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1. Background & History

o Development of
WinSLAMM Began in
mid-1970’s
» Early EPA street cleaning

projects

+ San Jose and Coyote
Creek (CA)

Primary Purpose:

* Identify Sources of Urban
Stormwater Pollutants

» Evaluate Effectiveness of
Control Practices

Outline of Presentation

Background and history of WinSLAMM

Stormwater control practices that can be
evaluated in WinSLAMM

Unique aspects of WinSLAMM
Selected basic analyses

Example evaluations of emerging
stormwater designs and controls

Background & History (cont.)

— Mid-1980’s - Model used in Agency Programs:

» Toronto Area Watershed Management Strategy

» Wis. Dept. of Natural Resources: Priority Watershed Program
— First Windows Version Developed in 1995

— Continuously being updated based on user needs and new research
(such as from Stormwater Management Authority of Jefferson County,
AL, the TVA, Economic Development group, Contech Stormwater
Solutions, Hydrolnternational, WI DOT, WI DNR, US EPA, USGS,
etc.) )
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Grass Filter Strips Input Screen

Filter Strip Control Device

Land Use: Institutional 1 Total Area: 2.000 acres
_| Source Area: Paved Parking 1 Filter Strip No. 1

First Source Area Control Practice

Device Properties
Tolal Area in Source Area (ac)

[Area Fraction Served by Fier Stips (0-1)
Totl Fier Stiip Lenglh (i)

Effestive Widh 1)

Infilrstion Riate fin/hi)

Tupical Langitudinal Slope (0-1)
Typical Grass Height (in]

Grass Retardance Factor

Use Stochastic Analpsis to account for
Infiltration Rate Uncartainty

Mative Soil Infiltration Rate COY

Select Particle Size File
C:4Program FilesYwinS LAMMANURP CFZ

Select Native Sail Infiltration Rate

 Sand - 8inthr " Clayloam - 0.1 inh
 Loampsand- 25infhe ¢ Sity clay loam - 0.05 infhr

© Sardyloam- 100/ ¢ Sandy clay - D05 invhr
 Loam- 0.5in/hr € Sy clay - 0.04 invhr

" Siltloam - 0.3 inhr " Clap-0.02 inthr

¢ Sandy sitloam - 0.2 inhr ¢ Rain Barrel/Cistern - 0.00 infhr

Copy Fiter Stip Data | Paste FillerStip Data |

Delete ‘ Cancel ‘ gnminue|

3. Unique Aspects of WinSLAMM

» Based on field measurements and
calibrations of rainfall-runoff processes,
particulate transport, source area pollutant
characteristics, control practice performance,
etc.

Urban processes are unique and urban
stormwater models must consider these
aspects (stormwater receiving water effects,
hydrology of pavements,
disturbed/compacted urban soils, pollutant
sources, etc.)

Qutfall Contral Add Dutlet

Total Area: 104.8 acres

Pond Number 1

iSeliect| Particle Size Disuibution File:

CAPROGRAM
FILESW/INSLAMMSMEDIUM CFZ

Initial Stage Elevation (ft) 3

alisialte o Yalta fialia jte)

Peak to Average Flow Ratio | 3.80

i o,
P Edit Existing Outiet A
|

Selected Outlets [Max. 5)

Double Click to Edit or Delete
Save this Pond as a
WinDETPOND File
Continue Delete Pond

P Hurber 1
Curuative
.
Flow Ouilal Stage (]| (ycreq) | Vohume
(o]
Stage 1) 500 | o | oo

1.00 0.075 0038
200 0125 0138
3.00 0.260 0325
4.00 0.375 0638
5.00 0500 1.078
E.00 0.760 1.700
7.00 1.000 2575
8.00 1.250 3700
4.00 1.600 6075

Modify Pond Row 1 |l
M
Insettarombetore | m
0w number: -

Delete tow number | Dejete Row
Recaleulate Cumulative YWolume
Cancel m Use Shift plus the amou keys to

move thiough the gid
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<0.5”: 65% of rains Probability distribution of
(10% of runoff). Smallest Birmingham, AL, rains (by count)

storms should be captured and runoff (by depth).
on-site for reuse, or infiltrated.

Birmingham, AL Rain & Runoff Distributions ('81-'89)
0.5 to 3”: 30% of rains

(75% of runoff). Infiltrate all 100 .
you can, but also provide RCcumiafi /
controls to treat runoff that Gount
cannot be infiltrated on site. _.? %]

c
3 to 8”: 4% of rains 2 el
(13% of runoff) . Provide 5
controls to reduce energy of 3
large events that would 3 40
otherwise affect habitat. 2

§ 20 ] Accumlative
>8”: <0.1% of rains & Runoff
(2% of runoff). Provide Quantty)
conventional flood and 0 et ; ey
drainage controls. 0.01 0.1 057 1 37 810

Rain (inches
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Less Runoff from Urban Streets during
Small and Intermediate Rains than
Typjeally Assumed

Disturbed Urban Soils have Unique Infiltration
Rates that are Greatly Affected by Compaction

Runoff (mm)
Infiltration Rate (in/hr)

Infiltration Rates in Disturbed

Infiltration Rates in Disturbed
Sandy Urban Soils

Clayey Urban Soils
Pitt, et al. 1999

Raln (mn)

Pitt 1987

Classical Saw-tooth Pattern of Particulate Loading on
Urban Streets Affected by Street Cleaning and Rains

However, very little of the particulates are actually
removed during rains (more for smaller particulates

LOADING PARTICLE
(Ib/curb-mile) SIZE (W)
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Basic Program Operation
WinSLAMM Calculation Process

Calculate Runoff Volumes
and Particulate Loadings Apply Appropriate
for all Source Areas Drainage System
Treatment Practices

Apply Appropriate l
Source Area Treatment

Route Totals to
the Outfall

Sum Resulting 1

Source Area Apply Appropriate
Outputs Outfall Treatment
Practices

Practices

Route Totals to the
Drainage System

4. Selected Basic WinSLAMM Model
Evaluations
Sources of stormwater runoff and pollutants

Flow rate-duration distributions for alternative
development practices and controls

Detailed evaluations of controls for regulatory

compliance

Identification of critical sources areas and
outfalls for targeted controls

Cost analyses

Batch processing and decision analyses to
compare alternatives

Calculated Results Verified by Field Observations
Total Runo

Observed vs. Predicted Runoff at Madison Maintenance Yard
Outfall

Predicted R ff (in)

\
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0 0
Observed vs. Predicted Runoff at Monroe Outfall fotel Qunats fial
Observed vs. Predicted TSS at Maintenance Yard Outfall
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Determination of Runoff and Pollutant Sources (typical
medium density residential area shown for runoff sources)

Relative Contribution (%)

Pitched roofs, directly connected

0.01 0.05 0.1 0.25 0.5 0.75 1 1.5 2 2.5 3 4

Rain (inches)
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




Example large-scale analysis to identify
critical areas .

Runoff Flow Rate-Duration Analyses for
Alternatives

Flow Duration Curves

Flow Duration Curve for Current Model Run

Flow Duration Curves are Ranked in Order of Peak Flows
120 0w w w w @ W w @
Top Set: Percent Greater Than a Discharge Rate
No Controls
Swales
100 Flow Duration Curve for Current Model Run Without Controls
100y
P 10
- g |
° F
o £ ou
2 g |
i Middle Set E
2 ond |
Pond and Swales
0 0 x ) w0 EY &
Porcent Groater Than a Discharge Rato
Bottom Set:
Biorentention
201 Swales and Bioretention .
Pond and Bioretention
Pond, Swales and Bioretention P01yg0ns Of Comblned
o 5,0
- X - Conditions

% Greater than Discharge Rate
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Life-Cycle Cost Analyses

03 Control Practice Cost Data

Racine GIS
Example

[ Steel Cleaning | Tah [ Tab 10 it Tah 11
[ Uplow Fiter | HydodmamicDevice | PorousPavement | Grass Swiles
Summary Data T Detention Pond: T Bicfilter T Catchbasin

@ Use Pre-Determined Costs ¢ Use User Defined Costs
Costs in Thousands of Dollars

e | Low | Med | High | o0 ltem [ Unit [$/nit ][ Guan_ |

Volume (| Capital | Capital | Capital Cost CutdFil Cr

(1000¢cf] || Cost | Cost | Cost
30.0 1300 270 410 130
400 140 290 430 1.3
so0 150 3.0 480 1.38
6o.0 165 340 510 145
700 180 370 550 182
ann 195 4.0 600 160
s0.0 210 440 B30 170
1on.n 230 470 700 180
200.0 4.0 830 1250 260
3000 620 1200 1750 360
4000 240 1B80.0 2300 440
500.0 1020 2000 2850 5.20 LF : Linear Feet Cv': Cubic Yards
S o g e S : Square Yards LS : Lump Sum
7onn 1360 2600 3850 690
800.0 1520 2950 4300 750
900.0 1700 3200 4800 810
10000 1850 3400 5200 900

2005 Costs - Birmingharm, AL Azsumptions

UNITS: 4§ per 1000 cubic fest

To identify
“Critical”
Subbasins

Lo RN EN KN KN ER BN KN ENE

|




WinSLAMM can calculate life-cycle costs and compare different
control programs to obtain unit removal costs with the batch
processor:

File Name Runoff Partic. Sub Sub Sub Sub Sub % Cost per

Volume  Solids Basin Basin Basin Basin Basin Part.

Ib

(cf) Yield Capital Land Maint. Total Total Solids Sediment
(Ibs) Cost Cost Cost Annual Present Reduc. Reduced

[of 15 Value
Cost

Cost 5246545 0]
Example -

Base Case

No Controls

Cost 3136146 119109 18658 232515
Example - G

Cost 4425257 681686 58122 724332
Example - P

20 percent

Cost 3193328 1704215 145306 1810829
Example - P

50 percent

Batch Processor used for Combinations of Controls for

Decision Analyses that Consider Many Attributes
Stormwater Treatment LULUEIRIE] Annual Total Land Runoff Part.
Option SW Treat. Addit. Annual Needs Volume Solids

Cost Drain. Cost for SW (cflyr) Yield
($lyr) System ($lyr) mgt ()
Cost (acres)
($lyr)
Base, No Controls 64,230 64,230 0 5,600,000 71,375

Option 1 64,230 83,364 45 5,507,000 10,192
Pond

Option 2 26,850 30,008 2,926,000 32,231
Reg. Swale

Option 3 37,380 69,710 2,705,000 68,890
Site Biofilter

Option 4 64,230 74,439 y 5,557,000 19,552
Small pond

Option 5 26,850 49,142 . 2,844,000 4,133
Pond and reg. swale

Option 6 54,622 o 1,203,000 2,183
Pond, swale, biofilter

Option 7 40,217 y 2,887,000 6,937
Small pond and swale

Option 8 45,698 . 1,253,000 4,125

Small pond, swale and
hiofilter

Reduc
in 8§
Yield

(%)

These life-cycle costs can be easily plotted to identify the most

cost-effective control options:

0 10 20 30 40 50 60 70 80 90

Maximum percentage suspended solids reduction

<

:g 07 T T T T T T T T T

é 0.6 L B & strest cloari If 80% SS reduction goal, |
p : . ? the least costly would be

2 o5t wet detention. In this N
—9, @ catchbasin cleaning example‘ gl'.aSS SWaleS,

o 0.4 street cleaning, and -
3 catchbasins cannot reach

g 031 this level of control. If 40%  , |
2 oalk SS reduction goal, then cortrole|
o ’ grass swales wins.

TCJ 0.1 ® wet —
§ ’ sgv:zls:s r(:_;ort:::s:;v:;e: detention
; OO 1 1 ] 1 ! I=I H 1 1

100
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Additional Batch Processor Data (cont.)

Stormwater Treatment  Part. Phos Volum. % of time % of SS Part. P
Option Yield Runoff flow >1 time conc. conc.
(Ibs/yr) Coeff. (Rv) cfs flow>10 (mg/L) (mg/L)
(est. bio. cfs
cond.)
Base, No Controls 0.29 (poor) d (0¢)

Option 1 0.29 (poor) 0.05
Pond

Option 2 0.15 (fair) 0.1
Reg. Swale

Option 3 0.14 (fair) 0.2
Site Biofilter

Option 4 0.29 (poor)

Small pond

Option 5 0.15 (fair)

Pond and reg. swale

Option 6 ! 0.06 (good)

Pond, swale, biofilter

Option 7 0.15 (fair)

Small pond and swale

Option 8 0.07 (good)

Small pond, swale and
biofilter




Event-averated infiltraton rate

5. Example Evaluations of New
Stormwater Controls

Example of “green infrastructure” controls
in a combined sewer area (modeling of
roof runoff control alternatives) in areas

having marginal soils

Example of storage-treatment balancing
for stormwater media filters

Varying-duration Site
Infiltration Rates

100

(in/hr)

Event duration (minutes)

This plot shows the
time-averaged
infiltration rates based
on the individual
incremental values. The
surface infiltration rates
are less than 1 in/hr for
rains about 2 hrs long
and longer. Additional
site measurements and
deep soil profiles have
indicated that
infiltration rates are
quite low for most of
the area.

Continuous Simulations using Kansas City 1972 to 1999 Rain

Series to Evaluate Roof Runoff

Rainfall Parameter File
File:

Controls in Combined Sewer Area

Rain File Name: ‘E \PROGRAM FILESWWINSLAMMARAIN FILES\MO KANSAS CITY INTL AP 7239.RaN

Raintall Dspth (in)

o % 2 4
o 1000 2000 3000 4000

Rain | Julisn Starting|Startin
Movember - (ftarz x| |, el e Saa St
1 2 |5 |4 |s 1 000 1140472
B |7 J8 9 ot 12 2
13 |14 [15 16 |17 [18 18 3
20 |21 [22 |23 |24 [25 |26 4
27 |26 |20 |30 5 15.04 | 1111672

3

7

8

]

__ RodawGraph |
StatDate [ 1i/m/72 10 M8 125m2
EndDate [ Tzriems | 11 /23 120972

5000 5000 7000 000 3000 10000
Time (days)
Stating | Endng | Endng | Ranfal | Duration Intersity | Interevent | =
Tine  Date  Time Depthfn) (sl | (inh)  Time (days)
0000 11/01/72 1700 072 1700 004 458 |
529 11/0B72 0700 11/06/72 1800 051 1100 005 275
850 11/09/72 1200 114072 01:00 060 1300 005 263
67 1TAZ72 1800 114372 1900 072 200 003 225
0:00 111672 0900 014 B0 002 246
1763 1TASAZ 2000 114972 0400 o 800 0o 546
2363 /2472 1500 11/2572 0400 020 1300 002 304
3|2 120472 0500 12/04/72 10:00 002 500 000 07
317 120572 0400 12/05/72  0B:0D 002 200 0o 058
20:00 12/05/72  21:00 00z 100 062 342
0700 12/09/72 1300 025 B0 004 1%
1 nEn | tami FEVAET: o i Ao o T

30

Basic Rain Garden Input Screen in WinSLAMM

Land Use: Residential Source Areas from Land Use that Contribute Runolf to Biofiltration Contral Devicefs)
Biofilter Number 1 = BTt = =
v Rooftop
Device Propetties _ Add Dullel? Discharge ; Rooftop 2 I|: ; I ;
Top Area (5] 160 iivenays
Baottom e (1] a0 O I~ Diiveways 2 [~ Small Landscaped Area 1
Total Depth 1) 3| © O I~ Diiveways 3 [~ Small Landscaped Area 2
Typical width (1] (Cost est. oriy) aml| © [~ Paved Paking/Storage 1 [~ Sidewaks/aks 1 [~
Naiive Soi Infitration Frate (in/h) 0z00| © r I” Sidewalks/waks 2 [~
« r I Streetireal O
[rfil. R ate Fraction-Battom (01 1| © I In Ini
il Rete Fraction Sides (0-1) osof| r d
Fock Filled Depth (1) om|| © i Ini
Rock Fill Porosity (01) om|| I In
Engineered Sail Type LoamSol | d I
Engineered Soil Infilration Fate 1) Edit Ezisting Dutlet d r
(infhrl r r
Engineered Soil Depth (i) 20| Selected Dutlets
Frinested Sl Porasy (041] 020 1 Fiation of Runoff From Selected Source Areas Routed to Land Use Biofiters (0-1)
Biofilter Geometry Schematic
nflow Hydiogiaph Peak to a1
[exverage Flow Fatio '»auu‘ «I
Number of Devices in Saurce \ /
Javea or Land Uise 264 Change Geometry |
Copy Biofilter Data Paste Biofter Data |
Select Native Soil Infiltration Rate "~ TopofEngneeredSol
" Sand-Binhe  Clayloam - 01 infhe
© Loampsand-28 i Siby clay lnam - 0.05 indhe
 Sandyloam-1.0infhe ¢ Sandy clay - 0.05inhr b:fﬂ;‘;"d“'m
 Loan - 05inhr Sl clay - 0.04 invhe Goneraion to
" Sitloam - 0.3/ " Clay- D.0Zinhr Account far
" Sandysitloam-02inhi " Rain Barel/Cisten - 000 inhr | Infibration Rate
Uncettainty
Gelect Paticle. | | AProgam FiesWwinSLAMMANURP. CPZ
Size Fils { Rieiresh Schematic § Delete Cancel Continue
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Reductions in Annual Flow Quantity from Directly
Connected Roofs with the use of Rain Gardens Water Harvesting Potential of Roof Runoff
(Ka nsas CIty CSO StUdy Area) Evapotranspiration per Month Supplemental Irrigation Needs

-.lIIIIII-.lIIIIII-’--iI (typical turfgrass) per Month (typical turfgass)

Irrigation needs for the
landscaped areas surrounding

lll the homes were calculated by
-IlIIIII!'IIIIIIII-IIIIIIII subtracting long-term monthly
-IIII- |-IIIIIIII-IIIIIIII . rainfall from the regional

evapotranspiration demands for
] b / Jun Jul Aug Sep Oct Nov Dec
Percent of roof area as rain garden turf grass.
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_ Water Use Calculations in WinSLAMM
Household water use (gallons/day/house) from rain

barrels or water tanks for outside irrigation to meet ET WinSLAMM conducts a continuous water mass
requirements: balance for every storm in the study period.
January 42 July For rain barrels/tanks, the model fills the tanks during
February August rains (up to the maximum amount of runoff from the
March 55 September roofs, or to the maximum available volume of the
April October tank).
78 November |
e P Between rains, the tank is drained according to the
= water demand rate. If the tank is almost full from a
recent rain (and not enough time was available to use
all of the water in the tank), excess water from the
event would be discharged to the ground or rain
gardens after the tank fills.




0.125 ft of storage is needed for use of 75% of the total annual runoff from
these roofs for irrigation. With 945 ft2 roofs, the total storage is therefore 118
ft3, which would require 25 typical rain barrels, way too many! However, a
relatively small water tank (5 ft D and 6 ft H) can be used instead.

Reductions in Annual Flow Quantity from Directly
Connected Roofs with the use of Rain Barrels and
Water Tanks (Kansas City CSO Study Area)

100

rain
barrel/tank
storage per
house (ft3)

percentage
reduction
in annual
roof runoff

# of 35
gallon rain
barrels

tank height
size required
if 5 ft D (ft)

tank height
size required if
10 ft D (ft)

0 0 0 0 0
4.7 20 1 0.24 0.060

b
(=)
=
=
(=

P
(=
=]
1=

9.4 31 2 0.45 0.12
19 43 4 0.96 0.24
47 58 10 2.4 0.60

o
]
-
=
=
<

£
=

£

E=)
9
=

=
[
S
-]
&n
<

~—
=
]
(3]
S
)
A

Rain barrel/tank storage (ft3 per ft? of roof area) 118 75 25 6.0 1.5
470 98 100 24 6.0

38

Annual Runoff Reductions from Paved Areas or Roofs
for Different Sized Rain Gardens for Various Soils

Interaction Benefits of Rain Barrels and Rain Gardens in
the Kansas City CSO Study Area

Area Runoff (%)

0 +—

0 e el
0.035 S
0 025 o5

Reduction in annual roof runoff (%)

P
&
=
5]
=
)
5
2
w»
]
@
=)
=
<
2
=
=
2]
o
-
S
£

Reduction in Annual Impervious

# of rain gardens per house

Two 35 gal. rain barrels plus one 160 ft? rain garden per house can reduce

Rain Garden Size (% of drainage area
the total annual runoff quantity from directly connected roofs by about 90% e ° )




Clogging Potential for Different Sized Rain Clogging Potential for Different Sized Rain
Gardens Receiving Roof Runoff Gardens Receiving Paved Parking Area Runoff

WaYaYaYal

* years to 10 kg/m2

Years to Clogging

m years to 25 kg/m2 * years to 10 kg/m2

Years to Clogging

m years to 25 kg/m2

1
T

‘ ‘ 0.1 1 10 100
10
Rain Garden Size (% of roof area) Rain Garden Size (% of paved parking area)

Rain gardens should be at least 10% of the paved drainage area,
or receive significant pre-treatment (such as with long grass filters

Clogging not likely a problem with rain gardens from roofs or swales, or media filters) to prevent premature clogging.

Storage-Treatment Tradeoffs for I P, - ]
Stormwater Media Filters € typical approach to treat 'arge Tlows 1S
to use a large number of filter units.

The performance of a stormwater treatment filter is
dependent on the amount of the annual runoff that is treated
and by the level of treatment provided.

Most filters usually have a maximum treatment flow rate that
can be utilized per filter unit to obtain the stated treatment

level of the treated water.

The use of storage can moderate the high flows, decreasing
the amount of stormwater that is bypassed without
treatment.

The sizing of this adjacent storage needs to be done in
conjunction with a continuous model that can evaluate many

storage-treatment combinations.




The Multi-Chambered Treatment Train (MCTT) was developed
by Pitt (1999) for the EPA to provide pre-treatment of
stormwater from critical source areas before infiltration. In order

to handle a wide range of flows and to provide excellent
treatment, storage (provided in the main settling chamber)
before the filtration unit was considered a critical unit process.

Catchbasin Main Settling Chamber Filtering Chamber_
- Packed Column — sorbeni pillows — sorbent filter fabric,
aerators = fine bubble ceralors = mixed media filter loyer
— tube settlers (sand ond peat)

— filter fabric
= gravel packed
underdrain
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Knowledge of Site Hydrology is Critical in
the Design of Stormwater Treatment
Systems

Continuous simulations allow evaluations to consider
highly varying flow rates and antecedent conditions.

Critical flow characteristics vary for different regions
and for different development characteristics.

This example is for commercial paved areas,
common locations for stormwater filters.

A typical five year period used by the state of
Wisconsin for stormwater quality evaluations was
used in the evaluations.

Minocqua, WI, MCTT Installationr
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Five year plot of Madison, WI total rain
depths (1980 through 1985)

Rainfall D epth (in)

1000 1200 1400 1600 1800 2000
Time [days)

This period was selected by the WI DNR and the USGS to be
representative of typical long-term conditions, and not to contain
any unusually large rains. The largest rains in this period were
about three inches in depth. A treatment system designed to treat
100% of the resultant flows from these events may bypass some
limited flows every several years, depending on the frequency of
very large drainage-class storm events.



Flow Rate Distribution Calculations

WinSLAMM was used to calculate cumulative
flow rate distribution plots for all events in the
5-year study period. These flows were
calculated on 6-minute increments, then
exported to Excel, sorted and summed to
prepare the fraction of time associated with
any flow rate, or less.

Another plot was created showing how
adjacent storage and controlled releases
could reduce these flows.

Effects of Storage on Peak Flow Rates
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Annual Cumulative Flow Rate Distributions
(Madison, WI, 1980 through 1985 rains)
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Treatment Flow Rates and
Fraction of Total Flow Treated

* The 6-minute calculated flows were used to
determine treatment flow rate effects.

A number of treatment flow rates were
subtracted from all of the calculated site runoff
rate values. The excessive flows not treated for
each flow increment were then summed and
compared to the total flow quantity. These
excessive flow sums for each treatment flow rate
were then plotted to indicated how much of the
total period flow would be treated, if different
treatment flow rates were available.




Percentage of Annual Flows Treated for

Different Treatment Flow Rates (no storage)
100

Treatment Flow Rates and Fraction of
Total Flow Treated (cont.)
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» This was repeated using the adjusted 6-
minute flow rate distributions associated
with different storage volumes. These
results were also plotted to indicate the
benefits of storage and treatment flow
rates on the amount of the total flow
able to be treated.
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Percentage of Annual Flow Treated (5
year of Madison, WI rains)
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10 100 1000

Treatment Flow Rate (gpm per acre of impervious surface)

Effects of treatment flow rate and storage on percentage of
annual flow treated, 1980 through 1985 Madison, WI rains and
one acre commercial paved parking area

o
d * As an example, about 45 gpm per acre of
ﬁ’ impervious area can provide 90% treatment
of the total period flows, if about 1.1 inches of
storage was available.
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Storage-Treatment Examples

» The following examples examine several
treatment objectives and show how
interactions of storage and treatment can
be used to select the most cost-effective
combination.

Typical filter and storage costs are shown
on the following tables and are used in
conjunction with the previous performance
curves to determine the costs of the
different treatment and storage options.

Example Storage Volumes and Costs

Total Storage Number of Each  Total Cost for
Volume (ft3) Type of Storage Storage
Tank (200 ft3/1,000
ft3/6,000 ft3)

1/0/0
2/0/0
0/1/0
0/2/0
0/0/1
0/0/2

Example Filter Costs

Cost for Total Treatment Total Storage
Filters Flow Rate in Basic Unit

(gpm) (f3)
small vault and 3 filter $14,500 225 72
cartridges

plus another 3 filter $19,000 45
cartridges (total of 6)

large vault with 9 filter  $33,500
cartridges

plus another 3 filter $38,000
cartridges (total of 12)

plus another 3 filter $42,500
cartridges (total of 15)

Example Cost and Performance
Scenarios

» The following plots examine a series of different
combinations of storage and filtration capacity.
Each example uses a different set of conditions
that are able to meet the performance objectives.

For each option, a combination of filters and
storage volume was determined to meet the
performance objective. The costs for each of these
components are plotted separately for each
option, along with the total costs for both
components. The least cost option that can meet
the performance objective is then easily identified.




1) Goal is to treat 90% of the annual runoff 2) Goal is to treat the total annual runoff at
40, 60, or 80% SSC reduction levels in

$70,000 _
order to meet TMDL requirements.

$60,000

$50,000 > It is assumed that the filter unit can reduce the SSC at the
e < 85% level under all flow conditions considered. The treatment
B

.\ ~+=Cost for Filters flow options therefore vary for each level of control desired:

$40,000

“-Cost for Additional , ,
$30,000 Storags o Control Option Fraction of Total Annual Flow that

«=Total Costs Must be Treated, Assuming Constant
85% Reductions by the Filters

$10,000 /
) I——I/ 40% SSC Load 48%

1 2 3 4 5 Reductions

Design Option 60% SSC Load 71%
The most cost-effective solution is to use the basic filter only Reductions

option with 15 filter cartridges (total cost of $42,500) for the acre 80% SSC Load 95%
of impervious area, without any additional storage. Reductions

Total Cost

$20,000

Cost for Option Component and

Costs for different storage-treatment Costs for different storage-treatment
options for 40% SSC load reductions options for 60% SSC load reductions

$60,000 & $60.000

$50,000 .
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«B=Cost for Additional
Storage

«#=Total Costs

«@=Cost for Additional
Storage

=#=Total Costs

Total Cost

$20,000 $20,000

Cost for Option
Components and Total
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$10,000 $10,000

Cost for Option Components and
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Design Option Design Option
Only the smallest vault with two cartridges is needed. No Only the smallest vault with 5 filter cartridges is needed to provide
additional storage is needed. The expected cost is about the least cost option, with no additional storage. The expected
$13,000 per acre of impervious acre. total cost is about $19,000 per acre of impervious acre.




Costs for different storage-treatment ]
options for 80% SSC load reductions Conclusions

$80,000

$70.000 WInSLAMM considers specialized urban hydrology and

pollutant transport processes that consider the unique
$60,000 features of urban surfaces and soils.
$50,000

Components

1000 S These are especially critical when considering water
s “ost for Filters quality evaluations that are heavily influenced by

$30,000 S smaller and intermediate-sized runoff events.

$20,000 Storage

$10,000

$0

mon

and Total Cost

Field measurements are needed for calibration and
verification for all stormwater models, and are the basis
3 ) - for most of the processes included in WinSLAMM.

. . Design Option ) , WinSLAMM considers a wide range of historical and
An intermediate control option is slightly more cost-effective. This newly emerging stormwater control practices, and

option uses the large vault with 15 filter cartridges, plus the small routes flows, particulates, and pollutants considering

vault with 3 more cartridges, at about $62,000 per impervious interactions of these controls and site conditions.
acre.

Cost for Opt

Additional WinSLAMM
Information

» Supporting materials, documentation,
and ordering information ($300 for a site
license) available at:

« Upcoming training sessions through the
University of Wisconsin, Engineering
Professional Development (Madison,
WI, April 19 and 20, 2010; Baltimore,
MD, May 25 and 26, 2010).




