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Critical source area controls
are important components
of a comprehensive
stormwater management
program
Pollution prevention, outfall
controls, better site design,
“etc., are usually alsoffieed?

In contaminated area$
infiltration should onIy be
used- cﬂtiously, after pre-
treatment to rmnlmlze
groundwater cohtamination




Large parking areas, convenience stores, and vehicle maintenance
facilities are usually considered critical source areas.

Runoff form landscaped areas and landscaping chemical
storage and sales areas also important sources of nutrients
and pesticides




along with industrial
storage areas, loading
docks, refueling areas, and
manufacturing sites.

0.946 liter Bottle

USGS and WI DNR|




INDUSTRIAL RUNOFF
Sources of Copper & Zinc
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Wisconsin DNR
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Directly connected impervious surfaces dominate flow sources during rains

<0.5 inches
Disturbed urban soils can become very important runoff source areas

during larger rains
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Treatability of Stormwater Toxicants and Bench-
Scale Tests

Characteristics and Treatability
of Stormwater Toxicants

Particle size distributions

Pollutant strengths of different sized
particulates

Sequential digestions and extractions to
determine forms of metals and organics

Bench-scale treatability tests (settling
columns, aeration, photodegradation by
different wavelengths, precipitation,
sorption, ion exchange, etc.

Measured Particle Sizes, Including Bed Load Component, INDUSTRIAL LOADING/PARKING AREA SAMPLES
at Monroe St. Detention Pond, Madison, WI = 100 : : : : : : : : :
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all Particulates Greater than Size Shown

Percent Pollutant Reduction after Removing

20 pm 5 pm 1 pm 0.45 pm

High levels of -

Total Solids 40%, 43%, 52% 53%
polluta.nt Suspended
reduction Salids 76 &1 95 100
require the Turkidity 43 85 92 96
capture of very PR B &2 g9 9z
fine Total-N 30 41 35 23
particulates, [T, 0 1] 12 17
and likely Phosphate 71 78 &1 &5
further capture &g 45 52 52 47
of “dissolved” [Fyste a5 46 54 55
pollutant Cadmium 20 22 22 22
fractions. Chromium £9 &1 &2 g4

Copper 26 34 34 T

Irar 52 B3 a5 a7

Lesad 4 B2 76 g2

Zinc 64 70 70 72

Filterable forms of the metals determine their ability to
be removed using ion exchange or sorption methods
(higher valence ionic forms easiest to remove, large
organic-metal complexes are difficult to remove)
Filterable metal
percentage bound in
organic complexes

Filterable metal
percentage in
ionic forms

15 85
70 30
10 90
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These ratios vary for different samples and sources.

I
Analytical scheme palemy

DISTRIBUTION

TOTAL SOLIDS
used by [ || o _I

Morquecho to I i

determine SEQUENTIAL EXTRACTION
ANALYSIS __EJE\’E ANALYSIS

HARDNESS
TOTALPHOSPHORUS
coo

pollutant |

associations with (o] — [T | [Fon]—

particle size, \ | o] —

UV IRRADIATION
-

METALS BY ASV

colloids, and
organic complexes
(samples always
split using
USGS/Decaport
cone splitter)

METALS BY ICP-MS
TOTAL SOLIDS

TURBIDITY
PH
MICROT X
coD

TOTAL PHOSPHORUS

Fugacity Modeling
» Fugacity equilibrium models (several levels
available) (Mackay, et al. 1992) were used for
predicting the phase partitioning of selected

» Equations used in the fugacity Level 1 modeling
InC|Uded' M Where, Z; = fugacity capacities of air, water,
T ) sediment, SS, and fish fori =1, 2, 3,4,and 5

Fugacity, f = 2(72

respectively

Koc Z, :Zz *p ¥ L Koy
1000 ; 1000

Koe
- 7, =— =7, * * g k _O0C 4:ﬁ*4*4*
Z ) Zi=Z*P g ros 2R,
Where, R = gas constant (8.314 J/mol K), T = absolute temperature (K), H=
Henry's law constant (Pa.m3/mol), Ko = Organic-water partition coefficient,
Kow = Octonal-water partition coefficient, P = density of phase (kg/m3), &=
organic fraction of in the phase, L= Lipid content of fish.

PAHSs for comparison with observed partitioning.
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Fugacity Modeling

* Model predications indicated that high molecular weight PAHs
are predominately partitioned with sediments, while low
molecular weight PAHs are predominant in the air and water
phases. Most of the 13 PAHs investigated during this study were
HMW PAHs and therefore more associated with particulates.

* HMW PAHs indicate pyrogenic (combustion) sources.

* LMW PAHs indicate petrogenic (oil) sources.

Molecular Weight: 128 Molecular Weight: 178

Molecular Weight: 202 Molecular Weight: 276
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Observed PAH Associations with Stormwater
Particulates (MCTT Treatability Tasks)

PAH

Naphthalene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Benzo(a) pyrene

% Association
Water

22

3

Particulate Matter
78
97
99
92
71
81
99
99
99
98
99
99

The fugacity modeling generally under-predicted the particulate bound fractipps,
but was very useful in identifying significant factors affecting the partitioning.

Fates of Stormwater PAHs
Most of the PAHs partition into the sediment and water
phases, with sediment being the dominant phase

High organic content of particulate matter increases
particulate-bound fraction of most PAHs

Air Water
1% 3%

Sediment
Sediment 96%

75% Pyrene Dibenzo(a,h)anthracene

Examples of fugacity partitioning calculation results, verified by field investigations

Settling and Scour of Stormwater
Particulates




Specific Gravity and Volatile Solids of Sediment Collected from
Stormwater Treatment Device

TTHA T T T T T 1T

Traditional methods can be used to
calculate settleability of stormwater

2
L

particulates and scour of previously

LA

Average Specific Average Volatile

ol /f/ )é_ settled material. l 7 Sieve size range (um) Gravity (g/cc) Solids (%)
- / )§ ’ | Large organic matter (mostly
= -
- ,w“-? / / 9. sticks and leaves) 0.84 81.2
g 10,.; %Y 1 ; ? o 'mmm;’mlh ‘ gu >2800 0.66 70.9
s F /9 / i i e e e N LT 1400 - 2800 1.15 57.8
£7F 7 3¢ [fEEsren g L 710-1400 1.43 42.7
éw” - f /~7 / 1 Z == i = :.‘ i o 355-710 2.56 26.1
L / ’/§ e 180-355 2.76 19.4
7 o ;éq\ TWAVE i | m“‘f"*ﬁ l“ |H | 75-180 2.97 20.6
B Q{‘T/ \ / bR o5 ;v,..,g. e 45-75 3.30 25.7
R Erodibility of previously settled <45 (Pan) e 200
Particle Diameter. d, € ——————————~ el heeed) an g and dhear Specific gravity decreases as the volatile solids content increases; larger particle
Settling velocity of discrete particulates stresses (Chow 1959) sizes have lower specific gravity and greater volatile solids as they contain larger

amounts of light-weight organic debris for these industrial area stormwater
sediment samples. Their settling rates are still large due to their large sizes.

as a function of size and specific gravity 30

(Reynolds and Richards 1996)
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Changes in Specific Gravity with Sedimentation Treatment at an Industrial Site . . .
Influent: 5t to 95t percentile, 1.3 to 6 g/cc (median: 3.2 g/cc) Example Stormwater Turbidity, Lead and Copper Reductions using

Effluent: 5t to 95t percentile, 0.5 to 2.3 g/cc (median: 1.5 g/cc) Chemical Coagulation and Precipitation

ok 4 lead

Normal - 95% CI 90 4
////// + Copper

Variable 80 +
—@— Influent S.G. (3-250 um)
—B— Effluent S.G. (3-250 um)

Mean StDev N AD P Turbidity

3.167  1.674 30 0.799 0.034
1.533 0.6348 30 0.268 0.661

Preferential removal of
higher specific gravity
materials results in a
shift to lower overall
specific gravity of
particulates in effluent 20
water (and greater
migration distance in

1 1 receiving water after 0] _e—e-o - -
8 20 40 60 80 100 120

Specific Gravity (3-250 um) (g/cc) discharge).

% reduction
IS
8

o
=
@
3
=
@

Al

1 Alum usually had adverse
toxicity effect, while ferric
chloride with microsand gave
07 best overall reductions.

Toxicity

Buffered Aluminum Sulfate (mg/L)
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Design Modifications to Enhance Control of
Bench-scale to Full-scale Toxicants in Stormwater Controls and Pilot-

Treatment Schemes Scale Tests

e Capture of fine particulates

e Photo-degradation (enhanced vertical
circulation, but not complete mixing that
can scour sediments)

e Aeration

* Floatation (subsurface discharges) to
increase trapping of floating litter

Development of Stormwater
Control Devices

e Multiple treatment processes can be
incorporated into stormwater treatment units ‘ ,
sized for various applications. - . Some laboratory and

— Gross solids and floatables control (screening) g7 field pilot-scale test :
o setups (EPA and WERF-

I supported research at
— Control of targeted dissolved pollutants (sorption/ion E w Univ. of Alabama).
exchange) € , e Critical that tests use
; ‘ actual stormwater, not
artificial mixtures.

— Capture of fine solids (settling or filtration)




Development and Testing of
Treatment Methods

Sediment transport in grass swales

Used factorial experimental design
to identify the variables (and
interactions) which significantly
affect the performance of grass
swales

- grass type,

- flow length,

- slope,

- flow rate,

- flow depth,

- sediment concentration,

- particle size

- Tuscaloosa City Hall Tests

N

= = . 7
-Sand (300-425 um) 10% 3 . ==
-Sand (90-250 pm)  25% - TSS: 10 mg/L O
-Sil Co Sil #250 50% : \ 4
-Sil Co Sil #105 15%

] ] Slurry mixing chami)er
.
Y.,

TSS: 20 mg/L

TSS: 35 mg/L
@

o = el TSS: 84 mg/L
Bluegrass | i D

TSS: 102 mg/L




Laboratory Media Studies Eate and Extent of Metals Scour of Captured Sediment in
apture . Storm Drain Catchbasin Inlets
— Capacities
(partitioning) mThree flow rates: 10, 5, and 2.5 LPS (160, 80, and 40 GPM)
— Kinetics (rate of ® Velocity measurements (Vx, Vy, and Vz)
uptake) ®Five overlying water depths above the sediment: 16, 36, 56, 76,
and 96 cm i
Effect of pH & pH changes
due to media, particle
size, interfering ions, etc

Packed bed filter studies

Physical properties and
surface area
determinations

®Total points per test: 155
® 30 instantaneous velocity measurements at each point

CFD Modeling to Calculate Scour/Design Variations
# Used CFD (Fluent 6.2 and Flow 3D) to determine scour from Mu |ti_Cham ber Treatment Train

stormwater controls; results being used to expand WinSLAMM

analyses after verification with full-scale physical model (MCTT) a nd U pFIOW Filter

®This is an example of the effects of the way that water enters a
sump on the depth of the water jet and resulting scour




Development and Testing of Full-
Scale Controls Targeting
Stormwater Toxicants

¢ The Multi Chamber Treatment Train (MCTT)
e Up-Flow filter

¢ Advanced media tests for soil amendments
and bioretention

MCTT Cross-Section

Catchbasin Main_Settling Chamber Filtering Chamber

- Packed Column — Sorbent pillows — sorbent filter fabric,

1! - fine bubble aerators - mixed media filter layer
b = tube settlers (sand and peat)

- filter fabric
Lo - gravel packed
"

underdrain
v ]

Multi Chamber Treatment Tank
(MCTT)

e Developed under support of the US EPA to
provide treatment before stormwater
infiltration

e |In the public domain, not commercialized
e Targets organic and metallic toxicants

e Very high levels of control through multiple
treatment unit processes

e Relatively slow treatment flow rate
e An underground treatment device

Example MCTT Main Settling Chamber Sizes

(all 48 hours holding times, except as noted)

City Annual Rain Runoff Capacity (in) Runoff Capacity (in)
for 70% Toxicant for 90% Toxicant
Control Control

Phoenix, AZ 0.25 (24 hours) 0.35

Los Angeles, CA 0.30 0.45

Madison, WI 0.32 0.52

Buffalo, NY 0.35 0.50

Seattle, WA 0.25 0.40

Portland, ME 0.42 0.72

Birmingham, AL 0.37 0.53

_New Orleans, LA 0.80 0.92




Milwaukee, WI, Ruby Garage Public
Works Yard MCTT

* The Milwaukee MCTT is at a public works yard and
serves about 0.1 ha (0.25 acre) of pavement.

This MCTT was designed to withstand very heavy
vehicles driving over the unit.

The estimated cost was $54,000 (including a
$16,000 engineering cost), but the actual total
capital cost was $72,000. The high cost was due to
uncertainties associated with construction of an
unknown device by the contractors and because it
was a retro-fit installation.

Milwaukee, WI, Ruby Garage Maintenance Yard MCTT
Installation

Milwaukee, WI, Ruby Garage Maintenance Yard
Drainage Area

Milwaukee, WI, Ruby Garage Inlet Chamber
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Milwaukee, WI, Ruby Garage Main Settling
- Chamber Minocqua, WI, MCTT Test Area

* The Minocqua MCTT test site isa 1 ha (2.5
acre) newly paved parking lot for a state park
and commercial area.

The installed capital cost of this MCTT was
about $95,000.

3.0m X 4.6 m (10 ft X 15 ft) box culverts used
for the main settling chamber (13 m, or 42 ft
long) and the filtering chamber (7.3 m, or 24 ft
long).

These costs are about equal to the costs of
installation of porous pavement (about $40,000
per acre of pavement).

Minocqua, WI, MCTT Installation Minocqua, WI, MCTT Inlet Chamber




Minocqua, WI, MCTT Sedimentation Chamber

Caltrans MCTT Test Installations

Part of the Caltrans stormwater monitoring project in Los
Angeles County, CA. Both drainage areas are 100%
impervious. The MCTTs comprise about 1.3 to 1.5 % of the
drainage areas.

Drainage Area, |Sedimentation Filter Basin
ha (acres) Basin Area, m? Area, m? (ft2)
(ft?)
0.44 (1.1) 35.5 (380) 17.4 (190)
0.76 (1.9) 61.2 (660) 32.9 (350)

Minocqua, WI, MCTT Filter Chamber

MCTT Installation, Above Ground View,
Taipei County, Taiwan
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Total Suspended Solids (mg/L)

Maintenance of MCTT Units

Major maintenance items for MCTTs include
removal of sediment from the sedimentation
basin when the accumulation exceeds 150 mm
(6 in.) and removing and replacing the filter
media about every 3 years.

After two wet seasons, the total accumulated
sediment depth at the Caltrans installations
was less than 25 mm (1 in.), indicating that
sediment removal may not be needed for
about 10 years.

Pilot-Scale
MCTT Test
Results

Inlet Catch Basin  Settling Chamber  Sand-peat  Outlet

Median Observed Percentage Changes in

Constituent Concentrations

Constituent Main Settling

Toxicants

Microtox™ (uf)

Microtox™ (f)

lead

zinc

N-nitroso-di-N-propylamine
hexachlorobutadiene

pyrene

bis (2-ethylhexyl) phthalate 99

Pilot-Scale Test Results

Overall Device




Pilot-Scale Test Results

Wisconsin Full-Scale MCTT Test Results

T
Inlet Catch Basin  Settling Chamber

UpFlow Filter

High level treatment at high treatment flow
rates

Retrofit at standard inlet locations
Minimum clogging

Multiple and complimentary treatment unit
processes

Developed as part of the US EPA Small
Business Innovative Research program and
commercialized by Hydrolnternational

(median % reductions and
median effluent quality)

Milwaukee (15
events)

Minocqua (7
events)

Suspended Solids

>98 (<5 mg/L)

85 (10 mg/L)

Phosphorus

88 (0.02 mg/L)

>80 (<0.1 mg/L)

Copper

90 (3 ng/L)

65 (15 pg/L)

Lead

96 (1.8 ug/L)

nd (<3 pg/L)

Zinc

>91 (<20 pg/L)

90 (15 pg/L)

Benzo (b) fluoranthene

>95 (<0.1 pg/L)

>75 <0.1 ug/L)

Phenanthrene

>99 (<0.05 pg/L)

>65 (<0.2 pg/L)

Pyrene

>98 (<0.05 pg/L)

>75 (<0.2 pg/L)

Flow Rate Needed for Different Levels
of Annual Flow Treatment
(gpm/acre pavement)

Location
Seattle, WA
Portland, ME
Milwaukee, WI
Phoenix, AZ
Atlanta, GA

70%
18
30
35
35
40

90%
30
53
65
90
100

The UpFlow filter has a treatment flow rate of about 20 gpm per
filter module, or about 120 gpm for a unit with six modules.




Upflow filter insert for Pilot-Scale Field Monitoring

atchbasin Main features of the MCTT can Data collected through extensive field testing [ ——
. . by the University of Alabama
10 be used in smaller units.

No chemical exhaustion of media after 12
The Upflow Filter™ uses months of field testing

A tati (22) Greater than 70% removal of particulate
sedimentation » Bross metals & nutrients and fine SSC in filter and

solids and floatables another 10% capture of SSC in the sump
screening (28)' moderate to SSC removal down to 1 micron particles
fine solids capture (34 and

24), and sorption/ion
exchange of targeted _
pollutants (24 and 26). , -

P RGa
Upflow Filter™ patented
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Suspended Solids Removal Tests ’ T TE
Influent SS Average . » e : s n i3 o o
Flow Conc. EffluentSS % SS 12 E
Media (each bag)  (gpm) (mg/L)  Conc. (mg/L) reduc. : :
Zeo+ Zeo High (21) 480 75 84 : :
Zeo+ Zeo Mid (10) 482 36 92 & 0 5 10 . 15 20 2

Zeo+ Zeo Low (6.3) 461 16 97 Probability Plotof Concentration for Particle Range §
Mix + Mix High (27) 487 75 85 e
Mix + Mix Mid (15) 483 42 91
Mix + Mix Low (5.8) 482 20 96

Varia
—e— Influd
—B— Efflue

Variable
—e— Influent (mg/L)_ 8
—m—Effiuent (mg/L) 8

Mean St
1998 1
06858 09|

Mean StDev N AD P
1132 9194 12 0942 0011
s

Percent

Percent
B838838 8

Zeo: Manganese-coated zeolite
Mix: 45% Mn-Z, 45% bone char, 10% peat moss L
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Filter Module ngponents

Lid

Flow distributing media

Media bags

Flow distributing media

Moduie

Operation during normal and
bypass conditions

73

Draindown tltween events
| .

Hydro=

UPFLO FILTER
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Data Set
No:
Sand &
-61
72-81 CPS
L

r[l...l.lll'.IlI.

T
n [llllllllrlll

Data Set No.

Influent = Effluent
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Advanced Media Studies Review

Results of Full-Scale Field Installation (controlled tests

65 Performance Plot for Mixed Media on Total Suspendid Solids for 25
gallon/min Flow Rate
60
E s P ;‘5
£
I 50
k-] =y
: ? ‘ e somgt Toomgt. 2somat. soomgl.
4 rs
3 3 600
2 a
[ 4
3 500
30 H
& 400
2 i
2 300
20 g
2 200
15
5 7 9 1" o5 7 19 21 100
[ —
LR —
Head (in) Influent Concentration Effluent Concentartion

25 gallon/min Flow Rate and 100 mg/L Conc. 25 gallon/min Flow Rate and 500 mg/L Conc.
Influent Influent  Effluent

Particle Size Conc. Effluent Conc. Particle Size Conc. Conc. Reduction

(Hm) (mg/L) (mg/L) (um) (mg/L)  (mglL) (%)

<045 220 <045 240 120 49

0.45t0 3 s . 0.45t03 . 88

3t0 12 3to 12 65

12to0 30 - 12 to 30

30to 120 . 30 to 120

120 to 1180 . 120 to 1180

> 1180 b > 1180

sum >0.45 pm . sum >0.45 pm

Evaluation of Media for Soil

Amending and Biofiltration

Different media can be used to target
different categories of contaminants

Fine particulate removal is the most critical
as most stormwater toxicants are
associated with the solids

However, significant portions can be
associated with the filterable phases and
media mixtures can be optimized
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Tests on media filtration

Batch kinetic tests to estimate expected
capacity and uptake rate

Full-depth, long-term column tests to
measure removal and maintenance

Vary-depth column tests to measure
effects of contact time on removal

Aerobic and anaerobic exposure tests to
examine interevent leaching of previously
captured materials

Conclusions

Constituent and units | Typically reported Effluent concentrations
irreducible concentrations | possible with treatment train
(conventional high-level using sedimentation along
stormwater treatment) with sorption/ion exchange

Particulate solids 10 to 45
(mg/L)
Phosphorus (m 0.21t00.3 0.02t0 0.1

o gl .
Caam 1] .
a0

Media Description
Granular Activated VCC 8X30 Virgin Coconut Shell Activated Carbon (Baker Corp.): 29
Carbon (GAC) lbs/ft° (1.8 to 2.1 g/em’): $0.98/1b

Rhyolite Sand D1 biofilter media sand (Rhyolite Topdressing Sand) from Golf Sand,
Ine., North Las Vegas, NV:75 in/hr infiltration rate: particle density

2.38 g/em”; bulk density 1.28 g/em”; 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 Medified Zeolite (Baker Corp.); $1.36/1b

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

Sphagnum Peat Moss Purchased from nursery in Elizabethtown, PA

Site Sand Fine textured silica sand
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