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Project Purpose and Background

Seattle Public Utilities (SPU) and other cities throughout Washington manage natural
drainage systems (NDS) including bioretention assets as a stormwater best management
practice (BMP) for reducing stormwater flow, creating aesthetic habitat, and improving
water quality. The water quality improvement potential of NDS including bioretention has
been demonstrated by laboratory experiments and field studies that show significant
removal of stormwater pollutants when stormwater is treated by infiltration through a
bioretention soil mix (BSM)'. However, further study is needed to understand the transport
and fate (capture) of stormwater pollutants, including the emerging contaminant 6PPD-
quinone (6PPDQ), by the BSM in bioretention systems that have been established long-
termin an urban environment to answer important questions for jurisdictions about
needed maintenance and longevity of these systems.

Results from this project will provide long-term benefits to Eastern and Western
Washington municipal permittees by monitoring stormwater pollutant concentrations in
the BSM of bioretention assets and NDS in cities statewide to address the Stormwater
Action Monitoring (SAM) Round 5 priority topics, specifically, Source Control topic #8 and
Best Management Practice [BMP] Effectiveness topic #19. The collected data will help

"Richard Jack, “How bioretention soils capture stormwater PCBs” (presentation, Science Seminar,
November 2019); Zhenyu Tian et al., ”Performance evaluation of compost-amended biofiltration swales
for highway runoff treatment in field and laboratory”(report for Washington State Department of
Transportation and Federal Highways Administration, 2019).

Jenifer Mcintyre et al. “Bioretention filtration prevents acute mortality and reduces chronic toxicity for early
life stage coho salmon (Oncorhynchus kisutch) episodically exposed to urban stormwater runoff,”
Science of the Total Environment, 902 (2023)165759.

Rachel Scholes, “Green Infrastructure Systems for Treatment of 6PPDQ” (presentation, Ecology 6PPDQ
State of the Science, December 9, 2025).

Chelsea Mitchell, “Treating Conventionals and CECs in Stormwater with a High Performance Bioretention
Soil Media: a Field Effectiveness Study” (presentation, Ecology 6PPDQ State of the Science, December 9,
2025).
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cities better understand what maintenance practices can be done to make bioretention
cells and BSM more effective at capturing contaminants to include verification of the
treatment or capture of 6PPDQ.

Specifically, this study will monitor stormwater pollutant concentrations in the BSM in
bioretention and NDS at sites representative of a range of infrastructure and stormwater
conditions from both maritime and semi-arid climates in cities across the state including
Seattle, Tacoma, Kent, Duvall, Issaquah, Spokane, and Spokane Valley. The study will help
advance the stormwater program statewide by verifying the capture of contaminants,
including 6PPDQ, with depth and longitudinally in the BSM within bioretention cells and
using these data to inform adaptive management strategies such as identifying specific
areas and depths of concern where BSM replacement is needed; the results will also
inform maintenance strategies by considering the contaminants captured in the BSM as a
potential continuing pollutant source to stormwater, analogous to the idea that pre-
settling structures such as catch basins are regularly maintained for source control.

Other studies have focused on water quality improvements based indirectly on stormwater
inflow and outflow comparisons, but this study will take a more practical approach by
focusing directly on the resultant BSM contaminant capture independent of characterizing
inflowing stormwater and the inherent difficulty in the timing of storms. Studying the
transport and capture of stormwater pollutants in the BSM of these well-established
bioretention systems will help ensure systems that are long established in urban
environments are continuing to provide effective capture of stormwater pollutants.
Further, this information will be used to guide important management decisions and
develop maintenance strategies that can be applied broadly by permittees and
jurisdictions across Washington using bioretention as a BMP for their stormwater
management program under the Phase 1 and Phase || NPDES Municipal Stormwater
Permits administered by the Washington State Department of Ecology (Ecology) and
Ecology guidance documents Stormwater Management Manual for Western Washington
(SWMMWW) and Stormwater Management Manual for Eastern Washington (SWMMEW).

Both Ecology Phase 1 and Phase Il NPDES Municipal Stormwater Permits require that, for
operations and maintenance under the stormwater management program, “each
Permittee shall implement maintenance standards that are as protective, or more
protective, of facility function than those specified in the Stormwater Management Manual
for Western Washington, or a Phase 1 program approved by Ecology.” (This applies also to
permittees in eastern Washington covered under the Permits.) The SWMMWW and
SWMMEW state, “research indicates that most attenuation of heavy metals in bioretention
cells occursin the first 1 to 2 inches of the mulch layer. That layer can be removed or
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added as part of a standard and periodic landscape maintenance procedure. No
indications of special disposal needs are indicated at this time from older bioretention
BMPs in the eastern United States (personal communication between C. Hinman and L.
Coffman).” The SWMMWW and SWMMEW also state, “soil mixes for bioretention BMPs are
designed to maintain long-term fertility and pollutant processing capability. Estimates
from metal attenuation research suggest that metal accumulation should not present an
environmental concern for at least 20 years in bioretention systems, but this will vary
according to pollutant load. Replacing mulch media in bioretention BMPs where heavy
metal deposition is likely to provide an additional level of protection for prolonged
performance. If in question, have soil analyzed for fertility and pollutant levels.”

Ecology’s stormwater management manuals provide an approach to bioretention
maintenance based on a 20-year time frame, acknowledging the potential impact of
pollutant load and need for analysis of the BSM. Data from recent bioretention sediment
monitoring studies conducted by SPU at three long-established bioretention and NDS sites
in Seattle measuring concentrations of stormwater contaminants including 6PPDQ in the
BSM indicate that maintenance may be needed sooner than a 20-year time frame.

SPU manages well-established bioretention and NDS that are older than or approaching 20
years operational lifetime and are situated in areas with relatively high average daily traffic
and potentially high loading of stormwater pollutants, including the tire-related emerging
contaminant 6PPDQ. However, until recently there was no data describing how well the
systems capture or treat stormwater contaminants, including 6PPDQ. To begin to fill this
data gap, in 2024 and 2025 SPU completed bioretention sediment monitoring studies at
three bioretention and NDS sites in Seattle—Pinehurst NDS, Venema NDS, and Carkeek
Cascade NDS—measuring concentrations of metals and other stormwater pollutants
including 6PPDQ in the BSM2. Initial studies at Pinehurst, Venema NDS, and Carkeek
Cascade NDS measured stormwater pollutant concentrations in samples collected from
the BSM from the two most upstream bioretention cells; from upstream and downstream
locations within the visible stormwater flow path within each bioretention cell; and from
depths of 0-2 inches, 2-10 inches, and 10-18 inches at each location. An additional study
atVenema NDS focused on the BSM at the surface of the bioretention cells, measuring
pollutant concentrations along the full lengths of two series of bioretention cells (11 cells
and 6 cells) from upstream and downstream locations from depths of 0-2 inches.

2 Seattle Public Utilities (SPU), “NDS Bioretention Sediment Data Report (Pinehurst NDS and Venema NDS)”
(unpublished report), 2025; Seattle Public Utilities, “Carkeek Cascade Bioretention Sediment Data Report”
(unpublished report), 2025.
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The data from SPU’s studies show relatively higher concentrations of stormwater
pollutants and finer grain sizes deviating from the original BSM specification in the upper
layers of the most upstream bioretention cells, indicating deposition of particle-associated
stormwater pollutants (e.g., for copper [Cu]), shown on Figure 1 and 6PPDQ, shown on
Figure 2). Furthermore, within some bioretention cells, pollutant concentrations are higher
at the downstream sampling point (e.g., just upstream of a weir separating cells) than the
upstream sampling point, suggesting physical transport of particulate pollutants and
accumulation in the bioretention cells (e.g., for copper, shown on Figure 3). The data
indicating particulate transport suggest that the capture of stormwater pollutants by the
bioretention cells occurs independent of structure cleaning as required maintenance for
storm system structures (e.g., catch basins) upstream of bioretention and NDS. Data from
the Venema NDS surface sediment study in 2025 show that pollutant concentrations
generally decrease to a consistently lower level downstream of the two most upstream
bioretention cells, except at locations within the system with additional storm system
inputs, such as from a catch basin (e.g., for copper shown on Figure 3).

This study will build on these data and monitor bioretention BSM directly for a range of
stormwater conditions and infrastructure types to provide information to jurisdictions and
permittees that are using bioretention for stormwater management about how well their
systems are doing at capturing stormwater contaminants relative to the SWMMWW and
SWMMEW 20-year time frame and help refine Ecology’s stormwater management
guidance and maintenance approaches for bioretention and NDS.

Project Description and Scope of Work

Study Design/Main Project Tasks

To address the SAM Round 5 source control and BMP effectiveness priority topics, this
project will monitor BSM collected from various well-established bioretention and NDS
sites used for stormwater management across the region/state to inform maintenance. As
jurisdictions and permittees build new bioretention systems, which may use different
types of BSM or be built in areas with varying conditions (such as stormwater
composition), a good understanding of how the BSM in current systems is functioning for
contaminant capture and treatment is critical for maintenance and treatment longevity of
both existing and yet-to-be-built systems.

The proposed study sites have been chosen to represent a range of drainage areas, climate
types, land use, and infrastructure characteristics, including the age and type of
infrastructure (e.g., infiltrating or non-infiltrating bioretention cells, presence of an
underdrain or pre-settling structures). As part of this proposal process, our study team
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created a list of qualifying criteria for potential bioretention study sites, including if the site
was built following Ecology Stormwater Management Manual guidelines, the known age,
known upstream land use, known inputs from sheet flow or pre-settling structures, and
known contributing basin size (additional, but not required, criteria are average weekday
daily traffic [AWDT] in the contributing basin and known maintenance history). Proposed
sites were disqualified if there were known spills or illicit discharge detection and
elimination (IDDE) incidents within the bioretention cells. The bioretention sampling sites
currently proposed for this study are listed in Table 1, along with values for the selection
criteria. If additional sites are added to the study, the scope of work and budget are
designed to be scalable so that the data for a particular set of conditions may be
enhanced, or the range of conditions broadened, to increase the scope of applicability for
the maintenance and adaptive management strategies resulting from this work.

Study details including data quality objectives (DQOs); monitoring location information;
measurement quality objectives (MQOs) for the stormwater contaminants measured in the
BSM; sampling schedule and procedures; and data management, verification/validation,
and analysis will be presented in a quality assurance project plan (QAPP) developed based
on the Ecology QAPP guidance. The SPU bioretention sediment monitoring sampling and
analysis plan (SAP) for its completed studies will be used as a resource?®. The main study
task for all bioretention and NDS study sites is to determine the depth and length of
stormwater pollutant concentrations and inform maintenance of the BSM in the
bioretention cells. Information needed for each bioretention study site will include
concentrations of stormwater contaminants, including the emerging contaminant 6PPDQ,
at upstream and downstream sampling points in visual deposition areas and from two
depths at each sampling point.

SPU previously performed bioretention sediment monitoring measuring stormwater
contaminant concentrations in BSM samples from depths of 0-2, 2-10, and 10-18 inches in
bioretention cells. These study data generally showed, at this depth resolution, a greater
decrease in pollutant concentrations between the top and the middle depth segment than
the middle and bottom segment, supporting the idea that a deeper (0-6-inch) top segment
would still adequately characterize the capture of pollutants in the cells. Additionally, for
sediment sample collection, it is more practicable to most precisely collect in the field a
sample from the top 0-6 inches than from 0-2 inches, and SPU conducted waste
characterization sampling of four bioretention cells to determine the disposal method for
the removed BSM using 0-6-inch-depth composite samples. The same sampling design for

3SPU, “NDS Monitoring for Maintenance Program Sampling and Analysis Plan” (unpublished document),
2024.
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each site for this study will be followed to help determine to what depth and length (i.e.,
distance downstream within a cell or how many cells from upstream to downstream in a

series of cells) stormwater contaminant monitoring is necessary to more generally
determine BMP effectiveness and drive maintenance decisions (e.g., BSM removal).

BSM Sediment Sample Collection and Analysis

For this study, each bioretention study site will be sampled once (i.e., the number of sites
will be equal to the number of sample events), and during a dry period (with absence of
ponding in the bioretention cells). For each sample event, BSM samples will be collected
from four points representing upstream and downstream locations within the bioretention
system. Sampling points will be selected by the project team to best represent
depositional areas within each system. Within each bioretention cell, the specific location
of the upstream BSM sample will be determined in the field by visual inspectionto be in a
likely depositional area; the specific location of the downstream BSM sample will also be
determined in the field by visual inspection to be in an area where sediments may have
accumulated before stormwater overflows into the next, downstream cell (e.g., just
upstream of a separating weir).

At each specific sample location, BSM sediment samples will be collected using stainless
steel hand tools and a hand corer. The BSM sediment cores will be visually classified to
determine soil type, and then BSM from 0-6 and 6-18 inches (or the bottom of the BSM,
whichever is deeper) will be collected and homogenized for laboratory analysis. Field
duplicate sediment cores will be collected at one sampling point per site to assess
variability in visual identification of the stormwater pathway through the bioretention
cell(s) (likely deposition area), contaminant concentrations with depth, and field sample
collection methods. The BSM sample depths were chosen based on data from SPU’s
previous BSM sediment studies and sediment characterization to both adequately
characterize contaminant concentrations in the BSM but also maximize practicability of
sampling and conducting maintenance (e.g., BSM removal and replacement). Of note, the
Cities of Seattle and Spokane do not typically use a mulch layer for its bioretention and
NDS, but if there are study sites that have a mulch layer, we will compare the results
versus the sites without mulch to determine if mulch worked as a protective layer as the
stormwater manual suggests.

All samples will be analyzed for the stormwater pollutants total solids, total organic carbon
(TOC), grain size parameters, pH, metals (copper, cadmium, lead, zinc), total petroleum
hydrocarbons (TPH)-diesel-/oil-range organics, polycyclic aromatic hydrocarbons by
selected ion monitoring (PAH-SIM), PCB Aroclors, and 6PPDQ using Ecology-accredited or
approved analytical methods for consistency and comparability among data from the
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various sites. There are no approved methods for sediment analysis of 6PPDQ); therefore,
as part of this proposal we will request from and provide justification to Ecology to use a
non-accredited laboratory, the City of Tacoma Environmental Services Science &
Engineering Laboratory, for this analysis. The laboratory data will be verified and validated
before use in data reports, analysis, and visualizations. All verified and validated data will
be managed in SPU’s EQuIS™ data management system (DMS) and formatted for upload to

Ecology’s Environmental Information Management (EIM) database, as required.

The measured sample concentrations will be evaluated for each study site with respect to
depth and length in the bioretention systems to gauge the effectiveness of pollutant
capture and help determine triggers for and practicability of maintenance (e.g., BSM
removal and replacement). As points of comparison, stormwater contaminant
concentrations may be compared to Ecology Ecological Indicator Soil Concentrations
(EISC), United States Environmental Protection Agency (USEPA) ecological soil screening
levels (Eco-SSLs), and/or natural background values to help guide further sampling efforts
and/or maintenance for these systems. Specifically with respect to BSM removal as a
potential maintenance strategy, BSM contaminant concentrations may also be compared
to the Ecology Model Toxics Control Act (MTCA) Method A soil cleanup levels (WAC 173-
340-900 Table 740-1) to inform waste management for any material removed.

This study will compile information from multiple bioretention NDS sites in cities across
the region/state. In addition to tabulating and visualizing stormwater contaminant
concentrations with depth and length for each site, we will tabulate the data for each
stormwater contaminant as a function of the site attributes used for site selection (e.g.,
bioretention type and drainage area) and by climate areas within the state (e.g., eastern
versus western Washington) to better understand potential patterns among the sites. We
will use the information in this table to help discern if there are any patterns in the
stormwater capture among the various bioretention attributes to inform general
maintenance strategies for their systems. This table will provide long-term benefitas a
deliverable and will be a resource for Ecology and permittees across the state by providing
information about how well bioretention is functioning currently for stormwater
management and informing future systems design. This table will also be a key component
of the SAM fact sheet developed for this study.

Communication of Findings

The results and findings from this study will be communicated through several project
deliverables. All study data will be presented in a final report that will include, but not be
limited to, a description of the sample events; the tabulated final, verified and validated
stormwater contaminant concentration data; a discussion of the study results and data
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usability with respect to the planned study DQOs; and a discussion of the results including
data tabulations and visualizations for stormwater pollutant concentrations in the BSM
with depth and longitudinally and by the site attributes for the various bioretention study
sites. An annual progress report will also be prepared in the project’s second year (2027) to
communicate preliminary findings and review the project results with respect to the
project DQOs. Study information will be presented in a SAM fact sheet, a presentation to
Ecology’s stormwater work group (SWG), and at a local or regional conference appropriate
to this subject matter as the opportunity is available. All study data will be managed in
perpetuity in SPU’s EQuIS DMS and uploaded as required to Ecology’s EIM database to be
publicly available. The results of this study also may potentially inform Ecology SWMMWW
and SWMMEW updates that are expected in 2029. Study findings will be communicated
throughout the project through quarterly meetings of the project team, described in more
detail in the section below.

Project Team Description and Management Strategy

SPU’s Dr. Jennifer Arthur will lead the study as project manager and data steward.
Geosyntec’s Brian Hite will lead a team of stormwater scientists and geologists in the
collection of sediment samples. The samples will be analyzed by commercial laboratories
for the parameters listed in Table 3. Robin Kirschbaum of RKI will assist SPU and
Geosyntec with project deliverables to include QAPP development, report drafts, and
recommendations. This project team and its Technical Advisory Committee (TAC) will
meet quarterly to discuss project progress updates, milestones, and task deliverables.

For this project, we have begun to assemble a TAC team comprising multiple permittees
and jurisdiction sizes to review the final study design and key deliverables and potentially
provide access to bioretention study sites. The preliminary list of TAC members includes:

e Drena Donofrio— NDS Asset Manager — Seattle Public Utilities

e Cris Korwel - Stormwater Program Coordinator — City of Lake Forest Park

e Brandi Lubliner — Stormwater and Watershed Planning — City of Tacoma

e Marta Olson — Stormwater - Retrofits and Policy Program Manager — King County
e James George lll (Trey) — Environmental Manager — City of Spokane

e Tom Chontofalsky — Environmental Lab Scientist — City of Tacoma Laboratory

e MegVan De Walle - Stormwater Engineering Tech — City of Duvall

The first task in the project budget and schedule section below is to finalize and obtain
letters of commitment from all TAC members.
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Project Team Bios

Jennifer Arthur, Ph.D. - Study Lead
30% of time dedicated to the project

Jennifer is a Senior Environmental Analyst with the City of Seattle, Seattle Public Utilities
(SPU) Urban Watersheds Environmental Monitoring group. She has over 15 years’
professional experience in the environmental field providing chemistry data quality
assurance support across the project and data lifecycles of environmental investigations.
At SPU, she is the custodian of the Drainage and Wastewater Line of Business
environmental data management system and author of its environmental data
management plan, and leads SPU’s Environmental Data Quality System program, working
with study teams on regulatory compliance and BMP effectiveness monitoring projects to
generate data quality objectives (DQOs) and planning documents that support collection
of long-term data as an asset. She also provides analytical chemistry and data validation
expertise and contributed to the Interstate Technology and Regulatory Council (ITRC)
Environmental Data Management Best Practices Data Quality subgroup.

Jennifer completed a Ph.D. in Analytical and Environmental Chemistry, for which she
performed laboratory, field, and modeling studies investigating the transport and fate of
metals in acid mine drainage systems and developed a database for metals sorption on
natural mineral surfaces. She has worked as an environmental consultant providing
chemistry and data quality support for brownfields, Superfund, and litigation projects;
taught chemistry, environmental science, and physics at the college level; and worked as
an analyst at environmental laboratories.

Brian Hite — Study Technical Lead
30% of time dedicated to the project

Brian is a Project Professional Stormwater Scientist with Geosyntec Consultants and has
led numerous stormwater pollution investigations that involve surveying, sampling, and in-
situ data collection for water quality across a wide range of water bodies and stormwater
infrastructure. He has led illicit discharge detection and elimination (IDDE) efforts for
cities, airports, rail and ground transportation, and private industry. He is skilled in
efficiently investigating spills and potentialillicit discharges and tracing their sources.
Brian also manages and analyzes a variety of environmental data, including monitoring,
site assessment, and online weather and hydrology data. Brian is routinely involved with
the maintenance and operation of water quality sampling systems and has first-hand
knowledge of the proper operation and maintenance for many stormwater BMPs.
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Robin Kirschbaum —Technical Advisor/Contributing Author

10% of time dedicated to the project

Robin is a civil engineer with expertise in green stormwater infrastructure (GSI);
hydrologic/hydraulic analysis; web application development and data analysis; and
stormwater facility planning, design, construction, and long-term operation and
maintenance. She brings over 20 years of consulting engineering experience and unmatched
passion for working on interdisciplinary teams to develop sustainable solutions for water
infrastructure and the environment. She has worked extensively with the City of Seattle in
highly varied roles such as Design Lead for the SPU Ballard Natural Drainage Systems Phase
Il project, Operation and Maintenance Lead for the SPU South Park Water Quality Treatment
Facility Design, Asset Management Lead for the SPU/King County Joint GSI Program Services
Contract. Her history of service, innovation, and experience with various facets of SPU’s GSI
program will help provide sound planning, data collection, and interpretation of results to
drive the region forward in understanding bioretention design, maintenance, and
performance.

Project Budget and Schedule

If approved as one of the Round 5 SAM Effectiveness Studies, this project would begin in
August 2026 with the development of the TAC team. TAC meetings would take place
quarterly to review deliverables for the project starting in Q3 2026. The schedule for
deliverables is included in detail in Table 2. The rationale for project timing assumes the
following targets: the QAPP would be developed over Q4 2026 and sampling would occur
during summer 2027 when the bioretention cells are expected to be dry. Reports will be
drafted once the results have been assessed, with the final report expected in Q2 2028.

The budget included in Table 2 was developed based on experience performing similar
studies and is organized by task deliverable with estimates of cost and expectations for the
schedule. It includes labor and laboratory costs for sample analysis of up to 34 sites. We
have also developed a per-site sample budget included in Table 3 for labor, laboratory
fees, and data validation, so that sites could be added before finalizing the scope.
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Table 1. Proposed Study Sites

Permittee

Bioretention NDS
Monitoring Site

Appendix A: Tables and Figures

Years
Online

Land Use*

Contributing

SPU
SPU
SPU

SPU

SPU
SPU
Spokane
Spokane
Spokane

Spokane

Spokane Valley
Spokane Valley
Spokane Valley

Spokane Valley

Spokane Valley
Spokane Valley
Spokane Valley
Spokane Valley
King County
Duvall
Issaquah

Tacoma

Kent

Venema B Series
Pinehurst

High Point

Cloverdale
Bioretention

NW 107th Street
Carkeek Cascade
Hazels Creek
Cochran Basin

Monroe and Cora
Second and Perry

SW 283
SW 3411
SW 343

SW 352

SW 473
SW 5
SW 7607
SW 42

Burien

2015
2007
2006

2024

2004
2002
2012
2024
2018

2017

2013
2008
1997

2009

2015
2003
2024
2000
2021

Urban Residential
Urban Residential

Urban Residential

Mineral Resource Area adjacent to Intensive

Urban
Intensive Urban

Intensive Urban
Residential and General Commercial
Residential and General Commercial

Residential and General Commercial

Residential, General Commercial, and Light

Industrial
Commercial, Mixed Use

Commercial

Residential, Mixed Use

Commercial, Mixed Use, High-density
Residential

Industrial
Residential, Mixed Use

Industrial

High Density Urban

Drainage
AWDT or ADT INCERETGR))

28,422 72.5
15,900 50
15,978 130
13,551 0.6830
28,422 32
28,422 20

2,500-20,000 450
25,000 5,000

2,500-15,000 3.8

2,500-9,000 6.6
28,136 0.4
16,041 0.2
9,897 1.3
23,484 2.8

N/A 5.3

5,310 0.4
17,418 2
9,479

Sample collection at four sites have been budgeted, selection of sites will occur during final proposal stages

Sample collection at four sites have been budgeted, selection of sites will occur during final proposal stages

Sample collection at three sites have been budgeted, selection of sites will occur during final proposal stages

Sample collection at four sites have been budgeted, selection of sites will occur during final proposal stages, awaiting final

confirmation from permittee

Notes: AWDT = Average Weekday Daily Traffic 2019 Seattle GeoData, ADT = Average Daily Traffic - Spokane and Spokane Valley Sites

Table 2. Budget and Task Deliverable Due Dates

Task

Geosyntec

Analytical
Resources

Tacoma
Laboratory

Lab Data
Services

Deliverables

SPU Cost

Cost

RKI Cost

Inc.

Services

Inc. Total Cost

Target Dates

li';tTAC Member | ¢400 $0 $0 $0 $0 $0 $0 August '26
1.2 TAC Meeting
Notes and
1.0 Project Quarterly Check- $0 $15,758 $0 $0 $0 $0 $15,758 Quarterly
Management Ins
1.3 Annual $3,150 $14,070 $6,813 $0 $0 $0 $20,883 Q4'27
Progress Report
1.4 Project
Management $2,630 $0 $0 $0 $0 $0 $0 Monthly
2.0 Revised 2.1 Draft QAPP $8,000 $13,400 $2,595 $0 $0 $0 $15,995 Sept.'26
Quality 2.2 6PPDQ $400 $0 $0 $0 $0 $0 $0 August '26
Assurance waiver request
Project Plan 2.3 Final QAPP $2,000 $5,360 $5,191 $0 $0 $0 $10,551 Dec. '26
3.0 BSM 3.1 BSN.I Sample $0 $292,950 $0 $0 $0 $0 $292,950 June '27
. Collection
Sediment 3.2 Laborator
Sample ’ y' $0 $0 $0 $262,395 $229,194 $0 $491,589 Oct. '27
. Sample Analysis
Collection and 33 Data
Analysis o $0 $0 $0 $0 $0 $97,308 $97,308 Nov. '27
Validation
:.;p[;:?ft Final $8,200 $35,376 $7,137 $0 $0 $0 $42,513 April '28
4.2 Final Report $2,200 $11,792 $7,137 $0 $0 $0 $18,929 June '28
gfezf‘M Fact $2,200 $2,948 $3,569 $0 $0 $0 $6,517 July '28
4.0 4.4 SWG
Communication Presentation $4,400 $14,740 $3,569 $0 $0 $0 $18,309 July '28
of Findings Slide Deck
4.5 Local or
Regional
Conference $2,200 $6,486 $3,569 $0 $0 $0 $10,054 August '28
Presentation
Slide Deck
Contingency @10% $3,578 $41,288 $3,958 $26,240 $22,919 $9,731 $104,136
TOTAL | $39,358 | $454,168 $43,537 $288,635 $252,113 $107,039 | $1,145,492
Note: The total cost in the table above does not include in-kind work performed by SPU.
700 5th Ave Suite 4900 | PO Box 34018 | Seattle, WA 98124-4018 | 206-684-3000 | seattle.gov/utilities A-1
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Table 3. Budget Estimation for Additional Sampling*

Item Method Quantity Unit Unit Cost ELs:Ln;a::f
ARI Labs
Total Organic Carbon EPA 9060A m 10 ea $65 $650
pH EPA 9045D 10 ea $35.00 $350
Total Solids, dried SM 2540 G-11 10 ea $10.00 $100
Metals by ICP/MS EPA 6020B 10 ea $105.00 $1,050
Total Solids (Metals Aliquot) SM 2540 G-11 10 ea $10.00 $100
Aroclor PCBs EPA 8082A 10 ea $160.00 $1,600
Total Solids, PSEP (Organics Aliquot) PSEP 1986 10 ea $10.00 $100
TPH NWTPH-Dx 10 ea $90.00 $900
Grainsize PSEP PSEP-PS 10 ea $250.00 $2,500
City of Tacoma Lab Services
6PPDQ by LC-MS/MS SOP 5041 10 ea $350.00 $3,500
PAHs_SIM EPA 8270E-6-SIM 10 ea $292.00 $2,920
Laboratory Data Consultants Inc.
Level 2A Data Validation 1 Sasr';fle $2,862 s
Labor Estimation to Add Sites
Bioretention cell sampling, assuming five bores per site, a total of ten samples collected.
Time includes sample bottle collection, cleaning of equipment, delivery of samples to laboratory for analysis,
travel expenses included in the estimate. $7,750
Estimation for Lab Services, Labor, and Data Validation of 10 samples $24,382
Note: *including labor, laboratory fees, and data validation assuming 10 samples collected

Figure 1. Total Copper in the BSM with Depth at Carkeek Cascade NDS
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Figure 2. 6PPDQ in the BSM with Depth at Carkeek Cascade NDS
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Figure 3. Total Copper in Surface BSM (0-2 inches) and Bioretention Cell Waste Characterization (0-6-inch, four-
quadrant cell composite) at Venema NDS
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January 13, 2026

Jennifer Arthur, PH.D.
Seattle Public Utilities
5th Ave PO BOX 34018
Seattle, WA 98124

RE: Letter of Commitment - SAM Round 5 Effectiveness Study - Bioretention Monitoring
for Maintenance

Dear Jennifer,

Robin Kirschbaum, Inc. (RKI) is committed to supporting Seattle Public Utilities (SPU) to
deliver the above referenced project. We understand and are committed to meeting the
project schedule and budget as described in the Request for Qualifications and in our team'’s
proposal.

RKI’s role includes the following:

e Project management for RKI consultant team

e Contributing author of Quality Assurance Project Plan (QAPP)

e Technical advisor for monitoring and data analysis

e Contributing author of Communication and Findings deliverables
We look forward to supporting this important project.

Sincerely,

a At 74

Robin Kirschbaum, PE, LEED AP
President and Principal Engineer

Robin Kirschbaum, Inc.

425 30TH AVENUE, SEATTLE, WA 98122 | 206.406.1862 | ROBIN@ROBINKIRSCHBAUM.COM | WWW.ROBINKIRSCHBAUM.COM



801 Fifth Ave Suite 2200

Geo Sy-[ltec D Seattle, WA 98104

PH 206.496.1450

consultants wivw. geosymtes.com

January 14, 2026

Jennifer Arthur, Ph.D.
Seattle Public Utilities
700 5™ Avenue Suite 4900
PO Box 34018

Seattle, WA 98124

Subject: Letter of Commitment — SAM Round 5 Effectiveness Study
Bioretention Monitoring for Maintenance

Dear Jennifer Arthur;

On behalf of Geosyntec Consultants Inc. (Geosyntec), I am pleased to confirm commitment to the
Round 5 Stormwater Action Monitoring (SAM) Effectiveness Study: Bioretention Monitoring for
Maintenance. Geosyntec is excited about the opportunity to contribute to this important research
project examining the fate and transport of stormwater pollutants through established bioretention
systems.

We strongly support this effort and look forward to continuing our collaboration with Seattle
Public Utilities on this critical work. The findings will help inform recommendations to the
Washington State Department of Ecology’s Stormwater Manuals regarding pollutant capture and
maintenance of these essential stormwater BMPs. We are committed to providing our expertise
and resources to ensure the success of this study.

Sincerely,

i Wi

Brian Hite
Project Professional Stormwater Scientist
Geosyntec Consultants

engineers | scientists | innovators


http://www.geosyntec.com/
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