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Outline of Presentation Topics 

ÅGreen Infrastructure case study for CSO control 
relying on biofiltration systems in Kansas City, 
MO 

ÅBiofiltration media tests to optimize toxicant 
control for Southern California industrial site 
having numeric stormwater limits 

ÅResidence time issues in biofiltration device 
designs 

ÅThe use of the SmartDrainTM as a biofilter outlet 
control having slow drainage rates to enhance 
residence time and contaminant removal. 



Yŀƴǎŀǎ /ƛǘȅΩǎ /{h /ƘŀƭƭŜƴƎŜ  

Á Combined sewer area:  58 mi2 

Á Fully developed 

Á Rainfall: 37 in./yr  

Á 36 sewer overflows/yr by rain > 0.6 in; reduce 
frequency by 65%.  

Á 6.4 billion gal overflow/yr, reduce to 1.4 billion 
gal/yr 

Á Aging wastewater infrastructure  

Á Sewer backups 

Á Poor receiving-water quality  

 



1/26/2009 

Yŀƴǎŀǎ /ƛǘȅΩǎ 
Original 
Middle Blue 
River Plan 
with CSO 
Storage Tanks 
 



Adjacent Test and Control Watersheds  



Y/Ωǎ aƻŘŜƭƛƴƎ /ƻƴƴŜŎǘƛƻƴǎ 

SUSTAIN-SWMM 
- Individual LID 
- Drainage (Transport) 
- Multi-scale 
- Subarea Optimization 

KCMO XP-SWMM 
- Drainage (Transport) 
- Design Objectives 
 

 

 
 

 

 

 
WinSLAMM 
-Land Surface Characteristics 
-Drainage (Transport)  
-Design Options 
-Stormwater Beneficial Uses 
- Multi-scale 

Weight of 
Evidence 



Examples from ñ65%ò plans prepared 

by URS for project streets. Plans 

reviewed and modeled by project team, 

and construction of several hundred 

biofilter systems will occur in spring 

and summer of 2011. 
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Percent of roof area as rain garden 

Reductions in Annual Flow Quantity from Directly 
Connected Roofs with the use of Rain Gardens 

(Kansas City CSO Study Area) 
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Biofilter Size (% of drainage area) 

clay (0.02 in/hr)

silt loam (0.3 in/hr)

sandy loam (1 in/hr)

Annual Runoff Reductions from Paved Areas for 

Different Sized Biofilters for Various Soils 
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Rain Garden Size (% of roof area) 

years to 10 kg/m2

years to 25 kg/m2

Clogging Potential for Different Sized Rain 

Gardens Receiving Roof Runoff 

Clogging not likely a problem for rain gardens receiving roof 

runoff 
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Biofilter Size (% of paved parking area) 

years to 10 kg/m2

years to 25 kg/m2

Clogging Potential for Different Sized Biofilters 

Receiving Paved Parking Area Runoff 

Biofilters should be at least 10% of the paved drainage area, or 

receive significant pre-treatment (such as with long grass filters or 

swales, or media filters) to prevent premature clogging. 



Engineered Bioretention Media for 
Industrial Stormwater Treatment 



JJ 



Media Testing 
ωGoals:  

ςTo provide information for design (e.g., optimal 
media components, depths, and contact times) 

ςTo maximize the likelihood that filtration-based 
treatment controls will achieve desired level of 
performance in the most cost effective manner 

14 
These tests were conducted in conjunction with Dr. Shirley Clark at Penn State ς Harrisburg 
and Geosystec, and sponsored by The Boeing Co. 



aŜŘƛŀ ¢Ŝǎǘǎ όŎƻƴǘΩŘύ 
ωLong-Term Column tests using actual stormwater: 

ςClogging, breakthrough, and removal 

ςEffects of contact time and media depth on removal 

ωBatch tests: 

ςMedia uptake capacity and removal kinetics 

ςAerobic and anaerobic effects on pollutant mass 
removed 

15 
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Granular activated
carbon (GAC)

Peat moss (PM)

Rhyolite sand ( R)

Surface modified
zeolite (SMZ)

Site zeolite (Z)

Site sand (S)

R-SMZ

R-SMZ-GAC

R-SMZ-GAC-PM

layered S-Z-GAC

load to initial maintenance
(kg/m2)

initial average flow rate (m/day)

Maintenance with scraping 

 of the surface of the media 

 was not very effective; the  

removal of several inches of 

 media worked better, but  

still only for a limited time. 

1. Site sand clogged first and had the lowest flow rate 

2. Site zeolite and peat alone were next to clog 

3. Biofiltration mixed media combination performed better than current site 

layered media combination Pitt and Clark 2010 



Long-Term Column Test Results: 

Pollutant Removal 

Å Of individual media types studied, peat and GAC demonstrated best removal 

for total and dissolved copper (although note the relatively high influent 

concentrations) 
 

Å Primary copper removal mechanism appears to be physical straining (of 

particulate-associated phase) and sorption onto GAC along with organic 

complexation with peat components, rather than cation exchange 

GAC 

Peat moss 

GAC 
Peat moss 

Site Sand 



Media 

Type  

Cr, Cu, 

Sb, Al  

Pb  Zn Cd, Ni, 

Tl, Fe  

Hg  NO3  TCDD  

R-SMZ-

GAC  

T, F  T  T T, F  T  T  T  

S-Z-GAC 

(layered)  

T, F  T T, F  T  T  T  Layered filter media 

combination 

currently in use 

Recommended 

biofiltration mixed 

media combination 

Column Test Results: Pollutant Removal 
(paired sign test of influent vs. effluent) 

Other findings (data not shown here): 

Å The bioretention media combination met all current site permit limits, except 

for copper and mercury during peak conditions (not expected to occur), and 

had significant removals for all constituents measured, except for 

phosphorus and gross beta radioactivity.  
 

Å The current site layered media combination resulted in all effluent samples 

meeting the current site permit limits, except for a slightly elevated pH, 

when maximum site runoff conditions were considered. 

R = rhyolite; SMZ = surface modified zeolite; GAC = granular activated carbon; PM = peat moss; S = site sand; Z = site zeolite 
T = removal for total form (unfiltered); F = removal for filtered form (passed through 0.45 -µm membrane filter)  
 



Media Performance Plots for Copper, Full-Depth 
Long-Term Column Tests 

14 µg/L limit 
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All media were very effective for the removal of a wide range of 
particle sizes 
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Ratios of Media 

Capacity to 

Clogging Period  R-SMZ 

R-SMZ-

GAC 

R-SMZ-

GAC-PM 

Site Sand-

GAC-Site 

Zeolite 

Layered 

Cadmium, Total >230 >170 >130 >150 

Copper, Total >2.2 >3.4 >1.7 >2.2 

Gross Alpha 

radioactivity >0.3 >0.3 >0.2 >0.2 

Lead, Total >2.1 >1.6 >0.9 >0.9 

Mercury >250 >230 >130 >140 

Oil and Grease 0.1 >0.1 >0.1 <0.1 

TCDD >3.1 >2.5 >1.3 >1.5 

Breakthrough Capacity Compared to 

Clogging Period 

Green: will clog before breakthrough 

Red: breakthrough before clogging  



R-SMZ 

R-SMZ-

GAC 

R-SMZ-

GAC-PM 

Site Sand-GAC-Site 

Zeolite Layered 

Load to clogging 

(kg/m2) 7.5 - 38 11 - 53 11 - 55 6.5 - 33 

Years to 

replacement  12 - 58 16 - 81 17 - 84 10 - 50 

Cumulative Particulate Loading to Failure and Expected 

Years of Operation for Largest Sedimentation-Biofiltration 

Treatment Trains on Project Site 

Å Seven of the site biofilters were evaluated for clogging potential and 

chemical removal capacity. The biofilters were from about 1 to 10% of 

the drainage areas in size and had sedimentation pre-treatment.  
 

Å All of the media combinations would likely have an operational life of 

at least 10 years for the constituents of greatest concern, with the 

exception of oil and grease for the layered media.  



Batch Testing Results: Contact Time 

23 

Minimal filtered 

metal removal 

observed for all 

media except peat 

when contact time 

<10 minutes.  

 

The optimal contact 

times for filtered 

metals removal 

ranged from 10 to 

1,000 minutes (17 

hrs), depending on 

the metal and the 

media type. 

 

However too long of 

a contact time 

increased leaching 

losses from some 

media. 
 

Peat moss 

GAC 

Site zeolite 

Surface modified 

zeolite 

Rhyolite sand 

Influent test water 



Varying Depth Column Test Results 

Å These tests determined the effect of contact time on pollutant 

removal. Longer contact times should enhance pollutant removals 

because the likelihood of making a favorable contact with the media 

increases.  
 

Å Only the GAC showed good removals of nitrate, with the removal 

ability being best with the deepest column. GAC therefore has a 

limited capacity for nitrate and increasing the amount of GAC in 

contact with the passing influent water increases the length of time 

that excellent removals occur. 
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Media Depth (inches) 

Rhyolite Sand, Surface Modified Zeolite, 
and Granular Activated Carbon Mix 

Example Relationship between Media 

Depth and Contact Time 



Contaminant Losses during Anaerobic vs. Aerobic 
Conditions between Events 

Stripping of COD was more severe during anaerobic conditions (also nutrient losses under 
anaerobic conditions; metals relatively stable) 


