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Agenda

▪ Background

▪ Bioretention Media

o Mile High Flood District, CO 

o Minnesota Pollution Control 

Agency

o Washington State Department of 

Ecology

▪ Bioretention Performance

o International BMP database

▪ Data gaps and research

o Next steps?

https://bluegrasslawn.com/what-is-bioretention

https://bluegrasslawn.com/what-is-bioretention
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Definitions

▪ SCM – stormwater control 

measure (BMP, SUDS, etc)

▪ Bioretention –

o USDCM Volume 3 Chapter 4 T-03: 

“depressed landscape area 

designed to capture and filter OR 

infiltrate the WQCV. Also referred 

to as rain gardens or porous 

landscape areas (PLDs).”

o Infiltration only, or

o Infiltration + underdrain

▪ Biofiltration –

o treatment only (no infiltration)
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Background

▪ Most popular SCM

o Pollutant removal, rate & volume 

control, aesthetics, habitat, heat 

island, etc

o Functioning as designed?

o Academia vs field installation 

data gap

MPCA https://stormwater.pca.state.mn.us/index.php?title=File:Failing_BMP_1.jpg

▪ How do we translate research 

into practice?

o Media specification

o Regulatory Enforcement
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Background

Mile High Flood District (MHFD) 

(Colorado, USA)

o Colorado River provides drinking 

water to 40 million people

o Updating stormwater criteria 

manual

o Geosyntec lit review on latest 

bioretention research to inform 

new media specs

o https://mhfd.org/bioretention-

sand-filters/

https://mhfd.org/bioretention-sand-filters/
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Background

Minnesota Pollution Control Agency (MPCA) 

(Minnesota, USA)

o Online SW manual

o “Land of 10,000 lakes”

• 14,444 lakes >10 acres

o 60% total phosphorus reduction required by most 

public agencies

o Bioretention has a known P leaching problem

o https://stormwater.pca.state.mn.us/index.php/Desig

n_criteria_for_bioretention

https://stormwater.pca.state.mn.us/index.php/Design_criteria_for_bioretention
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Bioretention Media

Geosyntec & MHFD Bioretention 

Media Literature Review

▪ Gradation

▪ OM content

▪ Homogeny

▪ Hydraulic Conductivity

▪ Loading rate

▪ Depth
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Bioretention Media

Gradation

▪ MHFD lit review:

o More fines

• Better nutrient removal

• More field capacity (excess water 

storage)

• More frequent maintenance?

– Larger practice req’d

▪ MPCA:

o 6 blends in manual

• Only 2 recommended for P 

removal

o Mix C: NC State water quality blend

• Recommend <5% clay by volume

https://mhfd.org/wp-content/uploads/2021/05/Geosyntec-2020-06-03-Bioretention_Media_Literature_Review_Final.pdf

https://stormwater.pca.state.mn.us/index.php/Design_criteria_for_bioretention
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OR

Bioretention Media

Organic Matter

o “60/40 blend” is common in US

• 60% sand, 40% compost

o Bioretention needs OM to support plant health and 

retain moisture

o Excess OM can increase field capacity and 

conductivity

• however, can lead to nutrient leaching

• type and amount of OM influence nutrient leaching

o MPCA mix C: 3-5% OM by volume
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Bioretention Media

Homogeny

▪ Does layering different gradations 

and non-uniformity help?

▪ High conductivity over low, greater 

TP removal

o Prevents leaching
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Bioretention Media

Hydraulic Conductivity

▪ Typically 25-300mm/hr (1-12”/hr)

▪ Media spec alone cannot determine 

conductivity

o Veg growth and root density/depth

o Compaction/Installation

o Maintenance (oversized/undersized?) 

▪ 3.6x decrease in conductivity over 72 

weeks

o Suggests safety factor of 3-4x

o however, were WQ goals achieved at lower 

rates or was this a maintenance trigger?

▪ Specs do not always correlate directly 

with field conductivity, suggests testing 

site-specific media selected

https://stormwater.pca.state.mn.us/index.php/Design_criteria_for_bioretention
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Bioretention Media

Loading rate (sizing)

▪ Recommend sizing based on media 

conductivity, however, can look at loading 

rate by drainage area to better size for 

maintenance demands

▪ MHFD recommends 2% of impervious 

DA

▪ MPCA recommends 5-10% of imp DA

https://mhfd.org/wp-content/uploads/2021/05/Geosyntec-2020-06-03-Bioretention_Media_Literature_Review_Final.pdf
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Bioretention Media

Media depth

▪ MHFD minimum 18 inches, 36 

for trees

▪ Increased filter depth

o > phosphate removal 

o > N removal (more anoxic potential 

for denite)

o > dissolved metals (more sorption 

sites), extends life of media until 

breakthrough

https://stormwater.pca.state.mn.us/index.php/Design_criteria_for_bioretention
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Bioretention – Vegetation & Mulch 

Vegetation

o Performance

• Necessary for NOx, ammonia, and phosphate removal

• Non vegetated leaches N 

o Conductivity

• Root growth and decay creates macropores

– 0.2”/hr to 50”/hr (switchgrass in bare soil)

• vegetation extends life by 3-6 years compared to non 

vegetated sand/peat sand/compost medias

o Volume reduction

• More plant growth = more transpiration demand

• However, more plants equals more maintenance 

needed and potential decaying OM…it’s a balance!

https://bluegrasslawn.com/msd-bio-retention
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Bioretention – Vegetation & Mulch 

To mulch, or not to mulch?

▪ Mulch removes hydrocarbons 

▪ Nutrient leaching potential

o Free of soil, roots, plant clippings and 

debris

▪ Floating

o Single, double or triple?

o Conduct floatability test – put it in a bucket 

and stir!

▪ Suggest certification, if spec’ing

o US - Mulch and Soil council

o https://www.mulchandsoilcouncil.org/

https://www.mulchandsoilcouncil.org/
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Bioretention – Nutrient Removal

Media additives & Nutrient removal

▪ Media additives

o WTRs, aluminum and or iron oxyhydroxides

• Toxicity testing: Cu export from WTRs

o Can also limit P sent to Plant, so important 

to keep ratio right

▪ Biochar?

o Can work well, but more research needed

o Sourcing and pyrolyzing to spec, scaling, 

are issues
https://stormwater.pca.state.mn.us/index.php/Design_criteria_for_iron_enhanced_sand_filter
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Bioretention – Nutrient Removal

Washington State Department of Ecology 

o 2013 letter to stop using bioretention which 

discharges to P sensitive receiving waters

• 60/40 spec leaches P and Cu during first 2 yrs

o 8-yr media study result: “High Performance 

Bioretention Soil Media” (HPBSM)

• Bench-scale tested only

• Field testing results TBD

o https://apps.ecology.wa.gov/publications/Sum

maryPages/2110023.html

“Phosphorus sensitive receiving waters”

o How do we define? If we don’t change specs 

now, will we contribute to P impairment?

o Proactive vs reactive design

https://apps.ecology.wa.gov/publications/SummaryPages/2110023.html
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Bioretention – Nutrient Removal

3 types of HPBSM blends

▪ Type I= Solids & metals

▪ Type II= Solids, metals, 

phosphorus

▪ Type III= Solids, metals, 

phosphorus, and “additional LID 

and WQ objectives”

o Compost for plants



© 2020 Contech Engineered Solutions LLC, a QUIKRETE Company

Bioretention – Nutrient Removal

▪ Filtration rate

o 12”/hr (300mm/hr) 

design rate

o Apply safety factors 

as needed

▪ 18” high 

performance mix

o 70% sand

o 20% coir

o 10% high carbon 

wood ash (biochar)

▪ 12” polishing layer

o 90% sand

o 7.5% alumina

o 2.5% iron
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Bioretention – Nutrient Removal

How will this be implemented/enforced?
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Bioretention – Nutrient Removal

Filter sand

▪ Who provides test data?

▪ Who checks test data?

▪ Manufacturers (quarry) may test 

periodically, Ecology suggests 

project-specific material be tested 

(contractor?)

▪ Cost of leaching tests?

o Toxicity Characteristic Leaching 

Procedure (TCLP) is similar

o Approx $700-1000 per sample
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Bioretention – Nutrient Removal

Coconut Coir Fiber

▪ Who provides test data?

▪ Who checks test data?

▪ Manufacturers may test 

periodically, Ecology suggests 

project-specific material be tested 

(contractor?)

▪ Cost of leaching tests?

o Toxicity Characteristic Leaching 

Procedure (TCLP) is similar

o Approx $700-1000 per sample
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Bioretention – Nutrient Removal

High Carbon Wood Ash 

(Biochar)

o Who provides test 

data?

o Who checks test data?

o Manufacturers may test 

periodically, Ecology 

suggests project-

specific material be 

tested (contractor?)

o Cost of leaching tests?

• Toxicity Characteristic 

Leaching Procedure 

(TCLP) is similar

• Approx $700-1000 

per sample

o Cost of additional tests 

for biochar?



© 2020 Contech Engineered Solutions LLC, a QUIKRETE Company

Bioretention – Nutrient Removal

HPBSM Polishing Layer

▪ Who provides test data?

▪ Who checks test data?

▪ Manufacturers may test 

periodically, Ecology suggests 

project-specific material be tested 

(contractor?)

▪ Cost of leaching tests?

o Toxicity Characteristic Leaching 

Procedure (TCLP) is similar

o Approx $700-1000 per sample

▪ Cost of additional tests for 

alumina?
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Bioretention – Nutrient Removal

HPBSM Polishing Layer

▪ Who provides test data?

▪ Who checks test data?

▪ Manufacturers may test 

periodically, Ecology suggests 

project-specific material be tested 

(contractor?)

▪ Cost of leaching tests?

o TCLP is similar, $700-1000 per 

sample

▪ Cost of additional tests for iron?



© 2020 Contech Engineered Solutions LLC, a QUIKRETE Company

Bioretention – Nutrient Removal

Blending, Delivery, Protection, and 

Placement

▪ Contractor provides plan for 

designer to review

▪ Checked by city or EOR?



© 2020 Contech Engineered Solutions LLC, a QUIKRETE Company

High Rate Biofiltration - Filterra

“Pre-engineered and pre-packaged stormwater 

biofiltration treatment which optimizes public 

domain components to reliably achieve long-term 

pollutant reduction at higher loading rates:”

1. Pretreatment top layer (mulch)

2. Engineered high flow biofiltration 

media (100-175”/hr) (2500-4500mm/hr)

3. Underdrain system

4. Landscape vegetation
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WA TAPE Test Site- Bellingham, WA

Lake Whatcom Watershed

Evaluation Period 2013
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Bioretention Performance 

International Stormwater BMP Database 

2020 Summary Statistics

▪ Field monitoring results

▪ High rate biofiltration (HRBF) included 

for first time

▪ Still lacks equivalent monitoring 

protocols, however best reference 

currently available

▪ ALL 5 HRBF field studies are Filterra
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Bioretention Performance 
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Bioretention Performance
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Next Steps – Public Domain BRT Trials

MS Thesis summary

▪ Need: long term performance 

and maintenance protocol 

representative of actual 

conditions

o Manufactured and conventional 

treatment systems

o NJDEP (lab)

o TAPE (field)

o STEPP/ASTM

▪ Mass load capacity with oil+ 

organics

o High rate biofiltration

o Conventional biofiltration
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Mass Load Capacity Testing – HRBF Oil + Organics 

▪ Influent Characterization

o Avg TSS = 100 mg/L

o Avg SSC = 196 mg/L

o Avg TVSS = 17.5 mg/L

o Avg oil = 7.5 mg/L

o Mass Load SSC = 426 mg/L

▪ Hypothesis confirmed

▪ Next steps

o Develop SOP for synthetic SW 

mass load capacity testing

o Determine influence of

• organics

• vegetation

• antecedent periods
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Conclusions

▪ US public agencies taking steps to improve bioretention specifications

o QC, lab costs, and enforcement/oversight will be a challenge

▪ Filterra high rate biofiltration has proven pollutant removal performance in the field

o Complicated media spec work, procurement, enforcement, and installation issues are eliminated

▪ More data needed on long term performance and maintenance triggers

o Coming soon!
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Thank you!

Questions?

Craig Fairbaugh

Craig.Fairbaugh@ContechES.com

503-995-3650

mailto:Craig.Fairbaugh@Conteches.com

