Biochar-Amended Bioretention Media (BEBM)

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Purpose
This document is intended to provide [soil vendors, installers, contractors...] with guidance in
mixing bioretention media with biochar material.

Related Specifications

Biochar Material and Quality Control

Biochar Material Handling

Biochar Material Stockpiling

Biochar-Amended Compost Mixing Guide

Bioretention Media [from regional guidance and/or standard, or specify below]
Compost [from regional guidance and/or standard]

References
XXX

Submittals
1. Submit per requirement under [General Provisions, Section XXX, ...]
2. Sample of [bioretention media, BEBM, ...] materialin [one (1) liter, ...] sealed, airtight
container.

Delivery, Storage, and Handling

Refer to the following specifications
1. Biochar Material Stockpiling
2. Biochar Material Handling

PART 2 - MATERIALS
Biochar
Refer to the following specifications
1. Biochar Material and Quality Control

Biochar shall account for 15% to 20% of the finished BEBM.

Bioretention Media
[Insert regional compost certification]


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf

[Option to incorporate biochar into pre-mixed bioretention media, or to incorporate biochar as
bioretention media is being mixed.

Final biochar component shall be 15% to 20% of the total BEBM. The designer should determine,
based on USBI Guidebook resources, local experts, and professional knowledge, if biochar will
replace a fraction of the compost component in regional bioretention mix recipes, or be in addition
to the standard compost fraction. It is recommended that designer acquire regulatory buy-in if the
compost or other fraction of the regional bioretention media is to be reduced.]

Sand shall account for [70% to 80%, ...] of the finished BEBM.
Compost shall account for [5% to 10%, ...] of the finished BEBM.
[other regional media component] shall account for [5% to 10%, ...] of the finished BEBM.

PART 3 - EXECUTION

Mixing Process

1. The proposed “bubble-wrap” method below is suggested to avoid excessive handling of the
biochar to prevent more fragmentation of biochar particles than necessary during the
mixing process. Mixing should be performed on bare ground or an asphalt pad. Mixing
should not be performed on grass. Use the bucket of the front-end loader to lift and mix the
pile as each component material is added during the process outlined as follows:

2. Biochar will be delivered in a covered walking floor tractor trailer, a similar delivery method
as compost and other materials.

3. Biochar should be covered when notin use.

4. Mixing should occur in dry weather and the material should not be fully saturated (such as
after a rain event). The biochar can be mixed when dry, but the biochar having some
moisture will reduce the dust.

5. First, add the biochar to compost at a ratio of [calculate ratio from final volume fractions in
PART 2 =% biochar in final BEBM/% of compost in the final BEBM]. Refer to “Biochar-
Amended Compost Mixing” specification for instructions on mixing.

6. Add sand and other components as required by local design specifications to achieve the
desired fractions. Mix these components with the biochar/compost blend using a front-end
loader. Mix untilit is fully turned or until the pile has been flipped at least 2-3 times.

7. The completed BEBM mix should be stored in stockpiles uncovered.



Biochar for Urban Tree Plantings

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Purpose

For incorporating biochar into new urban tree planting to support plant growth in traditionally harsh
environments.

Description

Incorporating biochar into new urban tree plantings including the furnishing, soil preparation and
amending of biochar. This specification covers the use of biochar for supplementing in-situ soils for
new tree plantings.

Related Specifications

Biochar Material and Quality Control
Biochar Material Handling

Biochar Material Stockpiling
Biochar-Amended Compost

References

Adhikari et al., 2022. Optimizing water holding capacity and hydrophobicity of biochar for soil
amendment - A review (LINK)

Chowdhury, 2021. Biochar Amendment for Enhanced Infiltration and Aggregation of Compact
Urban Soils (LINK)

Edeh et al., 2020. A meta-analysis on biochar's effects on soil water properties — New insights and
future research challenges (LINK)

Fields-Johnson, Chris, and Chelsi Abbot. Applications of Biochar for Arboriculture. International
Society of Arboriculture (ISA).2020. (LINK),

Urban Tree Foundation. Planting details and specifications (LINK)
Washington D.C. Department of Energy and Environment (DOEE). 3.74 Tree Planting and
Preservation. (LINK)

Submittals
1. Submit per requirement under [General Provisions, Section XXX, ...]


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0048969722051427
https://udspace.udel.edu/server/api/core/bitstreams/38b72bef-866f-4aa8-8a95-5571091da6f7/content
https://www.sciencedirect.com/science/article/abs/pii/S0048969720303673
https://wwv.isa-arbor.com/quizbank/resources/5611/CEU_022020.pdf
https://www.urbantree.org/index.shtml
https://doee.dc.gov/sites/default/files/dc/sites/ddoe/publication/attachments/Section%203.14%20%20Tree%20Planting%20and%20Preservation.pdf

2. Testing results from in-situ soil test, including particle size distribution, organic matter
content, bulk density, saturated hydraulic conductivity, and infiltration rate.

PART 2 - MATERIALS

Biochar
Refer to the following specifications
1. Biochar Material and Quality Control

Biochar will be applied to the soil at a rate of [5% to 20% v/v, ... ].

Biochar-Amended Compost
Refer to the following specifications
1. Biochar-Amended Compost

Biochar can be applied as a compost amendment if compost is determined needed as an
additional soil amendment.

PART 3 - EXECUTION

Biochar Application

1. Biochar soilamendments may be added to new tree plantings in urban settings to improve
soil retention and nutrient retention qualities. Biochar soil amendments are just one of
several soil amendments that may be specified for tree planting soil improvements. Follow
all soil amendment specifications applicable to each planting application.

a. Biochar soil amendments are most compatible with dry, sandy, well-drained soils,
and/or soils with low nutrient content. To determine the existing soil type of
proposed tree planting sites, use one of the following methods:

b. Take a soil sample and send it to a lab or cooperative extension for testing.
Resulting soil texture analysis, nutrient analysis, and organic matter analysis will
help determine if a biochar soil amendment would be beneficial. Soils with limited
available nutrients and low organic matter can be amended with a combination of
biochar and organic matter (if specified by design). Loamy-sand, sand-loam, and
sandy clay loam can be amended with [5-20%] biochar by volume.

c. Usethe USDA NRCS Web Soil Survey to determine Hydrologic Soil Group for the
tree planting site. Sites with Class A, B and C soils are suitable for biochar soil
amendments. Local soil experts should be consulted for amending HSG D soils with
biochar for best results.

i. Class A Soils: 5-20% biochar by volume

ii. Class B or C Soils: 5-10% biochar by volume
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Figure 1. Soil texture and hydraulic soil group based on particles size distribution

2. Afield analysis may also be used to determine if the existing soil type is dry, coarse
textured, well- to excessively well-draining, or disturbed. Biochar soil amendments are
suitable for these soil types because it will increase moisture and nutrient retention.

a. Add no more than 20% biochar by volume

3. Biocharamendments shall be mixed uniformly into existing soil prior to planting. Excavate
tree planting holes and retain removed soil to mix biochar amendments in. See “Mixing
Amendments and Preparing Backfill”, below.

Mixing Amendments and Preparing Backfill

1. For new tree plantings, a minimum of 50% of the backfill soil shall come from the site itself
to avoid shock to the tree during the establishment period (Fields-Johnson and Abbot,
2020). Protect existing soil from compaction, contamination, and degradation during the
installation process.

a. ltisrecommended to add existing site soil to pre-mixed biochar or biochar/compost
blend to reduce shock to tree during establishment.

2. Biochar and existing soil (and any other specified soil amendments, i.e. compost) can be
mixed together on-site using a variety of tools and methods including, but not limited to:

a. Hoppers and Conveyors for soil blending
Batch Mixers

Concrete Mixer

Paddle Mixer and bucket

Wheelbarrow and shovel

® o 0o T



Installation

Follow local jurisdiction’s tree planting specifications for planting site preparation and tree
planting. The following specifications refer only to those soils being amended with biochar during
new tree planting activities.

1.
2.

N o o s

Locate and dig tree-pit as specified on plans.

Save soil removed from the tree pit as backfill for the tree planting. This backfill will later be
mixed with biochar before applied to the tree hole. See “Application” section, above.

Place the tree in the pit so that the root collar is exposed just above finished grade, about 2-
3inches.

Backfill the tree with amended soil, taking care not to cover the root collar.
Stake or stabilize the tree as necessary. Follow municipal or jurisdictional guidelines.
Provide adequate watering to trees as necessary during their establishment period.

Follow local regulations for mulch application after new tree planting.



Biochar Material Handling

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Definition
Handling of biochar material for stormwater management purposes

Purpose
Proper handling of biochar materials to prevent harm to personal safety, reduce loss of material
and minimize amount of biochar suspended in the air.

Related Specifications
Biochar Stockpiling
Biochar-Enhance Biofiltration Media

References

MasterGardenerSafetySheet2012Final.pdf (LINK)

How to Use Biochar: Where It Should and Should Not Be Placed (LINK)
Aries-GREENE284A2-Biochar-Safety-Data-Sheet.pdf (LINK)

Hazards
1. Biochar can generate dust which may be harmful to airways if inhaled.
2. Eye exposure to biochar dust can lead to irritation and injury.
3. Skin exposure to biochar dust may cause irritation.
4. Workers with respiratory sensitivity should consider wearing proper personal protective
equipment or avoid working with biochar as harmful biochar dust may occur.

PART 2 - MATERIALS
Refer to Biochar Material and QC Specification

PART 3 - EXECUTION

Handling
1. Proper personal protective equipment to prevent inhalation, skin, and eye contact should
be utilized when handling material in storage and during application.

Exposure Controls/Personal Protection
1. No special clothing required unless dust is associated with handling. Use clean body-
covering work clothing during handling.
2. To minimize dust, dampen the biochar before handling or use wetting agents if necessary.


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://ag-safety.extension.org/wp-content/uploads/2019/05/MasterGardenerSafetySheet2012Final.pdf
https://char-grow.com/how-to-use-biochar#:~:text=Personal%20Protective%20Equipment%20(PPE)%3A,potential%20irritants%20and%20dust%20particles.
https://ariescleantech.com/wp-content/uploads/2020/11/Aries-GREENE284A2-Biochar-Safety-Data-Sheet.pdf
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10.
11.

12.

Use caution when transferring biochar from package to soil, or from package to applicator.
Avoid dumping biochar out of packages from a height.

Apply biochar in the right weather conditions and when winds are mild. Postpone
applications when wind creates conditions that can easily suspend biochar.

If using an applicator, stay upwind during transfer of biochar to the applicator to reduce
personal exposure.

Avoid breathing in biochar dust.

Avoid biochar dust contact with skin.

Personal protective equipment is recommended and required during windy conditions or
when dust is present.

a. Eye protection shallinclude non-vented safety goggles. In the case of eye exposure,
treat biochar dust as a foreign object and flush with water for 15 minutes, including
under the lids to remove any dust particles.

b. Gloves are recommended. If biochar is wet, typical cloth, canvas, or leather gloves
may not suffice. Consider latex or PVC gloves when working with biochar in wet
conditions.

c. Longsleeves and full-body clothing coverage is required. Consideration should be
given to using disposable outer garments if the work environment is extremely dusty
with biochar. Launder all clothing before reuse or discard disposable outer
garments after use.

d. If conditions are such that breathing in biochar dust cannot be avoided, if you have
respiratory problems, or if you experience any discomfort with biochar dust, use an
NIOSH-Approved N95 particulate filtering face piece respirator.

Wash all exposed skin exposed with soap and water.

If an allergy such as dermatitis, asthma, or bronchitis develops from exposure it may be
necessary to remove sensitive workers from further exposure to biochar dust. If persistent
irritation, severe coughing, breathing difficulties or rash occur, get immediate medical
advice before returning to work with biochar.

If arash or persistent irritation occurs, get medical advice before returning to work where
biochar is present.



Biochar Material and Quality Control Specifications

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Definition
Biochar material selection methods and testing requirements

Purpose
Material selection and testing required to ensure biochar material is optimal for project-specific
stormwater design intentions.

Related Specifications
Biochar Handling
Biochar Stockpiling

References
International Biochar Initiative(IBI).2015. Standardized Produce Definition and Product Testing
Guidelines for Biochar That is Used in Soil. Version 2.1.IBI-STD-2.1.

ANSI / ASABE / USBI S668: Methods for the Testing and Analysis of Biochar approved in late 2025
[Link]

Submittals

1. Submit per requirement under [General Provisions, Section XXX, ...]

2. Product Data:
a. Feedstock verification.
b. Pyrolysis process verification.
c. Proof of IBI Biochar Class 1 certification -OR- Results of laboratory tests showing

biochar product meets IBI Biochar Class 1 certification.

d. Results of laboratory tests for additional parameter requirements herein.

3. Sample materialin [one (1) liter, ...] sealed, airtight container.

PART 2 - MATERIAL

1. Biocharis a charcoal-like material created when organic matter is heated carefully in an
environment with low to no oxygen. The biomass feedstocks shall be limited to clean
cellulosic material from:

a. woody by-products from forestry operations (including cut residues left after a
timber harvest, cut trees that are not marketable as lumber),

b. chipped trees and brush from biomass reduction operations (i.e. commercial tree
trimming),

c. clean Class A chipped wood from permitted C&D facilities and

d. agricultural residues such as nut shells, orchard pruning, seeds, hulls, and pits.


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://asabe.org/linkclick.aspx?fileticket=TiMQ-xS3KFg%3d&portalid=0

The biomass feedstocks shall not include any post-consumer or post-industrial sourced

woody biomass contaminated with paints or sealers, metal, plastic, or other deleterious

materials.

Biochar shall be produced by high-heat pyrolysis, under temperatures between 400°C and

750°C.

Biochar shall meet the following additional testing requirements:

[Populate table according to USBI Guidebook for Biochar in Stormwater BMPs, Table A and
Table B in the Guidebook Appendices A and B in Biochar in Stormwater BMPs Guidebook for

Stormwater Practitioners]

Parameter Laboratory Test Acceptable Range
Moisture ISO 18134-3 25% to 35%'
Organic Carbon ISO 16948 per >75%
modifications in ANSI S668
H:Corg ISO 16948 with ratio [per table]
calculated per ANSI S668
Total Ash ISO 18122 <10%
Volatile Organic Matter ISO 18123 <25%
Metals Extraction via EPA 3050B or | [pertable]
3051A; Analysis via EPA
6010/ 6020, Hg via EPA
7471B or 7473
pH ISO 10390 [per table]
Liming ISO 20978 [per table]
Particle Size Distribution Progressive dry screening [per table]
per ANSI S668
Bulk Density ISO 17828 6 to 12 lbs per cubic foot
[add other parameters as
needed]

All testing and sample preparation should follow ASABE X668 — Methods for Measurement
and Testing of Biochar (2025).

4. The Biochar should be classified as a “Class 1” Biochar following the International Biochar
Initiative (IBI) Standard (1Bl V2.1 2015), or the latest update. Alternatively, testing results
from a certified laboratory may be provided that shows the material meets the
requirements of IBI.

a. Biochar must meet minimum IBI standards.

b. Biochar shall be submitted to a lab for analysis using the IBl biochar standards (23
November 2015) for testing category A. Testing documentation shall be provided to
verify results meet minimum standards.

T Acceptable range for mixing



c. The carbon and hydrogen analysis should be classified as a “Class 1” Biochar
following the International Biochar Initiative (IBI) guidelines (IBI 2015) or the latest
update.

5. Biochar supplier/producer are responsible for providing laboratory testing documentation
for verification and quality control review prior to usage, as specified in the table above.
Installer shall provide testing verification for:

a. Moisture content.

b. Bulk density.

c. Particle size distribution.

d.



Biochar Material Stockpile

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL
Definition

Storage of biochar material
Purpose

Proper management of biochar materials to prevent excess water on the material, reduce loss of
material and sedimentation to waterways.

Related Specifications

Biochar Handling

References

XXX

PART 2 - MATERIALS

Refer to Biochar Material and QC Specification
PART 3 - EXECUTION

Design Criteria

1. Locate stockpile on impervious surface. If stockpile will be located on a pervious surface,
plastic tarp, or waterproof barrier is required.

2. Locate stockpiles away from drainage courses and storm drain inlets.

3. Locate stockpile out of concentrated flow areas. If infeasible, redirect concentrated flow
around the stockpile.

4. Locate stockpiles away from sensitive areas including steep slopes.

5. The stockpile shall not be more than [20 feet, 8 feet, ... per local regulations] high and
slopes shall not be steeper than 2:1.

6. Moisture Content of biochar stockpile shall be between 30%-40% for the biochar material.
Locating stockpile under cover such as roof or plastic tarp to prevent moisture loss and
excesses precipitation collecting in the material.

7. For bagged biochar material (ie biochar in super sack), locate on a raised platform such as a
wooden pallet. Locate pallets and super-sacks under cover such as a roof, or plastic tarp.

8. Biochar shall not be stored in any air-tight containers or environments.

Storage Specifications

1. Cover stockpile as necessary and contain within temporary perimeter sediment barriers
such as berms, dikes, silt fences, or sandbag barriers.


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf

aprobd

The perimeter controls must be a minimum of 3 feet from the toe of the stockpile.

Access to the stockpile shall only be from the upslope side of the pile.

Avoid biochar heating over 300 degrees Fahrenheit.

Stockpile shall be located near a source of water or have water easily accessible to
maintain the moisture content of stockpiled materials.

For bagged biochar material, the above construction specifications do not apply except for
items 4 and 5.

Maintenance

1.

During stock piling, periodically maintain perimeter controls and covers to ensure proper
functioning. Inspect stockpile areas after a rain event for scour or evidence that perimeter
controls are being bypassed.

For super-sack or bagged biochar, inspect raised platforms. If damaged, replace the raised
platform.

Routinely check the interior temperature of the stockpile, particularly in the summer
months. Add water to stockpiled biochar to reduce pile temperature when needed.



Biochar-Amended Compost Mixing

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Definition
Guidelines and process for amending compost with biochar material |

Purpose

This document is intended to provide soil vendors [installers, landscapers, ...] with guidance in
mixing biochar material with compost. Biochar can be mixed with fresh or mature compost.
Biochar-amended compost can provide benefits such as accelerating the compost process,
capturing odors, acting as a bulking agent, reducing nutrient losses, and reducing greenhouse gas
emissions.

Related Specifications

Biochar Material and Quality Control

Biochar Material Stockpiling

Biochar Material Handling

Compost [Include per regional requirement/definition as needed, or include in PART 2 below]

References
The Use of Biochar in Composting | International Biochar Initiative (LINK)
Biochar in Compost | US Biochar Initiative (LINK)

Submittals
1. Submit per requirement under [General Provisions, Section XXX, ...]
2. Sample of [compost, biochar-amended compost] material in [one (1) liter, ...] sealed,
airtight container.

Delivery, Storage, and Handling

Refer to the following specifications
1. Biochar Material Stockpiling
2. Biochar Material Handling

PART 2 - MATERIALS
Biochar
Refer to the following specifications

1. Biochar Material and Quality Control

Compost


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://biochar-international.org/wp-content/uploads/2023/01/Compost_biochar_IBI_final.pdf
https://biochar-us.org/sites/default/files/learning/files/USBI_DFB_Compost-sheet_DIGITAL2.pdf

Compost should be derived from plant material and meet [insert regional compost certification]
requirements. [Alternative specifications and/or certifications may be substituted per regional
standard.]

PART 3 - EXECUTION

Mixing Process

1.
2.

This process is applicable for both fresh compost and finished leaf compost.

Biochar will be delivered in a covered walking floor tractor trailer, a similar delivery method
as compost.

Biochar should be covered when notin use.

Mixing should occur in dry weather and the material should not be fully saturated (such as
after a rain event). The biochar can be mixed when dry, but the biochar having 25% to 35%
moisture will reduce dust.

Add the biochar to the compost. The ratio of biochar and compost should be 10-15% [or as
recommended per project goal] biochar by volume.

Mix the biochar and compost using a front-end loader. Mixing should be performed on bare
ground or an asphalt pad. Mixing should not be performed on grass. Use the bucket of the
front-end loader to lift and mix the compost and biochar. Mix the biochar and compost until
itis fully turned or until the pile has been flipped at least 2-3 times.

The completed compost-biochar mix should be stored in stockpiles uncovered.

If mixing with fresh compost, proceed with remaining typical composting procedures.



In-Situ Biochar Amendment for Bioretention

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Description

This specification outlines the process for amending biochar and sand into existing soils, covering
furnishing, soil preparation, and amendment applications. The process integrates biochar and
sand to enhance stormwater infiltration, permeability, and bulk density while accounting for
excess soil removal due to bulk density changes.

Purpose

Proper incorporation of biochar materials into existing (in-situ) soils can increase infiltration and
water holding capacity and increase moisture and soil nutrient retention to improve urban plant
growth and success. To ensure performance as guided by the research, all the bioretention media
must have at least 60% sand by volume and less than 20% clay.

Related Specifications

Biochar Material and Quality Control

Biochar Material Handling

Biochar Material Stockpiling

Bioretention Media [from regional guidance and/or standard, or specify below]
Compost [from regional guidance and/or standard]

References

International Biochar Initiative. 2015. Standardized Product Definition and Product Testing
Guidelines for Biochar That Is Used in Soil Version 2.1 [IBI-STD-2.1]. Table 1. (LINK)

Brady, N. C., & Weil, R. R. (2008). The nature and properties of soils (14th ed.). Pearson Prentice
Hall. (Table 1)

Soil Survey Staff. 2022. Keys to Soil Taxonomy, 13th ed. USDA-Natural Resources Conservation
Service. (LINK).

ASTM International. (2017). ASTM D2487-17: Standard practice for classification of soils for
engineering purposes (Unified Soil Classification System). ASTM International. (LINK).


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://biochar-international.org/biochar-standards/
https://www.nrcs.usda.gov/resources/guides-and-instructions/keys-to-soil-taxonomy
https://store.astm.org/d2487-17.html

U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS). (2017).
National Engineering Handbook Part 630: Hydrology (Chapter 7 — Hydrologic Soil Groups). U.S.
Government Printing Office. (LINK).

Rawls, W. J., Brakensiek, D. L., & Saxton, K. E. (1982). Estimating soil water retention and hydraulic
properties from soil texture. Soil Science Society of America Journal, 46(5), 1138-1144.(LINK).
Rawls, W. J., Giménez, D., & Grossman, R. (1998). Use of soil texture, bulk density, and slope of the
water retention curve to predict saturated hydraulic conductivity. Transactions of the ASAE, 41(4),
983-988. (LINK).

Wong, C., Wilkins, A., Fraley-McNeal, L., & Hegberg, C. 2025. Biochar as an Enhancement to
Bioretention Practices in the Chesapeake Bay Watershed. Center for Watershed Protection (CWP)
and Infinite Solutions. USWG White Paper.

Submittals
1. Submit per requirement under [General Provisions, Section XXX, ...]
2. Testing results from in-situ soil test, including particle size distribution, organic matter
content, bulk density, saturated hydraulic conductivity, and infiltration rate.

Delivery, Storage, and Handling

Refer to the following specifications
1. Biochar Material Stockpiling
2. Biochar Material Handling

PART 2 - MATERIALS

Biochar
Refer to the following specifications
1. Biochar Material and Quality Control

Biochar shall account for [15% to 20%] by volume of the finished in-situ bioretention mix.

Sand
1. Sand shall follow ASTM C33 gradation for medium to coarse construction sand.
2. Sand shall be washed to ensure fines and dust are not present.

PART 3 - EXECUTION

Application Methods

1. Application Rate of biochar for soil amendment shall be 15% to 20% by volume with
remaining soil composition adjustments made with sand to align with HSG A per Figure XX.
By adjusting the remaining soil composition with sand, the soil structure, hydraulic
conductivity, and infiltration performance will align with the desired HSG classification.


https://directives.sc.egov.usda.gov/landingpage/a2d02a53-bb9b-4dbc-b561-904ae21f25fd
https://directives.sc.egov.usda.gov/landingpage/a2d02a53-bb9b-4dbc-b561-904ae21f25fd
https://www.semanticscholar.org/paper/USE-OF-SOIL-TEXTURE%2C-BULK-DENSITY%2C-AND-SLOPE-OF-THE-Rawls-Gim%C3%A9nez/61f5d0ec92145fffc234cba098fcb24b57647649
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Figure 1. Soil texture and hydraulic soil group based on particles size distribution

3. Avoid over-mixing biochar to prevent increasing fines and breaking down the biochar
particle size, which could negatively impact soil porosity and infiltration performance.

4. Depth of Integration shall be [6-12 inches for turf cover, 6-24 inches minimum for perennial
and hardwood plantings].

5. The spreading and mixing of biochar and final stabilization shall be completed in a one-day
operation or 25,000 sf with proper Erosion & Sediment Control (E&SC) permits and
authorization to prevent the loss of biochar material from wind, rainfall, or runoff.

6. Complete the installation of each modified soil amendment area from top of slope to
bottom and at no time shall more than one treatment area be open at the same time as
another.

Sequence of Construction
1. Do not complete this work when soil moisture is greater than 40%.
2. Remove turf and overburden prior to beginning soil preparation work.

3. To avoid damaging in-situ soil structure by digging and turning unless being removed to
blend in biochar and/or sand.

4. Shallow Application (<12 inches) [Use as applicable]
a. Subsoil (yeoman or similar) the treatment area to a depth of 24 inches.

b. Once subsoiling is completed, rotary power harrow (or other similar tool approved by
Scaling Up Biochar project) shall be used to till the freshly subsoiled soil to a depth of
11 inches.

c. Usingthe rotary power harrow [or other approved tool], tillin the biochar at a speed to
allow for a through mixing into the native soil.



d. Afterthe first pass of the rotary harrow, spread and rake out 1/3 of total project biochar
uniformly. Use a drop spreader or similar to uniformly distribute biochar over project
area.

e. Once all the required biochar has been thoroughly tilled into the in-situ soils, rake out
any tracks and level out any high areas to minimize potential for concentrated runoff or
ponding water.

f. Repeatthis process (step 4d) twice before all project biochar is used.

g. Seed, straw, and tackify the disturbed area prior to disturbing any additional area. [Coir
peat matting can be used as an alternative.] [Seed variety to be determined by property
owner or planting schedule.]

h. Inany areathat could have concentrated water flow should use core logs to break up
concentrated flows and velocities avoiding erosion issues.

i. Once modified soilamendment area has been stabilized and approved by the
designated project consultant, the next soilamendment area can be started.

5. Deep Application (>12 inches) [Use as applicable]

a. Remove soil to the desired depth based on modification requirements.

b. Blend biochar into the soil mixture at [15%-20%] by volume to improve infiltration and
porosity.

c. Mixsand at the required percentage by volume with the in-situ soil to adjust soil
texture.

d. Replace the amended soil in 12-inch lifts, ensuring even distribution throughout the soil
profile.

e. Iffeasible, subsoil using a single or double shank at the bottom elevation before

replacing the mixed soil to improve natural infiltration and break up any restrictive
layers.

f. Do not compact the soil during mixing or replacement to maintain permeability.

g. Once allthe required biochar has been thoroughly tilled into the in-situ soils, rake out
any tracks and level out any high areas to minimize potential for concentrated runoff or
ponding water.

h. Seed, straw, and tackify the disturbed area prior to disturbing any additional area. [Coir
peat matting can be used as an alternative.] [Seed variety to be determined by property
owner or planting schedule.]

i. Inany areathat could have concentrated water flow should use core logs to break up
concentrated flows and velocities avoiding erosion issues.

j.  Once modified soil amendment area has been stabilized and approved by the
designated project consultant, the next soilamendment area can be started.

6. Biochar Moisture Management

a. Biochar may need to be moistened to reduce dust and prevent biochar floating or
surface accumulation during mixing. Do not saturate biochar or soils.



Since biochar has a lower bulk density than native soils, the amendment process
causes volume expansion, requiring excess soil removal. This ensures proper
integration of amendments without increasing the final soil level.

Ensure proper soil moisture levels before final grading to prevent uneven settling.



Biochar-Amended Dry Detention Ponds

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Purpose
For amending existing dry detention ponds with biochar to achieve better stormwater management
performance

Description

Amending biochar into existing dry detention ponds including the furnishing, soil preparation and
amending of biochar. This specification covers the use of biochar for dry detention pond
enhancement and the restoration of drainage and maintenance issues.

Related Specifications

Biochar Material and Quality Control
Biochar Material Handling

Biochar Material Stockpiling

References

Chowdhury, S., Akpinar, D., Nakhli, S.A.A., Bowser, M., Imhoff, E., Yi, S. C., Imhoff, P.T. Improving
stormwater infiltration and retention in compacted urban soils at impervious/pervious surface
disconnections with biochar. Journal of Environmental Management 360, 121032, ISSN 0301-4797
(2024).

ASTM D6913-04 Standard Test Method for Particle-Size Distribution (Gradation) of Soils Using Sieve
Analysis, % by mass (LINK).

ASTM D7928-17 Standard Test Method for Particle-Size Distribution (Gradation) of Fine-Grained
Soils Using the Sedimentation (Hydrometer) Analysis, % by mass (LINK).

ASTM D2974-20 Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other
Organic Soils (LINK).

ASTM D7263-21 Standard Test Methods for Laboratory Determination of Density (Unit Weight) of
Soil Specimens (LINK).

ASTM D8152-18 Standard practice for measuring field infiltration rate and calculating field
hydraulic conductivity using the modified Philip (LINK).


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://www.astm.org/d6913_d6913m-17.html
https://www.astm.org/d7928-21e01.html
https://store.astm.org/d2974-25.html
https://www.astm.org/d7263-21.html
https://www.astm.org/d8152-18.html

Submittals

1.
2.

Submit per requirement under [General Provisions, Section XXX, ...]

Testing results from in-situ soil test, including particle size distribution, organic matter
content, bulk density, saturated hydraulic conductivity, and infiltration rate.

Biochar volume determination.

PART 2 - MATERIALS

Biochar
Refer to the following specifications

1.

Biochar Material and Quality Control

Biochar will be applied to the dry detention pond at a rate of [5% to 10% by volume, 10% to 15% by
volume ...]. The volume of biochar needed should be calculated per instructions in PART 3.

PART 3 - EXECUTION

Design of Biochar Application

1.

4.

Confirm biochar treatment areas identified based on areas with standing water three (3)
days after heavy precipitation.
Sample and measure in-situ soil particle size distribution and dry bulk density [and ... ].

a. Collect soil core samples from 0-30 cm depth, using an AMS compact slide
hammer (Model 400.96, AMS, Inc., American Falls, ID) with a 5.08 x 35 cm plated
soil recovery probe (Model 424.07, AMS, Inc.).

b. Measure bulk density in accordance with ASTM or equivalent standard test.

Use the results of the soil test to determine Hydrologic Soil Group for the existing dry pond
soils. Sites with Class A, B and C soils are suitable for biochar soil amendments.

The equivalent volume of in-situ soil to biochar shall be removed from the project site
before the biochar application.
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Figure 1. Soil texture and hydraulic soil group based on particles size distribution

Construction Sequence

1. The spreading and mixing of biochar into the dry detention pond practice and final
stabilization should be completed in a one-day operation to prevent the loss of biochar
material from wind, rainfall, or runoff.

2. Tilland mix the soil throughout the application area to 12” (~30 cm depth) with a harrow
tiller or similar vertical mixing/tilling machine (no horizontal tilling). The harrow tiller allows
uniform mixing with depth without inverting moist substructure soils.

3. To avoid changes to water flow patterns by mounded materials, remove soil to make room
for the addition of biochar.

a. The amount of additional soil removed shall be as calculated in “Design of Biochar
Application” above and approved by a biochar expert and/or the project engineer.

4. Afterthe soilis removed, biochar shall be added to the surface of the dry detention using
water to moisten the biochar during application.

5. As biocharis added to the surface of the dry detention, the harrow tiller shall be used to mix
the biochar and soils. The harrow tiller will be operated to ensure mixing to 12” (30 cm)
depth.

6. Stabilize the disturbed area amended with biochar using coir mats [or other stabilization
methods] immediately.

7. Final stabilization shall be achieved through seeding with an acceptable seed mix.



Biochar Amendment to Filter Strips and Embankments

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Description

Amending biochar into existing soils with a filter strip or roadway embankment includes the
furnishing, soil preparation and amending of biochar. This guidance covers the use of biochar for
soil amendment to filter strip or embankment and the mechanical restoration of compacted soils.

Purpose
Proper incorporation of biochar materials into existing soils can increase infiltration, water holding
capacity, soil moisture, and soil nutrient retention to improve urban plant growth and success.

Related Specifications

Biochar Material and Quality Control
Biochar Material Handling

Biochar Material Stockpiling

References
Cornell Urban Horticulture Institute. Scoop and Dump Method of Soil Remediation — Summary
(LINK)

Virginia Tech. Soil Profile Rebuilding (LINK)

CBP Expert Panel Recommendations on Impervious Disconnection to Amended Soils BMP (LINK)

Submittals
1. Submit per requirement under [General Provisions, Section XXX, ...]
2. Results from in-situ soil test, including particle size distribution, organic matter content,
bulk density, saturated hydraulic conductivity, and infiltration rate.
3. Biocharvolume determination.

PART 2 - MATERIALS
Biochar
Refer to the following specifications
1. Biochar Material and Quality Control

PART 3 - EXECUTION

Application Rate and Depth


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://blogs.cornell.edu/urbanhort/outreach/scoop-and-dump-soil-remediation/scoop-and-dump-method-of-soil-remediation-summary/
https://sres.frec.vt.edu/
https://www.chesapeakebay.net/what/publications/impervious-disconnection-to-amended-soils-bmp-expert-panel-recommendations

1.
2.

Depth of Integration shall be 6-12 inches [up to 24 inches if using native plants].
Application rate shall be [10%, 15%, 20%, ...] by volume.

Sequence of Construction

1.

oo hr®

11.

12.

The spreading and mixing of biochar and final stabilization shall be completed in a one-day
operation to prevent the loss of biochar material from wind, rainfall, or runoff.

Complete the installation of each modified soil amendment area from top of slope to
bottom and at no time shall more than one treatment area be open at the same time as
another.

Do not complete this work when soil moisture is greater than 40%.

Remove turf and overburden prior to beginning soil preparation work.

Subsoil (yeoman or similar) the treatment area to a depth of [6 to 12 inches].

Once subsoiling is completed, rotary power harrow [or other tool for vertical tillage] shall be
used to till the freshly subsoiled soil to a depth of 12 inches.

After the first pass of the rotary harrow, spread and rake out 1/3 of total project biochar
uniformly. Use a horizontal broadcaster to uniformly distribute biochar over project area.
The biochar may need to be moistened to reduce dust, but do not saturate biochar or soils.
Using the rotary harrow, till in the biochar at a speed to allow for a through mixing into the
native soil.

Repeat this process (step 6) twice more until all project biochar is used.

. Once all the required biochar has been thoroughly tilled into the in-situ soils, rake out any

tracks and level out any high areas to minimize potential for concentrated runoff or ponding
water.

Seed, straw, and tackify the disturbed area prior to disturbing any additional area. [Coir
peat matting can be used as an alternative.] [Seed variety to be determined by property
owner or planting schedule.]

Once modified soil amendment area has been stabilized and approved by the designated
project consultant, the next soilamendment area can be started.



In-situ Soil Amendment

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Description

Amending biochar into existing soils includes the furnishing, soil preparation and amending of
biochar. This guidance covers the use of biochar for soilamendment and the mechanical
restoration of compacted soils.

Purpose
Proper incorporation of biochar materials into existing soils can increase infiltration, water holding
capacity, soil moisture, and soil nutrient retention to improve urban plant growth and success.

Related Specifications

Biochar Material and Quality Control
Biochar Material Handling

Biochar Material Stockpiling

References
Cornell Urban Horticulture Institute. Scoop and Dump Method of Soil Remediation — Summary
(LINK)

Virginia Tech. Soil Profile Rebuilding (LINK)

CBP Expert Panel Recommendations on Impervious Disconnection to Amended Soils BMP (LINK)

Submittals
1. Submit per requirement under [General Provisions, Section XXX, ...]
2. Results from in-situ soil test, including particle size distribution, organic matter content,
bulk density, saturated hydraulic conductivity, and infiltration rate.
3. Biocharvolume determination.

PART 2 - MATERIALS
Biochar

Refer to the following specifications
1. Biochar Material and Quality Control

PART 3 - EXECUTION


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://blogs.cornell.edu/urbanhort/outreach/scoop-and-dump-soil-remediation/scoop-and-dump-method-of-soil-remediation-summary/
https://sres.frec.vt.edu/
https://www.chesapeakebay.net/what/publications/impervious-disconnection-to-amended-soils-bmp-expert-panel-recommendations

Application Rate and Depth

1.

2.

Depth of Integration shall be [6-13 inches for turf cover, 6-24 inches minimum for perennial
and hardwood plantings].
Application rate shall be [5-10%, 10-15%, ...] by volume.

Sequence of Construction

1.

R

11.

12.

The spreading and mixing of biochar and final stabilization shall be completed in a one-day
operation to prevent the loss of biochar material from wind, rainfall, or runoff.

Complete the installation of each modified soil amendment area from top of slope to
bottom and at no time shall more than one treatment area be open at the same time as
another.

Do not complete this work when soil moisture is greater than 40%.

Remove turf and overburden prior to beginning soil preparation work.

Subsoil (yeoman or similar) the treatment area to a depth of [as specified above].

Once subsoiling is completed, rotary power harrow [or other approved tool for vertical
tillage] shall be used to till the freshly subsoiled soil to a depth of 12 inches.

After the first pass of the rotary harrow, spread and rake out 1/3 of total project biochar
uniformly. Use a horizontal broadcaster to uniformly distribute biochar over project area.
The biochar may need to be moistened to reduce dust, but do not saturate biochar or soils.
Using the rotary harrow, till in the biochar at a speed to allow for a through mixing into the
native soil.

Repeat this process (step 6) twice more until all project biochar is used.

. Once all the required biochar has been thoroughly tilled into the in-situ soils, rake out any

tracks and level out any high areas to minimize potential for concentrated runoff or ponding
water.

Seed, straw, and tackify the disturbed area prior to disturbing any additional area. [Coir
peat matting can be used as an alternative.] [Seed variety to be determined by property
owner or planting schedule.]

Once modified soil amendment area has been stabilized and approved by the designated
project consultant, the next soilamendment area can be started.



Biochar Amendment for Vegetated Swale

[Bracketed text in red should be adjusted or removed per region and project goals. Guidance for
biochar-specific decisions is provided in the Biochar in Stormwater BMPs Guidebook for
Stormwater Practitioners (LINK).]

PART 1 - GENERAL

Purpose
For amending existing vegetated swale with biochar to achieve better stormwater management
performance

Description

Amending biochar into existing vegetative swales including the furnishing, soil preparation and
amending of biochar. This specification covers the use of biochar for vegetated swale
enhancement and the restoration of drainage and maintenance issues.

Related Specifications

Biochar Material and Quality Control
Biochar Material Handling

Biochar Material Stockpiling

References

Chowdhury, S., Akpinar, D., Nakhli, S.A.A., Bowser, M., Imhoff, E., Yi, S. C., Imhoff, P.T. Improving
stormwater infiltration and retention in compacted urban soils at impervious/pervious surface
disconnections with biochar. Journal of Environmental Management 360, 121032, ISSN 0301-4797
(2024).

ASTM D6913-04 Standard Test Method for Particle-Size Distribution (Gradation) of Soils Using Sieve
Analysis, % by mass (LINK).

ASTM D7928-17 Standard Test Method for Particle-Size Distribution (Gradation) of Fine-Grained
Soils Using the Sedimentation (Hydrometer) Analysis, % by mass (LINK).

ASTM D2974-20 Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other
Organic Soils (LINK).

ASTM D7263-21 Standard Test Methods for Laboratory Determination of Density (Unit Weight) of
Soil Specimens (LINK).

ASTM D8152-18 Standard practice for measuring field infiltration rate and calculating field
hydraulic conductivity using the modified Philip (LINK).


https://resources.biochar.org/public/stormwater/guidance-manual/guidebook.pdf
https://www.astm.org/d6913_d6913m-17.html
https://www.astm.org/d7928-21e01.html
https://store.astm.org/d2974-25.html
https://www.astm.org/d7263-21.html
https://www.astm.org/d8152-18.html

Submittals

1. Submit per requirement under [General Provisions, Section XXX, ...]

2. Testing results from in-situ soil test, including particle size distribution, organic matter
content, bulk density, saturated hydraulic conductivity, and infiltration rate.

3. Biocharvolume determination.

PART 2 - MATERIALS

Biochar
Refer to the following specifications
1. Biochar Material and Quality Control

Biochar will be applied to the vegetated swale at a rate of [5% to 10%] by volume.

PART 3 - EXECUTION

Biochar Application
1. Sample and measure in-situ soil particle size distribution and dry bulk density [and ... ].

a. Collect soil core samples from 0-30 cm depth, using an AMS compact slide
hammer (Model 400.96, AMS, Inc., American Falls, ID) with a 5.08 x 35 cm plated
soil recovery probe (Model 424.07, AMS, Inc.).

b. Measure bulk density in accordance with ASTM or equivalent standard test.

2. Use the results of the soil test to determine Hydrologic Soil Group for site in-situ soils. Sites
with Class A, B and C soils are suitable for biochar soil amendments.
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Figure 1. Soil texture and hydraulic soil group based on particles size distribution



3.

Afield analysis may also be used to determine if the existing soil type is dry, coarse
textured, well- to excessively well-draining, or disturbed. Biochar soil amendments are
suitable for these soil types because it will increase moisture and nutrient retention.

a. Add no more than 20% biochar by volume

Construction Sequence

1.

The spreading and mixing of biochar into the vegetated swale and final stabilization should
be completed in a one-day operation to prevent the loss of biochar material from wind,
rainfall, or runoff.

Till and mix the soil throughout the application area to 12” (~30 cm depth) with a harrow or
similar vertical mixing/tilling machine (no horizontal tilling). The harrow tiller allows uniform
mixing with depth without inverting moist substructure soils.

To avoid changes to water flow patterns by mounded materials, remove soil as needed to
make room for the addition of biochar.

After the soil is removed, biochar shall be added to the surface of the vegetated swale using
water to moisten the biochar during application.

As biochar is added to the surface of the vegetated swale, the harrow tiller shall be used to
mix the biochar and soils. The harrow tiller will be operated to ensure mixing to 12” (30 cm)
depth.

Stabilize the disturbed area amended with biochar using coir mats [or other stabilization
methods] immediately.

Final stabilization shall be achieved through seeding with an acceptable seed mix. Coir
sediment logs [or regionally preferred flow interceptor] shall be placed perpendicular to
flow.
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