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Project Purpose

This study directly supports implementation of NPDES municipal stormwater permit programs by
improving bioretention BMPs used by permittees to meet permit requirements. We will evaluate
biochars to recommend a cost-effective procurement-ready specification and provide practical
guidance for biochar addition to existing BMPs. We will specifically consider pollutant removal,
including metals, nutrients, and organics (with a specific focus on 6PPD-quinone (6PPDQ) and PFAS).
Given the importance of media contact time for pollutant removal and potential impacts on water
storage capacity, we will also assess how adding biochar to traditional compost—sand bioretention soil
media (60/40 BSM) and High Performance Bioretention Soil Media (HPBSM) affects hydraulic
performance. Our final recommendations will include the best ratio for biochar amendments to BSM
and the utility of pre-rinsing biochars for reduced nutrient export.

Candidate biochars will be selected based on:

e Material properties (such as feedstock type and pyrolysis conditions) that relate to removal
performance for stormwater pollutants.

e Cost-effectiveness (there may be “designer” biochars which perform well but will be cost-
prohibitive and thereby provide diminishing returns).

e Ease of sourcing (we will use biochars already scaled for production in the region, an important
element for assuring the final recommended specification can be met by local producers and
realistically sourced by contractors).

This approach supports development of a procurement-ready specification that balances a range of
treatment objectives while explicitly acknowledging the realities of the current biochar market. The
project is designed to help permittees and contractors navigate commercially available biochars by
evaluating a broad range of existing products and preprocessing methods, with the goal of guiding
appropriate uses for different types of biochar rather than optimizing custom formulations. By
emphasizing biochar material properties, our approach recognizes that no single biochar can meet all
pollutant removal objectives and that permittees may prioritize different outcomes, including
treatment performance, initial pollutant export, permeability, longevity, and cost. This framework is
made feasible by improved consistency and availability of commercial biochar over the past five years,
along with substantial price reductions, positioning biochar as a cost-effective and flexible tool for
stormwater treatment.

Our approach will integrate literature reviews to synthesize the extensive existing knowledge on
biochar use in stormwater treatment, bench-scale experiments to screen a wide range of biochars, and
column studies to more closely represent field conditions. The project team epitomizes expertise and
sector representation; Western Washington University (WWU) and the Washington Stormwater Center
at Washington State University (WSU) provide existing infrastructure, expertise, and labor; Herrera
Environmental Consultants (Herrera) and Geosyntec Consultants (Geosyntec) provide practical
engineering experience with implementing BMPs, and in the case of Herrera, experience developing
the HPBSM; and the US Biochar Initiative (USBI) provides extensive knowledge and experience with the
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practicalities and science of biochar with their industry insight. The partially formed Technical Advisory
Committee (TAC) will include a range of permittees to guide our work so that it best meets their needs
and biochar experts to help assure efficiency and relevancy.

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

Our goal is to develop a procurement-ready biochar specification for permittees, covering material
properties and amendment ratios for BSMs to remove 6PPDQ, while balancing treatment of other
common stormwater pollutants with optimized hydraulic performance.

Although many studies have assessed biochar for removing common stormwater pollutants, including
nutrients and metals, few have approached the topic to develop procurement-ready specifications.
Our work will fill in knowledge gaps needed to advance the use of biochar in Washington State.
Specifically:

e Few studies have assessed commercially available biochars. Most studies have been on individual
biochars produced under laboratory conditions.

e Fewer studies have assessed the removal of PFAS and/or 6PPDQ.

e There is limited information on the optimal amount (i.e., volumetric fraction) of biochar in
blended media to balance treatment objectives, media permeability, longevity, and cost.

Objectives

To meet our primary project goals we have defined three Phases of work. These Phases are presented
graphically in the attached Figures 1-3; Figure 3 specifically addresses how our primary questions are
addressed.

1. Preliminary Phase Objective — Obtain and determine biochar material properties for 12
different commercially available biochars and two types of conditions (rinsed and unrinsed),
and set up columns for hydraulic experiments.

2. Phase 1 Objectives - Systematically evaluate the pollutant sorption potential for a
representative set of 10-12 commercially available biochars spanning feedstocks and processing
conditions, and determine how biochar additions to 60/40 BSM and HPBSM affect hydraulics
using:

a. A literature review to identify established material properties that relate to effective
removal of conventional stormwater pollutants and emerging contaminants.

b. Benchtop experiments to quantify sorption potential for 6PPDQ and PFAS.
Compiled 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 contaminants, including 6PPDQ and PFAS.
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d. Perform column tests to assess the effects of biochar material properties and hydraulic
performance of blended BSM. This testing will be done with a subset of biochar samples
blended at two to three volumetric fractions within representative BSM design(s).

3. Phase 2 Objective - Assess sorption potentials of bioretention soil mixes by varying biochar
contents (using the top performing biochar(s) from Phase 1), and column tests to assess the
effect of biochar material properties and volumetric fraction on pollutant treatment
performance. The combined results will be used to develop an updated specification
recommendation for biochar in HPBSM and as an amendment to the 60/40 BSM.

Study Design and Methods

This project represents a collaborative effort between consultants, academia, and industry with
guiding input from practical experts on the TAC. Originally presented as two proposals (FP04 and
FP09), reviewers recommended combining the effort which is achieved with this proposal; the new
proposal reduces redundancies and costs of the two individual projects by over $150,000, and creates
a strong project team capable of advancing the use of biochar to meet multiple permittee needs. By
combining the chemical sorption research of FPO9 with column studies of FPO4 under the aegis of
academic, private, and jurisdictional oversight, this project provides a holistic evaluation of biochar in
stormwater applications. This will ensure that efficacy of pollutant removal by biochar does not
compromise infiltration standards. ! The proposed study will start by January of 2027 and continue
through December of 2028.

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

We will produce a quality assurance project plan (QAPP) to define the study’s monitoring approach,
analytical methods, and data quality requirements. The QAPP will establish project-specific quality
objectives, including precision, accuracy, representativeness, comparability, and completeness. The
QAPP will undergo TAC review to ensure clarity, feasibility, and alignment with SAM guidance.

Deliverable: D 2.1, Draft and Final QAPP

! An additional application of this work is described in LOI #15 who intended to use our results for the
Box of Rain stormwater treatment technology; the proposers chose to wait until we have results
before submitting a full proposal, presumably in the Round 6 request for proposals.
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Task 3. Technical Advisory Committee and Project Team Coordination

In accordance with SAM grant requirements, Herrera and WWU will establish a TAC (Table 1) and lead
semi-annual meetings with both the project team and TAC throughout the project’s duration. Herrera
will be responsible for scheduling these TAC meetings, preparing agendas, and documenting meeting
minutes. The project team will also meet at least quarterly to maintain project coordination. Meeting
minutes will be reviewed by WWU and submitted to the SAM grant program as stipulated by the grant
guidelines.

Deliverable: D 3.1, TAC and Project Team meeting minutes

Task 4. Literature Review (Phase 1)

Our proposed study begins with identification and a synthesis of relevant information that directly
aligns with the project’s objectives and research questions. There is a considerable body of literature
that has assessed biochar properties relative to sorption potential for many typical pollutants including
conventional water quality parameters, such as nutrients, metals, TSS, and bacteria (e.g., Hasan et al.
2021); however there is limited published research on the performance of biochar for the emerging
contaminants, 6PPDQ and PFAS and on biochar hydraulics. There is some literature on how biochar
can influence soil structure (e.g., Lim et al., 2016), however, the proposed literature review will focus
on biochar-based stormwater pollutant removal and associated hydraulic performance. The review
will establish critical context for subsequent tasks, guiding the selection of biochars with material
properties demonstrated to be effective for conventional pollutant removal while also considering
properties identified in the literature as relevant to 6PPDQ and PFAS removal.

Deliverable: D 4.1, Literature review report

Task 5a. Biochar Initial Selection (Preliminary Work)

We will first conduct Preliminary Work to secure biochars, determine material properties of the
biochars, and establish how rinsing, representative of the first few storm events after BMP installation,
changes the release of measured pollutants (Figure 1).

A diverse set of 12 commercially available biochar samples will be selected and procured by USBI for
evaluation. The biochars will be selected based on material properties (e.g., feedstock and pyrolysis
temperature) known to influence pollutant removal (many published reviews, meta-analyses, and case
study reports already exist to describe the most important material properties as they relate to
different biochar goals, for example this synthesis on metals removal, general pollutants, and these
case studies/review). Other considerations in the selection will be TAC guidance, cost effectiveness,
ease of sourcing, and record of third-party certification to demonstrate consistency.

Because we anticipate that early flushing of the biochar in field applications will impact sorption and
hydraulic properties, leachate from 12 rinsed and unrinsed (as received) biochars will be tested by a
third-party laboratory for NOx, metals, orthophosphate, ash, gradation, organic C, total C and H, TVS.
We anticipate that ash and metals will be lower in the rinsed biochars, supporting the conjecture that a
portion of these compounds are rapidly soluble, do not persist once the biochar is installed and has
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experienced initial storms, and, therefore, is not particularly predictive of the longer-term performance
of biochar in real world settings.

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 5a.1, Summary of biochar production details and subsequent material properties
D 5a.2, Selected biochar information summary

Task 5b: Column Construction and Instrumentation (Preliminary Work)

WSU will repurpose 24 columns already in their possession and instrument them, enabling the
assessment of 8 mixed BSM blends in triplicate. Columns will be approximately 6 to 12 inches in
diameter and instrumented to support hydraulic assessment (bulk density, porosity, permeability)
during Phase 1 column work (Task 6b; Figure 1), as well as water-quality treatment assessment (e.g.,
sampling ports for influent and effluent) during Phase 2 columns work (Task 7b; Figure 2).

Deliverable: D 5b.1, Technical memo with pictures of column construction and instrumentation.

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

Phase 1 testing will evaluate the impact of biochar material properties on pollutant removal for 6PPDQ
(Figure 1). Since it is not feasible to manipulate pyrolysis conditions for materials already scaled for
production, we will select 10-12 commercially available biochars with a range of material properties
(e.g., feedstock and pyrolysis conditions). No manure or biosolids derived biochar will be included.

Batch equilibrium removal of 6PPDQ through replicate batch jar tests with be used to construct
sorption isotherms on the rinsed biochar samples following a standardized method (OECD Method
106: Adsorption — Desorption Using a Batch Equilibrium Method) 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, one of the best performing biochars for 6PPDQ sorption will then be tested for PFAS
sorption (time to equilibrium and Kd). This approach will save money while also providing relative PFAS
sorption results for one biochar. If the budget allows, other ‘best’ biochars may also be selected for use
in Task 7a.

Deliverable: D 6a.1, Technical memo detailing sorption results from Phase 1 testing with justification
for ‘best’ biochar(s)

Task 6b: Column Tests for Hydraulics (Phase 1)
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Using results from Task 6a, WSU will use the columns to assess how biochar material properties and
proportions influence physical properties and hydraulic performance when used as components of the
60/40 BSM and the HPBSM blend (Figure 1). This task will help inform potential gradation restrictions,
preprocessing needs, and/or upper limits on biochar portions impacting permeability.

The objective of this task is to assess how biochar gradations and proportions influence physical
properties and hydraulic performance when used as components of the 60/40 BSM and the HPBSM
blend. This task will help inform potential gradation restrictions, preprocessing needs, and/or upper
limits on biochar proportions that affect permeability.

In collaboration with the TAC members and project team, WSU will identify candidate mixes to test
column hydraulics. The hydraulic analysis will specifically evaluate porosity, bulk density, and
infiltration rate for blended mixes that represent potential real-world mix designs. WSU will assess this
guestion using columns filled with blended media mixtures.

Tentatively, we are aiming to choose three to four of the most promising biochar types (informed by
preliminary work and the WWU Phase 1 work), and blend those varieties into BSM at two to three
proportions by volume (e.g., 0%, 10 %, and 20 %), yielding 8 blends that can be tested in triplicate in
the 24-column apparatus. Using this design, the study will provide side-by-side analyses to isolate key
variables, including (1) volumetric proportion, and (2) whether biochar friability affects hydraulics and
particulate washout.

We envision basing the mix designs on the 60/40 BSM and HPBSM specifications in the Stormwater
Manual, with progressively greater proportions of biochar replacing sand and organics. Variables to be
explored in this experiment include the biochar product, the biochar proportion, and the base mix
design (standard or high-performance BSM). Variables that will not be explored include sand gradation
(use the most typical sand that meets current specifications), biochar production conditions (e.g.,
pyrolysis temperature), compaction (a similar compaction effort is used in each to approximate typical
placement and natural settling), water temperature, underdrain bridging layer, and influent sediment
load.

We envision the following primary steps:

e Pack the columns consistently to achieve representative compaction.

e Measure bulk density and porosity.

e Saturate and remove trapped air.

e Run a constant-head vertical flow test or a falling head permeability test.

Deliverable: D 6b.1, Technical memo outlining hydraulic testing effort, results, and challenges
encountered.

Task 7a. Laboratory Study — Optimizing Biochar Ratios in Bioretention Media (Phase 2)
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Phase 2 of the WWU benchtop work will evaluate the impact of biochar concentrations on pollutant
removal in engineered media mixes following the same isotherm procedures as in Phase 1. With input
from the TAC and based on results through Task 6b, we will identify six conditions that will include at
least one ‘best’ biochar and five biochar percentages in the 60/40 BSM and HPBSM (e.g., 10%, 20%,
and 30% by volume, replacing sand or compost; Figure 2). Sorption potential results will be compiled
and shared with the WSU team to inform and complement their final column efforts (Task 7b). 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.

Deliverable: D 7a.1, Technical memo summarizing sorption results from Phase 2 testing

Task 7b: Column Tests for Pollutant treatment (Phase 2)

The purpose of this WSU task is to evaluate the pollutant-removal performance of candidate biochar-
based BSM blends under hydraulic conditions that approximate those in full-scale bioretention systems
(Figure 2).

The exact media blends will be based on the WWU Phase 2 results and TAC guidance with the goal to
determine the net improvement in pollutant removal (including 6PPDQ and PFAS as well as
conventional analytes) that biochar provides when added to 60/40 BSM or HPBSM in place of other
media components. To limit costs, nutrient analyses will only be conducted on half the columns. The
array of blends may differ from or match the Phase 1 array (Task 6b). We envision using only one to
two preferred biochars, then blending them at different proportions into the standard (60-40) and
high-performance BSM. It may also be desirable to study non-biochar versions of the BSM blends as
controls. For example, a column array may include the following blends (Table 1):

TABLE 1: POTENTIAL BIOCHAR AND BSM BLENDS FOR TESTING

Preferred 0 HPBSM 3
Preferred 15 HPBSM 3
Preferred 30 HPBSM 3
Preferred 0 60-40 3
Preferred 15 60-40 3
Preferred 30 60-40 3
Preferred 15 Sand-Biochar only 3
Alternate 15 60-40

The “preferred” biochar used in this task will be informed by the results of both WSU and WWU'’s
research efforts (Figure 3). The criteria will include commercial availability, cost, performance, and
avoidance of initial phosphorus and particulate washout issues. The specific study design will be
defined in the QAPP. For budgeting, we have assumed:
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e Up to 24 columns of 8 mixes to be tested in triplicate. One influent sample per event.

e Four simulated storm events with varying influent concentration and wetting-drying times using
spiked with synthetic stormwater based on parameters and methods defined in the QAPP.

e Two simulated storm events using real stormwater collected at a stormwater outfall close to WSU-
Puyallup.

e Third-party laboratory analysis for 6PPDQ, PFOS/PFOA (and 38 other PFAS compounds via
EPA1633) over 6 events using 24 columns.

e Third-party laboratory analysis for nutrients, and TSS over 6 events using 12 columns.

Deliverables: _D 7b.1: Technical Memo Summarizing WQ Testing
D 7b.2: Raw Data Report

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, the project
team will synthesize results from batch equilibrium tests and incorporate detailed analyses of biochar
concentrations and their effects on pollutant removal efficiency. WWU 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 updating the HPBSM and
60/40 BSM bioretention soil media specifications.

Deliverables: D 8.1, Report of Study Findings including the sections on data quality review and
usability statement.
D 8.2: Final report with Draft biochar specification(s) and Excel file of all QA/QC'd data
collected over the project period.
D 8.3: Two presentations — one for the Stormwater Work Group and another for a
regional stormwater-related conference or workshop
D 8.4: Draft and Final fact sheet per SAM format for stormwater managers who seek
information.

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 (Figure 3). 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).
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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
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 BSM media specifications.

Project Team Description

Our team brings together specialists from academia, environmental consulting, industry, and
permittees, which 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.

Western Washington University (WWU): Lead scientific institution; PI: Dr. Ruth Sofield. Estimated time
for WWU team: 400 hours plus academic year leveraged time and graduate student time (4 quarters
stipend and 720 summer hours).

Washington State University (WSU): PI. Dr. John Stark. Estimated time for the WSU team including
two faculty and one technician: 200 hours. Support will be provided by one graduate student at 0.5 FTE
for 2 years.

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: 423 hours.

Geosyntec Consultants: Study design, oversight, technical expertise; contact: Aaron Poresky. Estimated
time for Geosyntec team: 70 hours.

The Project Team will create and participate in a TAC of Phase I/1l 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. The TAC is partially formed with commitments to serve already secured by the
people listed in Table 2. If funded, the TAC will be finalized with additional permittees representing
jurisdictions from both sides of the State.
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Table 2. Partially Formed Technical Advisory Committee Roles and Affiliations.

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
Zachary Holt zholt@kingcounty.gov King County TAC member?
Doug Howie doho461@ECY.WA.GOV Ecology TAC member

Project Team (also TAC members): Includes Ruth Sofield (WWU), John Stark and Ani Jayakaran (WSU), Dylan
Ahearn (Herrera), Myles Gray (USBI), and Aaron Poresky (Geosyntec).

Project Team Bios and Qualifications

Ruth M. Sofield, PhD (Study Lead and Sponsoring Agency): A professor of environmental
toxicology and chemist with a PhD in Environmental Science and Engineering. At WWU her focus
includes contaminated site cleanup and contaminants of emerging concern. She has chaired over 20
graduate student theses and included isotherm work in student research. She will oversee the
benchtop work and WWU graduate research.

John Stark, PhD (WSU Study Lead): A professor of entomology and environmental toxicology at
WSU, Puyallup Research and Extension Center. He is also the director of the WA Stormwater Center.
He studies the effects of pesticides and other chemicals in stormwater runoff on Pacific salmon.

Dylan Ahearn, PhD (Study Consultant PM): 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 and an adjunct professor of Geology at Edmonds College. Dylan was central in
developing the current HPBSM 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): 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 USBI, 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

2IF FP7 is funded along with this proposal, Zachary will re-evaluate if he can serve on this TAC.
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that will directly strengthen this project’s ability to develop practical, procurement-ready biochar
specifications.

Ani Jayakaran, PhD (Stormwater Engineer): A professor, licensed engineer, and green
stormwater infrastructure specialist with WSU Extension. Ani has worked on implementing ecological
engineering principles in the design and implementation of stormwater management practices. He has
served as the lead or co-lead of several successful SAM projects over his last 11 years as a WSU faculty
member.

Aaron Poresky (Study Consultant): A Senior Principal Water Resources Engineer with Geosyntec.
He has led applied research on BSM and bioretention design for the Transportation Research Board,
the City of San Diego, The Boeing Company, FivePoint (a primary land developer), and others. He has
procured large volumes of custom BSM containing biochar on behalf of Boeing and FivePoint, offering
both an applied research and practical perspective to this study.

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. The project team 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 WSU. The project team will
maintain consistent lines of communication to share updates relevant data, and findings to maximize
efficiencies and maintain the comprehensive and collaborative nature of this project. This collaborative
approach is a key strength of this proposal as it allows us to leverage complementary expertise, avoid
duplication of efforts, and foster a synergistic environment that enhances research quality and
applicability. By prioritizing collaboration, our project is positioned to offer comprehensive, robust, and
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
(24 samples), $195/sample for 6PPDQ (456 samples in Phase 1 and 150 samples in Phase 2), and
$300/sample for PFAS (48 samples in Phase 1, and 150 samples in Phase 2). TSS and nutrient analysis
costs for 78 samples is calculated at $550/sample (Phase 2). These prices represent a 32% and 25% in-
kind contribution from Eurofins, which is one of the few Ecology approved labs for 6PPDQ and PFAS in
water. Tables 3 - 5 include a description of Tasks by budget and project team affiliation and the project
timeline.
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Table 3: Project Budget

Tasks Deliverables WWU WSU Hererra USBI Geosyntec
Task 1: Project Management D 1.1: Quarterly progress reperts and invoices $11,125 g0 £6,813  $1,000 §3.524
Task 2: Quality Assurance D 2.1: Draft and Final QAPP 51,588 $18,357 $15.367  §$1.500 52,954
Project Plan
Task 3: TAC and WSU Project D 3.1: TAC and WSU Project Team meeting $13,506 S0 §8,395 54,000 54 587
Team Coordination minutes
Task 4: Literature Review D 4.1: Literature review report 50,794 &0 85936 53,000 §1,529
{Phase 1)
Task 5a: Biochar Initial D 5a.1: Selected biochar information summary 10,897 S0 $1.447 35,000 $3.058
Selection (Preliminary Work) D 5a.2: Database of selected biochar material 57,854 S0 1,447 35,000 80
properties
Task 5b: Column Construction D 5b.1: Technical memo with pictures of column 50 529,372 B0 S0 0
and Instrumentation construction and instrumentation
Task Ga: Laboratory Study - D 6a.1: Technical memo/Database of sorption $206,938 S0 $995  $1.000 S0
Kinetics and Sorption (Phase results from Phase 1 testing with justification for
1) ‘best’ biochar(s)
Task 6b: Column Tests for D 6b.1: Technical memo outlining hydraulic 50 $117 487 50 80 s0
Hydraulics (Phase 1) testing effort, results, and challenges
Task 7a: Laboratory Study — D 7a.1: Technical memo/Database of sorption $35,805 g0 §995 $500 80
Optimizing Biochar Ratios results from Phase 2 testing
(Phase 2)
Task 7b: Column Tests for D 7b.1: Technical Memo Summarizing WQ 50 596,376 0 80 $3.068
Pollutant Treatment (Phase 2) Testing
D 7b.2: Raw Data Report 50 £32,125 50 50 30
Task 8: Reporting D 8.1: Draft and Final Report of Study Findings $23,040 851401 89385 §1.000 $3.068
D 8.2: Final report with Draft biochar $5,296 S0 §9,385 $3,000 §3,058
specification(s) and Excel file of all QA/QC'd data
D 8.3: Two presentations (SWG and regional §7,052 $14,686 B0 S0 S0
conference)
D 8.4: Draft and Final fact sheet per SAM format | $1,854  §7.343 80 80 §0
Total Budgets by Contributor| $334,749 $367,147 0,165 $£25000 24 826

$811,887.00

Total Project Budget
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TABLE 4: PROPOSED PROJECT TIMELINE.

Tasks Schedule
Task 1: Project Management January 2027 - December 2028
Deliverable 1.1: Quarterly progress reports and invoices Quarterly

Task 2: Quality Assurance Project Plan

January 2027 - March 2027

Deliverable 2.1: Draft and Final QAPP

March 2027

Task 3: TAC and WSU Project Team Coordination

Jan 2027 - December 2028

Deliverable 3.1: TAC and WSU Project Team meeting minutes

Semi-annually

Task 4: Literature Review (Phase 1)

January 2027 - May 2027

Deliverable 4.1: Literature review report May 2027

Task 5a: Biochar Initial Selection (Preliminary Work) March 2027 - July 2027
Deliverable 5a.1: Selected biochar information summary July 2027
Deliverable 5a.2: Database of selected biochar material properties July 2027

Task 5b: Column Construction and Instrumentation April 2027 - July 2027
Deliverable 5b.1: Technical memo with pictures of column July 2027

construction and instrumentation

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

June 2027 -December 2028

Deliverable 6a.1: Technical memo/Database of sorption results from
Phase 1 testing with justification for ‘best’ biochar(s)

December 2028

Task 6b: Column Tests for Hydraulics (Phase 1)

September 2027 - November 2027

Deliverable 6b.1: Technical memo outlining hydraulic testing effort,
results, and challenges

November 2027

Task 7a: Laboratory Study — Optimizing Biochar Ratios

December 2027 - March 2028

Deliverable 7a.1: Technical memo/Database of sorption results from
Phase 2 testing

March 2028

Task 7b: Column Tests for Pollutant Treatment (Phase 2)

February 2028 - July 2028

Deliverable 7b.1: Technical Memo Summarizing WQ Testing July 2028
Deliverable 7b.2: Raw Data Report July 2028
Task 8: Reporting July 2028 - December 2028
Deliverable 8.1: Draft and Final Report of Study Findings August 2028
Deliverable 8.2: Final report with Draft biochar specification(s) and October 2028
Excel file of all QA/QC'd data
Deliverable 8.3: Two presentations (SWG and regional conference) November 2028
Deliverable 8.4: Draft and Final fact sheet per SAM format December 2028
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TABLE 5: VISUAL OF PROJECT TIMELINE.

| 202604 202701 2027 Q2 2027 Q3 202704 202801 202802 202803 2028 04

1- Project Mgmt | D11 D11 D11 D11 D11 D11 D11 D11

2- QAPP D21

3 - TAC & Project Team Coord. 03.1 03.1 03.1 D3.1

4. Literature Review [Phase 1) D11

5a. Biochar Selection (Preliminary Phase) 05a.1 & D5a.2

5b - Column Construction (Preliminary Phase) D5b1

6a - Kinetics and Sorption Laboratory Study (Phase 1) | | Deal

6b - Column Hydraulics [Phase 1) Deb.1

7a. Biochar Ratios Laboratory Study (Phase 2) | D7a.1

7b - Column Tests for Pollutant Treatment [Phase 2) 07b 1 & 07 b 2

& - Reporting | D81 D82| D83 |D8a
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Figure 1 — Preliminary and Phase 1 of the study design used to establish biochar properties and identify a best biochar based on potential for pollutant removal and hydraulics, which
has experimental focus on 6PPDQ and PFAS . The literature review provides a cost-effective way of synthesizing what is known about biochar and pollutant removal (including metals
and other conventional pollutants). The literature review will be used throughout the study to inform decisions. This body or work, along with TAC guidance will inform which biochar is

selected for Phase 2. Numbers (n) indicate total number of final results.




Optimizing Biochar

Ratios

Pollutant Treatment
(columns)

S Identify biochar
Q P BnnE material
I;!E;Easrlr/l (0% oo extfant of ) properties{type, an Water quality
sorptlon wit d ratio of biochar to treatment for
Sand 70% 60% different other components 6PPDQ, PFAS,
Coir O 20% 20% 6PPDQ. in a modified nutrients and
c.;oncen.tratlons BSM/HPBSM that r‘ne‘tals in
< N B in du'p‘llcate (6 yield the best triplicate (8
O s o o % COI’]dIt.IOI']S by 2 treatment of cond|t.|ons by 3
o* M€ *0. replicates) stormwater in replicates)
o e 09 terms of measured
O ¥ O | [0 #O o analytes.
4 ;*O %o *o Array of blends to be determined with results

BSM (traditional)

from previous Tasks and with TAC input. Will
be tested over 4 synthetic storm and 2

(B:iochar :* ;82;0 ;83 10% collected stormwater events.
ompos () () ()
Sand ¢ 60% 60% 60%

Figure 2 — Phase 2 of the study design. Results from the Preliminary Phase and Phase 1 work, and TAC guidance will inform exact ratios of BSM components and the biochar used.
The Phase 2 work uses a combination of benchtop work to inform column studies, which better represent real world conditions. Results of Phase 2 will be used to recommend a cost-
effective procurement-ready specification and provide practical guidance for biochar addition to existing BMPs.



Q1. Preliminary - TVS, Ash, Cu, C, H, Hg,
NO3s, and OP in unrinsed biochar

compared to rinsed biochar.

Q2. Phase 1- Benchtop kinetics and
sorption isotherms for 10-12 biochars
and literature review. Assess material
properties of biochars as they relate to
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storm events?

Q2. What properties of biochar are
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Science + Planning + Design
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consultants

|

Q3. How do biochar material properties
affect hydraulic conductivity?

|

biochar

Q3. Phase 1 -Column testing -

hydraulic conductivity of subset of
biochars from Q2.

Q4a. Phase 2- Change 60/40 BSM and
HPBSM components to determine if
more biochar from Q2 and Q3 is
beneficial based on kinetics and
sorption isotherms for 6PPDQ and
PFAS.

Q4. What is the best percentage of the
selected biochar and other components
in (HP)BSM?

Best biochar and biochar material properties, and
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- 6PPDQ. metals, nutrients, and

PFAS removal using biochar & other
60/40 BSM and HPBSM ratios from
Q4a.

percent of best biochar and other (HP)BSM components
determined for WA State specification refinement.

Figure 3: Questions addressed by proposed project (light blue center boxes); how question is answered (dark blue boxes), how results from each Phase inform the work (arrows). The
result of this body of work (green box) is a biochar and percent by volume identified as the best for WA State stormwater pollutant removal. TAC input shown in the step to establish
the selected biochar but their guidance will be incorporated throughout the project.



WASHINGTON STATE

@ UNIVERSITY Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371
March 23, 2026

Dear Dr. Sofield,
Please accept this letter of support for our combined project between WWU and WSU.
We have combined our former projects (LOI/FP #4 was the WSU project and LOI/FP #9 was

the WWU project) and WWU is the lead organization.

The new project title is: TOWARD A PROCUREMENT READY BIOCHAR SPECIFICATION
FOR 6PPDQ REMOVAL FROM STORMWATER

We are pleased to submit details of this combined project to address the Stormwater
Work Group’s (SWG) Priority List Topic 15: determine a biochar specification that

produces the best pollutant removal treatment.

The proposed project collectively addresses four main questions (Figure 1).

1. How important is it to preprocess biochar to mitigate phosphorus and
particulate washout.
a. Via comparison of lab characteristics between as procured samples and
after rinsing (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 columns (WSU Phase 1)



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 columns (WSU Phase 2)

This project offers 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 . 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

March 23, 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#4 and LOI #9
(studies now combined) 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 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.

Sinc;elZ
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



Building the future from the ground up.™ ."4').

March 23, 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 a merged proposal
of LOI #4 and 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. Notably,
this research will focus on developing specifications for commercially available biochar
that can be sourced today.

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
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March 19, 2026

Raghu Namburi

Stormwater Action Monitoring Coordinator & Engineer
Washington State Department of Ecology

300 Desmond Drive SE. Lacey, WA 98503

Subject:  Letter of Commitment - Toward a Procurement Ready Biochar Specification for
Removal of 6PPDQ from Stormwater (LOI 2025-09)

Dear Raghu,

On behalf of Geosyntec Consultants, I am pleased to confirm our commitment to the proposed
project: Toward a Procurement Ready Biochar Specification for Removal of 6PPDQ from
Stormwater (LOI 2025-09). Geosyntec will serve as a subcontractor to WWU and provide strategic
support to the project in developing the study design, coordinating across portions of this project
that are led by Washington State University, and reviewing and communicating results. The focus
of Geosyntec’s contributions to this project will be:

¢ Incorporating findings from applied research from both outside and within Washington
State, including work for on advanced biofiltration media for the National Cooperative
Highway Research Program (NCHRP), the Strategic Environmental Research and
Development Program (SERDP) program, SAM, municipal permittees, land developers,
and industrial permittees.

e Incorporating findings from Geosyntec’s experience specifying and procuring biochar-
based stormwater filtration media on behalf of land developers and industrial site owners
in Washington and California.

e Providing as-needed expertise in PFAS, including measurement and treatment.

I am committed to bringing Geosyntec’s breadth of experience to this team to help meet the
research objectives, resulting in a specification that is practical and effective for use by Permittees
and stormwater practitioners.

Sincerely,

Aea/

:!

Aaron Poresky
Senior Principal, Geosyntec Consultants
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