TOWARD A PROCUREMENT READY
BIOCHAR SPECIFICATION FOR 6PPDQ
REMOVAL FROM STORMWATER -
LOI 2025-09

Applicant Information:

Ruth M. Sofield, PhD

Western Washington University
Harperr3@wwu.edu
360-224-5185

mailto: harperr3@wwu.edu

Project Proponent Signature:

David Patrick
Western Washington University


mailto:Harperr3@wwu.edu

Project Purpose

This study directly supports implementation of NPDES municipal stormwater permit programs by
improving bioretention BMPs used by permittees to meet permit requirements. Bioretention systems,
whether traditional compost-sand media or the regionally developed High-Performance Bioretention
Soil Media (HPBSM), have proven effective at removing 6PPD-quinone (6PPDQ) (Mitchell 2024), a tire-
derived contaminant that threatens urban aquatic ecosystems and species such as coho salmon and
coastal cutthroat trout. Research by UW-Tacoma has shown that compost and biochar components are
primarily responsible for 6PPDQ sorption (Hildebrandt et al. 2024). However, compost can leach
phosphorus, copper, and PAHs, creating trade-offs that complicate compliance (Herrera 2025). Biochar
offers a promising alternative, with Washington State University (WSU) studies demonstrating
improved bacteria removal and reduced PAHs (Mitchell et al. 2023), but these studies evaluated only a
limited set of biochars and did not identify which material properties maximize pollutant removal.

This project will inform future permit requirements by developing procurement-ready specifications
for biochar based on material properties, such as feedstock type and pyrolysis conditions, that relate to
removal performance for 6PPDQ, PFAS, and trace metals. Benchtop testing and a literature review will
identify optimal biochar material properties, and findings will support design standards and future
updates to bioretention specifications. Importantly, this study will focus on biochars that are already
scaled for production and provide guidance on the optimal biochar material properties for
contaminant removal. These results will enable Ecology and permittees to adopt performance-based
criteria that strengthen stormwater treatment effectiveness.

We have commitment and support from multiple municipal permittees who will be engaged through
advisory input on our Technical Advisory Committee (TAC) (Table 1), review of draft specifications, and
coordination with the Stormwater Work Group (SWG). Their involvement ensures that the
specifications are practical, implementable, and beneficial to stormwater programs across jurisdictions.

The project advances regional implementation by producing transferable specifications that can be
adopted statewide. Biochar is increasingly incorporated into bioretention systems across Washington,
and optimized specifications will enhance BMP performance for diverse municipal programs, creating
regional and statewide value.

Finally, the deliverables, biochar and BSM specifications, linked to quantifiable material properties, are
durable and will sustain long-term benefits. These specifications will reduce uncertainty in
procurement, improve pollutant removal, and support consistent application across projects and
jurisdictions, resulting in lasting improvements to stormwater quality and aquatic health.

The results from both the benchtop study and a comprehensive literature review of biochar
effectiveness at sorbing typical stormwater pollutants will be presented to support column testing for
the companion SAM proposal, LOI 4: Effect of Biochar Characteristics on Pollutant Removal and
Hydraulic Performance in Stormwater Applications. Our two studies are standalone but
complementary, and we plan to coordinate through the duration of the grant if both are funded (see
attached letter of support from the LOI 4 project team.
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This proposal addresses the Stormwater Work Group’s (SWG) Priority List Topic 15: determine a
biochar specification that produces the best pollutant removal treatment.

Project Description/Scope of Work

Purpose

The purpose of this study is to develop a performance-based biochar specification that accounts for
initial flushing behavior while maximizing pollutant removal in stormwater treatment systems, and to
identify the optimal biochar content for two widely used bioretention soil media: the traditional
sand-compost blend and the High-Performance Bioretention Soil Media (HPBSM). By identifying
measurable biochar properties, such as feedstock type and pyrolysis conditions, that relate to removal
efficiency for contaminants of emerging concern, including 6PPD-quinone (6PPDQ) and PFAS, and
other typical stormwater pollutants, this research will provide procurement-ready guidance for
municipalities. Further, in the past 5 years the consistency and availability of biochar has increased
while the price, has declined substantially, presenting permittees with a cost-effective tool for
pollutant reduction.

Objectives
To meet our primary project goals we have defined three Phases of work. These Phases are presented
graphically in the attached Figure 1.

1. Preliminary Phase Objective — Determine biochar material properties for 12 different
commercially available biochars and two types of preprocessing (flushed/washed and no pre-
processing).

2. Phase 1 Objective - Systematically evaluate the pollutant sorption potential for a representative
set of 10-12 commercially available biochars spanning feedstocks and processing conditions
using:

a. Aliterature review to identify established material properties that relate to effective
contaminant removal for typical stormwater pollutants and emerging contaminants (i.e.
6PPDQ and PFAS).

b. Benchtop experiments to quantify sorption potential for 6PPDQ and PFAS.

Compiling performance results from the benchtop experiments and the literature
review to identify material properties (from the preliminary phase) that best predict
pollutant removal for a range of pollutants, including 6PPDQ and PFAS.

3. Phase 2 Objective - Assess sorption potentials of different bioretention soil mixes with varying
biochar contents using the top performing biochar from Phase 1. Use final results to develop an
updated specification recommendation for biochar in HPBSM and as an amendment to the
60/40 sand compost mix.

Study Design and Methods

The proposed study will start in January of 2027 and continue through June of 2028. There is a
considerable body of literature which has assessed biochar properties relative to sorption potential for
many typical pollutants. Our proposed study begins with a synthesis of this information in a literature
review, which will play a critical role in establishing the context for our subsequent sorption testing.
Although there is limited published research on the performance of biochar for the emerging

Page | 2



contaminants, 6PPDQ and PFAS, the literature review will establish what is known. In addition, the
literature review will summarize the body of work on biochar’s sorption potential for conventional
water quality parameters, including nutrients, metals, TSS, and bacteria, for which considerable data
already exist (Hasan et al. 2021). Since these conventional parameters have been thoroughly studied,
we will not conduct additional sorption tests for them; instead, we will use the literature review to
guide selection of biochars with material properties established as effective for conventional pollutants
while also considering any properties established in the literature that may relate to effective 6PPDQ
and PFAS removal.

We will produce a quality assurance project plan (QAPP) to be reviewed by Ecology. The QAPP will
describe sorption testing to include preliminary work followed by two phases that utilize the batch
isotherm approach following OECD Method 106: Adsorption — Desorption Using a Batch Equilibrium
Method.

We will first conduct preliminary work to determine biochar material properties and how washing,
representative of the first few storm events after BMP installation, changes the release of measured
contaminants (e.g. NOs3, metals, orthophosphate, ash, total C and H, TVS). To accomplish this, we will
analyze unwashed (as received) and washed samples from 10-12 biochar suppliers. Samples will be
analyzed for common biochar analytes by a commercial lab; we anticipate that components such as
ash and metals will be lower in the washed biochars, supporting the conjecture that a portion of these
compounds are rapidly soluble, do not persist once the biochar is installed and has experienced initial
storms, and therefore is not particularly predictive of the longer-term performance of biochar in BSM.
This will complement the WSU column work which will establish the duration of phosphorus flushing
and the effect of different pretreatment options (Figure 2).

Phase 1 testing will evaluate the impact of biochar material properties on biochar sorption potential
for 6PPDAQ. Since it is not feasible to manipulate pyrolysis conditions for materials already scaled for
production, we will select 10-12 commercially available biochars across the major feedstock categories
of hardwood, softwood, nutshells, and grass. No manure or biosolids derived biochar will be included
in this study. To address long-term treatment potential, each biochar will be washed to remove any
ash material that is likely to be washed away with initial storm flushing when deployed in real world
conditions. We will leverage available data in the literature and then measure equilibrium removal of
6PPDQ through replicate batch jar tests, determining time to equilibrium, constructing sorption
isotherms and calculating sorption coefficients for each biochar. Following benchtop testing, the
influence of biochar material properties on sorption capacity will be evaluated; this information,
combined with information from the literature review(s), preliminary work on washed biochars, WSU
hydraulic results (if funded), and TAC guidance, will guide our selection of one biochar for WWU Phase
2 work and WSU final column studies. The selected biochar will also be evaluated for PFAS sorption in
batch experiments.

Phase 2 testing will evaluate the impact of biochar content within bioretention soil mixes on sorption
potential. Three different proportions of the top-performing biochar from Phase 1 will be used to
represent each layer of an HPBSM (Figure 1):

e 10%, 20%, and 30% best biochar in HPBSM primary layer (replacing sand content)
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e 10%, 20%, and 30% best biochar in 60-40 (replacing compost content)

Following the same isotherm procedures as in Phase 1 for individual biochars, sorption potentials for
6PPDQ will be measured for each media combination. We will document both the removal efficiency at
different times, making sure to model the typical residence time within a bioretention media, as well
as sorption potential. These results will inform the WSU final column studies (Figure 2).

Some biochars can export phosphorus and potentially metals, the WSU final column studies will assess
the potential for pollutant leaching from biochar. This integrated approach between project groups will
allow us to identify the physicochemical drivers of 6PPDQ removal and develop predictive relationships
between biochar properties and treatment performance, while also developing a recommendation for

a biochar that will not result in leaching of other pollutants of concern.

Major tasks for this project consist of:
Task 1. Project Management

WWU and Herrera will provide comprehensive project management including Ecology engagement,
coordination across all project partners, and budget tracking to ensure efficient and transparent
project delivery. We will also oversee grant coordination and fulfill all required reporting to maintain
compliance with SAM funding obligations.

Deliverable: D 1.1, Quarterly progress reports and invoices

Task 2. Quality Assurance Project Plan

The project Quality Assurance Project Plan (QAPP) will be created in conformance with SAM grant
requirements. The QAPP will outline the project’s objectives, sampling and analysis procedures, data
quality objectives, quality control measures, roles and responsibilities, and reporting protocols. Once
completed, the QAPP will be submitted to Ecology for final review.

Deliverable: D 2.1, Draft and Final QAPP

Task 3. Technical Advisory Committee and WSU Coordination

In accordance with SAM grant requirements, Herrera and WWU will establish a TAC (Table 1) and lead
semi-annual meetings throughout the project’s duration. Herrera will be responsible for scheduling
TAC meetings, preparing agendas, and documenting meeting minutes. Meeting minutes will be
reviewed by WWU and submitted to the SAM grant program as stipulated by the grant guidelines.
Additionally, under this task, Herrera will coordinate meetings with WSU should their LOI 4 receive
funding.

Deliverable: D 3.1, TAC and WSU meeting minutes

Task 4. Literature Review (Phase 1)

Under this task, we will conduct a comprehensive literature review focused on biochar pollutant
sorption potential. Relevant literature that directly aligns with the project’s objectives and research
guestions around biochar use will be identified and synthesized. The final literature review will be
submitted as a project deliverable according to the established schedule and SAM grant requirements.
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Deliverable: D 4.1, Literature review report

Task 5. Biochar Initial Selection (Preliminary Phase)

A diverse set of 10 - 12 commercially available biochar samples will be selected and procured by USBI
for evaluation. A summary document with manufacturer, feedstock, and pyrolysis conditions for each
biochar will be created. Samples will be washed to represent field-deployed biochars and both
unwashed and washed samples will be tested. The laboratory results will be systematically compiled
and assessed to determine whether the selected biochars conform to Ecology’s HPBSM specification.
Additionally, these data will serve as a reference for comparison with sorption potential results
generated in subsequent project tasks, supporting efforts to relate specific biochar material properties
with pollutant sorption potential.

Deliverables: D 5.1, Selected biochar information summary

D 5.2, Database of selected biochar material properties

Task 6. Laboratory Study- Kinetics and Sorption (Phase 1)

Batch equilibrium sorption tests for 6PPDQ will be conducted primarily by a WWU graduate student on
10-12 of the washed biochar samples; washed samples will be used as the ash is expected to be
washed out in the first few events when deployed in the field. Standardized methods (i.e. OECD) will be
adapted to ensure consistency and accuracy across all tests. The OECD method includes three tiers; (1)
establish time to equilibrium, (2) a Kd sorption coefficient, and (3) a Freundlich isotherm used to
determine Kr. The biochar material properties that have the greatest effect on the experimentally
determined kinetics and extent of sorption will be determined. Based on these results, the literature
review, the Preliminary Phase results, and with input from the TAC and WSU, a biochar will be selected.
This process will generate a comprehensive dataset that not only identifies the most effective biochars
for pollutant removal but also supports comparative analysis with previously gathered chemical
property data, thereby informing selection of the ‘best’ biochar for advancement to Phase 2 studies.
The best performing biochar for 6PPDQ sorption will then be tested for PFAS sorption (time to
equilibrium and Kd). This approach will save budget while also providing relative PFAS sorption results
for the top performing biochar.

Deliverable: D 6.1, Database of sorption results from Phase 1 testing with justification for ‘best’ biochar

Task 7. Laboratory Study — Optimizing Biochar Ratios in Bioretention Media (Phase 2)

Phase 2 of the benchtop work will focus on evaluating the performance of the selected ‘best’ biochar
from Phase 1 in various engineered media mixes. The team will design and execute a series of batch
equilibrium tests for sorption isotherms, systematically varying the percentage of biochar incorporated
into two distinct media blends: the HPBSM and a 60/40 sand-compost mix. Experimental conditions
will include a range of biochar contents (e.g., 10%, 20%, and 30% by volume) to assess the impact of
biochar concentration on pollutant removal efficiency (and leaching potential). Sorption potential
results will be compiled and shared with the WSU team to inform and complement their final column
efforts using stormwater and mixes with matching biochar ratios. This collaborative approach will
ensure that both sorption performance and hydraulic functionality are considered in selecting the most
effective media composition for stormwater treatment applications.
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Deliverable: D 7.1, Database of sorption results from Phase 2 testing

Task 8. Reporting

All findings from the laboratory studies, including sorption results for each media blend, will be
thoroughly compiled and presented. Additionally, drawing on data collected in Phase 2, Herrera will
synthesize results from batch equilibrium tests and incorporate detailed analyses of biochar
concentrations and their effects on pollutant removal efficiency. Ruth Sofield will provide a
comprehensive review of the report, offering feedback to ensure accuracy and completeness before
final submission. The report will be designed as an actionable deliverable and set the stage for
potentially updating the HPBSM and 60/40 bioretention soil media specifications.

Deliverable: D 8.1, Draft and Final Report

Anticipated Outcomes

This project will produce a suite of actionable resources designed to enable stormwater managers and
regulatory agencies to confidently select and implement biochar for 6PPDQ and PFAS removal. The
primary outcome will be a procurement-ready biochar specification that translates measurable
material properties such as feedstock type, pyrolysis conditions, and material properties (e.g., carbon
content), into performance expectations for stormwater treatment. All findings will be synthesized into
a final report including decision matrices that link material properties to pollutant removal
performance. Finally, we will deliver technology-transfer products, including a practitioner-focused
webinar, a concise slide deck, and a two-page Fact Sheet, to facilitate rapid uptake by Permittees and
consultants, ensuring that results move beyond research into practical application (see below).

Communication Plan

To ensure effective dissemination of findings and compliance with SAM requirements, the project
team will create and implement a structured communication plan. This will include delivering a formal
presentation to the Stormwater Work Group (SWG) prior to finalizing the project report, providing
stakeholders with an opportunity to review and discuss results. Additionally, the team will prepare a
draft SAM Fact Sheet, a concise, two-page summary of key project outcomes and conclusions,
formatted according to the established template, to facilitate a clear understanding of the study’s
implications. These deliverables will be complemented by ongoing engagement with stakeholders,
including webinars and guidance materials, to maximize technology transfer and practical adoption. Of
particular importance will be communication and coordination with the Department of Ecology
regarding any updates to the HPBSM media specifications.

Project Team Description

This section outlines the composition and expertise of the project team and its TAC (Table 1). By
bringing together specialists from academia, environmental consulting, industry, and permittees, the
team ensures that all aspects of biochar evaluation, market engagement, and technology transfer are
addressed. The following details the roles and affiliations of each member, highlighting the
collaborative approach taken to guide project deliverables and facilitate adoption by the wider
stormwater management community.
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Western Washington University (WWU): Lead scientific institution; PI: Dr. Ruth Sofield. Estimated time
for WWU team: 200 hours plus Pl leveraged time and graduate student time (4 quarters stipend and
300 summer hours)

U.S. Biochar Initiative (USBI): Market scan, sample sourcing, specification development, manufacturer

coordination; contact: Myles Gray. Estimated time USBI team: 100 hours.

Herrera Environmental Consultants: Study design, stormwater science, data analysis, technology
transfer; contact: Dr. Dylan Ahearn. Estimated time for Herrera team: 767 hours.

Permittees on TAC: River Wan (Pierce County, 6PPDQ and GAC expert), Eli Mackiewicz (City of
Bellingham, 6PPDQ SWG Subgroup Chair)

The Project Team will create a TAC of Phase I/Il Permittees and nationally recognized biochar
experts/materials providers to review the proposed material property ranges, nominate candidate
products, and review deliverables, ensuring results translate directly to permitting and procurement

decisions.
0 AQ 0 0 a A O
Name Email Affiliation Role
Bridget Ulrich, PhD ulrichb@d.umn.edu University of TAC member
Minnesota Natural
Resources Research
Institute
River Wan river.wan@piercecountywa.gov Pierce County TAC Member
Eli Mackiewicz emackiewicz@cob.org City of TAC member
Bellingham
Danhui Xin, PhD danhuix@sccwrp.org Southern TAC member
California Coastal
Water Research
Project
Doug Howie doho461@ECY.WA.GOV Ecology TAC member
Ruth M. Sofield, PhD Harperr3@wwu.edu Wwu Study lead
Myles Gray myles@biochar-us.org US Biochar Project Partner
Initiative
Ani Jayakaran, PhD Anand.jayakaran@wsu.edu WSU TAC member
Aaron Poresky aporesky@geosyntec.com Geosyntec TAC member
Dylan Ahearn, PhD dahearn@herrerainc.com Herrera Project Partner

Project Lead Bios and Qualifications
Ruth M. Sofield, PhD (Study Lead and Sponsoring Agency):
Ruth is an environmental toxicologist and chemist with a PhD in Environmental Science and
Engineering. She has been a professor in the Environmental Science Department at Western
Washington University since 2003. Her current work includes focus on contaminated site cleanup and
the toxicity of contaminants of emerging concern. Ruth has chaired over 20 graduate student theses
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and included isotherm work in student research. She will use this experience and lessons learned to
guide the benchtop work and the graduate student to best support the project.

Dylan Ahearn, PhD (Study Consultant PM)

Dylan is a hydrologist who has spent the past 20 years studying the environmental consequences of
human alteration to aquatic systems. He is currently Director of Science with Herrera Environmental
Consultants and an adjunct professor of Geology at Edmonds College. Dylan was central in developing
the current HBPSM media specifications and has conducted numerous lab studies and drafted white
papers on biochar performance for stormwater treatment. He will use the lessons learned from these
efforts to help ensure study success.

Myles Gray (Biochar Expert Consultation)

Myles is a water resources engineer and biochar specialist with deep experience spanning product
development, stormwater treatment research, and industry-wide specification work. He currently
serves as the Executive Director of the U.S. Biochar Initiative, where he contributes technical expertise
to national efforts to advance biochar use in environmental applications. Myles brings hard-earned
lessons about aligning material properties with performance outcomes, insights that will directly
strengthen this project’s ability to develop practical, procurement-ready biochar specifications.

Project Management Strategy

The project management strategy for this study is centered on proactive coordination, clear
communication, and rigorous oversight, led by Project Manager Ruth M. Sofield. She will facilitate
regular meetings with the project team, stakeholders, and the Technical Advisory Committee (TAC) to
ensure alignment of objectives and timely progress toward milestones. Progress will be tracked
through semi-annual progress reports and TAC meeting minutes, enabling transparent documentation
of deliverables and challenges. Dr. Sofield will implement structured project management tools to
monitor timelines, budget adherence, and risk mitigation, ensuring that all team members are
supported in their roles and responsibilities.

A key component of this strategy is the integration and coordination with the concurrent WSU study
(Figure 2). Dr. Sofield will establish consistent lines of communication with the WSU study team,
organizing joint update sessions and sharing relevant data and findings to maximize the collective
impact of both studies. This collaborative approach will leverage complementary expertise, avoid
duplication of efforts, and foster a synergistic environment that enhances research quality and
applicability. By prioritizing collaboration, both studies will be positioned to offer robust, actionable
insights for stormwater management and environmental protection.

Project Budget and Schedule

The project budget and schedule (Tables 2 and 3) were developed using a detailed work breakdown
structure to estimate staff effort and equipment requirements. These projections were informed by
extensive prior experience with lab studies and SAM grant management. Monitoring equipment,
laboratory, and FTW costs are based on vendor quotations and purchases made in late 2025.
Laboratory costs are based on certified laboratories quotes at $500/sample for preliminary analyses
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(24 samples), $300/analysis for 6PPDQ (456 samples in Phase 1 and 76 samples in Phase 2), and

$400/sample for PFAS (48 samples).

Table 2. Project Schedule.

Task

Schedule

Task 1: Project Management and Technical Advisory Committee

January 2027 - June 2028

Deliverable: D 1.1 Quarterly progress reports and invoices

Quarterly

Task 2: Quality Assurance Project Plan

January 2027 - February 2027

Deliverable: D 2.1 Draft and Final QAPP

February 2027

Task 3: Technical Advisory Committee and WSU Coordination

January 2027 - June 2028

Deliverable: D 3.1 TAC and WSU meeting minutes

Semi-annually

Task 4: Literature Review (Phase 1)

January 2027 - April 2027

Deliverable: D 4.1 Literature review report

April 2027

Task 5: Biochar Initial Selection (Preliminary Phase)

April 2027 - June 2027

Deliverable: D 5.1 Selected biochar information summary
Deliverable: D 5.2 Database of selected biochar material properties

May 2027
June 2027

Task 6: Laboratory Study-Kinetics and Sorption (Phase 1)

June 2027 - January 2028

Deliverable: D 6.1 Database of sorption results from Phase 1 testing with
justification for ‘best biochar’

January 2028

Task 7: Laboratory Study — Optimizing Biochar Ratios in Bioretention Media
(Phase 2)

January 2028 - April 2028

Deliverable: D 7.1 Database of sorption results from Phase 2 testing

April 2028

Task 8: Reporting

April 2028 - June 2028

Deliverable: D 8.1 Draft and Final Report

June 2028
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Table 3. Project Budget.

wwu
(indirect at
51.5% of Task
salaries and Effort Laboratory
Tasks Deliverable Herrera wages) USBI Total Costs TOTAL
Task 1 - Project I $5,233 $1,000 | $24,993 NA |  $24,993
Management D 1.1 Quarterly reports and invoices $16,614 ($2,146)
Task 2 — Quality $1,308 $1,500 $22,587 NA | $22,587
Assurance Project D 2.1 Draft and Final QAPP $19,242 ($537)
Plan
Task 3 — Technical $7,651 $4,000 | $24,891 NA | $24,891
Advisory Committee . : ($2,838)
D3.1TA W 10,402
and WSU Team 3 C and WSU meeting minutes $10,40
Coordination
- Li 3,826 3,000 18,563 NA 18,563
Tasl_( 4 - Literature D 4.1 Literature review report $10,318 $ $ $ $
Review ($1,419)
VEEL 5,_ sy D 5.1 Selected biochar information summary $1,219 L EL 000 B HI/200 $25,561
Selection ($1,986)
(Preliminary Phase) D 5.2 Database of selected biochar material $2,295 $5,000 | $17.215 NA |  $17,215
. $9,069
properties ($851)
Task 6 — Laboratory D 6.1 Database of sorption results from Phase 1 $45,930 $1,000 | $78,432 $156,000 | $234,432
. e ) . , $21,761
Study (Phase 1) testing with justification for 'best biochar ($9,741)
Task 7 — Laboratory D 7.1 Database of sorption results from Phase 2 $27,279 $500 | $44,211 $22,800 | $67,011
. $9,529
Study (Phase 2) testing ($6,903)
Task 8 — Reporting D 8.1 Draft and Final Report $21.874 $10,134 $4,000 | $37,963 NA | $37,963
’ ($1,955)
TOTAL $120,028 $137,388 | $25,000  $282,416 $190,800 | $473,216
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Figure 1 — Study design to establish biochar properties and identify a best biochar and ratio of biochar for pollutant removal. Not included in the figure is a literature review in Phase 1
that will provide a cost-effective way of synthesizing what is known about biochar and pollutant removal (including metals), and will inform which biochar is selected for Phase

2. HPBSM as currently designed is 10% high carbon wood ash, 70% sand and 20% coir, while the traditional sand-compost BSM is 40% compost and 60% sand. Numbers (n) indicate
total number of final results. Details on number of samples needed to obtain a final result are included in the budget description.
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Figure 2: Questions addressed by companion proposals (teal center boxes); how question is answered (dark blue boxes), by which project team (columns) and where results from one
project team inform the other team (arrows). The result of this body of work (green box) is a biochar and ratio identified as the best for WA State stormwater pollutant removal. TAC input
shown in establishing the selected biochar but will be incorporated throughout the project(s).



WASHINGTON STATE

@ UNIVERSITY Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371
January 15, 2026

Dear Dr. Sofield,
Please accept this as our letter of support for your project and as a description that

details our coordination of the WSU and WWU companion projects.

We are pleased to submit details of two companion projects to address the Stormwater
Work Group’s (SWG) Priority List Topic 15: determine a biochar specification that
produces the best pollutant removal treatment. Washington State University (WSU) and
partners (Geosyntec and USBI) submitted LOI 4: Effect of Biochar Characteristics on
Pollutant Removal and Hydraulic Performance in Stormwater Applications. Western
Washington University (WWU) and partners (Herrera and the US Biochar Initiative;
USBI) submitted LOI 9: Toward a Procurement-Ready Biochar Specification for 6PPDQ

Removal from Stormwater.

Reviewers of the LOI's suggested that the teams coordinate efforts, which we have done
through a series of meetings and with proposals that describe companion projects. This

letter of support details these coordinated efforts.

As companion projects, we have designed each to inform the other at key points (see
Figure 2 in each proposal). This approach utilizes and focuses core expertise/strength
from each project team. Additionally, as companion projects, we can address more of
the issues related to biochar use, resulting in a more complete and holistic consideration
of reducing contaminants from stormwater. In addition to informing each team’s work,
USBI will work with both teams to source biochar and provide consultation. We will

serve on each other's TACs and will provide technical expertise on each other’s projects.



Importantly, these projects are also designed to be standalone if only one team is

funded.

Reviewers also requested consideration of PFAS and metals (not originally included in
LOI 9), and a literature review (not originally included in LOI 4). These requests are

included in both proposals with cost-effectiveness in mind.

For example, the WWU team (LOI 9) added metals, PFAS, and other stormwater
pollutants to their literature review on biochar material properties and chemical
sorption. The LOI 4 literature review, added to the WSU team’s proposal, will address
hydraulic properties of biochars as they relate to stormwater pollutant removals.
Combined, these two literature reviews will provide a holistic assessment of what is
currently established on biochar and its role in stormwater treatment. Additionally, a
batch experiment to assess PFAS removal is added to Phase 1 of the WWU team’s
proposal. To reiterate the coordinated design of these two projects, the added
components will further inform and improve each other’s work. Importantly, these
projects are designed to use biochars that are currently commercially available at a scale

needed for implementation.

Biochar cost has decreased dramatically over the past 5 years, such that it is now
sometimes cheaper than compost. Permittees need easy and cost-effective options for
stormwater treatment, and it is the purpose of our studies to help provide this for them.
The projects also address a recurring question of whether phosphorus released from
biochar should limit the use and how compost impacts water quality. We anticipate that
phosphorus releases from biochar should be occurring primarily during early biochar
flushing which could inform management strategies to prefer greater percentages of
biochar and lower percentages of compost, with a different set of established issues, in
waterbodies that are not phosphorus listed. Finally, with two academic institutions as

leads, these projects are well leveraged with in-kind contributions of faculty time,



available space and equipment/instrumentation, and low-cost graduate help to
complete tasks while also providing training opportunities for those students to enter

the stormwater treatment field.

The proposed projects collectively address four main questions (Figure 1).

1. How important is it to preprocess biochar (e.g., wet sieve vs. dry sieve) to
mitigate phosphorus and particulate washout.
a. Via mini columns (WSU)
b. Via comparison of lab characteristics between as procured samples and
after washing (WWU Preliminary Phase work)

2. What types of biochar provide the best pollutant removal, specifically 6PPDQ
while considering what is already known about the removal of other pollutants?
What biochar properties are important?

a. Via literature review (WWU Phase 1)
b. Batch analysis for time to equilibrium and isotherm construction for
6PPDQ on 10-12 biochars and 1 biochar for PFAS (WWU Phase 1)

3. Are there certain gradations or proportions of biochar that impair hydraulic
performance? (i.e., how much is too much for hydraulics?)
a. Via medium scale columns (WSU)

4. What net improvement does a good biochar have when added to standard and
high performance BSM in place of other organics?
a. Via batch analysis (WWU Phase 2)
b. Via medium scale columns (WSU)

Collectively, these companion projects offer a scientifically grounded path toward
optimizing biochar use in stormwater treatment and addressing key questions of
importance to Washington’s permittees. We thank Ecology for its consideration and
look forward to the opportunity to deliver findings that directly support municipal

stormwater programs across the region.



Sincerely

Qo 9. Sk

John D. Stark, Ph.D., Professor

Director,

Washington Stormwater Center
Washington State University

Puyallup Research and Extension Center
2606 W Pioneer

Puyallup, Washington 98371

phone (253) 445-4568

fax (253) 445-4571

starkj@wsu.edu



@ HERRERA

Science + Planning + Design

January 6, 2026

Raghu Namburi

Stormwater Action Monitoring Coordinator
Washington State Department of Ecology
300 Desmond Drive SE

Lacey, WA 98503

Dear Mr. Namburi,

On behalf of Herrera Environmental Consultants, | am writing to express my enthusiastic support
for the proposed study, “Toward a Procurement Ready Biochar Specification for 6PPDQ Removal
from Stormwater,” submitted for consideration under LOI #9 in Round 5 of the Stormwater Action
Monitoring (SAM) grant program.

| am excited to team with Dr. Ruth Sofield, the project lead, whose expertise and leadership will be
instrumental in advancing this important research. This study addresses a critical need for
stormwater managers across Washington State: developing performance-based biochar
specifications and determining optimal biochar content for both traditional sand-compost
bioretention soil media and the regionally developed High-Performance Bioretention Soil Media
(HPBSM). The research will rigorously evaluate how measurable biochar properties and varying
biochar percentages influence the removal of key pollutants, including 6PPD-quinone (6PPDQ),
PFAS, and trace metals, while supporting compliance with NPDES municipal stormwater permit
requirements.

The anticipated outcomes, including actionable specifications, design guidance, and data-driven
recommendations for biochar use, will provide valuable new tools for agencies and permittees
managing stormwater infrastructure throughout Washington. | urge the SAM grant review
committee to support this important work. This letter affirms my intention to provide technical
project support to Western and serve on the Technical Advisory Committee and indicates my
commitment to the objectives of this project.

Sincerely,

Ve fn__

Dylan Ahearn

Principal Scientist

Herrera Environmental Consultants
Seattle, WA

@ 1329 North State Street, Suite 200 | Bellingham, WA 98225 \{ 360.398.5075 @ herrerainc.com
WASHINGTON | OREGON | CALIFORNIA | MONTANA | WYOMING

da loi9-loc-ahearn.docx



USBly-

Building the future from the ground up.™

January 6, 2026

Raghu Namburi

Stormwater Action Monitoring Coordinator
Washington State Department of Ecology
300 Desmond Drive SE

Lacey, WA 98503

Dear Mr. Namburi,

On behalf of United States Biochar Initiative, | am writing to express my enthusiastic
support for the proposed study, “Toward a Procurement Ready Biochar Specification for
6PPDQ Removal from Stormwater,” submitted for consideration under LOI #9 in Round 5
of the Stormwater Action Monitoring (SAM) grant program.

| am excited to team with Dr. Ruth Sofield, the project lead, whose expertise and
leadership will be instrumental in advancing this important research. This study addresses
a critical need for stormwater managers across Washington State: developing
performance-based biochar specifications and determining optimal biochar content for
both traditional sand-compost bioretention soil media and the regionally developed High-
Performance Bioretention Soil Media (HPBSM). The research will rigorously evaluate how
measurable biochar properties and varying biochar percentages influence the removal of
key pollutants, including 6PPD-quinone (6PPDQ), PFAS, and trace metals, while
supporting compliance with NPDES municipal stormwater permit requirements.

The anticipated outcomes, including actionable specifications, design guidance, and data-
driven recommendations for biochar use, will provide valuable new tools for agencies and
permittees managing stormwater infrastructure throughout Washington. | urge the SAM
grant review committee to support this important work. This letter affirms my intention to
be on the project team as a biochar expert and to serve on the Technical Advisory
Committee.

Sincerely,

Myles Gray, P.E.

Executive Director

United States Biochar Initiative
Portland, Oregon
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