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EFFECT OF BIOCHAR CHARACTERISTICS ON POLLUTANT REMOVAL AND 
HYDRAULIC PERFORMANCE IN STORMWATER APPLICATIONS (LOI 4) 

Dr. John Stark, starkj@wsu.edu 
253-445-4568 
Washington Stormwater Center, Washington State University 

PROJECT PURPOSE 

Biochar is an increasingly common component of bioretention soil media due to its ability to 
remove common pollutants and support plant health, at a lower cost and with improved 
sustainability compared to alternatives such as granular activated carbon. Many studies have 
assessed biochar for removing common stormwater pollutants, including nutrients and metals, 
but few have approached the topic to develop procurement-ready specifications. Specifically: 

• Few studies have assessed the removal of PFAS and/or 6PPDQ.  
• Studies have often assessed individual biochars, many of which were produced under 

laboratory conditions, rather than a range of commercially available biochars.  
• There is limited information on the effect of biochar properties (e.g., particle size 

distribution, ash content) and preprocessing (e.g., sieving, rinsing) on particle washout, 
phosphorus export, and media permeability. 

• 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.  

As a result, Permittees lack adequate guidance on sourcing, specifying, and incorporating 
commercially available biochar into bioretention media designs. 

The purpose of this project is to fill the data gaps identified above and to provide practical 
guidance, including updated specification recommendations, for incorporating commercially 
available biochars into full-scale bioretention designs to meet objectives for treatment 
performance, initial pollutant export, permeability, longevity, and cost. This project is 
specifically designed to help users navigate the current market for commercially available 
biochar. Therefore, it focuses on assessing a broad range of commercially available biochars 
and preprocessing methods and seeks to guide appropriate uses for different types of biochar 
rather than optimizing specific custom biochar products. 

PROJECT DESCRIPTION AND SCOPE OF WORK 

We propose a collaborative study between the Washington Stormwater Center, Geosyntec 
Consultants, and the US Biochar Initiative to assess the pollutant removal and hydraulic 
performance of commercially available biochars on the West Coast and to provide practical 
guidance for improved biochar use in stormwater applications. We also work closely with the 
Western Washington University team as part of a coordinated approach. The WSU and WWU 
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projects as a whole seek to answer the following practical questions to support permittees and 
project designers: 

1. How important is it to preprocess biochar  to mitigate phosphorus export, particulate 
washout, and maintain permeability? WSU will assess this question through laboratory 
characterization of biochars with and without rinsing and dry-screening, as well as with 
small-scale column studies of the biochar products as procured. 

2. What types of biochar provide the best pollutant removal? What biochar characteristics 
are important? The WWU project will assess this question through batch isotherm analysis 
of a broad range of commercially available biochar products. The focus will be on 6PPDQ 
and PFAS, as biochar performance for other pollutants is relatively well documented in 
existing literature.  

3. Are there specific gradations or proportions of biochar that impair the hydraulic 
performance of BSM? In other words, are there upper limits to the fine particle content or 
the overall biochar content in the BSM that practitioners should be aware of? WSU will 
assess this question using medium-scale columns of blended media mixtures.  

4. What net improvement does biochar provide when added to standard and high-
performance BSM in place of other organic components? We will assess this for biochars 
that show favorable performance in other aspects of this study. We will assess this initially 
via batch analysis (WWU-led) and then in medium-scale mesocosms for 6PPDQ, PFAS, and 
other common stormwater pollutants (WSU-led).  

We propose the following specific objectives for the WSU-led study (Overview in Figure 1): 

1) Obtain samples and production information (e.g., feedstock, production temperatures, 
residence time, oxygen availability) from commercial biochar producers and complete an 
analysis of common biochar properties.  

2) Perform mini-column analysis of 20 biochars to evaluate phosphorus and particle export 
with and without preprocessing, including wet and dry sieving.  

3) Perform a first round of medium-term column tests to assess the effects of biochar particle 
size, feedstock, and volumetric fraction on the hydraulic performance of blended 
bioretention soil media. This testing will be done with a subset of biochar samples blended 
at two to three volumetric fractions within representative BSM design(s). The results will 
inform the subset of samples of prior steps in the combined WSU-WWU research. 

4) Perform a second round of medium-term column tests to assess the effect of biochar 
particle size, feedstock, and volumetric fraction on pollutant treatment performance. This 
second round will be conducted on a more limited subset of biochar samples and 
volumetric proportions than in hydraulic testing. It will be informed by hydraulic testing 
results and by batch testing led by WWU.  
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MAIN PROJ ECT TASK S 

TASK 1: PROJECT MANAGEMENT($41,184) 
The project will begin with the formation of a Technical Advisory Committee (TAC) composed of 
representatives from jurisdictions from both sides of the state. The TAC will provide early input 
on study design and practical objectives to ensure that the study reflects the needs and 
operational realities of MS4 jurisdictions. Throughout the project, the TAC will review draft 
deliverables, help troubleshoot methodological issues, and ensure that findings are relevant 
and transferable to a range of municipal stormwater programs. The presence of the US Biochar 
Initiative (USBI) on this project team will ensure that the practical perspectives of commercially 
available biochar is refelected in the study design.  
This project will be closely coordinated with a sister project led by WWU. This task includes 
coordinating with the WWU-led project, with project team members (WSU, USBI, Geosyntec) 
serving as third-party reviewers for both projects. 

Deliverables:  
D 1.1: Semi-annual Project Report. Target: June 2027 
D 1.2: Semi-annual Project Report. Target: December 2027 
D 1.3: Semi-annual Project Report. Target: June 2028 

TASK 2: QAPP DEVELOPMENT ($38,185) 

A detailed Quality Assurance Project Plan (QAPP) will be developed 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 before finalization to 
ensure clarity, feasibility, and alignment with SAM guidance.  

Deliverables: 
D 3.1: Draft QAPP, Target: March 2027  
D 3.2: Final QAPP, Target: May 2027 

TASK 3: MINI COLUMN TESTS TO DETERMINE EFFECT OF PREPROCESSING ($70,553) 
The objective of this task is to evaluate the effect of common and commercially feasible 
preprocessing, including dry sieving and wet sieving, on the export of particulates and 
phosphorus from biochar when used in blended media. This task seeks to understand the initial 
export and the duration over which it occurs. This task will help determine whether 
preprocessing is necessary in all applications, as it can add cost and reduce the number of 
vendors in the market.  

We will start by obtaining samples and production information (e.g., feedstock, production 
temperatures, residence time, oxygen availability) from commercial biochar producers and 
commissioning a third-party laboratory analysis of common biochar properties. The properties 
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tested in the laboratory will include all parameters specified in the current Ecology High 
Performance Bioretention Soil Media biochar specification. In parallel, as part of the WWU-led 
product, the WWU team will rinse the same set of biochars and commission the same 
laboratory characterization of the rinsed biochars. These two sets of analyses will be compared 
to assess how biochar characteristics change with rinsing, both to evaluate the impact of rinsing 
on initial performance and to understand the effectiveness of biochar for pollutant removal 
following the natural rinsing that occurs during the first few storms after application.  

We will then construct and pack a set of up to 20 small-diameter columns (approximately 2 
inches in diameter and 18 inches long) with up to 6 different biochars representative of the 
types of biochar available commercially on the West Coast. We anticipate including four wood 
biochars produced under different conditions, as well as one wheat straw biochar and one 
almond shell biochar. Dry-sieved and wet-sieved samples will be prepared by WSU from the 
raw samples obtained from biochar producers. The array of columns will include three biochar 
fractions from each producer: raw (unsieved), dry-sieved, and wet-sieved. It will also span a 
range of feed stocks and production temperatures. The array will allow isolation of variables. 
The testing will consist of passing multiple column volumes of DI water through each column to 
assess the duration of any phosphorus or particulate export pulses. We will collect five effluent 
samples from each column after displacing 1, 2, 5, 10, and 20 column volumes. Each sample will 
be submitted to a third-party laboratory for analysis of total suspended solids (TSS), total 
phosphorus (TP), and ortho-phosphorus (ortho-P). Treatments will not be replicated. 

Deliverable: D 3.1, Technical memo outlining methods and outcomes of biochar preprocessing 
comparison using mini columns. Target: July 2027 

TASK 4: MEDIUM-SCALE COLUMN CONSTRUCTION AND INSTRUMENTATION ($23,184) 

The WSU team will repurpose 24 medium-scale 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 Task 5, as well as water-quality treatment 
assessment (e.g., sampling ports for influent and effluent) during Task 6.  

Deliverable: D 4.1, Technical memo with pictures of medium column construction and 
instrumentation. Target: July 2027 

TASK 5: MEDIUM COLUMN TESTS FOR HYDRAULICS ($91,737) 
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 standard BSM and the 
HPBSM blend. This task will help inform potential gradation restrictions, preprocessing needs, 
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and/or upper limits on biochar portions to limit impacts to permeability. WSU will assess this 
question using medium-scale columns filled with blended media mixtures. 

In collaboration with the TAC members and WWU team members, the project team will identify 
candidate mixes to test for column hydraulics. The hydraulic analysis will specifically evaluate 
porosity, bulk density, and infiltration rate for blended mixes that represent potential real-
world mix designs. 
Tentatively, we are aiming to choose three to four of the most commercially available biochars 
that span a representative range of physical properties, 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, (2) whether rinsing 
and sieving affect hydraulics, and (3) whether biochar friability affects hydraulics and 
particulate washout. The final choice of blends will be made by the TAC, informed by the results 
of Task 3 and those completed tasks of the WWU project. We will pretreat each biochar based 
on the outcomes of Task 3. 
We envision basing the mix designs on the standard or high-performance BSM specification 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 compactive 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: 

• Biochar Pretreatment: We will pretreat each biochar based on the outcomes of Task 3. 
• Pack the columns consistently to achieve representative compaction. 
• Measure bulk density and porosity. 
• Saturate and remove trapped air. 
• Run a constant-head vertical flow test or a falling head permeability test. 

Deliverable: D 5.1, Technical memo outlining hydraulic testing effort, results, and challenges 
encountered. Target: November 2027 

TASK 6: MEDIUM COLUMN TESTS FOR POLLUTANT TREATMENT ($132,105) 
The purpose of this 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. It will help determine the net improvement biochar provides when added to standard 
and high-performance BSM in place of other organics, including 6PPDQ and PFAS, as well as 
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conventional analytes. The results are intended to confirm the effectiveness of the best-
performing biochars from the WWU project under conditions more representative of actual 
stormwater BMP conditions, thereby supporting implementation recommendations.  
With input from the TAC and WWU team, and based on the findings of previous tasks in this 
project and the WWU project, we will downselect the media blends to be evaluated. The array 
of blends may differ from or match the Task 5 array. We envision using only one to two 
preferred biochars, then blending them at different proportions into the standard (60-40) 
and/or high-performance BSM. It may also be desirable to study non-biochar versions of the 
BSM blends as controls. For example, a column may include the following blends (Table 1): 
TABLE 1: POTENTIAL BIOCHAR AND BSM BLENDS FOR TESTING 

Biochar Biochar Content (%) Base BSM Mix Replicates 

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. The criteria will be 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: 

• Up to 24 columns of 8 mixes to be tested in triplicate. One influent sample per event. 
• Six simulated storm events with varying influent concentration and wetting-drying times. 

Stormwater will be synthetic based on parameters and methods to be defined in the QAPP.  
• Third-party laboratory analysis for 6PPDQ, PFOS/PFOA (and 38 other PFAS compounds via 

EPA1633), nutrients, and TSS. 

Deliverables: 
D 6.1:  Technical Memo Summarizing WQ Testing, Target: March 2027  
D 6.2: Raw Data Report, Target: May 2028 

TASK 7: COMMUNICATIONS OF FINDINGS AND BIOCHAR SPECIFICATION ($96,737) 

Analytical results will be used to calculate hydraulic properties and pollutant removal 
efficiencies for each blend and to develop one or two recommended specifications for biochar. 
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Interpretation of results will be framed around the key study questions identified above, 
including: 
1. How important is it to preprocess biochar (e.g., wet sieve vs. dry sieve) to mitigate 

phosphorus and particulate washout? How should permittees and practitioners assess 
these risks in evaluating biochar products and developing specifications? 

2. What types of biochar provide the best pollutant removal? What biochar characteristics are 
important? (primarily covered in WWU-led reporting) 

3. Are there specific gradations or proportions of biochar that impair the hydraulic 
performance of BSM? What limits can practitioners use to avoid hydraulic issues? 

4. What net improvement does biochar provide when added to standard and high-
performance BSM in place of other organics? 

Statistical analyses will examine study data to assess these questions. Specifics on the data 
analysis will be documented in the QAPP. Findings will be synthesized across the two research 
projects and with other literature to support practical guidance on incorporating biochar into 
BSM blends.  
To support the real-world deployment of these findings, we will propose commercially viable 
specifications for biochar that can be incorporated into stormwater management manuals. 
These proposed specifications will include consideration of pollutant removal and hydraulic 
performance, cost, and commercial availability and consistency. Potential parameters could 
include biochar material properties (e.g., ash content, P content, pH, etc.), biochar production 
and feedstock requirements, and preprocessing requirements (e.g., dry screening, wet 
screening). At least one specification will be recommended; however, we may propose one 
specification for deployment in standard BSM and another for deployment in the HPBSM, 
depending on pollutant removal performance and phosphorus export data.  
The project team will maintain ongoing communication with the TAC and the Stormwater Work 
Group, including presentation of interim results as analyses progress. 

Deliverables:  
D 7.1: Draft report of study findings, including the sections on data quality review and 
usability statement. Target: July 2028 
D 7.2: Final report with Draft biochar specification(s) and Excel file of all QA/QC'd data 
collected over the project period. Target: September 2028 
D 7.3: Two presentations – one for the Stormwater Work Group and another for a 
regional stormwater-related conference or workshop. Target: September 2028 
D 7.4: Draft fact sheet per SAM format for stormwater managers who seek information. 
Target: October 2028 

PROJECT TEAM DESCRIPTION 

John Stark is a professor of entomology and environmental toxicology at Washington State 
University, Puyallup Research and Extension Center. He is also the director of the Washington 
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Stormwater Center. He studies the effects of pesticides and other chemicals in stormwater 
runoff on Pacific salmon. 
Ani Jayakaran is 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 faculty member at WSU.  
Aaron Poresky is a Senior Principal Water Resources Engineer with Geosyntec Consultants. 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 a practical perspective to this study.  
Myles Gray is the Executive Director of the US Biochar Initiative. Myles has more than 15 years 
of experience in both the stormwater management and biochar sectors, including stormwater 
BMP design and applied research, biochar standards development, and biochar industry 
representation and applied research.  

PROJECT MANAGEMENT STRATEGY 

TABLE 2: PROJECT MANAGEMENT BY PERSONNEL 

Task Lead Support 
1 - Project Management Stark Jayakaran 
2 – QAPP Development Poresky Jayakaran 
3 – Mini Column Pretreatment Jayakaran Gray 
4 – Medium Column Construction Jayakaran Poresky 
5 – Hydrologic and WQ Monitoring Jayakaran Stark 
6 – Data Analysis Jayakaran Poresky 
7 – Communication Stark Poresky 

This project is a collaboration between WSU, Geosyntec Consultants, and the US Biochar 
Initiative (USBI). WSU will serve as the project lead and the primary contractor for study 
implementation. The WSU team is led by Dr. John Stark at the Washington Stormwater Center 
(WSC). He will be supported by Dr. Ani Jayakaran, who will serve as the technical lead. One 
technician and one graduate student will assist Ani. The WSC has completed 7 SAM studies, 
including extensive research on BSM at scale, ranging from jar tests to large-scale mesocosms 
and full-scale rain gardens.  
Geosyntec will support WSU in study design, QAPP development, results interpretation, and 
communication s. Aaron Poresky will lead Geosyntec’s efforts with support from Leon Li.  
USBI will also support WSU in this project, providing key expertise in biochar production and 
connections within the biochar industry to source commercially available biochar products. 
Myles will also serve on the TAC for the WWU project and help maintain cohesion between 
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these projects. See letter from WWU lead (Dr. Ruth Sofield) and Figure 2 for more information 
on the proposed collaboration. 

PROJECT BUDGET AND SCHEDULE 

COSTS PER DELIVERABLE AND DUE DATES 

Individual costs by deliverable, and target deliverable times are outlined in Table 3. 

TABLE 3: TARGET DELIVERABLE DUE DATES AND COSTS 

Deliverable by Task Target Deliverable 
Months Deliverable Cost 

Task 1.0 Project Management   

D1.1 Semi-annual Progress Report June 2027 $13,728 
D1.2 Semi-annual Progress Report December 2027 $13,728 
D1.3 Semi-annual Progress Report June 2028 $13,728 

Task 2.0 QAPP   

D2.1 Draft QAPP March 2027 $30,548 
D2.2 Final QAPP May 2027 $7,637 

Task 3.0 Mini Column Pretreatment   

D3.1 Technical Memo July 2027 $70,553 
Task 4.0 Medium Column Construction   

D4.1 Construction and Instrument Installation 
Memo July 2027 $23,184 

Task 5.0 Medium Column Hydraulics Testing   

D5.1 Technical Memo Summarizing Hydraulic 
Testing November 2027 $91,737 

Task 6.0 Medium Column WQ Testing   

D6.1 Technical Memo Summarizing WQ Testing May 2028 $99,079 
D6.2 Raw Data Report May 2028 $33,026 

Task 7.0 Communication   

D7.1 Whole Study Draft Technical Report July 2028 $48,369 
D7.2 Whole Study Final Technical Report August 2028 $19,347 
D7.3 Two Presentations - SWG and Regional 

Conf. September 2028 $19,347 

D7.4 Draft Fact Sheet October 2028 $9,674 
Total  $493,685 
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BUDGET DESCRIPTION 

The total funds requested to support this work are $493,685 
Washington State University ($423,684): Support requested for 2 months of Drs. Stark and 
Jayakaran’s time. Support for 1 graduate student working under the supervision of Dr. 
Jayakaran and 0.5 FTE for the 2-year project is also requested. WSU requires an annual 4% 
inflationary increase for faculty and technician salaries, which has been included.  
Geosyntec ($50,001). Support is requested to cover salaries for 186 hours over 3 years for staff 
covering 8 individuals, ranging from Senior Principal to Staff Professional. 
US Biochar Initiative ($20,000): Support is requested for 100 hours of salary for one individual 
over 3 years. 

DETAILED SCHEDULE 

A timeline for the 7 principal tasks and deliverables is presented below, showing how the work 
will be phased over 2 years from November 1, 2026, to October 31, 2028.  
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 Ruth M. Sofield 
 

Environmental Science Department 
MS 9181    

516 High Street, Bellingham, Washington 98225 
(360) 650-2181   

 
 
January 15th, 2026 
 
Dr. John Stark, 
 
Please accept this as our letter of support for your project and as a description that details our coordination of 
the WWU and WSU 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. 
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, while 
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. 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. 
 
 
Thank you,  
 

 
Ruth M. Sofield, Professor of Environmental Toxicology and Chemistry 
Ruth.sofield@wwu.edu 
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  January 7, 2025  

SAM Coordinator 
Washington State Department of Ecology 
300 Desmond Drive SE 
Lacey, WA 98503 
 
Subject: Letter of Commitment - Effect of Biochar Characteristics on Pollutant Removal and 

Hydraulic Performance in Stormwater Applications 

Dear Stormwater Action Monitoring Coordinator, 

On behalf of Geosyntec Consultants, I am pleased to confirm our commitment to the proposed 
project: Effect of Biochar Characteristics on Pollutant Removal and Hydraulic Performance in 
Stormwater Applications. This project represents a key opportunity to fill data gaps about 
biochar in stormwater management applications. 

Biochar is an increasingly common component of bioretention soil media due to its ability to 
remove common pollutants, lower cost and improved sustainability compared to alternatives 
such as granular activated carbon, and ability to support healthy plants. However, there are key 
gaps in knowledge about how biochar can be most effectively and efficiently used to remove 
conventional and emerging contaminants.  

In support of this project, Geosyntec is partnering with Washington State University and the US 
Biochar Institute. Geosyntec will serve as a subcontractor to WSU and provide strategic support 
to the project in developing the study design, coordinating across a parallel study led by Western 
Washington University, and reviewing and communicating results.  

Sincerely, 

 

Aaron Poresky  
Senior Principal, Geosyntec Consultants 



 
 
January 7, 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, I am writing to express my enthusiastic 
support for the proposed study, “Effects of Biochar Characteristics on Pollutant Removal 
and Hydraulic Performance in Stormwater Applications”. The project represents an 
opportunity to better understand characteristics and processing requirements such that 
biochar can be more effectively used in stormwater applications.  

I am excited to team with Dr. John Stark, 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 simple biochar 
processing techniques and pollutant removal performance in flow-through columns to 
better understand the performance of commercially available biochar in stormwater 
applications.   

The anticipated outcomes, including actionable specifications, design guidance, and data-
driven recommendations for biochar use, will provide valuable information for agencies 
and permittees managing stormwater throughout Washington. I 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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