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Outline of Presentation Topics

A Green Infrastructure case study for CSO contr
relying on biofiltration systems in Kansas City,
MO

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

A Residence time issues in biofiltration device
designs

A The use of th&martDrainM as a biofilter outlet
control having slow drainage rates to enhance
residence time and contaminant removal.
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A Combined sewer area: 58 njs
A Fully developed
A Rainfall: 37 in./yr

A 36 sewer overflows/yr by rain > 0.6 ir |n reduce
frequency by 65%.

A 6.4 billion gal overflow/yr, reduce to 1.4 billion
gallyr

A Aging wastewater infrastructure

A Sewer backups

A Poor receivingvater quality



Eliminate Div. Str. 336 & Assoc. Outfall
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- i » Green Solutions
———— o Demonstration Project

Small Sewer
Rehabilitation
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MGD Pump Station

Separate Approx.

Middle Blue
R iver » I an Elimirzizlt)eAgt:ifséll 066

Provide Storm-
water Treatment
at 85th St.

with CSO
Storage Tanks

Raise
Manholes

Approx. 8,500' 30"

& 36" Consolidation
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1 MG Storage
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Relief Sewer Raise Manhole / |
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Adjacent Test and Control Watersheds
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Examples from nob
by URS for project streets. Plans
reviewed and modeled by project teat
and constructionf several hundred
biofilter systemawill occur in spring
and summer of 2011.
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Reductions in Annual Flow Quantity from Directly
ConnectedRroofswith the use ofRain Gardens
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Annual Runoff Reductions from Paved Areas for

Different Sized Biofilters for Various Soils
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Clogging Potential for Different Sized Rain
Gardens Recelving Roof Runoff
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Clogging not likely a problem for rain gardens receiving roof
runoff



Clogging Potential for Different Sized Biofilters
Receilving Paved Parking Area Runoff
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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
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Media Testing

wGoals:

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

¢ To maximize the likelihood that filtratielbased
treatment controls will achieve desired level of
performance in the most cost effective manner

Sphagnum Peat Moss

These tests were conducted in conjunction with Dr. Shirley Clark at Penm${atﬁ[sburg
and Geosystecand sponsored by The Boeing Co.
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wlLongTerm Column tests using actual stormwa

¢ Clogging, breakthrough, and removal
¢ Effects of contact time and media depth on remove

wBatch tests:
¢ Media uptake capacity and removal kinetics
G Aeroblc and anaeroblc effects on poIIutant mass
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Column test results: Hydraulics and Clogging

Maintenance with scraping
of the surface of the media
was not very effective; the
layered S-Z-GAC Peat moss (PM) removal of several inches of
media worked better, but
still only for a limited time.

Rhyolite sand ( R)

Granular activated

Surface modified
zeolite (SM2)

—|0ad to initial maintenance
Site zeolite (2) (kg/m2)

Site sand (S) —initial average flow rate (m/day)

Site sand clogged first and had the lowest flow rate

Site zeolite and peat alone were next to clog

Biofiltration mixed media combination performed better than current site
layered media combination Pitt and Clark 201(



Long-Term Column Test Results:

Pollutant Removal

Copper, Total: Filter Media Components Copper, Filtered: Filter Media Components
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AOf individual media types studied, peat and GAC demonstrated best removal

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

APrimary 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




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

R SMZ- ’ Recommended
biofiltration mixed
media combination

S-Z-GAC T F Layered filter media
| d combination
( ayere ) currently in use

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

Other findings (data not shown here):

A 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.

A 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.
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Probability Plot of Influent 0.45~3 um, GAC 0.45~3 um 0.45~3 pm Particulate Solids Concentration Plot for GAC
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Breakthrough Capacity Compared to
Clogging Period

Site Sand-
Ratios of Media GAC-Site
Capacity to R-SMZ- R-SMZ- Zeolite
Clogging Period R-SMZ GAC GAC-PM Layered

Cadmium, Total

Copper, Total

Gross Alpha
radioactivity

Lead, Total

Mercury

Oil and Grease

TCDD

Green: will clog before breakthrough
Red: breakthrough before clogging



Cumulative Particulate Loading to Failure and Expected
Years of Operation for Largest Sedimentation-Biofiltration
Treatment Trains on Project Site

R-SMZ- |R-SMZ- Site Sand-GAC-Site
R-SMZ |GAC GAC-PM | Zeolite Layered
Load to clogging
(kg/m?) 7.5-38| 11-53 11 - 55 6.5 - 33
Years to
replacement 12-58| 16-81 17 -84 10 - 50

ASeven 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.

AAIl 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

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.

Nickel (mg/L)

However too long of
a contact time
increased leaching
losses from some
media.

Batch Testing: Nickel
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Varying Depth Column Test Results

Nitrate Rhyolite-SMZ (75%/25%) Nitrate

Media Column Depth Tests sl % Media Column Depth Tests
o]
- Spiked nt | b3 31 - fluent |
38

AThese 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.

AOnly 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.



Example Relationship between Media
Depth and Contact Time

Rhyolite Sand, Surface Modified Zeolite,
and Granular Activated Carbon Mix
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Contaminant Losses during Anaerobic vs. Aerob
Conditions between Events

Strippingof COD was more severe during anaerobic conditions (also nutrient losses und
anaerobic conditions; metals relatively stable)



