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. PROJECT PURPOSE, GOAL, AND PRIORITY TOPICS

Biochar is a potentially cost effective, carbon negative or neutral material that shows promise for
treating stormwater contaminants (Boehm, et al., 2020). While laboratory studies have documented
feedstock, pyrolysis, post-processing treatments, and contaminant removal for some biochars, many
commercially available biochars do not clearly define the materials and processing used to produce
them, nor their testing protocols for stormwater treatment. Additionally, some biochars may export
contaminants, notably phosphorus (Boehm, et al., 2020).

The purpose of this project is to develop a regionally available, cost-effective biochar specification for
stormwater treatment that:

e Clearly defines the feedstock and the pyrolysis and post-treatment (if applicable) processes.

e Demonstrates - at a lab scale using real stormwater - the treatment capabilities for specific
stormwater contaminants, including but not limited to, total suspended solids (TSS); dissolved
copper; dissolved zinc; ortho-phosphorus; total phosphorus; polycyclic aromatic hydrocarbons
(PAHSs); total petroleum hydrocarbons (motor oil and diesel fraction); 6PPD-quinone (6PPDQ);
and per- and polyfluoroalkyl substances (PFAS).

e Treatment objectives are as follows:

o meet Ecology’s basic treatment for TSS and metals
o no net export of phosphorus, nitrogen, or arsenic
o 6PPDQ and PFAS objectives to be determined

The National Pollutant Discharge Elimination System (NPDES) Phase | and Phase Il Municipal
Stormwater Permit issued by the Washington State Department of Ecology (Ecology) requires
stormwater treatment for projects triggering Minimum Requirement 6 — Runoff Treatment.
Additionally, recovery of salmonids (i.e., coho salmon, coastal cutthroat and rainbow trout) will
require, among other actions, strategically treating stormwater before it reaches sensitive receiving
waters for multiple contaminants including 6PPDQ. Municipalities need multiple, regionally available
stormwater treatment solutions for specific treatment objectives and physical settings.

An available and cost-effective biochar specification can be used in multiple applications. For
example, Ecology and King County recently added the high performance bioretention soil mix
(HPBSM) to their stormwater manuals (Stormwater Management Manual for Western Washington
and Surface Water Design Manual, or SWMMWW and SWDM respectively) as a default mix for use in
stormwater treatment best management practices (BMPs in SWMMWW or facilities in SWDM). This
mix contains high carbon wood ash, a specific type of biochar (see specification in Ecology Publication
21-10-023, Revised 2024, and SWDM Reference 11-C section 2.4.2). The high carbon wood ash is a
key media component in the mix that provides water holding capacity and contaminant removal
capability (specifically metals). However, there is currently no biochar specification(s) for treatment
of multiple stormwater contaminants. Developing a clear, evidence-based biochar specification could
enhance the reliability and treatment capability of the HPBSM primary layer (HPBSM without the
polishing layer) for metals as well as other contaminants such as hydrocarbons, PFAS, and 6PPDQ.

Since this project’s testing of biochar for stormwater treatment will include sand as an infiltration
media matrix, another benefit may be a new simple sand/biochar mix. In this scenario, a biochar and
sand media could be used to meet Ecology’s basic treatment criteria for total suspended solids (TSS)
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and dissolved copper and zinc, as well as other contaminants such as hydrocarbons, PFAS, and
6PPDQ. Replacing compost with the appropriate and well-defined biochar would then avoid concerns
about the potential for phosphorus, nitrogen, and copper export from Ecology’s 60% sand and 40%
compost bioretention soil media (BSM) blend.

A natural next step following this proposed laboratory biochar specification study would be a field
verification study of lab performance of the final biochar. That follow-on study could be funded
through the next round of SAM funding.

1. PROJECT DESCRIPTION & SCOPE OF WORK

The Biochar Specification for Stormwater Treatment project goals will be achieved by eight tasks:
Assemble Technical Advisory Committee (TAC)

Develop Quality Assurance Project Plan (QAPP)

Conduct literature review and biochar expert and producer interviews

Assess existing candidate feedstocks and biochars identified in Task 3

Develop and test new biochars, if necessary. If we find <4 existing biochars that meet all
treatment objectives, then we will develop and manufacture new biochars to meet a total of
four biochars for Task 6.

6. Test (at lab scale) treatment capability of four candidate biochars

7. Create biochar specification

8. Communicate project findings

vk wnN e

Below are the purposes, outcomes, and deliverables for each task. For a summary of the project
budget and schedule see Appendix A (page A-1). For a graphic representation of the workflow see
Appendix B (page A-2).

Task 1: Assemble Technical Advisory Committee (TAC)

The project team has established a project TAC with representatives from local jurisdictions (cities of
Spokane, Seattle, and Redmond, King and Whatcom Counties), Washington State Department of
Transportation (WSDOT), Washington Department of Ecology (Ecology), and biochar scientists from
academia, agencies, and the private sector (Washington State University, University of Minnesota,
USDA Agricultural Research Service, US Biochar Initiative, and Walrath Trucking Technologies). We
will work with the TAC to make sure that the project provides useful and relevant outcomes for
permittees through regular meetings and review during project tasks.

Qutcome

The TAC will provide guidance that ensures we are using the most up-to-date and relevant biochar
science, identifying best performing, commercially available biochars, and the specification is useful
to permittees.

Deliverable(s)

e D1.1: List of TAC members, advisory role, and contact information
e D1.2: TAC meeting minutes, decision log

Task 2: Develop Quality Assurance Project Plan (QAPP)
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The QAPP will provide detailed guidance for project goals, objectives, tasks, methods, reporting
requirements, and quality control and assurance for any laboratory analysis and sampling tasks. The
QAPP will follow Ecology’s Guidelines for Preparing Quality Assurance Project Plans for Environmental
Studies, July 2004 (revised 2016). Ecology will review the QAPP.

Qutcome
The QAPP will provide detailed guidance for the project and will be used regularly to check progress
for project tasks, methods, and quality of results.

Deliverable
e D2.1: Quality Assurance Project Plan

Task 3: Conduct literature review and biochar expert and producer interviews

The project team will conduct a literature review focused on biochar and stormwater treatment
journal articles and gray literature (e.g. research conducted by jurisdictions, agencies, and non-
profits) to determine the latest knowledge on feedstocks, pyrolysis, and pre- and/or post-treatment
processes that show physical and chemical properties to potentially meet the project stormwater
treatment objectives. Additionally, the team will use its extensive connections to the regional biochar
industry to conduct interviews with experts and identify existing biochars that show potential to meet
stormwater treatment objectives (see page 1, 3" bullet for treatment objectives).

Qutcome

The literature review and industry expert interviews will provide the necessary information to
determine the next steps. During this task, the focus will be on identifying particular processes and/or
biochars that could meet treatment objectives; materials and processing capabilities available
regionally that show promise for meeting treatment objectives; and determining whether existing
biochars in the region show promise for meeting treatment objectives and can be adequately
characterized to build a clear and repeatable specification.

Deliverable(s)

D3.1: A table summarizing research results for Task 3, including: article citations; a brief

summary of each paper; biochar descriptions (as detailed as possible); feedstocks and

pyrolysis and pre- and/or post-pyrolysis processes for treating specific contaminants; results
for treating

stormwater contaminants of concern; and recommendations for further analysis of candidate

biochars (e.g. testing for leaching potential and contaminant treatment).

Task 4: Assess existing candidate feedstocks and biochars identified in Task 3
Based on the outcomes in Task 3, the project team will determine which, if any, existing biochars
could meet treatment objectives. To determine if an existing biochar qualifies for further testing, we
will determine whether:
e The biochar is classified as “Class 1” which indicates highly stable biochar with a
Hydrogen:Organic Carbon ratio <0.7, following International Biochar Initiative guidelines (IBI
2015).
e The biochar meets International Biochar Initiative Standardized Product Definition and
Product Testing Guidelines for Biochar That is Used in Soil guidelines.
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e The feedstock, pyrolysis, and any pre- or post-pyrolysis processing used to develop the
biochar is described in sufficient detail to develop a specification.

e The biochar is available regionally in quantities necessary to meet current and future demands
(estimated quantities for demand will be based on supplier interviews).

e The biochar is affordable (biochar for HPBSM is currently $360/cubic yard, which will be the
baseline for comparing costs).

e The biochar analysis is of sufficient quality, based on best professional judgement of the team,
to use for verifying the water quality treatment performance.

e The biochar is sustainable (waste feedstock, regionally available, carbon negative or neutral?).

If none of the existing biochars pass the criteria listed above, we will move to Task 5. If any pass the
criteria listed above, we will perform the following tests on up to four of them:

e Conduct leaching analysis using EPA Method 1312 Synthetic Precipitation Leaching Protocol
(SPLP) to determine if the candidate biochar does not leach excessive metals or nutrients. The
numeric standards from the HPBSM leaching protocol for High Carbon Wood Ash (biochar)
will be used to determine if the candidate biochar exceeds leaching thresholds (see Guidance
on using new high performance bioretention soil mixes, Department of Ecology Publication 21-
10-023).

e Conduct batch tests (ASTM D4646-03) to determine sorption isotherms and whether the
candidate biochars show adequate affinity for contaminants of interest. Batch tests will be
conducted at 2, 6, and 12 hours to better understand reaction kinetics.

e Develop Kqvalues (solid-water partitioning coefficient) for candidate biochars to fit either
Freundlich or Langmuir equations (to be determined by types of biochars and TAC).

Up to four of the candidate biochars that meet leaching thresholds and adequate Kqvalues will
progress to analysis in Task 6. Important note: sorption isotherms alone do not provide adequate
information to determine if a media will meet water quality treatment objectives in the field.
Sorption isotherms are conducted using relatively simple aqueous solutions; however, stormwater is
a complex chemical mixture that can significantly alter sorption processes (e.g., interference). In
addition, sorption properties (e.g., kinetics) will vary with media in solution compared to media in
typical field conditions (saturated and unsaturated flow). Though sorption isotherms provide a
screening-level test to determine if a media has an estimated affinity for a contaminant
(EPA/530/SW-87/006-F, 1992), we will go beyond this screening and conduct stormwater dosing tests
on select biochars (see Task 6). Table 1 describes the screening analyses and thresholds to be used in
this step; note that the list of screening criteria will be reviewed by the TAC and a final list will be
determined after the review.

Table 1: Proposed screening tests and thresholds for candidate biochars

Analysis/Method Metric | Numeric Threshold
SPLP/EPA 200.8 Dissolved copper <10 mg/L
SPLP/EPA 200.8 Arsenic, total <0.1 pg/L
SPLP/SM 4500 Ortho-phosphorus <0.80 mg/L
SPLP/EPA Method 353.2 Nitrate-nitrite <0.15 mg/L
Batch Test?® Sorption isotherms® TAC review
IBI Lab analysis per Soil Control Lab® multiple multiple
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9 Method per modified ASTM D4646-03.

b Sorption isotherms developed for dissolved copper and zinc and ortho-phosphorus.
CInternational Biochar Initiative suite of analyses including H:C ratio, pH, bulk density, EC, metals,
gradation, etc.

Qutcomes
Screening level analyses to determine if candidate biochars show promise for meeting treatment
objectives and should move to the next phase to determine treatment capability under Task 6.

Deliverables
e D4.1: Lab results from testing existing feedstocks/biochars (i.e., Synthetic Precipitation
Leaching Procedure or SPLP; batch tests and sorption isotherms; material verification (IBI lab
certification analyses).
e D4.2: Recommendations for advancing or not advancing candidate biochars to water quality
treatment analysis under Task 6.

Task 5: If necessary, manufacture candidate biochar(s)

Numerous issues could eliminate existing biochars as candidates to meet treatment objectives or to
develop a specification, including: if the biochar is proprietary and the material and process
description is not available, if the biochar exports contaminants and/or does not meet treatment
objectives, or if the material it is produced from is not affordable or reliably available. Fortunately,
the project team has the unique expertise required to produce new biochars optimized for
stormwater treatment.

The project team has access to two fully operational biochar production facilities located in
Philomath, Oregon (operated by team member John Miedema with Biological Carbon) and in Royal
City, Washington (operated by project partner Michael Hebdon with the Soil Center). While
manufacturing biochars may sound labor intensive and expensive, having operational facilities readily
available will allow for low-cost production of biochars designed specifically for stormwater
treatment of target contaminants. Manufacturing biochar as part of this project would allow us to
provide a truly open-source biochar specification, because we would be able to provide instructions
for how to make the biochar, opening up a business opportunity for producers in the region to make
biochar that meets desired specifications.

Based on the project team’s experience, there is a high probability that no currently manufactured
biochar in the PNW region will meet Basic (TSS), metals, and especially phosphorus treatment
requirements per Technology Assessment Protocol-Ecology. Additionally, there is a high probability
that no one biochar can treat both metals (positively charged ions) and nutrients (predominantly
negatively charged compounds); thus, two biochars will likely be required to adequately treat these
contaminants. For example, (as with the HPBSM) if TSS and metals are the only contaminants of
concern for the regulating jurisdiction, then one biochar designed for TSS, copper and zinc can be
used. If phosphorus is also of concern, then two biochars could be used in combination to meet those
treatment objectives.

To manufacture biochars designed for stormwater treatment the project team will:
e Select regionally available feedstocks (e.g., clean log yard waste and nut shells).
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e Target specific pyrolysis temperatures with specific feedstock to produce desired porosity, pH,
and functional groups (e.g., hydroxyl groups) for contaminant receptor cites.

e Experiment with addition of chemicals (e.g., dolomite and iron) to optimize the biochar for
nutrient treatment.

The project team has experience with each of the three manufacturing processes listed above
(Delany, M.; Miedema J., Biochar Filter Pilot Project, 2021). During this process we will continually
consider materials that are regionally available and cost effective and processes that are repeatable
by other regional biochar producers. Note that our team is already conducting this type of research,
which is why we can complete this task on time and on budget.

Outcomes
Production of biochar optimized for TSS, metals, nutrients, hydrocarbons, 6PPDQ, and PFAS
treatment with the feedstock and manufacturing process described in detail.

Deliverables

e D5.1: Lab results from testing up to four biochars at partner production facility (i.e., SPLP;
batch tests and sorption isotherms; material verification (International Biochar Initiative or IBI
lab certification analyses). See Table 1 for analyses.

e D5.2: Technical memo clearly describing the following:
o Feedstock (material composition, origin, transportation, storage/handling)
o Pyrolysis process
o Enhancement process (e.g., addition of any chemicals to enhance contaminant treatment

during and after pyrolysis)

Task 6: Test treatment capability of candidate biochars

At a minimum, column tests using actual stormwater to dose the biochar is necessary as an initial
assessment of treatment capability. As mentioned in Objective 4, tests to screen biochar candidates
(SPLP and batch tests to develop sorption isotherms) are not adequate to determine stormwater
treatment capabilities of a stormwater filter media.

The project team anticipates testing four candidate biochars consisting of existing biochars, newly
manufactured biochars, or both in columns. The column testing will be conducted as follows:

e Biochars will be mixed with sand that meets the requirements of Section 9- 03.1(2)B (Class 1)
of the Washington State Department of Transportation Standard Specifications.

e The team will collect stormwater from one to two sites, consulting the TAC for advice on final
location(s).

e The stormwater will be transported in glass or stainless-steel containers to the column array
(4-inch diameter, 76 cm long columns) in Bellingham, WA.

e The stormwater will be loaded into a mixing tank that will distribute the stormwater to each
column. An additional distribution line will direct untreated stormwater to a sample container
for an influent sample. Each treatment (i.e., candidate biochars) will be replicated three times
for a total of 12 biochar columns.

e Influent and effluent samples will be processed, placed on ice in coolers and transported the
same day to King County Environmental Laboratory (KCEL) for testing.
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e KCEL will analyze the samples for target contaminants (TSS, dissolved copper, dissolved zinc,
total phosphorus, nitrate-nitrite, PAHs, total petroleum hydrocarbons [motor oil and diesel
fraction], 6PPDQ, PFAS, and total arsenic).

e Once the best performing media blend is determined we will test hydraulic conductivity in a
60 cm x 60 cm x 60 cm mesocosm.

Six dosing and sampling events are anticipated. The sampling process, methods, and quality control
and assurance with be detailed in the QAPP.

Outcomes

Stormwater treatment capability and saturated hydraulic conductivity for up to four candidate
biochars. Treatment objectives are as follows: meet Ecology’s basic treatment for TSS and metals; no
net export of phosphorus, nitrogen, or arsenic; 6PPDQ and PFAS treatment objectives to be
determined. Good performance is anticipated for 6PPDQ treatment based on results from the project
team’s previous research (Mitchell, 2025).

Deliverables
e D6.1: Photos of replicate columns constructed for testing and lab results from six stormwater
dosing events of biochars in replicate testing columns.
e D6.2: Photos of mesocosm and results of saturated hydraulic conductivity testing.
e D6.3: Technical memo describing sampling process and results, including statistical analysis
(mean and median for each treatment, percent reduction for each treatment, and analysis to
determine if treatments performed differently).

Task 7: Create biochar specification

The information attained from the literature review, biochar expert interviews, material screening,
manufacturing, and stormwater treatment testing of the biochars will be used to create a biochar
specification for stormwater treatment. The specification will describe the intended use of the
biochar as well as the feedstock(s) that are regionally available and processes for production that are
cost effective. It will also detail the verification process, including testing frequency and timing,
handling and storage, and transportation, handling and placement of media containing biochar for
projects. Table 2 provides an example biochar specification with analyses/methods, metrics, and
numeric thresholds. The final specification will provide greater detail and be informed by results from
Tasks 1-6, as well as TAC and Ecology review.

Table 2: Example biochar specification parameters, methods and numeric standards

Numeric Testing

Parameter Test Method Threshold Responsibility

Dissolved copper SPLP/EPA 200.8 <10 mg/L Proponent

Ortho-phosphorus SPLP/SM 4500 <0.80 mg/L Proponent

Nitrate-nitrite SPLP/EPA Method 353.2 <0.15 mg/L Proponent
Organic carbon (Corg) Total C and H analysis (EPA Method 360% Manufacturer
H:Corg 440.0). Inorganic C analysis (ASTM <0.7 Manufacturer

D4373). Organic C calculated as total
C-inorganic C.
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Milliequivalents Cation Exchange Capacity (EPA TBD Manufacturer
CEC/100g dry soil Method 9081)
Electrical Conductivity Section 04.11 of TMECC (2001) TBD Manufacturer
Polycyclic Aromatic EPA 8270 (2007) using Soxhelt TBD Manufacturer
Hydrocarbons extraction (EPA 3540)
Arsenic EPA Method 6020 20 ppm (Max.) | Manufacturer
Cadmium EPA Method 6020 10 ppm (Max.) | Manufacturer
Lead EPA Method 6020 150 ppm (Max.) | Manufacturer
Mercury EPA Method 6020 8 ppm (Max.) Manufacturer
Molybdenum EPA Method 6020 9 ppm (Max.) Manufacturer
Nickel EPA Method 6020 210 ppm (Max.) | Manufacturer
Selenium EPA Method 6020 18 ppm (Max.) | Manufacturer
Zinc EPA Method 6020 1400 ppm (Max | Manufacturer
Arsenic EPA Method 6020 20 ppm (Max.) | Manufacturer
Gradation Gradation (ASTM D422) See footnote ® | Manufacturer

Table Source: Standardized Product Definition and Product Testing for Biochar Used in Soil (IBl 2015)
and Guidance on using new high performance bioretention soil mixes (Ecology Publication 21-10-023,
Revised 2024).

9 Progressive dry sieving with 50mm, 25mm, 16mm, 8mm, 4mm, 2mm, 1mm, and 0.5mm sieves.

Qutcomes
A specification describing a regionally available and cost-effective biochar for stormwater quality
treatment as defined by the TAC and QAPP.

Deliverables
e D7.1: A specification document that describes the biochar development process (e.g.,
feedstock(s), pyrolysis, and any post-pyrolysis processes for stormwater quality treatment) as
well as handling and storage requirements, and verification standards.

Task 8: Communicate project findings

Project findings will be communicated through several venues. A two-page fact sheet will be provided
following the SAM template. Additionally, team members will present findings at several
conferences, e.g., ASCE World Congress and Low Impact Development conferences, Green
Infrastructure Summit, NEBC Managing Stormwater in Washington.

Desirable Outcomes
The region is aware of a new stormwater treatment media and provided with the resources to
reliably attain and place that media.

Deliverables
e D8.1: SAM factsheet.
e D8.2: Presentation to the SWG.
e D8.3: At least two presentations at regional conferences.

1l. PROJECT MANAGEMENT
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The project team is comprised of biochar and stormwater experts, toxicologists, and jurisdiction
management with extensive experience researching and developing stormwater filter media and
developing and manufacturing biochars for water quality treatment. King County has managed
multiple (>5) SAM projects including stormwater effectiveness and bioretention media specification
development. Along the way, the project team has learned the most effective study designs to
achieve study goals including lab and field methods and data analysis. Below are brief descriptions of
team member qualifications and roles and responsibilities (hereafter, “roles”) for this project.

Jennifer Lanksbury (Role: Project Manager, manages the project and grant for King County)

Water Quality Planner/Project Manager with King County’s Toxic Chemical Assessment (TCA) Unit.
Jennifer has an MS in Environmental Science and over 24 years of experience in ecology and
ecotoxicology. Her work is focused on evaluating toxic contaminants in fish/shellfish, sediments and
stormwater in King County. In her role, she has been project manager for several water quality
projects including grants. She is currently co-managing a 6PPDQ-modeling project for King County
and leads work on two 6PPDQ Action Teams for King County’s 6PPDQ Work Group.

Jenée Colton (Role: Technical reviewer, project oversight)

Supervisor for the TCA Unit with a Master’s in Environmental Management and over 30 years of
professional experience in ecological risk assessment, water quality and aquatic toxicology. She was a
Stormwater Work Group member for five years, has previously managed successful SAM studies
(Catch Basin Data Analysis and HPBSM spec development) and was on the regional collaborative
team that developed the High Performance Bioretention Soil Mix.

Chelsea Mitchell, Ph.D. (Role: Biochar lit review, ID available biochars, statistics for biochar analyses)
Senior Ecotoxicologist with King County’s TCA Unit. Dr. Mitchell received an MS and PhD in
Environmental and Natural Resource Sciences from WSU and has served as a subject matter expert
on 6PPDQ and stormwater treatment at King County for over two years. She recently authored a
report on testing HPBSM for 6PPDQ treatment and is the project manager for a SAM study on field
evaluation of HPBSM for 6PPDQ and PFAS treatment. Her past research has focused on evaluating
stormwater BMPs for contaminant treatment, and she has published papers on adding biochar and
fungi to bioretention and treating 6PPDQ and tire particles with permeable pavements.

John Meidema (Role: Technical guidance and lead for biochar literature review and biochar
assessment. Lead and conduct biochar development and manufacturing)

An internationally recognized leader and developer of biochar technology and medias as well as
pyroligneous acid production and utilization. He is Founder and CEO at BiolLogical Carbon LLC in
Philomath, Oregon. Biological Carbon’s primary mission (in collaboration with commercial partners,
0OSU, the US Forest Service, and the USDA Agricultural Research Service) is applied research and
production of high-quality biochar and liquid co-products for filtering water pollutants including use
of biochar for stormwater remediation. Recently, John worked with the Oregon Department of
Agriculture and the Klamath Watershed Partnership to develop a pilot filtration system using biochar
to test a low-cost engineered carbon filter for reducing phosphorus in farm runoff.

Michael Hebdon (Role: Technical assistance in biochar production and manufacture at industrial
scale) Michael is a leading figure in regenerative agriculture and sustainability based in Royal City,
WA. He serves as General Manager of The Soil Center and Vice President of Regenerative Agriculture
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https://www.ezview.wa.gov/Portals/_1962/Documents/SAM/FS%23015%20WesternWA_CatchBasinInspection_MaintenanceReview.pdf
https://www.ezview.wa.gov/Portals/_1962/Documents/SAM/FS%23016_Bioretention_Alternative_Blends.pdf
https://your.kingcounty.gov/dnrp/library/2025/kcr4110/kcr4110.pdf
https://your.kingcounty.gov/dnrp/library/2025/kcr4110/kcr4110.pdf
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/bioretention-effectiveness-for-6ppd-and-pfas
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/bioretention-effectiveness-for-6ppd-and-pfas
https://www.sciencedirect.com/science/article/pii/S0301479722024884
https://www.sciencedirect.com/science/article/pii/S0301479722024884
https://www.sciencedirect.com/science/article/pii/S0048969723068638

at Royal Family Farming, where he helps guide innovative soil health and waste-upcycling initiatives
that transform agricultural byproducts into high-value soil amendments and carbon-sequestering
products. At The Soil Center, Michael champions the development of sustainable practices- including
large-scale biochar production, vermicomposting and compost innovation aimed at improving soil
fertility, reducing greenhouse gas emissions, and supporting long-term agricultural resiliency. His
work bridges practical farm operations with forward-looking ecological stewardship, advancing
regenerative farming across the region.

Curtis Hinman (Role: Literature review, lead for testing biochar treatment capability [column testing]
provide strong linkage between biochar specification and stormwater treatment performance)
Stormwater scientist based in Bellingham, WA. Curtis led all research to develop HPBSM and ultra
high-performance filter media to help the City of Bellingham meet the Lake Whatcom phosphorus
TMDL while with Herrera Environmental Consultants. He was faculty with WSU Extension and
Department of Biological Systems Engineering. As the University’s Green Stormwater Infrastructure
Specialist, he co-designed and was lead scientist for the WSU Low Impact Development (LID)
Research Program (the initial program establishing the Washington Stormwater Center). Mr. Hinman
is the author of the “Low Impact Development Technical Guidance Manual for Puget Sound,” the
“Rain Garden Handbook for Western Washington,” and the Vice Chair and co-author of the American
Society of Civil Engineers “Stormwater Filtration Media.”

Technical Advisory Committee (Role: Review study design and key/final deliverables of the project)
Commitments were received from the following jurisdictions to participate in the TAC (also see
Letters of Support attachments):
e Seattle Public Utilities - Sierra Gawlowski, Senior Capitol Project Coordinator
e WSDOT - Nick Hehemann, Monitoring and Research Program Manager, Stormwater Branch,
Environmental Services Office
e City of Redmond — either Lindsey Davidge, Senior Environmental Scientist, Surface Water
Monitoring Program or Charles Dewey, Stormwater Engineer
e Whatcom County — either Cody Swan, Stormwater/NPDES Engineer Ill or Cathy Craver, Senior
Planner — NPDES
e City of Spokane - Rebecca Casey, Environmental Analyst, Stormwater Program
e King County — Zachary Holt, Water Quality Compliance Unit Manager
e US Biochar Initiative — Myles Gray, Executive Director American Biochar Institute
e WA Dept. of Ecology — Doug Howie, Senior Stormwater Engineer
e USDA Agricultural Research Service — Kristin Trippe, PhD, Research Microbiologist
e University of Minnesota — Dr, Bridget Ulrich, Aqueous Geochemist and Dr. Tadele Measho
Haile, Stormwater Treatment Materials Specialist
e Walrath Trucking Technologies — Jami Burke, Soil Consultant

Upon grant award, the first task will be to form the TAC and recruit additional members. The project
team strives to include multiple permittees on the TAC who will be actively engaged in the
development of the project and provide input on the deliverables.

Updated March 2026 10 King County



References

Boehm, A, et al. 2020. Biochar-augmented biofilters to improve pollutant removal from Stormwater-
can they improve receiving water quality ? Environmental Science: Water Research and
Technology. Issue 6.

Delany, M.; Miedema J. Biochar Filter Pilot Project. Report prepared for PacificCorp. 2021.

EPA. Batch-Type Procedures for Estimating Soil Adsorption of Chemicals. EPA/530/SW-87/006-F.
1992.

Mitchell, Chelsea. 2025. Testing Removal of 6PPDQ and Coho Salmon Lethality by High-performance
Bioretention Media Blends: Final King County Report. Water and Land Resources Division.
https://your.kingcounty.gov/dnrp/library/2025/kcr4110/kcr4110.pdf

Updated March 2026 11 King County


https://your.kingcounty.gov/dnrp/library/2025/kcr4110/kcr4110.pdf

APPENDIX A: PROJECT BUDGET AND SCHEDULE

Task Cost Target Date
Task 1: Assemble Technical Advisory Committee (TAC) S 19,407

D1.1: List of TAC members, advisory capacity and contact information November 2026

D1.2: TAC meetings and meeting notes Duration of project
Task 2: Develop Quality Assurance Project Plan (QAPP) $ 24,031

D2.1 QAPP March 2027
Task 3: Conduct literature review and biochar expert and producer interviews $ 18,508

D3.1: Table summarizing findings from literature review and producer interviews June 2027
Task 4: Assess existing candidate feedstocks and biochars identified in Task 3 S 32,028

D4.1: Lab results from testing existing feedstocks/biochars (i.e., SPLP; batch tests and

sorption isotherms; material verification (IBl lab certification analyses) November 2027

D4.2: Recommendations for advancing or not advancing candidate biochars for water quality

treatment analysis under Task 6 January 2028
Task 5: Develop and manufacture biochars to meet treatment goals S 59,635

D5.1: Lab results from testing four biochars at partner production facility (i.e., SPLP; batch

tests and sorption isotherms; material verification (1Bl lab certification analyses) September 2028

D5.2: Technical memo describing feedstock, pyrolysis, and enhancement processes October 2028
Task 6: Test treatment capability of candidate biochars (column tests) $ 203,496

D6.1: Photos of replicate columns constructed for testing and lab results from six stormwater

dosing events of biochars in replicate testing columns May 2029

D6.2: Photos of mesocosm constructed for hydraulic testing and Ksat results May 2029

D6.3: Technical memo describing sampling process and results June 2029
Task 7: Create biochar specification S 15,262

D7.1: Technical memo describing sampling process, statistical analysis of lab samples,

results, handling and storage requirements, and verification standards September 2029
Task 8: Communicate project findings $ 28,175

D8.1: SAM fact sheet November 2029

D8.2: Presentation to SWG December 2029

D8.3: Presentation at NEBC and Green Infrastructure conferences Spring 2030
Total cost $ 400,541
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APPENDIX B: PROJECT WORKFLOW

1. Technical Advisory Committee: project guidance and feedback (pg 2)

!

2. QAPP: detailed guidance for tasks and quality assurance and control (pg 2)

}

3. Literature Review and Expert and Praoducer Interviews (pg 3)
Assess existing biochars, feedstocks, and pyrolysis and post-treatment processes

_| Create table with all regional biochars, pyrolysis processes, and
"| documented treatment capabilities.

}

4. Assess Candidate Feedstocks and Biochars from Task 3 (pg 3)
Do existing biochars meet criteria under Task 47?

_| Criteria include: Class 1, can biochar be described in a spec, available
" regionally, affordable, treatment performance, sustainable.

l Assess candidate biochars from tasks 3 and
Yes —»| 4 using SPLP, batch tests, and IBI
certification analyses. Develop sorption
isotherms.

6. Test treatment

3 Capability of candidate

i biochars (pg 6)

No —— | 5. Manufacture candidate biochars Column dosing tests
Use regionally available feedstocks and using actual stormwater,

cost-effective pyrolysis and chemical
enhancing processes (pg 5).

h 4

Target contaminants: TSS; dissolved copper; dissolved zinc; total

phosphorus; total petroleum hydrocarbons (motor oil and diesel
fraction); 6PPD-Q; and PFAS.

v

Water quality treatment objectives: meet Ecology’s basic treatment
for TSS and metals. No export of total phosphorus or NO3-NO2.
6PPD-Q and PFAS treatment objective to be determined.

7. Create Biochar Specification (pg 7)

Describe intended use and provide parameters, methods, and numeric thresholds
for verification. Provide transportation, storage and project installation guidelines.

8. Communicate project findings (pg 8)
SAM factsheet, SWG and regional conference presentations.
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