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Storm Water Runoff and Quality

Low Impact Development

Apply Green Engineering
Principles to Land Development

Pre-development Quantity & 
Quality

Keep Stormwater On Site

Promote Infiltration; more ET

Filtering and other Natural 
Treatment Mechanisms

Field

Research

Pilot

Laboratory

Bioretention (Rain Gardens)

Quality:
Filtration, 
Adsorption, 
Biodegradation

& Evapotranspiration
Hydrology:  Pooling, Infiltration, 

PONDING STORAGE AREA

PLANTING SOIL

FLOW ENTRANCE
POINT

VEGETATION

UNDERDRAIN 
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Goals

Hydrology Management
Improvements in Water Quality
Understand Fundamentals
Facility Design

Size
Media

Facility Management

Three Timescales

Event timescale
Removal or sequestration of 
pollutants from runoff during 
storm event

Between-event timescale
Degradation or incorporation of 
captured pollutants 

Facility Life timescale
Ecological and Biogeochemical 
transformations

Field Bioretention Monitoring

Cell CP

Cell SS

Cell Characteristics

Sandy clay loamSandy loamMedia type
March 2006Spring 2004Date of construction

0.30 m0.15 mPonding storage depth
0.9 m0.5-0.8 mMedia depth
2%6%Cell area/ drainage area

0.45 ha0.28 haDrainage area
102 m2181 m2Cell area

SSCPCell

CP

SS

Runoff Characterization

Hg

As

Ni
Cr

CdTP

Fecal 
Coliform

CuNitrateOil & 
Grease

E. ColiPbNitriteTOC
ClZnTKNTSS

ISCO 6712 Auto samplers, Rain gauges, 
Flumes/Weirs
Flows & Rainfall  - 22 (CP) and 60 (SS) events
15 WQ events per site, Flow proportional samples

Apr 2006 – July 2007
Flows, 4/3/06 Storm Event (CP)

 

0

2

4

6

18:00 22:48 3:36 8:24

Time

 F
lo

w
 (l

ite
r/s

)

0.0

0.2

0.4

0.6

0.8

1.0

R
ai

nf
al

l (
cm

)

influent

effluent

Rainfall

Peak Delay Peak Height Reduction

Effluent stopped at 4/4/06  9:12



3

Discharge vs. Zero-discharge events

CP (22,6)

SS (60,23)
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Peak Reduction Ratio, Rpeak
 

5101520304050607080859095

2

0.01

0.1

0.2

0.6
0.8

0.4
0.33

2

11

0.01

0.1

0.2

0.6
0.8

0.4

99 1

0.33

Exceedance Probability

Pe
ak

 R
ed

uc
tio

n 
R

at
io

, R
pe

ak

Target Value

          CP
          SS

Outflow rate > weir range

No outflow inpeak

outpeak
peak q

q
R

−

−=

Volume Reduction Ratio fV24

5101520304050607080859095

2

0.01

0.1

10

0.33

0.001

2

1 1

0.01

0.1

10

99 1

0.33

0.001

Exceedance Probability

24
-h

r V
ol

um
e 

D
is

ch
ar

ge
 R

at
io

, f
v2

4

Target Value

Outflow rate > weir range

No outflow

          CP
          SS

in

out
V V

V
f 24

24
−=

Water Quality

College Park Silver Spring

Input InputOutput Output

Bioretention TSS
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Bioretention Zinc
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Bioretention PAH

PAHs in dissolved phase
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Bioretention

Under UV light

Bacteria – E. coli, Lab Columns Pollutant Mass Loads

0.0050.130.0790.23Copper
<0.0170.017<0.0170.017Lead

<1<111TP
<1573Nitrate
<1101515TN

<0.0170.0170.0350.086Chromium

SS
(kg/ha-yr)

CP
(kg/ha-yr)

55
154

0.074
27

Discharge

39
43

0.23
233
Load

<148TOC
160Chloride

0.0020.93Zinc
2674TSS

DischargeLoadPollutant

Concentration x Volume

Three Timescales

Event timescale
Removal or sequestration of pollutants 
from runoff during storm event

Between-event timescale
Degradation or incorporation of 
captured pollutants

Facility Life timescale
Ecological and Biogeochemical 
transformations

Nitrate

Impervious Layer

Runoff

Biological Denitrification Zone
NO3

- ⇒ N2

Treated
Effluent

Bioretention
Soil/Media

Critical Bay 
Pollutant
Tough
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Motor Oil
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Laboratory Study
Input/Output 
Capture
Subsequent 
Biodegradation
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Three Timescales

Event timescale
Removal or sequestration of 
pollutants from runoff during 
storm event

Between-event timescale
Degradation or incorporation of 
captured pollutants 

Facility Life timescale
Ecological and Biogeochemical 
transformations

Where do the Pollutants Go?

Accumulation
Biodegradation
Removal

Ownership
Operation and 
Maintenance

Where do the Pollutants Go?
Lead profile in bioretention maxtrix

0 100 200 300 400 500 600

surface

0-10 cm

11-20cm

21-30cm

31- 40cm

41-50cm

51-60cm

61-70cm

71-80cm

81-90cm

Lead (mg/kg)

F1 F2 F3 F4 F5

Conclusions
Excellent Management of Hydrology 

Peak Reduction
Volume Reduction
Peak Delay

Evapotranspiration
Infiltration

Size, Depth, Configuration of Cell Likely 
Control

(Hydrologic Management)

Conclusions
Excellent Removal of Several Pollutants 
Independent of Media 

Suspended Solids
Oil and Grease
Metals:  Lead, Zinc, Copper, Cadmium

High Infiltration Media can be 
Employed

Err on side of greater infiltration
Depth of Cell not Important here

(Physical Capture)
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Conclusions

Phosphorus Removal Complex
Adsorption
Transport with Suspended Solids
Preferential Flow Pathways

Ammonia, Organic N Removal 
Complex
Depth of System 
Media Characteristics

(Chemical Processes)

Conclusions

Modifications for Sustainable Removal 
of Pollutants
Encourage Biodegradation Processes

Denitrification Zone
Capture and Biodegradation of Oil & 
Grease 

Exploitation for vegetation in uptake 
and removal of pollutants from facility

(Biological Processes)

Implementation Challenges

Lack of Performance Information
Lack of Understanding
Space
Utilities
Regulatory Hurdles
Contractor Inexperience
Inertia

Co-Workers
Research Students

Mohammad Shokuhian
Roman Hsieh
Rebecca Stack
Houng Li
Lan Zhang
Himanshu Sharma
Hunho Kim
Eunyoung Hong
Kelly Flint
Xueli Sun
Ameya Pradhan
Jim Stagge
Philip Jones
Christie Minami

UMD Faculty
Eric Seagren
Brian Needelman

USDA Scientist
Jeff Karns

UMBC
Upal Ghosh
Katie DiBlasi

Low Impact 
Development Center 

Neil Weinstein

Research Sponsors & Supporters

www.ence.umd.edu/~apdavis/Bioret.htm

Bioretention WQ Performance 

978325-154-264217Cl- (mg/L)

99352.94.5-14-1808.25.6TOC 
(mg/L)

1001000.1<0.1-36-770.30.1TP (mg/L)

97700.41.2-3-282.01.7TN 
(mg-/L)

9989327928311107Zn (µg/L)

99951279689478TSS (mg/L)

Mass 
Removal 

(%)

EMC
Removal 

(%)

OutInMass 
Removal 

(%)

EMC
Removal 

(%)

OutIn

SSCPPollutant
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Suspended Solids Deposition
A three-layer model

pristine 
filter

media

working 
zone

cake 
layer

Incoming Suspension
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Mass balance:

Solids deposition

Hydraulic 
conductivity:

HΔ


