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Example Laboratory and Pilot-Scale Research
of Stormwater Treatment Media (mostly
funded by US EPA, Water Environment

Research Foundation, and Industry)

Developing Media Mixtures Targeting
Treatment Objectives

Pilot-Scale Field Monitoring of UpFIow Filter

« Data collected through extensive field testing [
by the University of Alabama

» No chemical exhaustion of media after 12
months of field testing

* Greater than 70% removal of particulate
metals and nutrients and fine SSC in filter and
another 10% capture of SSC in the sump

* SSC removal down to 1 micrometer particles
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Some laboratory and field
pilot-scale test setups (EPA
and WERF-supported
research at Univ. of
Alabama). Critical that tests
use actual stormwater, not
artificial mixtures.

Media

Granular Activated

Carbon (GAC)

oo
VCC 8X30 Virgin Coconut Shell Activated Carbon (Baker Corp.): 20
lbs/ft (1.8 t0 2.1 glem’): $0.98/1b

Rhyolite Sand

DI biofilter media sand (Rhyolite Topdressing Sand) from Golf Sand,
Inc., North Las Vegas, NV:75 in/lr infiltration rate; particle density
2.38 glem’; bulk density 1.28 glem’; 98.6% sand, 1.1% silt, 0.3% clay:
45.4% greater than 0.25 mm; 44.6% between 0.18 and 0.25 mm.

Site Zeolite

Z-200 Modified Zeolite (Baker Corp.): $1.36/1b

Surface Modified
Zeolite

14-40 Saint Cloud Zeolite with 325 um Modified Zeolite at 3%
Vol:Vol

h Peat Moss

Purchased from nursery in Elizabet . PA

Site Sand

Fine textured silica sand




Three levels of compaction were used to |
modify the density of the media in the
columns during the tests (hand
compaction, standard proctor
compaction, and modified proctor
compaction) on the infiltration rates
through the various media mixtures.

The bottom of the columns had a fiberglass window screen and a gravel layer to contain the media.
The columns were filled with the various media mixtures on top of the gravel layer.
Both standard and modified proctor compactions follow ASTM standard (D 1140-54).

The densities were directly determined by measuring the weights and volume of the media material
added to each column.

More than 200 flow tests were conducted for many media mixtures and compaction levels.
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Minocqua, WI, MCTT (multi-chambered
treatment train) Installation
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Example Full-Scale Monitoring of
Stormwater Treatment using Media

Confirming Measured Results of Laboratory Tests
and WinSLAMM Model Use (funded by US EPA,
States, Municipalities, Industry, and US Navy)
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Naval Base San Diego (NBSD) Monitoring and Modeling to
Identify Major Pollutant Sources and Control Options (many
outfalls and drainage areas at 15 naval bases investigated)
T =] T Y 3

S —

Previous modeling project identified roof runoff and paved parking
as primary sources of copper and zinc in most drainage areas
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Locations of Stormwater Controls in Test Watershed
Kansas City, MO
Main Combined Sewer Monitoring Supplemented with
Performance Monitoring at Individual Stormwater Controls

More than 100
stormwater controls
located in right-of-ways
along streets so city
could legally maintain
the practices as
required in their CSO
consent decree.

100-acre Pilot Study Area
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O outfall monitoring site

@) _ About 50 performance locations, 12 background
9) _ sites and up to 21 potential stormwater control

subareas monitored each year, in addition to NPDES

outfall locations.
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Small-scale performance monitoring at Kansas City, MO

14

15

—

1. Filling
individual media
bags prior to
mixing

3. Loading
surface
modified
zeolite media
bags into mixer

5. Finished
mixed media
loaded into
final bags

Preparing Recommended Media for Large Biofilters

2. Loading
Rhyolite
sand media
bags into
mixer

4. Loading
granular
activated
carbon media
bags into mixer

6. Mixed
media ready
for placement
into biofilters
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Example 009 Stormwater Controls g

12 Culvert : Sedimentation Basin "
Modifications :

Expendable Launch
Vehicle (ELV)
Treatment System

Detention Bioswales g

After construction/
vegetation growth
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Cincinnati State Technical
* College, Example of
. Demonstration Site Monitoring
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WinSLAMM Stormwater Treatment
Evaluations using Media
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Steps in Designing a Stormwater Treatment Biofilter

1) Characterize stormwater to be treated (identify constituents of
concern and needed mass and/or concentration reductions)

2) ldentify chemically active media to target these constituents

3) Inventory other site characteristics potentially affecting biofilter
(especially groundwater conditions and snowmelt, for example)

4) Prepare preliminary designs (size, selection of media, outlets,
maintenance, etc.)

5) Evaluate alternatives using continuous long-term stormwater
quality modeling and evaluate life-cycle costs and other decision
support factors.

Main WinSLAMM screen showing schematic of drainage area
and control locations
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Main WinSLAMM Biofilter/Bioinfiltration Data Input Form
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The new data components for media types include:

* Flow rate equations based on media type, organic content,

texture, and uniformity

* Regression equations for removal of several particle size ranges
* Flow rate reduction and clogging due to particulate retention

* Filterable and particulate pollutant retention
* Filterable pollutant retention based on contact time

* Breakthrough of pollutants as media retains filterable pollutants

Incorporating these data significantly expands the ability to
compare alternative biofilter design options.
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WinSLAMM Output Summary Form
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Example Production Function Comparing Biofilter Performance

for Different Biofilter Sizes
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Example Plot of Cumulative Load and Useful Life of Media in Biofilter
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Critical particulate annual load of about 2.5 kg/m?/yr
requires biofilter at least 2.5% of paved drainage area

Particulates mass retained (kg/m2/yr)

0.1 1 10
Biofilter area as a percentage of paved parking area
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WisDOT Design Charts Developed from
WinSLAMM Model Runs
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Conclusions

Media selection dramatically affects the treatment flow rate, and to a lesser
extent the pollutant retention capacity of a biofilter.

Most of the pollutant removals in bioinfiltration are likely through infiltration
into the underlying native soils (with pretreatment provided by the media),
while physical capture of particulates and associated particulate bound
pollutants is mostly affected by the texture and uniformity of the media.

Filtered pollutant retention in biofilters can be targeted by the proper
selection of chemically active media.

Biofilter performance can be limited by poor media selection causing
compaction and clogging.

The most robust biofilters are sized properly to decrease the effects of
sediment induced clogging and to provide moderate treatment flow rates.

The use of WinSLAMM can be used to produce production functions that
relate accumulative load with size of the biofilter and useful life for specific
site conditions and expected rainfall.
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