top-ranked projects that were carried through preliminary
pre-engineering design. The preliminary planning-level construction costs provided in Section 7 include
project elements in addition to the BMP (i.e., mobilization, temporary erosion and sedimentation control,

conveyance pipe and structures, and BMP costs) and are therefore not directly comparable to the costs in
this table.
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6.5 Calculate Pollutant Load Reductions

Water quality benefits were evaluated for the top 30 projects based on spreadsheet modeling.
Six priority pollutants of concern were assessed, including Total Copper, Fecal Coliform
Bacteria, Total Nitrogen, Total Phosphorous, Total Suspended Solids, and Total Zinc. The
evaluation followed these four steps:

Step 1. Estimate tributary drainage area to each retrofit facility.

Step 2. Model the average annual stormwater runoff volume tributary to each retrofit
using the Western Washington Hydrology Model (WWHM) long-term continuous
hydrologic model.

Step 3. Calculate existing (pre-project) average annual pollutant loadings for the six
pollutants of concern

a. Multiply the modeled pre-project average annual runoff volume (Step 2) by
pollutant Event Mean Concentration values provided by the Ecology, National
Pollutant Discharge Elimination System (NPDES) Draft Phase Il Permit Fact
Sheet 2011 (Table 10).

Step 4. Evaluate the “potential” post-project average annual pollutant loadings for each
pollutant of concern:

a. Multiply the pre-project loadings (Step 3) by the retrofit removal efficiencies
(Table 11).

b. These values represent the “potential” pollutant load reductions that could be
expected if the retrofits were sized to meet Ecology’s water quality treatment
standards (i.e., treat stormwater runoff for 91 percent of the average annual
runoff).

The calculated pollutant load reductions for the Level Il projects are provided in Table 12.
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Table 10 Event Mean Concentrations of Pollutants Discharged Via Stormwater Runoff

Land Use

Pollutant Units Residential Freeway
Copper, Total pg/L 12 35
Fecal Coliform MPN/100 mL 7,750 1,700
Nitrogen, Total mg/L 14 2
Phosphorus, Total mg/L 0.3 0.25
Suspended Solids, Total mg/L 48 99
Zinc, Total pg/L 73 200
Notes:
mg/L Milligrams per liter
pg/L Micrograms per liter
MPN Most Probable Number

Source: Draft Western Washington Phase Il Municipal Permit Fact Sheet, November 4, 2011 (Ecology 2011).

Table 11 Average Annual Pollutant Influent and Effluent Concentrations and Removal Efficiencies by Retrofit Facility Type ?

Dissolved Dissolved
Total Suspended Solids Fecal Coliforms b Total Copper Copper ¢ Total Zinc Zinc d Total Phosphorus Total Nitrogen
Retrofit In Out Removal In Out Removal In Out Removal Removal In Out Removal Removal In Out Removal In Out Removal
Facility Type | (mg/L) | (mglL) (%) (#/100 ml) | (#/100 ml) (%) (ugll) | (ugll) (%) (%) (ugll) | (uglL) (%) (%) (mg/L) | (mgll) (%) (mg/L) | (mgll) (%)
Bioretention 37.5 8.3 78% N/A N/A 0% 17 7.67 55% 30% 73.8 18.3 75% 60% 0.11 0.09 18% 1.25 0.9 28%
Below-Surface
Bioretention 37.5 8.3 78% N/A N/A 0% 17 7.67 55% 30% 73.8 18.3 75% 60% 0.11 0.09 18% 1.25 0.9 28%
System
Permeable 80%/ 40%/ . 74%/ 0% 40%/ -18%/
Pavement © 65.3 13.2 0% N/A N/A N/A 13.07 | 7.83 0% 0% 57.6 15 0% 0.15 0.09 0% 1.26 1.49 0%
Pre-
Treatment ' N/A N/A 80% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Notes:
mg/L Milligrams per liter
pa/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 International Stormwater Best Management Practice (IBMP)
Database (2012). Since BMP design and monitoring of pollutant removal rates are continually evolving, the expected pollutant removal rates provided in this table should be updated based on the best available data at the time the grant application is being
developed.
b) Fecal Coliform removal efficiencies for bioretention-type facilities were published as 0% in the Stormwater Retrofit Analysis and Recommendations for Juanita Creek Basin in the Lake Washington Watershed (Burkey et al. 2012) report, and were not available in
the IBMP Database. Therefore, a removal efficiency of 0% was used in this study for all BMPs.
c) Dissolved Copper removal efficiency values based on the enhanced treatment performance goal provided in the 2012 Stormwater Management Manual for Western Washington, Amended 2014.
d) Dissolved Zinc removal efficiency values based on the enhanced treatment performance goal provided in the 2012 Stormwater Management Manual for Western Washington, Amended 2014.
e) For permeable pavement removal efficiency values, (X%/0%), X% represents the reported pollutant removal efficiency from the IBMP Database (provided for comparison). Zero percent (0%) was used in this study based on the 2012 Stormwater Management
Manual for Western Washington, Amended 2014, which does not include permeable pavement as an approved treatment BMP for regulatory purposes unless a sand layer, designed to the sand filter specification (BMP T8.10) is included.
f)  Pre-Treatment Removal Efficiencies for an appropriately sized Vortech pre-treatment unit located upstream of an infiltrating facility were assumed to be 40% based on findings in the Ecology General Use Level Designation for Pretreatment (TSS)
for CONTECH Stormwater Solutions Inc. Vortech System.
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Table 12 Pollutant Load Reductions for Level Il Projects

Contributing Drainage Area

(square feet) *

Average Annual
Runoff Volume
from PGIS or PGPS
Surfaces
(acre-feet)

Total Average
Annual Runoff
Volume
(acre-feet)

Existing Average Annual Pollutant Load °

Potential Average Annual Pollutant Load Reduction d

Fecal Nitrogen, Fecal
Coliform Total Phosphorus, Suspended Coliform Phosphorus, Suspended
Site/Project BMP Types Land Use Total Copper, Total (MPN in (Pounds/ Total Solids, Total Zinc, Total Copper, Total (MPN in Nitrogen, Total Total Solids, Total Zinc, Total
Site ID Name Considered Type Roof Sidewzik Parking Roadws_ly Pervious PGIS Totil Impervious Pervious Iﬂeervious Pervious (Pounds/Year) mﬁuns) Year) (Pounds/Year) (Pounds/Year) (Pounds/Year) (Pounds/Year) mﬁons) (Pounds/Year) (Pounds/Year) (Pounds/Year) (Pounds/Year)
King
County
District Bioretention
Court (601 and . .
KC-47 SW 149th Permeable Residential 7,300 7,500 51,645 26,930 29,775 78,575 123,150 5.54 0.39 6.02 0.39 0.18 529,422.44 21.08 4.52 722.90 1.10 0.10 0.00 4.65 0.95 564.67 0.83
St & 14905 Pavement
6th Ave
SW)
g[\;]v'?r\:)?n Bioretention
B-20 SW 153rd Per%lqedable Residential 10,000 7,956 53,800 56,012 5,058 109,812 132,826 7.08 0.07 8.24 0.07 0.23 787,694.28 26.96 578 924.40 1.41 0.10 0.00 0.944 1.577 672.50 0.967
St to SW
146th St Pavement
g,f,hfg\:ﬁ Bioretention
B-24 SW 152nd Per%nedable Residential 0 11,662 24,683 41,702 6,007 66,385 84,054 4.28 0.08 5.03 0.08 0.14 481,162.54 16.30 3.49 558.83 0.85 0.06 0.00 -1.74 1.27 44411 0.63
Stto SW
148th St Pavement
S 152nd St Bioretention
B-27 nglslfé Persqrqlaible Residential 0 32,000 54,000 95,000 60,000 149,000 241,000 9.61 0.78 11.67 0.78 0.31 1,115,871.46 36.58 7.84 1,254.28 191 0.16 0.00 7.52 1.70 980.54 1.43
8th Ave S Pavement
Moshier Bioretention
Park , Permeable
%'gf fj;k;?gdgfj Pa"aer:gem’ Residential | 8,000 | 22,000 | 180,120 | 19,760 | 357,300 | 199,880 | 587,180 12.89 4.67 14.83 4.67 0.41 1,417,218.40 47.85 10.25 1,640.50 2.49 0.12 0.00 -5.53 2.80 1,342.81 1.29
fields, and Cartridge
S 156th St. Treatment
John F.
éigiii[iy Bioretention
B-50 High Per;ldable School 0 12,000 165,495 0 17,000 165,495 194,495 10.67 0.22 11.45 0.22 0.35 1,020,282.58 40.63 8.71 1,393.14 2.12 0.15 0.00 -3.66 3.10 1,106.18 1.57
School
(140's Pavement
140th St)
S 160th St
from 1st
Ave S to Bioretention
B-39 Des and Silva Residential 0 25,000 0 171,700 40,000 171,700 236,700 11.07 0.52 12.69 0.52 0.36 1,058,536.63 42.16 9.03 1,445.37 2.20 0.20 0.00 11.80 1.64 1,125.46 1.65
Moines Cells
Memorial
Drive
Burien Bioretention
B-21 Community Persqrqlaible iog;?#;'t 19,000 0 39,000 0 17,000 39,000 75,000 2.52 0.22 3.74 0.22 0.082 240,436.392 9.575 2.052 328.302 0.499 0.036 0.000 -0.726 0.717 260.48 0.371
Center Pavement
1st Ave S
B-3 fl'fg:hsg’\l' © E;'gf\,‘;'gg’"” Arterial 0 37,950 0 164,450 | 50,600 | 164450 | 253,000 10.61 0.66 13.05 0.66 035 1,013,840.12 40.38 8.65 1,384.34 2.11 0.19 0.00 11.31 157 1,077.94 158
SW 128th
Bioretention
City Hall permeable
NP-2 Park (801 pavement, Park 0 3,000 42,500 20,000 0 62,500 65,500 4.03 0.00 4.22 0.00 0.11 403,809.84 12.89 2.76 441.94 0.67 0.05 0.00 -1.22 0.99 418.34 0.50
SW 174th infiltration
St) gallery,
cistern
1st Ave S
from SW Bioretention
B-10 128th to - Arterial 0 41,850 0 181,350 55,800 181,350 279,000 11.70 0.73 14.39 0.73 0.38 1,118,029.22 44.53 9.54 1,526.60 2.32 0.21 0.00 12.47 1.73 1,188.72 1.75
/ Silva Cell
SW 140th
St
SW 146th
St from 1st Permeable
B-19 Ave S to Parking Residential 0 5,140 33,930 61,710 2,050 95,640 102,830 6.17 0.03 6.50 0.03 0.20 589,624.01 23.48 5.03 805.10 1.22 0.08 0.00 -4.29 2.01 642.35 0.91
14th Ave
Sw
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Average Annual
Runoff Volume Total Average
from PGIS or PGPS Annual Runoff
Contributing Drainage Area Surfaces Volume
(square feet) * (acre-feet) (acre-feet) b Existing Average Annual Pollutant Load © Potential Average Annual Pollutant Load Reduction d
Fecal Nitrogen, Fecal
Coliform Total Phosphorus, Suspended Coliform Phosphorus, Suspended
Site/Project BMP Types Land Use Total Copper, Total (MPN in (Pounds/ Total Solids, Total Zinc, Total Copper, Total (MPN in Nitrogen, Total Total Solids, Total Zinc, Total
Site ID Nﬂne Con_sidered Type Roof Sidewa_lk Parkiig Roadwex Pervious PGIS Tot&l Imperviou_s Pervious Imeervious Pervious (Pounds/Year) mﬁons) Yﬁr) (Pound_sIYear) (Pounds/Year) (Pounds/Year) (Poundﬁ/Year) wons) (Pound_sIYear) (Pounds/Year) (Pounds/Year) (PuundsIYearz
SW
Normandy
RD west of Permeable
NP-10 | 4th Ave S Sidewalk Residential 0 8,800 0 0 0 0 8,800 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
to 8th
Avenue
SwW
Highline
Performing Infiltration School
B-28 | Arts Center 15,000 0 0 0 0 0 15,000 0.00 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(401S Gallery Property
152nd St)
2nd Ave
Swirom Permeable
B-26 | SW 150th pavement | Residential 0 2,764 22,112 27,640 2,764 49,752 | 55,280 3.21 0.04 3.39 0.04 0.10 306,722.86 12.22 2.62 418.81 0.64 0.04 0.00 -2.23 1.05 334.15 0.47
Stto SW
156th St
Puget
Sound Permeable
B-6 Park (135 Parking, Park 7,200 0 24,000 26,880 23,520 50,880 | 81,600 3.28 0.31 3.75 0.31 0.11 313,677.02 12.49 2.68 428.31 0.65 0.06 0.00 2.68 0.57 334.67 0.49
SW 126th Bioretention
St)
16th Ave . .
SW from Blorztneé'ltlon
B-41 | SW 160th permeable | Residential 0 2,950 18,150 69,200 44,700 87,350 | 135,000 5.63 0.58 5.82 0.58 0.18 538,515.87 21.45 4.60 735.31 1.12 0.09 0.00 2.99 1.14 576.85 0.84
Stto SW }
168th St Parking
SWIsS
156th St/
Ambaum
Blvd SW
B-32 E"S’Zhsg’\t’ o | Bioretention | Residential 0 1,375 8,664 12,305 456 20,969 | 22,800 1.35 0.01 1.44 0.01 0.04 129,274.63 5.15 1.10 176.52 0.27 0.02 0.00 1.44 0.20 137.45 0.20
Des
Moines
Memorial
Drive
SW 152nd
St from Bioretention
B-23 é‘\)/\‘,hmA"e Per;r:aim o | Residential 0 9,774 29,324 53,757 4,695 83,081 | 97,550 5.36 0.06 5.99 0.06 0.17 512,197.33 20.40 4.37 699.38 1.06 0.08 0.00 -1.84 1.56 555.32 0.79
22nd Ave Parking
sw
Abbreviations
BMP Stormwater Best Management Practice
mg Milligrams per liter
MPN Most Probable Number
ug Micrograms per liter
Notes:
a) Drainage area estimated based on field observations and GIS analysis.
b) Average Annual Runoff Volume modeled using MGSFlood long-term continuous modeling software. Runoff volumes were first calculated for a unit acre of impervious area and a unit acre of pervious area (modeled as till grass).
The unit area runoff volumes for impervious and pervious cover were multiplied by the respective site areas and summed together to develop the total average annual runoff volume.
¢ ) Average annual pollutant load calculated based on event mean concentration (EMC) for all impervious areas (from the Draft Western Washington Phase Il Municipal Stormwater Permit Fact Sheet, November 4, 2011).
d) Pollutant load reductions calculated based on average pollutant load and facility removal percentages. All facilities were assumed to treat 91% of the average runoff volume, therefore load reductions are: 91% x Average Pollutant Load x Facility Pollutant Removal %.
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6.6 Model Hydrologic Creek Benefits

Modeling of hydrologic benefits to Miller and Walker creeks was conducted using the calibrated
HSPF model of the basin, as documented in the Miller/Walker Stormwater Retrofit Analysis,
Hydrologic Performance of Top 30 Projects (MGS 2015b) report included in Appendix G. Two
scenarios were modeled, including existing conditions and existing conditions with the top 30
retrofit projects installed. The modeled subbasin runoff time series were used to estimate the
spatial distribution of peak flows with 2-year recurrence intervals and two hydrologic metrics
(high pulse count and high pulse rank) that were used to estimate BIBI scores (upper 90%
confidence bound). These statistics for the two modeled scenarios were compared to assess
the potential hydrologic benefits to the creeks that could be expected as a result of the
installation of the 30-top ranked retrofits projects.

The model results predict small increases (improvement) in BIBI scores, with an average
increase of 2% across the study area. Subbasin M10 has the largest predicted improvement,
with scores increasing from 17.3 to 19.2 (approximately 11%) out of a potential score of 50.
These small predicted increases in BIBI scores are not surprising due to the relatively small
amount of impervious area managed by the top 30 projects (approximately 0.250 square miles)
as compared to the amount of impervious area in the basin (greater than 3.5 square miles)
(Section 2.2). Section 9 discusses BIBI scores as a function of impervious area routed to
retrofits and provides recommendations regarding retrofits, and other planning measures that
can be done to improve creek health.

The modeled peak flow reduction rates were somewhat more responsive to the retrofit projects
than the high pulse metrics and resulting BIBI scores, with an average modeled reduction in the
2-year recurrence interval flow rate of approximately 5%. The largest reductions predicted for
Subbasins M10 and M11 of 27% and 10%, respectively.

6.7 Develop Project Sheets

Project sheets were developed to provide a succinct, graphical depiction of selected retrofit
projects to help facilitate communication among the Basin Partners and with the public
regarding planned retrofit concepts, costs, and benefits. The project sheets include vicinity
maps, photographs of existing conditions and proposed BMP concepts, bulleted text outlining
the site opportunities and constraints, BMP cost information, and expected pollutant load
reduction.

Project sheets were started for 20 projects, but one project was dropped and two projects were
consolidated into one, resulting in a total of 18 completed sheets. The Highline Performing Art
Center Project (Project B-28) was dropped because the Highline School District indicated that
they are no longer pursuing their previously planned school improvements due to lack of funding
and changed District priorities. Thus, the City of Burien project sponsor decided that a retrofit
project would not be cost-effective on this site. Further, the City of Burien Moshier Park Projects
(B-29 and B-31) were consolidated into one project sheet, per City direction based on their
plans for executing those projects.

Figure 14 shows an example project sheet of the City of Burien Moshier Park project. The full
set of 18 project sheets is included in Appendix C.
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Figure 14 Example Project Sheet
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7.0 Conduct Preliminary Pre-Engineering

In this stage, the top six projects from the Level Il Analysis were advanced to preliminary pre-
engineering design. This included conducting field hydrogeologic evaluations to assess site sail
and groundwater conditions, review relevant record drawings and design information, and
review future planned improvements that would be coordinated with the proposed retrofits.
BMPs were sized using MGS Flood model and the preliminary planning-level cost estimates
from the previous step (Section 6) were refined based on the information reviewed.

While six projects were initially advanced to this stage, two of the projects were eliminated due
to the soil and groundwater conditions observed by the project Hydrogeologist, and utility
conflicts identified by the One-Call utility locate service. Table 13 provides a summary of the
concepts developed for the four projects (B-29, B-31, B-20, and KC-47) that were carried
through the design process and the two projects (B-24 and B-27 [highlighted in orange]) that
were eliminated.

Table 13 Projects Selected for Conceptual Design

Site
ID | Location Description
This project will install infiltration galleries with hydrodynamic
separators for pre-treatment beneath the northwestern and the
Moshier Park southern ball fields to provide flow control for stormwater runoff from
B-29 Ball Fields the fields, as well as off-site runoff from the adjacent impervious
driveway/ turnaround area west of the northwest field and from a
(430 S 156th St) portion of S 156th Street south of the southern field. Runoff from
these contributing areas currently discharges untreated and
undetained to Miller Creek.
This project will install retrofits in the parking lot that serves the ball
fields, Community Art Center, and Highline High School. Parking lot
Moshier Park retrofits will include bioretention between and at the end of parking
Community Art aisles, permeable pavelment drive_lanes and parking stglls, ancj
B-31 Center permeable pavement sidewalks with a below-surface bioretention
system and newly planted trees. Parcel-based retrofits include
(430 S 156th St) permeable pavement sidewalks, parking stalls, bioretention, and a
rainwater cistern. Runoff from the parking lot and parcel areas
currently discharges undetained and untreated to Miller Creek.
This project will install bioretention and permeable sidewalks and
parking lanes to provide enhanced water quality treatment and flow
6th Ave SW between | control for stormwater runoff from contributing roadway areas. Runoff
B-20 | SW 153rd St and from this site currently discharges untreated to the Ambaum Regional
SW 146th St Detention Facility, which has inadequate capacity to manage its
contributing drainage area. The Ambaum Regional Detention Facility
ultimately discharges to Miller Creek.
This project will modify an existing detention pond to accommodate
additional stormwater runoff diverted from SW 148" Street and
King County District | incorporate bioretention into the facility to provide enhanced water
Courthouse quality treatment for the on- and off-site tributary drainage areas. The
KC-47 project will also replace the existing impervious police parking lot
(601 SW 149th St & (south of the King County District Courthouse) with permeable
14905 6th Ave SW) | pavement to provide flow control. Both sites currently discharge with
minimal treatment to Miller Creek via the Ambaum Regional Detention
Facility.
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Site
ID | Location Description

This project would install bioretention and permeable sidewalks,
bicycle lanes, and parking lanes to provide enhanced water quality

$ 152nd Street treatment and flow control for the stormwater runoff from the site.
B-27 | from 1st Ave S Runoff from this area currently discharges undetained and untreated
to 8th Ave S to Miller Creek. Note: This project was not carried through preliminary

pre-engineering design due to observed soil and ground water
conditions and utility conflicts that limit infiltration opportunities on-site.

This project would install bioretention and permeable sidewalks,
bicycle lanes, and parking lanes to provide enhanced water quality

12th Ave SW treatment and flow control for the stormwater runoff from the site.
B-24 | from SW 152nd St Runoff from this area currently discharges undetained and untreated
to SW 148th St to Miller Creek. Note: This project was not carried through the

preliminary pre-engineering design process due to observed soil and
ground water conditions that limit infiltration opportunities on-site.

The steps completed for preliminary pre-engineering design include:
o Evaluate site-specific soil and groundwater conditions;
e Review relevant available plans, reports and record drawings;
e Develop preliminary pre-engineering design plans;
¢ Refine cost estimates; and

e Prepare preliminary pre-engineering design reports.
Each step is described in more detail below.

7.1 Evaluate Site-Specific Soil and Groundwater Conditions

Site-specific soil and groundwater conditions for each of the top six projects were evaluated
based on subsurface soil explorations and grain size analysis of soil samples collected on
October 24, 2014, and December 2, 2014 (Martin 2014a and Martin 2014b). These
explorations and tests provided a basis for field evaluating shallow and deep infiltration
feasibility and providing recommended long-term design native soil infiltration rates for
preliminary pre-engineering design purposes.

A total of 10 subsurface soil explorations were conducted at the six top sites using vactor
excavation equipment along with a high-pressure water jet used to loosen the soil. A hand
auger was used ahead of the vactor excavation to collect soil samples and record groundwater
conditions at approximate 2-foot intervals down to approximately 10 feet below the ground
surface, except where subsurface conditions prevented the soil exploration from going to full
depth.

Detailed discussion of the methods and results of this analysis is provided in the City of Burien
Preliminary Infiltration Feasibility Technical Memorandum (Martin 2014a) and Preliminary
Infiltration Feasibility, Miller Walker Retrofit Project Technical Memorandum (Martin 2014b)
(both provided in Appendix H). Table 14 provides a summary of the recommended long-term
design native soil infiltration rates used to size the LID BMPs, based on this work.
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Table 14 Planning-Level Long-Term Design Infiltration Rates

Planning-Level Long-Term Design
Infiltration Rates (inch/hour)

Shallow Deep
Site ID | Location (<10 feet deep) (2 10 feet deep)
B-29 Moshier Park Ball Fields (430 S 156th St) 2 N.S.
Moshier Park Community Art Center
B-31 6 N.S.
(430 S 156th St)
B-20 6th Ave SW between SW 153rd St and 6 6

SW 146th St

King County District Court
KC-47 6 6
(601 SW 149th St & 14905 6th Ave SW)

12th Ave SW from SW 152nd St to SW

B-24 148th St N.S. 6
B-27 S 152nd St from 1st Ave S to 8th Ave S 2° N.S.
Notes:

N.S. Not suitable for the specified type of infiltration (i.e. shallow or deep).
a) The east end of Site B-27 is not suitable for shallow infiltration due to observed high water table and
presence of peat. The value provided is representative of portions of the site where high groundwater and
peat soils would not be present, the extent of which will be delineated during design.

7.2 Review Available Plans, Reports, and Record Drawings

Available plans, reports, and record drawings were reviewed to identify opportunities to
coordinate retrofit designs with other existing or planned features, as well as identify potential
design constraints.

The following available information was reviewed for the King County District Court Site (KC-47)
and 6th Avenue SW between SW 146th Street Site and SW 153rd Street (B-20).

¢ King County District Courthouse Storm Drainage Plans (Record Drawings dated July 19,
1979)

o City of Burien SW 148th Street Intersection Improvements, 6th Ave SW to 4th Ave SW,
90% Plans (printed December 12, 2014)

¢ Town Center Apartments Drainage Report, 6th Ave SW and SW 15th St, Burien, WA
98166 (Parcel Number 192304-9359), August 2014

e Ambaum Pond Regional Pond Expansion Site Plan, Profile and Details (Bid Documents,
signed February 7, 2006)

Information available for the Moshier Park Ball Field & Community Art Center (B-29 & B-31),
12th Avenue SE from SW 152nd Street to SW 148th Street (B-24), and S 152nd Street from 1st
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Avenue to 8th Avenue (B-27) was more limited, including only the planning documents (Section
3.1.1) and GIS Information (Section 3.1.2) discussed above. However, extensive coordination
with City of Burien Parks staff was conducted to refine the Moshier Park retrofit concepts and
with King County Facilities Management Division’s Water Quality Compliance Manager to refine
the King County District Courthouse concept.

7.3  Develop Preliminary Pre-Engineering Designs

Preliminary pre-engineering designs were completed for each of the four projects included as
appendices to the preliminary pre-engineering design Reports in Appendix D. The plans include
site layouts showing retrofit facility types and locations, stormwater conveyance facilities, inflow
locations, underdrains, overflow facilities, and conceptual planting plans.

To support planting design, Hough Beck and Baird (HBB) Landscape Architecture, Inc.
developed a microclimate matrix that keys the selected projects to three typical planting palettes
based on site conditions (Figure 15). The planting palettes vary by plants that thrive in full sun,
partial sun, or full shade. The planting palettes further separate plant species into three different
bioretention zones:

e Zone 1 plants are designated for bioretention bottom areas, which experience frequent
inundation.

e Zone 2 plants are designated for bioretention slopes, which experience periodically
saturated soils.

e Zone 3 plants are designated for bioretention upland areas with relatively dry soils.
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Figure 15 Plant Palette Matrix
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7.4 Refine Cost Estimates

The preliminary planning-level construction cost estimates (Section 6) were refined based on
the concept designs developed in this step. Project bid tabs from recent stormwater and
transportation projects were used to refine unit costs. Project construction costs, including cost
of materials, delivery, installation, preliminary engineering, and construction engineering support
services, are provided in the preliminary pre-engineering design reports, described below in
Section 7.5.

7.5 Prepare Preliminary Pre-Engineering Design Reports

Preliminary pre-engineering design reports were developed to assist the Basin Partners in
obtaining grant funding for the highest priority projects. The report templates were based on the
Washington State Department of Ecology’s Fiscal Year 2016 Stormwater Grant Programs
Funding Guidelines (Ecology 2014). Appendix D provides copies of the reports, which include
site characterization, retrofit project descriptions, drainage area delineation, conceptual retrofit
layouts, facility sizes, quantitative water quality benefits and itemized costs estimates.

Two of the top projects, Moshier Park Ball Fields (B-29) and Moshier Park Community Art
Center (B-31), have received grant funding from the Washington State Department of Ecology
Stormwater Financial Assistance Program, Fiscal Year 2016 and are scheduled to begin final
construction design in 2015.

8.0 Public Outreach and Involvement

The public outreach and involvement process for the project was designed to:
e Raise awareness of the study;

e Gather feedback to incorporate in the opportunities and constraints mapping, retrofit
analysis framework, project identification, and concept designs; and

e Share updates as the study developed.

The following sections summarize the mailers, community meeting series, and key questions
and common themes that were raised throughout the public outreach process.

8.1 Meetings

Three mailers were developed and distributed to the local community — one 11" x 17" double-
sided newsletter, one 8.5” x 11" flyer and one postcard. The mailers invited community
members to attend upcoming meetings and provided updates on the status of the study
(Appendix I).

The largest mailer was sent out to over 8,000 residents and businesses in the Miller-Walker
basin prior to the first set of public meetings. The postcard mailer was sent to approximately
7,000 businesses and residents prior to the third set of public meetings. Public meetings were
also announced to the community via the Miller-Walker Stewardship web pages, Basin Partner
newsletters, flyers at Burien and Normandy Park city halls, an article in the local Highline Times
newspaper, the B-town Blog, Normandy Park Blog, and West Seattle Blog, the City of
Normandy Park Facebook page, and email to over 180 citizens and volunteers who had
previously signed up for emails from the Miller-Walker Basin Steward.
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8.2 Community Meeting Series

Three rounds of public meetings were held in both communities (six meetings total) to provide
an update on the study and opportunities for community input. Meeting attendees could learn
about the project, ask questions of the project team, and provide feedback in-person or via
comment cards. The meeting series accomplished the following:

e Meeting Series #1 - May 5, 2014 (Normandy Park) and May 29, 2014 (Burien) -
lllustrated examples of stormwater projects that may be appropriate for the basin and
shared preliminary stormwater retrofit site analysis progress.

e Meeting Series #2 - July 22, 2014 (Normandy Park) and August 8, 2014 (Burien) -

Shared potential stormwater retrofit sites and described how sites will be evaluated and

prioritized to identify those with the most potential.

e Meeting Series #3 - October 27, 2014 (Normandy Park) and November 4, 2014 (Burien)
- Described how the stormwater retrofit sites were narrowed to the top six and why they

were selected. Answered questions about the selected sites.

8.3 Key Questions/Common Themes

Although questions and comments from community members varied, several common themes
emerged, as summarized below:

¢ Many community members support stormwater retrofit projects.

e Concern about historical local flooding issues, and ability of retrofit projects to help
resolve those issues.

e Suggestions regarding site identification, prioritization, and selection.

¢ Questions about coordination between jurisdictions and agencies to implement and
maintain the retrofit projects.

e Interest in opportunities for stormwater management on private property.

e Understanding that other measures will be needed, in addition to stormwater retrofits, to

achieve ultimate creek water quality and habitat improvement goals.

Following each meeting, questions and responses were posted on the County’s website for
participants to review (http://www.kingcounty.gov/environment/watersheds/central-puget-
sound/miller-walker-creeks/stormwater.aspx). This web site will remain active, and will also
provide links to all project deliverables, including this report

9.0 Implementation

This section discusses planning tools developed through this study that can be used for future
retrofit planning efforts and recommendations for implementing this plan in the Miller-Walker
basin.

9.1 Recommendations

Recommendations for implementing stormwater retrofits are organized into near-, mid-, and
long-term action items, with recommended responsible agency or agencies indicated for each.
Following these are recommendations for comprehensive planning coordination, linking the
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proposed retrofit program with other Basin Partner plans and programs to promote a robust,
basin-wide approach to maximize creek water quality and habitat improvements.

9.1.1 Near-term Retrofit Project Implementation (Fiscal Years 2016 and 2017)

Four near-term recommendations for retrofit project implementation, with the recommended
responsible agency or agencies indicated in parenthesis ahead of each recommendation:

o N-1-Prepare Inter-Agency Coordination Agreements (City of Burien) - Develop
any necessary inter-agency agreements between the City of Burien Public Works
department, City of Burien Parks, Recreation, and Cultural Services department, City of
Burien Roads department, the Highline School District, and any other agencies as
needed to facilitate successful coordination of the Moshier Park Stormwater Retrofit
projects (B-29 & B-31).

e N-2 - Design and Construct Projects (City of Burien) - Complete final design and
construction of the Moshier Park Stormwater Retrofit projects;

e N-3 - Prepare Grant Applications (King County and City of Burien) — Prepare grant
applications for Ecology’s Stormwater Financial Assistance Program for the King County
District Court (KC-47) and 6™ Avenue SW between SW 153" Street and SW 146™ Street
(B-20) projects. See Appendix D for a copy of those reports.

e N-4 —Develop Operation & Maintenance (O&M) Program —

o Coordinated Basin Partner Program (All Basin Partners) - The Basin Partners,
also potentially including the Port of Seattle and WSDOT, could coordinate
development of a basin-wide strategy for long-term O&M of stormwater retrofit
facilities, including development of an O&M manual, training for maintenance
staff, coordination of volunteer stewardship programs to supplement
maintenance activities, and development of long-term O&M funding strategies,
as an example.

o Site Specific Plan (City of Burien) - Develop a site-specific long-term O&M plan
for the Moshier Park LID Retrofit projects and appropriate necessary budget for
those activities. The plan should be based on the Western Washington LID
Operations and Maintenance Guidance Document (Ecology 2013), or a City-
approved equivalent.

9.1.2 Mid-term Retrofit Project Implementation (Fiscal Years 2018 to 2025)

Five mid-term recommendations for retrofit project implementation are provided below. These
recommendations pertain to all Basin Partners:

e M-1 - Verify/Update Project Prioritization - Verify prioritization of the remaining top 15
projects (Appendices A and C) based on review of latest available record drawings,
conditions, and approved plans and update as needed;

e M-2 - Develop Projects - Complete preliminary planning-level engineering plans and
reports for the confirmed priority projects;

e M-3 - Secure Funding - Submit grant applications or secure other funding for final
design and construction;

e M-4 - Design and Construct Projects - Complete final design and construction for
funded projects; and
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e M-5-Implement O&M Program - Plan for long-term operation and maintenance of all
constructed projects, as described above (Recommendation N-4, Section 9.1.1).

9.1.3 Long-term Retrofit Project Implementation (Fiscal Years 2018 and Beyond)

Two long-term recommendations for retrofit project implementation, pertaining to all Basin
Partners, include:

e L-1-Update Plan — Update this Implementation Plan as needed or as appropriate,
based on future changes in MS4 permit requirements, future Basin Partner
comprehensive plan updates, changes in creek conditions, or other changes that could
warrant update or revision of this plan.

e L-2-Continue Prioritizing and Executing Retrofit Projects — Using the steps
outlined in this Implementation Plan and the tools described below (Section 9.2),
continue to identify the most cost-effective project sites in the basin, secure retrofit
project funding for high priority projects, design and install the retrofits, and provide for
long-term O&M of installed facilities. See the discussion below in this section regarding
long-term cumulative effects of LID retrofits on expected BIBI scores and coho pre-
spawn mortality.

Note that the timeframe for these long-term recommendations overlaps with the time frame for
the mid-term recommendations (Section 9.1.2) to account for important events that could
happen in the next couple of years that may trigger these longer-term actions. Such events
could include the 2018 update of the NPDES permit, which may have new requirements that
affect basin retrofitting, and potential updates to Basin Partner comprehensive plans or other
infrastructure plans that could change the priority of the projects recommended herein.

Over the long-term, as more and more retrofit projects are installed and properly maintained,
flow and water quality benefits would accrue and habitat conditions in the creek would improve
(all other factors being equal). It is important to note, however, that retrofits alone are not
expected to fully mitigate the impacts of urban development.

As illustrated in Figure 16, if 100% of the basin impervious area were mitigated with retrofits, the
modeled BIBI score would still fall below 46, which is the threshold for “Excellent” based on
forested conditions (Horner 2013, MGS 2015b).
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Figure 16 Modeled BIBI Scores and Fraction of Basin Retrofitted

As demonstrated by this plot, rapid increase in BIBI scores may be expected only after
approximately 70% of the basin is retrofitted or redeveloped. It is expected that coho pre-spawn
mortality rates may begin to decrease from their current rates or 57%-95% as the water quality
of the streams is improved, but the threshold for change is not known. Because retrofitting 70%
of the basin may be cost-prohibitive, and redevelopment generally proceeds at a rate of only 1%
per year (Burkey 2014), a comprehensive approach to planning coordination is needed to
significantly improve creek habitat conditions, as discussed further below.

9.1.4 Comprehensive Planning Coordination

A comprehensive planning approach is needed to achieve the Basin Partners’ objective of
improving water quality and habitat conditions in Miller-Walker Creek. While development of a
comprehensive plan is beyond the scope of this work, example recommendations that could be
considered in developing such a plan are as follows:

o EXC-1- Develop Stormwater/LID Incentives Program — Incentives programs can
take a variety of possible forms. One approach would be to develop incentives for on-
site stormwater management on private residential properties, similar to Seattle’s
RainWise program (https://rainwise.seattle.gov/city/seattle/overview). This type of
program could also be extended to commercial property owners, such as in downtown
Burien, where a concentration of impervious surfaces create high unit area discharge
rates (Figure 7).

o Ex C-2 —Install Regional Stormwater Facilities — Regional stormwater facilities can
be used to help meet creek protection goals and cost-effectively support redevelopment
and neighborhood revitalization. The City of Redmond provides numerous examples of
regional stormwater facility planning and implementation that could be referenced
(http://Iwww.redmond.gov/Environment/StormwaterUtility/Regional Facilities/).

e EXC-3-Proactively Update Codes, Standards, and LID Toolkit — The updated
NPDES MS4 stormwater permit requires that municipal codes, standards, and other
enforceable documents be reviewed and updated as needed to make LID the preferred
and commonly used approach to new and redevelopment. The updates must be in
effect by the end of 2016 for the Cities (Phase 2 permittees) and by the end of 2015 for
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9.2

the County (Phase 1 permittee). The Basin Partners could coordinate efforts to update
codes and standards and develop a comprehensive toolkit to help maximize LID
implementation across the basin. Tools could include, for example, LID design
standards, standard details, specifications, O&M guidelines (See Recommendation N-4,
Section 9.1.1), training programs for municipal staff and professional designers, and
checklists for permit submittal and construction inspection.

EX C-4 — Continue Leveraging Basin Stewardship Activities — The Basin Partners
currently sponsor a Miller-Walker Creek Stewardship Program
(http://www.kingcounty.gov/environment/watersheds/central-puget-sound/miller-walker-
creeks.aspx). This program conducts volunteer-based adult salmon monitoring, helps
residents plant trees and control invasive weeds, and promotes natural yard care and
use of native plants on creek side properties, among other activities. The program has
broad community support and an established network of volunteers, and could be
leveraged to provide additional benefits to the watershed. Possible additional activities
could include, for example, training homeowners that participate in incentives programs
(EX C-1) on proper care and maintenance of the retrofit facilities on their properties,
assisting Basin Partners with long-term O&M of public retrofit facilities, and organizing
community events to tour stormwater facilities in the basin and promote public
understanding of the connection between stormwater management and healthy creeks.

Tools

The following tools were developed through this study and are available to help cost-effectively
update this plan as needed in the future and/or provide a guide for developing retrofit plans in
other basins:

Retrofit Analysis Framework — Spreadsheets included in the electronic submittal of
this report and example application of the framework documented in this Implementation
Plan report.

Infiltration Feasibility Assessment - Shallow and deep infiltration feasibility maps were
developed for the study area (Figures 5 and 6, respectively). These can be used to
identify other infiltration-based project opportunities in any of the six Basin Partner
jurisdictions within the study area.

Calibrated Hydrologic Model — The calibrated Miller-Walker Creek basin HSPF model
used in this study (MGS Engineers 2013) can be updated and re-run to support future
planning studies and analyses.

Project Sheets — Project sheets were prepared for the top 18 projects (Appendix C).
These document concepts that can be advanced through the same or similar framework
described herein to develop retrofit designs.

Pre-Design Plans and Reports — A total of three preliminary pre-engineering design
plans and reports were prepared for the top four retrofit projects (B-29 and B-31 were
consolidated). While B-29 and B-30 received the full amount of grant funding requested
for Fiscal Year 2015, Burien and King County still need to identify matching funds and
apply for design and construction funds for the King County District Court (KC-47) and
6th Avenue SW between SW 153rd Street and SW 146th Street (B-20) projects.

Public Outreach Materials — The mailers, community meeting presentation materials,
and follow-up posting of used throughout the Miller-Walker Basin Stormwater Retrofit
Planning Study can serve as templates for similar projects in the future.
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All of these tools can be found by contacting the Miller-Walker Basin Steward, or at the Miller-
Walker Stewardship website under the “Clean Stormwater” tab:
http://www.kingcounty.gov/environment/watersheds/central-puget-sound/miller-walker-
creeks/stormwater.aspx.

10.0 Summary and Conclusions

The objective of this study was to identify and prioritize the most cost-effective retrofit projects
within the Miller-Walker basin to improve water quality and habitat conditions in the creek, while
also providing neighborhood enhancements, such as reduced localized flooding, increased tree
coverage, and pedestrian and bicycle safety improvements.

A retrofit framework was developed in coordination with the Basin Partners and with input from
the public. This framework was used to identify and evaluate 84 potential retrofit opportunity
areas. After two rounds of concept development, evaluation, ranking, and prioritization, 30
potential LID projects were identified as relatively high priority retrofit projects. To a large
extent, these projects were aligned with already planned park, pedestrian, and bicycle
improvements. This alignment helps leverage the planned infrastructure improvements to cost-
effectively incorporate stormwater retrofits while minimizing total construction impacts to
neighbors and the environment. This approach also helps provide for long-term operation and
maintenance, due to retrofits being integrated with other prioritized infrastructure improvements.

While stormwater retrofits alone are not expected to fully restore creek habitat to “Excellent”
conditions, recommendations are provided in this Implementation Plan for coordinating related
stormwater plans and programs among the Basin Partners and dovetailing those with the on-
going retrofits to comprehensively provide for maximum creek water quality and habitat
improvement.

11.0 References

Aspect 2014. Infiltration Feasibility Assessment for Miller-Walker Basin Stormwater Retrofit
Planning. Prepared by Aspect Consulting, LLC (Aspect). July 17 2014.

Burkey et al. 2012. Stormwater Retrofit Analysis and Recommendations for Juanita Creek
Basin in the Lake Washington Watershed, King County. Prepared by Jeff Burkey, Mark
Wilgus P.E., and Hans Berge. King County Department of Natural Resources and Parks.
Water and Land Resources Division. August 2012.

Burkey 2014. Analysis of Stormwater Mitigation Projected to be Constructed by 2040 as Part of
New and Redevelopment in WRIA 9. Prepared by Jeff Burkey, King County Department of
Natural Resources and Parks. Water and Land Resources Division. December 2014.

CH2MHILL 2008. City of Burien Low Impact Development Implementation Framework,
prepared by CH2MHILL for the City of Burien. April 2008.

Ecology 2011. Draft Western Washington Phase Il Municipal Permit Fact Sheet. Prepared by
Washington State Department of Ecology (Ecology) Water Quality Program. November 4,
2011.

Ecology 2013. Western Washington Low Impact Development (LID) Operation and
Maintenance (O&M) Guidance Document. Prepared by Herrera Environmental Consultants,
Inc. and Washington Stormwater Center for the Washington State Department of Ecology.
May 31, 2013.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan 85
King County Water and Land Resources Division



Ecology 2014. Funding Guidelines for State Fiscal Year 2016, Water Quality Financial
Assistance. Prepared by The Washington State Department of Ecology Water Quality
Program. August 2014.

Ferguson et al. 2014. Miller/Walker Creek Monitoring Activities for 2013. Prepared by Eric
Ferguson, Daniel Smith, David Funke and Dean Wilson. King County Water and Land
Resources Division memorandum. April 9, 2014.
http://your.kingcounty.gov/dnrp/library/water-and-land/watersheds/central-puget-
sound/miller-walker-creeks/Monitoring/MonitoringMemo-MW_2014.pdf

HDR 2014a. Quality Assurance Project Plan for Miller-Walker Basin Stormwater Retrofit
Planning, Grant Number G1400020. Prepared by Water and Land Resources Division of
King County Department of Natural Resources and Parks for the Washington State
Department of Ecology. August 2014.

HDR 2014b. Quality Assurance Project Plan, Addendum for Miller-Walker Basin Stormwater
Retrofit Planning, Grant Number G1400020. Prepared by Water and Land Resources
Division of King County Department of Natural Resources and Parks for the Washington
State Department of Ecology. January 2014.

Horner 2013. Development of a Stormwater Retrofit Plan for Water Resources Inventory Area
9: Flow and Water Quality Indicators and Targets. Prepared for King County Department of
Natural Resources and Parks be Richard Horner. March 2013.

King County 2015. Website http://www.kingcounty.gov/environment/wlir/about/mission.aspx,
accessed on February 1, 2015.

King County 2014. Salmon Monitoring Program: Community Salmon Investigation (CSI) for
Highline. Website: http://www.kingcounty.gov/environment/watersheds/central-puget-
sound/miller-walker-creeks/salmon-monitoring.aspx. Updated October 2014.

Martin 2014a. City of Burien Preliminary Infiltration Feasibility Technical Memorandum.
Prepared by Richard Martin Groundwater LLC. November 3, 2014.

Martin 2014b. Preliminary Infiltration Feasibility, Miller Walker Retrofit Project Technical
Memorandum. Prepared by Richard Martin Groundwater LLC. December, 2014.

MGS 2009. Hydrologic Analysis of Miller and Walker Creek Watersheds to Identify Watershed-
Specific Stormwater Treatment Standards, Prepared by MGS Engineering Consultants, Inc
for the Washington State Department of Transportation. February 12, 2009.

MGS 2013. Hydrologic and BIBI Analysis of the Miller and Walker Creek Watersheds.
Prepared for the Washington State Department of Transportation by MGS Engineering
Consultants Inc. October 9, 2013.

MGS 2014. Assessment of Current Runoff Rates and Retrofits Needed to Meeting Specific
Targets in the Miller and Walker Creek Watersheds Technical Memorandum. Prepared by
MGS Engineering Consultants Inc. July 17, 2014.

MGS 2015a. Personal correspondence via email with Bruce Barker of MGS Engineering
Consultants, Inc. and John Erickson Water Resources Engineer at HDR January 15, 2015.

MGS 2015b. Miller/Walker Stormwater Retrofit Analysis, Hydrologic Performance of Top 30
Projects. Prepared by MGS Engineering Consultants, Inc. March 2015.

Executive Committee 2006. Miller and Walker Creeks Basin Plan: Executive Proposed-
February 2006, prepared by the Resource Group Consultants Inc. King County Water and
Land Resources Division.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan 86
King County Water and Land Resources Division



WERF et al. 2012. International Stormwater Best Management Practice Database (ISBMPD)
Pollutant Category Summary Statistical Addendum, July 2012, sponsored by Water
Environment Research Foundation (WERF), the American Society of Civil Engineers
(ASCE) / Environmental and Water Resources Institute (EWRI), the American Public Works
Association (APWA), the Federal Highway Administration (FHWA), and U.S. Environmental
Protection Agency (EPA). 2012.

WSUPREC et al. 2012. Low Impact Development Technical Guidance Manual for Puget Sound
(LID Technical Guidance Manual). Prepared by Washington State University Puyallup
Research and Extension Center (WSUPREC) and Puget Sound Partnership. December
2012.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan 87
King County Water and Land Resources Division



This page intentionally left blank.

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division

88



Appendix A
Retrofit Planning Framework

Included in Electronic Submittal Only
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Appendix B
Infiltration Feasibility Assessment

Included in Electronic Submittal Only
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Appendix C
Projects Sheets
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Project Summary

PROJECT STUDY AREA: BURIEN SITE #10

1ST AVE S FROM SW 128TH TO SW 140TH ST

SHEET 1OF 2

Typology

Site Typology: Flat and Moderate Sloped Roadway
Receiving Water: Miller Creek
Site Priority Rank: #12

Description

This project would construct subsurface bioretention cells and permeable sidewalks to provide
enhanced water quality treatment and flow control for the stormwater runoff from Ist Avenue S.
The LID improvements could be incorporated into the City's plans to reconstruct the roadway to
principal arterial standards and convert overhead utilities to underground. Runoff from this site
currently discharges untreated to Miller Creek.

Opportunities

* Provide enhanced water quality and flow control for the site
* Provide a visible project with good educational benefits

* Good deep infiltration feasibility

* Leverage the City's roadway and utility improvement plans

Constraints

* Poor shallow infiltration feasibility
* Many driveways that will need to be incorporated into the design
* Many utilities that will need to be incorporated into the design

Planning-Level Construction Cost Range

Low end: $705,000
Middle: $1,006,340
High end: $1,510,000

Drainage Area (SF)

Roof: 0
Sidewalk: 41,850
Parking: O

Roadway: 181,350
Pervious: 55,800
Total: 279,000

Runoff and Pollutant Load Reduction

Avg. Annual Vol. Infiltrated (ac-ft/yr): 15.12
Copper (Lbs/yr): 0.21

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): 12.47

Phosphorus (Lbs/yr): 1.73

Suspended Solids (Lbs/yr): 1,188.72

Zinc (Lbs/yr): 1.75

&

N
Proposed Condition
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PROJECT STUDY AREA: BURIEN SITE #10
1ST AVE S FROM SW 128TH TO SW 140TH ST

SHEET 2 OF 2
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PROJECT STUDY AREA: BURIEN SITE #19
SW146TH ST FROM AMBAUM BLVD SW

TO1ST AVES

Proposed Condition

Project Location

SHEET 10OF 2
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Project Summary

PROJECT STUDY AREA: BURIEN SITE #19
SW146TH ST FROM AMBAUM BLVD SW

TO1ST AVES

SHEET 2 OF 2

Typology

Site Typology: Flat Roadway
Receiving Water: Miller Creek
Site Priority Rank: #13

Description

currently discharges untreated to Miller Creek.

&

This project would construct permeable parking strips and bike lanes to provide flow control for
the stormwater runoff from the site. The LID improvements could be incorporated into the City’s
improvement plans to construct sidewalks and bike lanes on the street. Runoff from this site

Opportunities

* Provide flow control for the site

* Good deep infiltration feasibility

* Leverage the City's park improvement plans
Constraints

* Poor shallow infiltration feasibility

* Provide a visible project with good educational benefits

Planning-Level Construction Cost Range

Low end: $392,000
Middle: $560,000
High end: $840,000

Drainage Area (SF)

Roof: 0
Sidewalk: 5,140
Parking: 33,930
Roadway: 61,710
Pervious: 2,050
Total: 102,830

Runoff and Pollutant Load Reduction

Avg. Annual Vol. Infiltrated (ac-ft/yr): 6.53
Copper (Lbs/yr): 0.08

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): -4.29

Phosphorus (Lbs/yr): 2.01

Suspended Solids (Lbs/yr): 642.35

Zinc (Lbs/yr): 0.91

Project Location

Existing Condition
N

Typical BMP Concept - Permeable Parking
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PROJECT STUDY AREA: BURIEN SITE #20
6TH AVE SW FROM SW 146 TH ST TO SW 153RD ST

SHEET 10OF 2

Proposed Condition
N
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Project Summary

Typology

LID Typology: Bioretention and Permeable Pavement
Receiving Water: Miller Creek
Site Priority Rank: #3

Description

This project would install bioretention and permeable sidewalks and parking lanes to provide
enhanced water quality treatment and flow control for the stormwater runoff from the site.
Runoff from this area currently discharges untreated to Miller Creek via the Ambaum Regional

Detention Facility.
-

PROJECT STUDY AREA: BURIEN SITE #20

MILLER-WALKER A
STORMWATER RETROFI OJE 6TH AVE SW FROM SW 146 TH ST TO SW 153RD ST

Opportunities

* Provide enhanced water quality treatment and flow control for the site

* Provide a highly visible project with very good educational benefits near the
Burien Community Center and the King County District Courthouse

* Project could be coordinated with the City of Burien's plans to construct sidewalks
on both sides of the roadway and potentially shared bicycle lanes.

* Potential bioretention on the Post Office property between SW 150th St and SW 151st St

Constraints

* Shallow and deep infiltration feasibility range between good and poor

* Bioretention on Post Office property will require additional coordination

Planning-Level Construction Cost Range

Low end: $652,000
Middle: $931,186
High end: $1,397,000

Drainage Area (SF)

Roof: 10,000
Sidewalk: 7956
Parking: 53,800
Roadway: 56,012
Pervious: 5,058
Total: 132,826

SHEET 2 OF 2

Pollutant Load Reduction

Copper (Lbs/yr): 0.10

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): 0.94

Phosphorus (Lbs/yr): 1.58
Suspended Solids (Lbs/yr): 672.50
Zinc (Lbs/yr): 0.97

Hydrology
Avg. Annual Vol. Infiltrated (ac-ft/yr): 7.62

Subbasin M-11:

2-yr Peak Flow Reduction: 10%

High Pulse Count Reduction (Avg # High Pulses/yr): 5%

High Pulse Count Reduction (Avg High Pulse Count Range/yr): 2%
B-IBI Increase: 16.6 t0 17.3 (4%)

J

Existing Condition Existing Condition
2\

Existing Condition
N

Typical BMP Concept - Curb Bulbout Bioretention

Typical BMP Concept - Permeable Sidewalk
N

Typical BMP Concept - Permeable Parking

Typical BMP Concept - Bioretention
N
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Proposed Condition
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PROJECT STUDY AREA: BURIEN SITE #21

CITY OF BURIEN COMMUNITY CENTER

Project Summary

Site Typology: Parcel

Site Priority Rank: #9

Description

Opportunities

community facility

Drainage Area (SF)

Roof: 19,000
Sidewalk: O
Parking: 39,000
Roadway: 0
Pervious: 17,000

Total: 75,000 SF
Typical BMP Concept - Permeable Pavement
N

Receiving Water: Miller Creek

* Provide educational opportunities at a highly used

This project would replace a portion of the existing impervious parking lot with permeable pavement; construct parking
lot bioretention, and roof downspout bioretention. The proposed BMPs would provide enhanced water quality treatment
and flow control for the managed portion of the site. Runoff from this site currently discharges untreated to Miller Creek.

* Provide enhanced water quality treatment and flow .
control for the managed portions of the site

Avg. Annual Vol.
Infiltrated (ac-ft/yr): 3.96

Copper (Lbs/yr): 0.04

Nitrogen (Lbs/yr): -0.73

Runoff and Pollutant Load Reduction

Fecal Coliform (MPN in billions/yr): O

Planning-Level Construction Cost Range

Low end: $252,000
Middle: $360,000
High end: $540,000

Poor shallow infiltration feasibility
Moderate deep infiltration feasibility

Routing roof drains to proposed raingardens requires
careful grading around existing large trees

Phosphorus (Lbs/yr): 0.72
Suspended Solids (Lbs/yr): 260.48
Zinc (Lbs/yr): 0.37

Typical BMP Concept - Bioretention
N
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Proposed Condition

PROJECT STUDY AREA: BURIEN SITE #23
152ND ST FROM 10TH AVE SW TO 22ND AVE SW

SHEET 1OF 2

N
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kg Kinqcane I')? MILLER-WALKE PROJECT STUDY AREA: BURIEN SITE #23
S STORMWATER RETROFIT PROJE SW 152ND ST FROM 10TH AVE SW TO 22ND AVE SW

SHEET 2 OF 2
Project Summary
Typology Opportunities Planning-Level Construction Cost Range  Runoff and Pollutant Load Reduction
Site Typology: Flat Roadway * Provide enhanced water quality treatment and flow control for the site Low end: $448,000 Avg. Annual Vol. Infiltrated (ac-ft/yr): 6.05
.. . * Provide a visible project with good educational benefits ' Copper (Lbs/yr): 0.08
Receiving Water: Miller Creek « Good deep infiltration feasibility Middle: $640,000 : 0.
Site Priority Rank: #20 * Leverage the City's park improvement plans High end: $960,000 Fecal Coliform (MPNn billions/ym): 0
Nitrogen (Lbs/yr): -1.84
Description Constraints Drainage Area (SF) Phosphorus (Lbs/yr): 1.56
Roof: O Suspended Solids (Lbs/yr): 555.32

This project would install corner curb bulb-out bioretention and permeable pavement (i.e., * Poor shallow infiltration feasibility
parking strips and bike lanes) to provide flow control and enhanced water quality treatment for Parking: 29,324
the stormwater runoff from the roadway. The LID improvements could be incorporated into the Roadwa.y: 5:3) 757
City's roadway improvement plans. Runoff from this site currently discharges untreated to Pervious: 4,é95

Miller Creek. Total: 97,550

. J

Project Location Existing Condition Typical BMP Concept - Permeable Parking Typical BMP Concept - Permeable Bike Lane
N N

Sidewalk: 9,774 Zinc (Lbs/yr): 0.79
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PROJECT STUDY AREA: BURIEN SITE #24

12TH AVE SW FROM SW 148TH ST TO SW 152ND ST

Project Summary

Typology

Opportunities

Planning-Level Construction Cost Range

Runnoff and Pollutant Load Reduction

Site Typology: Flat and Moderately Sloped Roadway
Receiving Water: Miller Creek
Site Priority Rank: #5

Description

This project would install bioretention and permeable sidewalks, bicycle lanes, and parking lanes
to provide enhanced water quality treatment and flow control for the stormwater runoff from the

site. Runoff from this area currently discharges untreated to Miller Creek.

* Provide enhanced water quality treatment and flow control for the site
* Provide traffic calming and improved pedestrian and bike safety
* Demonstrate LID techniques along planned pedestrian and bicycle corridor

* Leverage the City of Burien’s plans to construct sidewalks and bike lanes on both
sides of the street

Constraints

* Shallow infiltration not feasible and shallow ground water levels observed during
soil explorations

* The sidewalk grade adjacent to the apartment complex on the east side of 12th Ave SW,
north of SW 151st Street, will need to be flush with the existing parking lot grades

Low end: $664,000
Middle: $948,000
High end: $1,422,000

Drainage Area (SF)

Roof: 0
Sidewalk: 11,662
Parking: 24,683
Roadway: 41,702
Pervious: 6,007
Total: 84,054

Avg. Annual Vol. Infiltrated (ac-ft/yr): 5.11
Copper (Lbs/yr): 0.06

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): -1.74

Phosphorus (Lbs/yr): 1.27

Suspended Solids (Lbs/yr): 44411

Zinc (Lbs/yr): 0.63
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Project Summary

Typology

Opportunities

PROJECT STUDY AREA: BURIEN SITE #26

2ND AVE SW FROM SW 150TH ST TO SW 156 TH ST

Planning-Level Construction Cost Range

Runnoff and Pollutant Load Reduction

Site Typology: Moderately Sloped Roadway
Receiving Water: Miller Creek
Site Priority Rank: #16

Description

This project would replace the existing impervious parking strips with permeable pavement and
add permeable bike lanes to provide flow control for the stormwater runoff from the site. The LID

improvements could be incorporated into the City's improvement plans for the corridor. Runoff

* Provide flow control for the site

* Provide a highly visible project with educational benefits

* Good shallow infiltration feasibility
* Leverage the City's improvement plans

Constraints

* Poor deep infiltration feasibility

* Existing utilities will need to be considered during design

Low end: $1,255,000
Middle: $1,792,000
High end: $2,688,000

Drainage Area (SF)

Roof: 0
Sidewalk: 2,764
Parking: 22,112
Roadway: 27,640
Pervious: 2,764

Avg. Annual Vol. Infiltrated (ac-ft/yr): 3.42
Copper (Lbs/yr): 0.04

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): -2.23

Phosphorus (Lbs/yr): 1.05

Suspended Solids (Lbs/yr): 334.15

Zinc (Lbs/yr): 0.47

from this site currently discharges untreated to Miller Creek. Total: 55,280
N ! /
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PROJECT STUDY AREA: BURIEN SITE #27

MILLER-WALKER B
S152ND ST FROM1ST AVE S TO 8TH AVE S

k{KingCounty DR STORMWATER RETROFIT PROJ

SHEET 1 0OF 2
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Project Summary

Typology

PROJECT STUDY AREA: BURIEN SITE #27

S152ND ST FROM1ST AVE S TO 8TH AVE S

Opportunities

Planning-Level Construction Cost Range

SHEET 2 OF 2

Runoff and Pollutant Load Reduction

Site Typology: Flat, Moderate, and Steep Roadway
Receiving Water: Miller Creek
Site Priority Rank: #4

Description

This project would install bioretention and permeable sidewalks, bicycle lanes, and parking lanes
to provide enhanced water quality treatment and flow control for the stormwater runoff from the

site. Runoff from this area currently discharges untreated to Miller Creek.

Provide enhanced water quality and flow control for the site
Improve pedestrian and bicycle safety
Provide very good educational opportunities near Highline High School

Leverage the City of Burien's plans to connect existing intermittent sidewalks and construct
bicycle lanes on both sides of the roadway

Constraints

East end of the site not suitable for shallow or deep infiltration

Ground water mounding and slope stability analysis is recommended for the area south
of S 152nd Street.

Steep longitudinal roadway slope between 8th Avenue S and 7th Place S

Infiltrating facilities are not feasible on the overpass crossing SR 509 and associated
structural elements

Low end: $959,000
Middle: $1,369,000
High end: $2,054,000

Drainage Area (SF)

Roof: 0

Sidewalk: 32,000
Parking: 54,000
Roadway: 95,000
Pervious: 60,000
Total: 241,000

Avg. Annual Vol. Infiltrated (ac-ft/yr): 12.45
Copper (Lbs/yr): 0.16

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): 7.52

Phosphorus (Lbs/yr): 1.70

Suspended Solids (Lbs/yr): 980.54

Zinc (Lbs/yr): 1.43

Existing Condition Existing Condition
2\

Typical BMP Concept - Curb Bulbout Bioretention

Typical BMP Concept - Permeable Bike Lane

Typical BMP Concept - Permeable Parking

Typical BMP Concept - Cascading Bioretention
N




MILLER-WALKER B

kg King County I_)? PROJECT STUDY AREA: BURIEN SITE #29 AND #31
STORMWATER RETROFIT PROJE

MOSHIER PARK

Proposed Condition

Project Summary
. () T N
: . . /I - Legend
6 ' \ I 5-foot Contours LID Typology: Bioretention, Permeable Pavement, Silva Cells, and Rainwater Cistern
] ROW Receiving Water: Miller Creek

Planning-Level Construction Cost Range

Low end: $2,531,000
High end: $5,423,000
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Subsurface currently discharges untreated to Miller Creek.
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PROJECT STUDY AREA: BURIEN SITE #32
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PROJECT STUDY AREA: BURIEN SITE #32
SW156TH ST FROM AMBAUM BLVD SW
TO DES MOINES MEMORIAL DRIVE

SHEET 2 OF 2

kgKin colm I')? MILLER-WALKER B
g STORMWATER RETROFIT PROJE

Project Summary

Typology Opportunities Planning-Level Construction Cost Range  Runoff and Pollutant Load Reduction

Avg. Annual Vol. Infiltrated (ac-ft/yr): 1.45
Copper (Lbs/yr): 0.02

* Provide enhanced water quality treatment and flow control for the site
Low end: $70,000

Middle: $100,000

Site Typology: Roadway
* Provide a visible project with educational benefits

Receiving Water: Miller Creek

Site Prioriy Rank: #19 * Good to poor s'haIIon infiltration feasib'ility. High end: $150,000 Fecal Coliform (MPN in billions/yr): O
* Leverage the City's Bicycle and Pedestrian improvement plans Nitrogen (Lbs/yr): 1.44
Description Constraints Drainage Area (SF) Phosphorus (Lbs/yr): 0.20
This project would install bioretention to provide flow control and enhanced water quality * Poor deep infiltration feasibility gi(:j(::\:lvglk- . Suspended Solids (Lbs/yr): 137.45
treatment for the stormwater runoff from the roadway. The LID improvements could be + Steep roadway grades may limit the amount of LID improvements Parkin: .8 é64 Zinc (Lbs/yr): 0.20
incorporated into the City's roadway improvement plans. Runoff from this site currently on SW 156th St Roadway: 1'2’305
discharges untreated to Miller Creek. Pervious: 456
Total: 22,800

&

Project Location

Existing Condition Typical BMP Concept - Bioretention Typical BMP Concept - Curb Bulbout Bioretention
A\ A\
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PROJECT STUDY AREA: BURIEN SITE #39
S160TH ST FROM1ST AVES TO
DES MOINES MEMORIAL DRIVE

SHEET 1OF 2
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L KingCounty DR MILLER-WALKE
S STORMWATER RETROFIT PROJE

PROJECT STUDY AREA: BURIEN SITE #39
S160TH ST FROM1ST AVES TO
DES MOINES MEMORIAL DRIVE

Project Summary

Typology

Opportunities

Planning-Level Construction Cost Range

SHEET 2 OF 2

Runoff and Pollutant Load Reduction

Site Typology: Flat Roadway
Receiving Water: Miller Creek
Site Priority Rank: #8

This project would install roadside bioretention and subsurface bioretention cells (i.e. Silva Cell or
similar) to provide enhanced water quality treatment and flow control for the existing roadway.
Runoff from this area currently discharges untreated to Miller Creek.

&

* Provide enhanced water quality treatment and flow control for roadway runoff

* Leverage the City of Burien's plans to improve pedestrian safety and mobility by connecting
intermittent gaps in sidewalks and making ADA improvements.

Constraints

* Moderate shallow infiltration feasibility
* Poor deep infiltration feasibility

* Bioretention facilities would be located in WSDOT right-of-way, requiring interagency
agreement between WSDOT and the City of Burien

* Limited available space in existing roadway right-of-way and in the vicinity of the
overpass structure.

Low end: $527,000
Middle: $752,000
High end: $1,128,000

Drainage Area (SF)

Roof: 0

Sidewalk: 25,000
Parking: O
Roadway: 171,700
Pervious: 40,000
Total: 236,700

Avg. Annual Vol. Infiltrated (ac-ft/yr): 13.21
Copper (Lbs/yr): 0.20

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): 11.80

Phosphorus (Lbs/yr): 1.64

Suspended Solids (Lbs/yr): 1,125.46

Zinc (Lbs/yr): 1.65

Existing Condition Existing Condition
N\

Typical BMP Concept - Bioretention Typical BMP Concept - Bioretention Typical BMP Concept - Silva Cells
A\ A\
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Proposed Condition
N

Project Location

SWAL62nd[SH

4ih Ave SW
Burien
ﬂAV@S{M —— (Ol T - -, = e Cr . _
180 AR SW! - Normandy - . b Ave Sty e
16th Ave SW ~Park =

I |
ﬁ,@l

21stAve SW

SW 160 St
68th

MATCHLINETA

Sy 172y .

MATCHLINE/A
S
VALG5tHISH

Legend Existing Proposed
5-foot Contours @ Structures O Water Quality === Ditch [ Bioretention [0}
ROW @ Flow Control === Storm Drain Pipe === Drainage Areas 1 Permeable Pavement I T ot

&




kg King County I-)?

MILLER-WALKER B
STORMWATER RETROFIT PROJE

Project Summary

PROJECT STUDY AREA: BURIEN SITE #41
16TH AVE SW FROM SW 160TH ST

TO SW168TH ST

SHEET 2 OF 2

Typology

Site Typology: Medium Sloped Roadway
Receiving Water: Miller Creek
Site Priority Rank: #18

Description

&

This project would construct permeable parking along the north half of the project and roadside
bioretention along the south half of the project to provide flow control and enhanced water
quality treatment for the stormwater runoff from the site. The LID improvements could be
incorporated into the City's improvement plans for the corridor.
Runoff from this site currently discharges untreated to Miller Creek.

Opportunities

* Provide enhanced water quality treatment and flow control for the site
* Provide a highly visible project with good educational benefits

* Good to moderate deep infiltration feasibility

* Leverage the City's street improvement plans

Constraints

* Poor shallow infiltration feasibility
* Existing utilities and driveways will need to be considered during design

Planning-Level Construction Cost Range

Low end: $350,000
Middle: $500,000
High end: $750,000

Drainage Area (SF)

Roof: 0
Sidewalk: 2,950
Parking: 18,150
Roadway: 69,200
Pervious: 44,700
Total: 135,000

Runoff and Pollutant Load Reduction

Avg. Annual Vol. Infiltrated (ac-ft/yr): 6.40
Copper (Lbs/yr): 0.09

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): 2.99

Phosphorus (Lbs/yr): 1.14

Suspended Solids (Lbs/yr): 576.85

Zinc (Lbs/yr): 0.84

Project Location

'
1
4t Ps SW -
Burien :
10 Ave SW 1
18hAB W Normandy
16t Ave SW ~Park
[
20 SW 23, 51
g
8 &

Washington

Existing Condition Typical BMP Concept - Permeable Sidewalk
N\

Typical BMP Concept - Bioretention
A\ A\
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7 Proposed Condition
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Existing Condition
N

PROJECT STUDY AREA: BURIEN SITE #50
JOHN F. KENNEDY CATHOLIC HIGH SCHOOL

Project Summary

Receiving Water: Miller Creek
Site Priority Rank: #7

Description

flow control for the site

educational benefits

* Good deep infiltration feasibility

* Improve conditions of existing par

Drainage Area (SF)

Roof: 0
Sidewalk: 12,000
Parking: 165,495
Roadway: O
Pervious: 17,000

* Provide a highly visible project with very good

* Good to moderate shallow infiltration feasibility

Site Typology: Institutional (School)

This project would replace the existing John F. Kennedy Catholic High School impervious parking lot with permeable
pavement and install bioretention to provide enhanced water quality treatment and flow control for the stormwater runoff
from the site. Runoff from this site currently discharges untreated to Miller Creek.

Opportunities

* Provide enhanced water quality treatment and

king lot

Runoff and Pollutant Load Reduction

Avg. Annual Vol.

Copper (Lbs/yr): 0.15

Total: 194,495 SF

Nitrogen (Lbs/yr): -3.66

Infiltrated (ac-ft/yr): 11.67

Fecal Coliform (MPN in billions/yr): O

Planning-Level Construction Cost Range

Low end: $2,819,000
Middle: $4,026,000
High end: $6,039,000

* The project is located on private property and would
therefore require cooperation from the private property
owner (John F. Kennedy Catholic High School)

* Busy site when school is in session

Phosphorus (Lbs/yr): 3.10
Suspended Solids (Lbs/yr): 1,106.18
Zinc (Lbs/yr): 1.57

Typical BMP Concept - Bioretention
N N
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Proposed Condition

PROJECT STUDY AREA: KING COUNTY SITE #47
KING COUNTY DISTRICT COURT
(601SW 149TH ST & 14905 6 TH AVE SW)

Project Summary
N

Legend
5-foot Contours Divert stormwater
ROW runoff from
existing drainage
Existing in SW 148th St and

7th Ave SW to

© Struct
ructures bioretention facility

@ Flow Control
=== Storm Drain Pipe
=== Ditch
== Drainage Areas \

Proposed
[ Bioretention
"1 Permeable Pavement

Convert existing detention pond to
bioretention facility to manage
stormwater runoff from SW 148th St
and 7th Ave SW

|

Divert stormwater runoff
from parking lot to
proposed bioretention

See Project Sheet Burien-Site-#20

2

Receiving Water: Miller Creek
Site Priority Rank: #6

Description

an oil water separator.

Opportunities

st

T e m m = = -

ISWAU

i 4

S\WAZothISH

( * Deep infiltration feasibility is good based on preliminary
soil testing and could be used to infiltrate site

Pollutant Load Reduction Hydrology

Avg. Annual Vol. Infiltrated (ac-ft/yr): 6.41
Subbasin M-11:

stormwater runoff

Drainage Area (SF)

Roof: 7,300
Sidewalk: 7,500
Parking: 51,645
Roadway: 26,930
Pervious: 29,775

Total: 123,150 SF

J

S
RARS
e S Burien &
84“]&@% g aﬂllﬂlmg g
I =
%' & anavesw
mawew 508 @
BE @
T A SW

Lake
Washington

Existing Condition

LID Typology: Bioretention, Permeable Pavement, Additional Flow Control

* Convert an existing flow control facility into bioretention

* Provide enhanced water quality treatment and flow
control for stormwater runoff diverted from SW 148th St

* Provide very good educational opportunities near the
parking lot north of the King County District Courthouse

* Many large trees
in place

drainage system

Copper (Lbs/yr): 0.10

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): 4.65

Phosphorus (Lbs/yr): 0.95
Suspended Solids (Lbs/yr): 564.67
Zinc (Lbs/yr): 0.83

Low end: $524,000
Middle: $747907
High end: $1,122,000

This project would modify an existing detention pond to accommodate additional stormwater runoff diverted from SW 148th
Street and incorporate bioretention into the facility to provide enhanced stormwater treatment for the tributary drainage
area. The project would also replace the existing impervious Police parking lot (south of the King County Courthouse) with
permeable pavement to provide flow control. Both sites currently drain to Ambaum Pond through flow control structures and

on site would need to be protected

* A flow splitter may be required to control the amount of
stormwater to be divert from the SW 148th Street

to the modified pond.

2-yr Peak Flow Reduction: 10%

High Pulse Count Reduction
(Avg # High Pulses/yr): 5%

High Pulse Count Reduction
(Avg High Pulse Count Range/yr): 2%

B-IBI Increase: 16.6to 17.3 (4%)

Typical BMP Concept - Bioretention
N

Typical BMP Concept - Permeable Parking
N

Planning-Level Construction Cost Range




PROJECT STUDY AREA: NORMANDY PARK SITE #2
CITY HALL PARK (801 SW 174TH ST)

kg Kina Count I')? MILLER-WALKER B 3
= Y/ STORMWATER RETROFIT PROJE

Planning-Level Construction Cost Range

Low end: $693,000
Middle: $989,000
High end: $1,484,000

Project Summary
N
Site Typology: Park
Receiving Water: Walker Creek

Site Priority Rank: #11

Proposed Condition

—

.

RVt
-
V a

Description
This project would install permeable pavement, bioretention, an infiltration gallery, and rainwater cisterns to provide flow
control and enhanced water quality for the stormwater runoff from the site. The LID improvements could be incorporated into
the City's improvement plans for the site. Runoff from this site currently discharges untreated to Walker Creek.

* Poor deep infiltration feasibility

= Offsite stormwater from the east will need
to be evaluated

Normandy
Park y
* Provide enhanced water quality and flow control

City Hall
for the site
* Provide a highly visible project with good
educational benefits
* Good to moderate shallow infiltration feasibility

* Leverage the City's park improvement plans

Drainage Area (SF) Runoff and Pollutant Load Reduction

Normandy
Park

Police
Dept.

Legend
5-foot Contours
ROW
Exicti Roof: O Avg. Annual Vol. Phosphorus (Lbs/yr): 0.99
xisting . . .
=== Storm Drain Pipe | § Sidewalk: 3,000 Infiltrated (ac-ft/yr): 4.22 Suspended Solids (Lbs/yr): 418.34
= Ditch / 8 Parking: 42,500 Copper (Lbs/yr): 0.05 Zinc (Lbs/yr): 0.50
=== Drainage Areas R e T — il I @ Roadway: 20,000 Fecal Coliform (MPN in billions/yr): O
Pervious: O Nitrogen (Lbs/yr): -1.22
J

Proposed

[ Bioretention i 0 50 0] 0
71 Permeable Pavement I TN (et
- \ ) Total: 65,500 SF
Typical BMP Concept - Permeable Parking Typical BMP Concept - Bioretention
2\ 2\
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Project Summary

Typology

PROJECT STUDY AREA: NORMANDY PARK SITE #10

SW NORMANDY RD WEST OF 4TH AVE S

TO 8TH AVENUE SW

Opportunities

Planning-Level Construction Cost Range

Runnoff and Pollutant Load Reduction

Site Typology: Moderately Sloped Roadway
Receiving Water: Walker Creek
Site Priority Rank: #14

Description

* Reduce the amount of stormwater runoff leaving the site
* Provide improved pedestrian safety

* Provide a visible project with educational benefits

* Good deep infiltration feasibility

Constraints

Low end: $154,000
Middle: $220,000
High end: $330,000

Drainage Area (SF)

Avg. Annual Vol. Infiltrated (ac-ft/yr): 0.57
Copper (Lbs/yr): 0

Fecal Coliform (MPN in billions/yr): O
Nitrogen (Lbs/yr): O

Phosphorus (Lbs/yr): 0

. . . . . . - . - Roof: 0 Suspended Solids (Lbs/yr): O
This project would install permeable sidewalks where feasible on both sides of the roadway to . Shallow infiltration feaS|b|Ifty rénges between good and poor Sidewalk: 8,800 Zine (Lbs/yr): O
provide flow control for the stormwater runoff from the site. The project would be coordinated * Sidewalks may not be feasible in some areas due to the topography Parking: O
with the City's plans to improve pedestrian safety. Runoff from this site currently discharges to * Down gradient properties along some sections of the project s:::‘;v:g_: 8
\Walker Creek. Total: 8,300 )
<
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Appendix D
Preliminary Pre-Engineering Reports and Conceptual Designs

e Project B-20
e Project B-29/31
e Project KC-47

Included in Electronic Submittal Only

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division



Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division



Appendix E
Geographical Information System Assessment of Study Area

Figure E-1 — LID Retrofit Study Area

e Figure E-2 — Zoning and Planned Projects

e Figure E-3 — Existing Drainage, Flow Control, Treatment, and Subbasins
e Figure E-4 — Site Slopes

e Figure E-5 — Existing Land Cover

e NOAA Land Cover Data Reclassification Table

e Figure E-6 — Critical Areas

e Figure E-7 — Shallow Infiltration Feasibility

o Figure E-8 — Deep Infiltration Feasibility

e Figure E-9 — LID Retrofit Feasibility

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division



Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division
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Appendix F
Summary Notes from Interviews with Basin Partner Staff

o City of Burien Interview Notes

e City of Normandy Park Interview Notes
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King County Water and Land Resources Division



Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division



King County m
Miller-Walker Basin Stormwater Retrofit Planning

Meeting Dates: March 4, 2014
Time: 2:30-4pm
Location: Burien City Hall

Meeting Purpose: Meeting with Burien Staff - Stormwater LID Retrofit Planning

Attendees:
King County HDR Aspect
x | Elissa Ostergaard X | Robin Kirschbaum (PM) Scott Kindred
Todd Klinka John Erickson
Matt Gurrad City of Burien
x | Jon Brown x | Dan O’Brien
Envirolssues X | Sam (?)
Lauren Stensland HBB x | Jeff (?)
Landon Bosisio | Juliet Vong

Meeting Agenda:

® Meeting with Dan
o Retrofit opportunity screening criteria
o Barriers or issues with LID implementation (if any)
o Types of Low Impact Development (LID) retrofits the City would be most comfortable
installing
* Meeting with O&M Staff
o Existing stormwater infrastructure
= Conveyance pipes
= Conveyance ditches
=  Flow control facilities
=  Treatment facilities
o Issues/concerns with existing infrastructure with regards to localized and regional
flooding
o Design & maintenance considerations
= Design preferences
= Utilities
=  Staff experience with O&M
= Equipment available for O&M
= Etc.

Meeting Notes:

e Danindicated the City can provide the requested GIS data (see 2/26/14 e-mail from Elissa
Ostergaard to Dan), with the exception of soils, wells, and trees. Dan will either upload the data
to SharePoint or will send a CD-Rom to HDR and/or the County.

King County Miller-Walker Basin Stormwater Retrofit Planning Page 1



e Dan will also provide a list of drainage complaints. Robin asked if the drainage complaints
tended to be spread out, or focused in particular areas. Dan indicated they are fairly spread
out, and most were due to aging infrastructure.

e The City discussed the following preferences for LID retrofit types:

O

O

Bioretention, including traffic calming bulb-outs and planter strip bioretention, would be
generally preferred.

The City is not experienced with maintaining permeable pavements and currently does
not have the right equipment, but they may be open to permeable pavement as a
secondary option.

We discussed the concept of Silva Cells as a below-surface bioretention systems that
promote large healthy tree growth in tight right of way areas. Dan was open to the idea
of exploring their use in the City limits.

e The following potential LID retrofit target areas were discussed:

O

The area east of Highway 509 and north of Highway 518. This area has generally older
infrastructure and is mostly open ditches and culverts and no curb and gutter. Retrofit
of existing ditches with bioretention swales is a potential option.

Area north of Chelsea Park bounded by 148"/128"/Ambaum/1* has really poor
drainage due to either lack of drainage infrastructure or poor placement of catch basins.
This area has wide right-of-way areas, so bioretention bulb-outs may be a good option.
We discussed that this area is within a closed depression, and several infiltration ponds
have been constructed.

Elissa asked if there were any opportunities within the downtown core for
demonstration-type projects. Dan said demonstration projects could be beneficial,
mentioning that the old annex building parcel is going to be redeveloped at some point
as the new community center.

e Sam and Jeff from the City’s maintenance staff joined the meeting at 3:00 pm and the discussion
of LID Retrofit target areas continued:

@)

165" between 16" and 19" has local drainage issues due to no drainage infrastructure,
but does have wide roadway shoulders.

Conveyance improvements are needed on 2" Ave S between 130" and 124™. Drainage
here ultimately discharges to Arbor Lake.

It was discussed that the area within the NERA boundaries should be excluded from this
study.

1% Ave north of 128" to the Miller-Walker basin boundary has the potential for
bioretention retrofits.

Local flooding is an issue along 152" from 10" to 20™ near Lake Burien. 152™ has wide
shoulders and planter strips.

Mosher Park near Highline High School was mentioned as a potential partnership
opportunity with the Burien Parks Department.

Ambaum between 152™ and 156" is another opportunity area.

Near 2™ Ave SW between 116™ and 118" there is a channel upstream of an existing
pond that is overgrown and could be improved to provide better water quality
treatment.

Dan noted that everything north of 128" was annexed from King County in 2010 and has
had less maintenance and the infrastructure is in relatively poor condition.

King County Miller-Walker Basin Stormwater Retrofit Planning Page 2



e Robin asked Dan if he was aware of any planned transportation projects. Dan said he knew
there were planned improvements of 4™ Ave between 128" and 116™, but was not aware of

other plans for roadway improvements. Robin mentioned HDR will review the City’s
Transportation Improvement Plan to further investigate.

® Elissa asked Dan what his top 3 areas for water quality improvement would be. Dan listed the

following:

o Lake Burien (has nutrient/algae problems)
o 1% Avenue (heavy traffic and commercial area)

o Ambaum south of 128" (commercial area). However, Dan noted that the Ambaum
corridor south of 128" may not be ideal for retrofit because recent improvements have

been made.

e Preliminary LID retrofit feasibility screening criteria was discussed:
o For critical area buffers under the “Risk to Environment Criteria”, use buffers established
in the City’s Critical Areas Ordinance.

o Under the “Land Specifications” criteria, include parcels the City is considering
purchasing (Dan said he will check with the Economic Development Department on

this).

o Under “Utility Coordination” also include coordination with other public projects (parks,

TIP, sewer, bike/pedestrian, etc).

o Under the “Meets Multiple Objectives” criteria, HDR will review the City’s bike plan for

the Burien Loop plan.

Action Items:

What Who When Status

Send Burien GIS layers to HDR/King Dan 03/07/2014 pending
County
Send Burien drainage complaints to .
HDR/King County Dan 03/07/2014 Pending
Follow-up with City’s Economic
Development Department on parcels Dan TBD Pending
the City is considering purchasing
Review City’s TIP, bike/pedestrian plan HDR 03/07/2014 Pending
Review City’s Critical Areas Ordinance HDR 03/07/2014 Pending

- . o After meeting with .
Finalize screening criteria HDR Normandy Park Pending
Begin mapping and categorizing
opportunities discussed during this HDR Begin immediately Pending
meeting

King County Miller-Walker Basin Stormwater Retrofit Planning Page 3




FR

Meeting Minutes

Miller-Walker Basin Stormwater Retrofit Plan
Normandy Park’s Review of Level | Project Evaluation
Tuesday, July 01, 2014

Teleconference

Maryanne Zukowski, Normandy Park Robin Kirschbaum, HDR

The purpose of the call was to discuss the City’s review of the draft Level | retrofit project evaluation,
forwarded by Elissa to the basin partners for review on June 26. Maryanne provided the following
review comments:

e Project NP-10 (SW Normandy RD west of 1st Ave S to 4th Avenue SW) is on the latest TIP
provided by the City, but design is underway. We can potentially pursue construction funding,
or drop this project during Level Il evaluation. Maryanne followed up after the phone call and
provided project designs to Robin via e-mail.

e NP-7 (SW 175" PI) — As documented in Table 3 of the packet for basin partner review, this
project was identified based on review of the City’s 2003 TIP. Maryanne was unsure whether
there is still planned roadway work in this area.

e NP-8 (1st Ave S from SW Normandy Road to 186th Ave SW) — Table 3 indicates permeable
pavement in the “Other Planned Improvements” column. Maryanne requested that HDR be
more specific that the permeable pavement would be sidewalk, not roadway.

e NP-2 (City Hall Park) — Maryanne requested that we change the name to “The park at City Hall”.
She recommended that we delete mention of vegetated roofs or any other building-related
retrofits, as a potential opportunity, as that would need to be vetted through a long stakeholder
process. Robin asked if we should also delete the cisterns, and Maryanne said those were ok to
retain.

e Maryanne will send project sheets for the new TIP projects (including NP-10 and 11), as well as
costs to Robin via ftp.

500 108™ Avenue NE, Suite 1200, Bellevue, WA 98004 T 425.450.6200 hdrinc.com



Appendix G
Stormwater Retrofit Need Assessment

o Assessment of Current Runoff Rates and Retrofits Needed to Meeting Specific Targets
in the Miller and Walker Creek Watersheds Technical Memorandum

o Miller/Walker Stormwater Retrofit Analysis, Hydrologic Performance of Top 30 Projects

Miller-Walker Basin Stormwater Retrofit Planning Study - Implementation Plan
King County Water and Land Resources Division
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TECHNICAL MEMORANDUM

July 17, 2014
TO: Robin Kirschbaum, P.E., HDR Engineering Inc.
FROM: Bruce Barker, P.E., MGS Engineering Consultants, Inc.

SUBJECT:  Assessment of current runoff rates and retrofits needed to meet specified targets in the
Miller and Walker Creek Watersheds

BACKGROUND

The hydrology of the Miller and Walker Creek watersheds has been extensively analyzed as part
King County’s Miller and Walker Creeks Basin Plan (King County DNR, 2006), the Port of
Seattle’s Airport Expansion Project (Parametrix, Inc., 2001) and studies to analyze the bedload
movement characteristics and to develop habitat improvement structures in the lower reaches of
Miller and Walker Creeks (MGS Engineering Consultants, 2008, 2009, 2013). The analysis
discussed in this memorandum utilized the latest Hydrologic Simulation Program -Fortran
(HSPF) hydrologic model developed as part of these analyses.

The purpose of this analysis is to provide information on the spatial distribution of runoff rates,
Benthic Index of Biotic Integrity (B-1BI) estimates based on simulated runoff statistics, and the
amount of stormwater retrofits needed to improve streamflows and aquatic conditions in the basin.
This information will be used by engineers and other technical specialists working on King County
Water and Land Resources Division’s (WLRD’s) Miller and Walker Creek Basin Stormwater
Retrofit Planning Study to help target recommendations for siting retrofit facilities. Details on the
HSPF model setup and calibration can be found in the reports Hydrologic Analysis of Miller and
Walker Creek Watersheds to Identify Watershed-Specific Stormwater Treatment Standards and
Hydrologic and BIBI Analysis of the Miller and Walker Creek Watersheds (MGS Engineering
Consultants, 2013).

The target flow regime for the Miller and Walker Creek watersheds is intended to mimic the
hydrologic response under forested conditions to the greatest extent feasible. Specifically, this
entails including Low Impact Development (LID) and traditional stormwater detention that
controls the post-developed flow duration between 8-percent of the 2-year and the 50-year
recurrence interval to predeveloped (forested) conditions.

SPATIAL DISTRIBUTION OF RUNOFF RATES THROUGHOUT THE WATERSHEDS

The HSPF model was used to develop flood-frequency statistics throughout the watershed.
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 at a 1-hour time step at the outlet of each
subbasin.

Peak discharge flood-frequency results at the outlet of each subbasin for the 2-year recurrence
interval expressed as cfs/tributary acres are shown in Figure 1. There are a large number of

MGS Engineering Consultants, Inc. 1



hydrologic statistics that could be used to quantify the hydrologic response from the watershed.
However, the 2-year discharge was chosen because it provides a simple index of the relative flood
response from each subbasin and is close to discharges usually associated with streambed
movement and stream channel stability.

Figure 1 — 2-Year Peak Discharge Rate at the Outlet of Each Subbasin Simulated with HSPF
Expressed as cfs/tributary acres (Existing Land Use)
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Figure 1 shows high rates of runoff from commercial development along First Avenue South and
State Route (SR)-509 in the City of Burien (Subbasins M09, M10, and M11). The land use density
in Subbasin M11 is the highest in the watershed. A regional detention facility (Ambaum Way
Detention Pond) at the subbasin outlet reduces the peak discharge somewhat but is nowhere near
large enough to fully mitigate discharges to historic conditions. Runoff rates in the stream along
the west side of Sea-Tac airport are relatively small because of detention storage (Miller Creek
Regional Detention Pond), wetlands along the stream, and the presence of stormwater controls at
the airport.

Discharges from Walker Creek benefit from the presence of wetlands in the central portion of the
watershed (Subbasin M20) and the Sea-Tac airport detention facilities. Subbasins downstream of
Des Moines Memorial Drive had relatively high runoff rates because of high channel gradients and
a lack of stormwater controls. There is little in the way of stormwater controls in most residential
areas in the Miller and Walker Creek watersheds and without the benefit of regional detention or
natural lakes or wetland buffering, the runoff from these areas adds considerably to the total peak
discharge rates.

ESTIMATES OF B-IBI SCORES FROM SIMULATED HYDROLOIGC STATISTICS

The Benthic Index of Biotic Integrity (B-1BI) was developed as an index to quantify the
ecological condition of streams in the Pacific Northwest (Kleindl, W. J., 1995, Karr el al., 1999).
B-1BI scores range between 10 and 50, with higher scores representing more pristine conditions.
B-I1BI scores have been assigned qualitative descriptions of stream condition by Karr el al., 1999
(Table 1).

Table 1 — Qualitative Categorization of B-1BI (Karr et al. 1986)

Condition Description B-1BI Range
Comparable to least disturbed reference condition; overall high taxa
Excellent diversity, particularly of mayflies, stoneflies, caddis flies, long-lived, 46-50

clinger, and intolerant taxa. Relative abundance of predators high.
Slightly divergent from least disturbed condition; absence of some
Good long-lived and intolerant taxa; slight decline in richness of mayflies, 38-45
stoneflies, and caddis flies; proportion of tolerant taxa increases.
Total taxa richness reduced — particularly intolerant, long-lived,
Fair stonefly, and clinger taxa; relative abundance of predators declines; 28-37
proportion of tolerant taxa continues to increase.

Overall taxa diversity depressed; proportion of predators greatly
Poor reduced as is long-lived taxa richness; few stoneflies or intolerant taxa | 18-27
present; dominance by three most abundant taxa often very high.
Overall taxa diversity very low and dominated by a few highly tolerant
Very Poor taxa; mayfly, stonefly, caddis fly, clinger, long-lived, and intolerant 10-17
taxa largely absent; relative abundance of predators very low.

B-1BI scores have been related to several hydrologic metrics that quantify the impacts to
streamflow from urbanization by DeGasperi et al. (2009) and Horner (2014). The Horner
equations utilized the same dataset used by DeGasperi and developed regression equations
relating B-1BI to the hydrologic metrics High Pulse Count (HPC) and High Pulse Range (HPR)
including 90-percent confidence bounds. The Horner equations are summarized in Table 2 and
were used to estimate B-I1BI values using HPC and HPR values computed with the HSPF model
for existing conditions in the Miller and Walker Creek watersheds. B-1BI values obtained from
the HPC and HPR regression equations in Table 2 were averaged to obtain the final B-1BI values
at the outlet of each subbasin. The results are presented in Figure 2 and in
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Appendix A. B-IBI estimates were computed using the best estimate regression equation and the
90-percent upper confidence bound. King County has identified the 90-percent upper confidence
bound to approximate the maximum potential B-IBI score if all other factors degraded by
urbanization in addition to hydrology (e.g. water quality, riparian vegetation, etc.) were restored
to their historic states.

Table 2 - Regression Equations and Associated Statistics Relating High Pulse Count and High Pulse Range
with Benthic Index of Biotic Integrity (Reproduced from Horner, 2014)

Results of the analysis shows B-IBI estimates in the very poor range for the majority of the
subbasins. Subbasins with higher B-1B1 values are associated with higher hydrologic buffering in
the form of lakes, wetlands or glacial outwash. Subbasin M23 had the highest estimated B-IBI
value of 39 because of the large detention volume from Hermes Pond, which greatly reduced the
high pulse count and high pulse range downstream. Estimated B-IBI values in Walker Creek
were somewhat higher than Miller Creek because of the lower overall development density,
wetlands located in the headwaters, and higher baseflow.
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Figure 2 — Miller and Walker Creek Watersheds B-I1BI Scores Estimated Using Regression Equations with
Hydrologic Metrics, High Pulse Count and High Pulse Range
(Values Represent Best Estimates with Upper 90-Percent Confidence Bound shown in Parentheses)
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STORMWATER RETROFIT NEEDED TO MEET THE TARGET FLOW REGIME

Much of the Miller and Walker Creek Watersheds were developed at a time when required
stormwater controls were nonexistent or inadequate. As the practice of stormwater management
has evolved over the past 30-years, stormwater mitigation that attempts to reduce post-developed
runoff rates and flow durations to historic levels has become the standard. The target flow regime
for the Miller and Walker Creek watersheds is intended to mimic the hydrologic response under
forested conditions to the greatest extent feasible. Specifically, this entails including Low Impact
Development (LID) and traditional stormwater detention that controls the post-developed flow
duration between 8-percent of the 2-year and the 50-year recurrence interval flow rate to historic
(forested) conditions.

The amount of stormwater retrofit needed to achieve the target flow control standard in each
subbasin was determined using a two-step process. First, LID and detention facilities were
designed for small representative 1-acre sites for land use densities of residential, and
commercial/multi-family using the MGSFlood hydrologic analysis software. Second, the total
LID and detention retrofit volume was determined for each subbasin by multiplying the area of
each land use type in the subbasin times the facility volumes computed for the representative
sites in the first step. The resulting volume for each land use type were then totaled to produce
the aggregate retrofit volume needed in each subbasin.

Figure 3 shows the generalized geology map of the watersheds. Separate facilities were designed
for geologic conditions of glacial till and glacial outwash. The retrofit facilities consisted of
bioretention located upstream of a detention pond in areas with geology of glacial till and
bioretention upstream of an infiltration pond in areas underlain by glacial outwash. The
bioretention facilities were sized to control the post-developed flow duration to the forest target
condition between 8-percent of the 2-year and 50-percent of the 2-year. Overflows from the
bioretention facility were captured by a downstream detention/infiltration pond designed to
mitigate runoff to the forest target condition between 50-percent of the 2-year and the 50-year
recurrence interval. The resulting facility sizes for the 1-acre sites are summarized in Tables 3a
and 3b. See Appendix B for design information used to size the retrofit facilities.

The facility sizes for the hypothetical 1-acre sites were multiplied by the actual area of each land
use/geologic type in each subbasin and aggregated to determine the total retrofit volume required
in each subbasin. The cumulative facility footprint area (total surface area of all facilities in each
subbasin) are tabulated in Appendix C and the total volume in each subbasin (expressed as acre-
feet) is shown in Figure 4 and tabulated in Appendix D. The values in Figure 4 generally reflect
the development density, subbasin size, and dominant geology (till or outwash) in each subbasin.
Subbasins M11 and M24 require the most retrofit storage because of the high development
density relative to the other subbasins.

The required storage volume was normalized by dividing the total volume in each subbasin by
the subbasin area and expressing the total volume as inches of storage over the subbasin
(Figure 5). Expressing the volume as inches eliminates the influence of the subbasin size on the
required volume and highlights those areas where the existing development density combined
with geology suggests the greatest retrofit need.
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Table 3a — Mitigation Sizes for One Acre Sites on Glacial Till

Detention Detention Bioretention Bioretention

Land Use Storage Volume | Pond Surface | Storage Volume | Surface Area
(ac-ft) Area (sf) (ac-ft) (sf)
Commercial 0.296 6550 0.094 2440
Multi-Family 0.200 4370 0.077 2010
Single Family 0.138 3220 0.064 1700

Table 3b — Mitigation Sizes for One Acre Sites on Glacial Outwash

Infiltration Pond Infiltration Bioretention Bioretention

Land Use Storage Volume | Pond Surface | Storage Volume | Surface Area
(ac-ft) Area (sf) (ac-ft) (sf)
Commercial 0.108 2400 0.034 900
Multi-Family 0.067 1610 0.026 740
Single Family 0.036 1010 0.017 530

Notes:
1.  Storage volume is the total storage in the facility at the overflow riser crest elevation. Detention and

infiltration ponds were sized to a 3-foot depth and bioretention facilities to a 1-foot depth at the overflow
elevation. Bioretention facility volume includes both the ponded storage and the volume in the soil voids of
the biosoil.

2. The surface area is the wetted surface area at the overflow elevation.

3. Additional information on assumed LID and detention configurations for these facilities are contained in
Appendix B. The cumulative facility footprint area (total surface area of all facilities in each subbasin) are
tabulated in Appendix C.
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Figure 3 — Miller and Walker Creek Watersheds Geology Definitions and Subbasins used in the
Hydrologic Analysis
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Figure 4 — Total Detention and LID Storage Volume (ac-ft) in each Model Subbasin to
Retrofit Existing Land Use to Forest Conditions.
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Figure 5 — Total Detention and LID Storage VVolume (inches over subbasin) in each Model Subbasin to
Retrofit Existing Land Use to Forest Conditions
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DISCUSSION

The discharge, B-IBI estimates, and retrofit volume information presented above when viewed
together provides useful guidance on focusing stormwater retrofit efforts to mitigate runoff and
increase potential B-1BI scores. Subbasins that produce higher peak discharges to the streams
typically have highly urban land uses, are underlain by mainly glacial till, and have little
hydraulic attenuation from lakes, ponds, or wetlands. Subbasins M02, M24, M10, M11, and M12
in the Miller Creek watershed and Subbasins M21A, M18, and M19 in the Walker Creek
watershed are the principal contributors to peak flow along the mainstem and would be likely
candidate locations for retrofit projects.

Subbasins to target first include those with the least amount of hydraulic storage that contribute
the most to high peak discharges in the streams. Retrofitting these areas first will provide the
largest flow reduction benefit and would benefit coho and chum salmon, and trout spawning and
rearing in the streams. These include Subbasins M10, M11, and M12 in the Miller Creek
Watershed and Subbasins M18, M21, and M21A in the Walker Creek watershed. In general, the
Miller Creek retrofit need is greater than Walker Creek because of the higher development
densities in the Miller Creek watershed.

Locations with high infiltration potential within each of these subbasins would produce the most
flow reduction and water quality improvement. These are typically in areas underlain by glacial
outwash and where there is separation between the groundwater table and the ground surface.
The WLRD Retrofit Study will include a separate analysis of infiltration potential, providing
locations in the watershed where infiltration will be the most feasible. The general geologic map
(Figure 3) can be used to provide a preliminary indication of which parts of the watersheds may
be more conducive to infiltration. There are significant areas of outwash in the high runoff
subbasins discussed above. These areas may provide feasible locations for siting retrofit projects
depending on the proximity of the groundwater table.
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APPENDIX A - B-IBI VALUES COMPUTED FOR EACH SUBBASIN, EXISITNG CONDITIONS

Regression Equations and Associated Statistics Relating High Pulse Count and High Pulse Range with
Benthic Index of Biotic Integrity Used to Estimate B-1BI Scores (Reproduced from Horner, 2014)
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Table A-1, Hydrologic Statistics and B-1BI Estimates from Horner (2014) Regression Equation
(Best-Estimate)

High Pulse Count

High Pulse Range

B-I1BI Regression Results (Best Estimate)

(HPC) (HPR)
(Average No High | Average High Pulse Regression with Regression with Average

Subbasin Pulses/Year) Range/Year (days) HPC HPR B-1BI
SUBBASIN M01 23.8 310 10.0 115 10.8
SUBBASIN M02 24.2 312 10.0 114 10.7
SUBBASIN M02A 18.5 278 13.2 13.6 13.4
SUBBASIN M03 245 312 10.0 115 10.7
SUBBASIN MO03A 259 326 10.0 10.7 10.3
SUBBASIN M04 28.0 331 10.0 10.4 10.2
SUBBASIN MO04A 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 211 301 11.2 121 11.6
SUBBASIN M16 21.0 299 11.2 12.2 11.7
SUBBASIN M17 20.7 301 114 121 11.8
SUBBASIN M23 14 79 411 36.6 38.9
SUBBASIN M23A 11.8 267 20.6 143 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 MCO03 22.6 309 10.1 11.6 10.9
SUBBASIN MC04 215 303 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 17.4 175 17.4
SUBBASIN M20 21.0 23 21.0 22.0 21.5
SUBBASIN M21 111 7 10.0 11.0 10.5
SUBBASIN M21A 14.1 10 12.2 125 12.3
SUBBASIN M22 175 17 16.5 16.6 16.6
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Table A-2, Hydrologic Statistics and B-1BI Estimates from Horner (2014) Regression Equation

(Upper 90% Confidence Bound)

High Pulse Count

High Pulse Range

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

(HPC) (HPR)
(Average No High | Average High Pulse Regression with Regression with Average

Subbasin Pulses/Year) Range/Year (days) HPC HPR B-1BI
SUBBASIN M01 23.8 310 17.7 204 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 245 312 171 20.3 18.7
SUBBASIN MO03A 259 326 16.0 19.2 17.6
SUBBASIN M04 28.0 331 145 18.8 16.7
SUBBASIN MO04A 23.7 315 17.8 20.0 18.9
SUBBASIN M05 25.1 322 16.6 195 18.0
SUBBASIN M08 29.7 331 13.4 18.8 16.1
SUBBASIN M09 31.6 335 12.2 185 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 17.3 259 241 251 24.6
SUBBASIN M13 12.8 181 30.0 34.2 321
SUBBASIN M14 16.7 270 24.9 24.0 244
SUBBASIN M15 211 301 20.2 21.2 20.7
SUBBASIN M16 21.0 299 20.2 214 20.8
SUBBASIN M17 20.7 301 20.5 21.2 20.9
SUBBASIN M23 14 79 50.0 50.0 50.0
SUBBASIN M23A 11.8 267 315 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 MCO03 22.6 309 18.8 20.5 19.6
SUBBASIN MC04 215 303 19.8 21.0 20.4
SUBBASIN MC05 20.9 297 20.4 215 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 111 7 16.9 19.6 18.3
SUBBASIN M21A 14.1 10 215 21.7 21.6
SUBBASIN M22 175 17 26.8 27.3 27.1
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APPENDIX B - ASSUMED LID AND DETENTION FACILITY DESIGN CONFIGURATION

Design Parameters for representative stormwater LID and detention facilities used to quantify the
retrofit need for the Miller and Walker Creek Watersheds are summarized in the table below.
Facilities were designed for representative 1-acre sites with MGSFlood. LID consisted of a
bioretention facility upstream of a detention pond in areas with geology of glacial till and a
combined LID/infiltration pond in areas underlain by glacial outwash.

Stormwater Design Parameters (1-acre Representative Sites)

Target Condition

Developed Condition

Design
Standard

Bioretention

Design Standard
Detention

Till 100% Forest

Commercial, 90%
Impervious, 10% Grass Yo 2-yr

8% 2-year to

Y 2-yr to 50 yr

Till 100% Forest

Multi-Family, 60%
Impervious, 40% Grass Yo 2-yr

8% 2-year to

Y 2-yr to 50 yr

Till 100% Forest

Single Family, 35%
Impervious, 65% Grass Yo 2-yr

8% 2-year to

Y 2-yr to 50 yr

Outwash 100%

Commercial, 90% -

Infiltrate 8% 2-yr to
50-year

Forest Impervious, 10% Grass
Outwash 100% Multi-Family, 60% --
Forest Impervious, 40% Grass

Infiltrate 8% 2-yr to
50-year

Outwash 100%

Single Family, 35% --
Forest Impervious, 65% Grass

Infiltrate 8% 2-yr to
50-year

Detention/Infiltration Ponds
Side Slopes:

Depth to riser crest:

Till Infiltration Rate:
Outwash Infiltration Rate:

Bioretention Facilities
Side Slopes:

Maximum Ponding Depth
Till Infiltration Rate
Outwash Infiltration Rate
Bioretention Soil Depth
Biosoil Porosity

Biosoil Infiltration Rate

MGS Engineering Consultants, Inc.

3H:1V
3 Feet
Oin/hr
3in/hr

3H:1V

1 foot
0.2 in/hr
3in/hr
1 foot
30%
6in/hr
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APPENDIX C - Estimate of Total Retrofit Facility Area (Footprint) by Subbasin

Cumulative Surface Area of Required

Retrofit Facilities by Subbasin (acres)
Till Outwash Outwash Total

Till Detention | Bioretention | Detention/Infiltration | Bioretention | Retrofit

Subbasin Areas Areas Areas Areas Area
MO01 16.27 7.82 3.98 1.34 28.07
MO02 8.03 4.17 2.10 0.68 14.30
MO02A 1.77 0.91 1.29 0.44 3.97
MO03 6.96 3.62 4.36 1.42 14.93
MO03A 2.64 1.38 0.02 0.01 4.04
MO04 8.41 4.35 3.69 1.24 16.45
MO4A 4.77 2.16 3.25 1.06 10.18
MO05 3.79 1.47 1.43 0.46 6.69
MO06 2.01 1.00 0.64 0.21 3.64
M08 0.00 0.00 1.68 0.51 1.69
M09 1.51 0.78 2.18 0.69 4.48
M10 2.62 1.33 7.22 2.22 11.18
M11 18.81 7.90 13.09 3.67 39.80
M12 15.40 6.85 3.89 1.21 26.14
M13 16.94 8.62 0.00 0.00 25.56
M14 13.74 7.03 0.01 0.00 20.79
M15 6.89 3.47 2.53 0.84 12.89
M16 1.45 0.76 2.79 0.91 5.00
M17 5.14 2.59 1.35 0.45 9.08
M18 0.09 0.05 2.32 0.80 2.46
M19 6.07 3.01 5.48 1.82 14.55
M20 3.71 1.73 3.52 1.07 8.97
M21 0.21 0.11 2.70 0.84 3.01
M21A 8.23 4.16 5.23 1.73 17.62
M22 1.60 0.77 0.19 0.06 2.56
M23 8.66 4.29 1.66 0.56 14.61
M23A 4.28 1.99 1.37 0.41 7.64
M23B 4.44 2.22 0.43 0.15 7.10
M24 19.39 9.10 3.40 1.07 31.89
MCO1N 0.41 0.16 0.37 0.11 0.94
MCO02 0.14 0.07 0.74 0.24 0.95
MCO03 0.00 0.00 0.37 0.12 0.37
MC04 0.11 0.05 0.82 0.28 0.98
MCO05 1.12 0.59 0.89 0.30 2.60
MCO06 0.05 0.03 0.32 0.11 0.41
MCO07 0.73 0.39 0.80 0.28 1.92
MCO08 0.69 0.36 0.25 0.09 1.29
MC09 0.03 0.01 0.14 0.04 0.18
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APPENDIX D - Estimate of Total Retrofit Facility Volume by Subbasin

Cumulative Storage Volume of Required
Retrofit Facilities by Subbasin (acre-feet)
Till Outwash Outwash Total

Till Detention | Bioretention | Detention/Infiltration | Bioretention | Retrofit
Subbasin Volume Volume Volume Volume Volume
MO01 30.87 12.90 4.20 1.85 49.82
MO02 15.03 6.84 2.36 0.97 25.20
MO02A 3.31 1.50 1.35 0.60 6.76
MO03 13.02 5.93 4.89 2.02 25.86
MO03A 4.93 2.26 0.02 0.01 7.22
MO04 15.74 7.14 3.88 1.72 28.49
MO4A 9.12 3.58 3.62 1.51 17.83
MO05 7.43 2.46 1.61 0.66 12.16
MO06 3.80 1.64 0.68 0.30 6.42
M08 0.00 0.00 2.11 0.77 2.89
M09 2.83 1.28 2.53 1.01 7.65
M10 4.93 2.19 8.80 3.32 19.24
M11 36.43 13.15 17.96 5.94 73.48
M12 29.57 11.35 4.70 1.79 47.41
M13 31.82 14.16 0.00 0.00 45,98
M14 25.79 11.55 0.01 0.01 37.35
M15 12.96 5.70 2.73 1.18 22.57
M16 2.71 1.24 3.13 1.29 8.38
M17 9.67 4.26 1.44 0.63 15.99
M18 0.16 0.08 2.35 1.09 3.68
M19 11.45 4.95 5.91 2.55 24.86
M20 7.08 2.86 4.38 1.62 15.93
M21 0.39 0.18 3.22 1.24 5.02
M21A 15.47 6.84 5.68 2.43 30.43
M22 3.02 1.27 0.20 0.09 4.59
M23 16.35 7.06 1.77 0.77 25.95
M23A 8.16 3.30 1.71 0.63 13.79
M23B 8.38 3.65 0.45 0.20 12.68
M24 36.92 15.03 4.02 1.56 57.54
MCO1N 0.81 0.26 0.45 0.17 1.69
MCO02 0.26 0.11 0.85 0.34 1.57
MCO03 0.00 0.00 0.40 0.17 0.57
MC04 0.20 0.08 0.86 0.38 1.53
MCO05 2.10 0.97 0.91 0.41 4.40
MCO06 0.10 0.05 0.33 0.15 0.63
MCO07 1.37 0.63 0.81 0.38 3.19
MCO08 1.29 0.58 0.26 0.12 2.24
MC09 0.06 0.02 0.18 0.06 0.33
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Appendix H
Subsurface Soil Testing Results

e Preliminary Infiltration Feasibility Technical Memorandum for
Sites B-24, B-29, and B-31.

e Preliminary Infiltration Feasibility Technical Memorandum
for Sites B-20, B-24, B-27, and KC-47.
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Richard Martin Groundwater LLC

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 — 12" Avenue SW between SW 148" Street and SW 152™ 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 Ground Summary of Soil Conditions Observed Soil Type Relative
Depth Elevation During Vactoring Infiltration
(feet) (feet) 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 Low

peat to 10 feet

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 Fill/Alluvium/ NA*
gravelly sand to 6 feet. Groundwater Outwash

observed at approximately 6 feet.

V-5 9.8 349 Fill to 2 feet, silty sand to sandy silt to Fill/Outwash Low to
9.8 feet 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 | Depth | % Gravel | % Sand | % Fines USCS Class and Description
Sample Number (ft)

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
3
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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 — 12" 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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Figure adapted from HDR Engineering (B-29 Project Sheet.pdf)
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Figure adapted from HDR Engineering (B-31 Project Sheet.pdf)
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Figure adapted from HDR Engineering (B-24 Project Sheet.pdf)
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Location: North side of Proposed South Infiltration Facility

Ground Elevation: 299 feet (from Google Earth) Logged by: RIM

Boring V-1

Driller: City of Burien

Drilling Method: Vactor
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Location: West side of Proposed North Infiltration Facility :
Boring V-2
Ground Elevation: 300 feet (from Google Earth) Logged by: RIJM
Driller: City of Burien Drilling Method: Vactor
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— c = B
s | B8 2z (2| g N _E 8| Zeg
g&é g § EE §§’ $ Soil Description gg = E g
58| 82 67| 2 8 |g| &¢®
0
_| Grass and top soil.
] Dark brown, organic, silty fine SAND;
- | _ moist; trace clay. (Recent Alluvium)
] Dark brown, slightly sandy PEAT;
5 — moist; scattered woody debris. (Recent Peat) =
(]
_ 5
— 2
o
] 3
P
10 ] :-- e L]
] <] HA-5 e
15 —
20 —
25 —
30

* See key for graphic log explanation

monument
X HA-1 Hand auger interval and

v Measured depth to o
sample designation groundwater (date and time) m Well riser pipe and

concrete surface seal

v Estimated groundwater
level at time of drilling (ATD) ‘. ] Well riser pipe and
WHN

bentonite chip seal

Well screen and
filter pack

Well riser pipe and
sand filter pack

Bentonite
chips

SITE #29 - VACTOR LOG FOR V-2

Richard Martin HDR Engineering

November 3, 2014

Groundwater LLC King CounFy Miller Walker Retrofit
Burien, Washington

FIG. 5 (Sheet 1 of 1)




Location: Landscaped area on west side of Arts Center building

Ground Elevation: 306 feet (from Google Earth) Logged by: RIM

Boring V-3

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 10-24-2014

Borehole Diameter: NA

Vactored Depth: 10 feet
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Location: 15 feet west of centerline of 12th and 90 feet south of center line of 148th :
Boring V-4
Ground Elevation: 368 feet (from Google Earth) Logged by: RIJM
Driller: City of Burien Drilling Method: Vactor
Date Started/Ended: 10-24-2014 Borehole Diameter: NA Vactored Depth: 6.5 feet
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Location: 13 feet east of centerline of 12th and 59 feet south of center line of 151st

Ground Elevation: 349 feet (from Google Earth) Logged by: RIM

Boring V-5

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 10-24-2014

Borehole Diameter: NA

Vactored Depth: 9.8 feet
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APPENDIX A

Results of Grain Size Analyses
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Particle Size Distribution Report
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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:

e Burien Site 20 — 6™ Avenue SW from SW 146" Street to SW 153" Street,

e Burien Site 24 — 12" Avenue SW between SW 148" Street and SW 152" Street,
e Burien Site 27 — S 152" Street from 1% Avenue S to 8" Avenue S,

e Burien Site 29 — Moshier Park,

e Burien Site 31 — Moshier Community Arts Center, and

e 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 | Ground | Summary of Soil Conditions Observed During Soil Type Relative
Depth [Elevation Vactoring Infiltration
(feet) (feet) Potential
King V-6 8.8 352 [Fill to 3.5 feet, gravel and cobbles to about 5.5 Fill/Till High in
County feet, and slightly gravelly to gravelly fine sand (?)/Advance Outwash
#47 to 9.2 feet Outwash
Burien V-7 8.9 353 Fill to 4 feet, gravel and cobbles to about 5 Fill/Till Low to
#20 feet, and slightly silty to silty, gravelly sand to (?)/Advance Moderate
9.2 feet Outwash (?)
Burien V-8 4.5 320 [Fill to 4.5 feet Fill Unknown
#27
Burien V-9 5 289 [Sandy peat to 5 feet. Groundwater observed at Peat NA*
#27 approximately 5 feet.
Burien V-10 9.5 325 [Fill to 2 feet, slightly silty to silty fine sand to Fill/Recessional | Moderate
#27 about 6 feet, and fine sand to 10 feet Outwash 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 | Depth | % Gravel | % Sand | % Fines USCS Class and Description
Sample Number (ft)

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

V-7,5-3 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.
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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 152™ 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 6™ Avenue SW and SW 148" Street, similar to that observed at Site 47
while to the south between SW 151° Street and SW 152" 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 152" 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:

o 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;
e 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;

e Subsurface Uncertainty — Relative uncertainty based on distribution of explorations, depth of

explorations, and existing subsurface information; and

o 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 Soil Infiltration | Geotechnical Subsurface Ranking
Infiltration Rate Risk Uncertainty
Type
20 Shallow or Moderate to Low Moderate 3
Deep High
24 Deep Low High High 6
27 Shallow Low to High Moderate to 5
Moderate High
29 Shallow Low to Moderate Moderate to 4
Moderate High
31 Shallow Moderate Low to Moderate 2
Moderate
47 Shallow or High Low Low to 1
Deep Moderate
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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:

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

e Perform additional exploration to confirm the presence and thickness of Advance Outwash soil
relative to the base of the proposed bioretention facilities.
e Long-term design native soil infiltration rate —

0 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.

0 Assumes designs will incorporate deep infiltration techniques.

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

o 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.
e lLong-term design native soil infiltration rate —

0 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.

0 Assumes designs will incorporate deep infiltration techniques.

S 152nd Street (Site 27)

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

e 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.

e 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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e Long-term design native soil infiltration rate —
0 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 148™ 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 — 6™ Avenue SW Proposed Plan and Vactor Explorations Locations

Figure 2 — Site #27 — S 152" 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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Figure adapted from HDR Engineering (B-20 Project Sheet.pdf)
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Figure adapted from HDR Engineering (B-27 Project Sheet.pdf)
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Figure adapted from HDR Engineering (KC-47 Project Sheet.pdf)
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Location: Within existing retention facility adjacent to parking lot

Boring V-6
Ground Elevation: 352 feet (estimated) Logged by: RIM
Driller: City of Burien Drilling Method: Vactor
Date Started/Ended: 12-8-2014 Borehole Diameter: NA Vactored Depth: 9.3 feet
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Location: Across from post office on 6th Avenue SW ]
Boring V-7
Ground Elevation: 353 feet (from Google Earth) Logged by: RIJM
Driller: City of Burien Drilling Method: Vactor
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Location: Across from post office on 6th Avenue SW

Ground Elevation: 320 feet (from Google Earth) Logged by: RIM

Boring V-8

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 12-8-2014 Borehole Diameter: NA Vactored Depth: 4.5 feet
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Location: Across from post office on 6th Avenue SW

Ground Elevation: 289 feet (from Google Earth) Logged by: RIM

Boring V-9

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 12-8-2014 Borehole Diameter: NA Vactored Depth: 5 feet
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Location: Within existing retention facility adjacent to parking lot

Ground Elevation: 325 feet (estimated)

Logged by: RIM

Boring V-10

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 12-8-2014 Borehole Diameter: NA Vactored Depth: 9.5 feet
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APPENDIX A

Results of Grain Size Analyses
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Particle Size Distribution Report
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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 — 12" Avenue SW between SW 148" Street and SW 152™ 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 Ground Summary of Soil Conditions Observed Soil Type Relative
Depth Elevation During Vactoring Infiltration
(feet) (feet) 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 Low

peat to 10 feet

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 Fill/Alluvium/ NA*
gravelly sand to 6 feet. Groundwater Outwash

observed at approximately 6 feet.

V-5 9.8 349 Fill to 2 feet, silty sand to sandy silt to Fill/Outwash Low to
9.8 feet 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 | Depth | % Gravel | % Sand | % Fines USCS Class and Description
Sample Number (ft)

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
3
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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 — 12" 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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Figure adapted from HDR Engineering (B-29 Project Sheet.pdf)
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Figure adapted from HDR Engineering (B-31 Project Sheet.pdf)
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Figure adapted from HDR Engineering (B-24 Project Sheet.pdf)
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Location: North side of Proposed South Infiltration Facility

Ground Elevation: 299 feet (from Google Earth) Logged by: RIM

Boring V-1

Driller: City of Burien

Drilling Method: Vactor
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Location: West side of Proposed North Infiltration Facility :
Boring V-2
Ground Elevation: 300 feet (from Google Earth) Logged by: RIJM
Driller: City of Burien Drilling Method: Vactor
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Location: Landscaped area on west side of Arts Center building

Ground Elevation: 306 feet (from Google Earth) Logged by: RIM

Boring V-3

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 10-24-2014

Borehole Diameter: NA

Vactored Depth: 10 feet
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Location: 15 feet west of centerline of 12th and 90 feet south of center line of 148th :
Boring V-4
Ground Elevation: 368 feet (from Google Earth) Logged by: RIJM
Driller: City of Burien Drilling Method: Vactor
Date Started/Ended: 10-24-2014 Borehole Diameter: NA Vactored Depth: 6.5 feet
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Location: 13 feet east of centerline of 12th and 59 feet south of center line of 151st

Ground Elevation: 349 feet (from Google Earth) Logged by: RIM

Boring V-5

Driller: City of Burien

Drilling Method: Vactor

Date Started/Ended: 10-24-2014

Borehole Diameter: NA

Vactored Depth: 9.8 feet
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APPENDIX A

Results of Grain Size Analyses
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Particle Size Distribution Report
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