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Stormwater Thermal Pollution — Why It Matters

Heated runoff increases stream temperature and affects aquatic life.
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Research Questions and Hypotheses

Focus: How does media depth, DAR and inlet temperature govern thermal reduction ?
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Deeper media and smaller drainage area
ratio (DAR) = Greater cooling capacity.

Temperature reduction changes with
hydraulic retention time and is controlled
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by media particle size distribution.

Internal water storage with cooler water
boosts thermal reduction.




2025 Field Monitoring
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Performance Metric

EMT captures the overall thermal load delivered during a storm event
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Field Storm Events — Inlet and Outlet Temperature vs. Time

Outlet temperatures remained lower than inlet temperatures during both storm events.

Media Depth: 24 inches.

7% June 2025 Storm Event 13% June 2025 Storm Event
30 30
—&— Inlet Probe Temp (°C) —&— Inlet Probe Temp (°C)
—&@— Outlet Probe Temp (°C) —a— Outlet Probe Temp (°C)
2T Total Rainfall Depth: o Total Rainfall Depth:
0.42 inches 0.21 inches
26 26 |
2 e
o 24 | o 24 |
= —
=, =
= s
= 2
= 22+ 8 22 |
[P ] L
= =
N -l J
18 18 |
16 ¢ : + - : - ; ; 16 : — . :
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Time (mins) Time (mins)



Field Performance — Inlet vs. Outlet EMT

All sites show cooling across nearly all events

Field Sites — Inlet vs Outlet Event Mean Temperature
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Thermal Performance Relative to the 20°C Trout Threshold

Bioretention system reduces thermal stress (cooling zone) on cold-water species.
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Field Performance — Temperature Duration Curve (AV Williams)

Bioretention reduced >20°C thermal exposure by ~18 hours
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Field Performance — Seasonal Influence on Thermal Reduction

June - July = Highest Monthly Mean Temperature Reduction
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Field Performance — Site Comparison by Mean AEMT

AYV VWilliams ( DAR = 10.6) shows highest cooling — CLG (DAR = 268) shows lowest cooling.
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Field Results — EMT Reduction vs. Rainfall Depth

Moderate storms maximize cooling efficiency.

8 3-8_‘_5°C » 0.25-0.75in
, storms —
highest
6 5 48°C reduction
@) . ~ °
T 2.23°C (~3.86°C)
= T
-% , > Small & large
_g storms —
£ 3 lower
— 1.22°C performance
=
)
=
<
P
=

H =

0-0.25 0.25-0.75 0.75-1.5 >1.5
Rainfall Depth (in)




Bioretention Column — Experimental Setup
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Column Test Results — Temperature vs. Time

Deeper layers stayed cooler for longer during the storm event (under the conditions employed)
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Column Test Results — EMT Reduction vs. Media Depth & DAR

Going from 1 ft to 3 ft triples cooling capacity . Lower DAR corresponds to greater cooling.
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Based on 6 column tests:
» 3 ft media depth
achieved the greatest
cooling

20:1 DAR: 11.9°C

10:1 DAR: 16.8°C

» Reducing DAR
improved cooling by
+1.6°C at 1 ft
+2.5°C at 2 ft
+4.9°C at 3 ft




Scientific Basis of Thermal Reduction

HIGH STORMWATER : MEDIA VOLUME RATIO LOW STORMWATER : MEDIA VOLUME RATIO

More stormwater per unit media volume Less stormwater per unit media volume

YA [ LARGE HIGH . SMALLER LOWER
i ‘w ‘! i 2 a !
SEma Al =)  RUNOFF voLUME ™D @ PEEARAL =P LUNOFFvoLUME ™ THERHRAL
b /|0 LOAD LOAD
1< . et

LESS MEDIA VOLUME LESS MORE MEDIA VOLUME MORE

Less contact with media HEAT More contact with media HEAT

Less heat exchange EXCHANGE More heat exchange EXCHANGE

®

SPECIFIC HEAT CAPACITY (c,)

Higher heat storage
by media

’ , SPECIFIC HEAT CAPACITY (c,)

Lower overall heat
e storage by media

—> LESS COOLING 3k —> MORE COOLING kK 3k 3k




Design Recommendations For Thermal Reduction
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Ongoing Work

Additional Column & Field Monitoring (Summer 2026)
@ Media Characterization

@ Field Infiltration Testing

@ Thermal Empirical Model Development

@ Design Guidance Development

@ Final Project Report (December 2026)
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Translation Don Dorsey, Frederick Co.

» We consider the vegetation on top of our bioretentions and look for ways to
reduce solar exposure by using less rip-rap, but there’s more to the bioretention
story.

» Finding a balance between properly draining a bioretention and adjusting the
media layers, using lower porosity in relation to overall depth, is equally
important.

» When possible, a media depth of 3 feet with an underdrain or an increased flow
path 1s 1deal.

» Although there are positive data showing cooling effects in their discharges,
bioretentions are still not the most effective option in cold-water tributaries.

» The most effective temperature reductions typically occur during rainfall events
between 0.25 and 0.75 inches.

» As aretrofit, size and depth will be a challenge, as we are typically already
constrained by surface and underground utilities and other existing assets.



Take-Home Message

Bioretentions can help reduce thermal impacts, but their
effectiveness depends on thoughtful design—balancing vegetation,
media depth, porosity, and drainage. While they provide some
cooling benefits, especially during smaller storms, they are not the
strongest standalone solution for protecting cold-water tributaries.
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