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Basic WinSLAMM Program
Structure
Runoff Volume Generation

Generate Runoff from the Source Areas

Sum the Source Area Runoff for each Land Use
Route Runoff from the Land Use Areas Through the

Drainage System

— Curb and Gutter

— Undeveloped Roadside

— Grass Swales

Route the Runoff from the Drainage System to the
Outfall discharging to the Receiving Water




Project Strategy and Modeling

* In a typical project, WinSLAMM is used to quantify benefits for

different applications of many stormwater controls using long-term
continuous simulations. It is also used to examine capital and
maintenance costs, along with quantify the maintenance schedules
needed for the different alternatives. Decision analyses, considering

* WinSLAMM evaluates many stormwater controls
(affecting source areas, drainage systems, and
outfalls) together, for a long series of rains.

* WinSLAMM describes a drainage area in
sufficient detail for water quality investigations,
including disturbed urban soils and small and
intermediate rain processes.

* WinSLAMM also applies stochastic analysis
procedures to more accurately represent actual
uncertainty in model input parameters in order to
better predict the actual range of outfall conditions.

i
w Control Devices
Included in
WinSLAMM

Hydrodynamic Devices ¢ Catchbasin Cleaning

Development » QGrass Swales and Grass
Characteristics Filtering
Wet Detention Ponds

Porous Pavement

Biofiltration and Bioretention

Cisterns and Stormwater Use

Media Filtration/ion
exchange/sorption
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Street Cleaning

Stormwater Infiltration Controls
in Urban Areas

Bioretention areas
Rain gardens
Porous pavement
Grass swales
Infiltration basins
Infiltration trenches

Disconnections of paved
areas and roofs from the
drainage system

Also consider
evapotranspiration and
stormwater beneficial
uses

. «X®

Portland, OR, site having green roof,
porous pavement, and biofiltration
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Rain Garden Designed for Complete Infiltration of Roof Runoff
g ' Recent Bioretention

Retrofit Projects in
Commercial and
Residential Areas in
Madison, WI

Date: 10/11/2004

T AR 5 i s | . 8 TSS: 84 mg/L
Also incorporate ; S 1 gl I . _ ‘ University of Alabama
grass ﬁltebefore : e | 102 m/L. swale test site at
° Tuscaloosa Citv Hall




Porous paver blocks have been used in many locations to reduce runoff

! ¢ Basic Biofiltration Input Screen in
to combined systems, reducing overflow frequency and volumes

Biofiltration Control Device

r
(Sweden, Germany, and WI). e
Biofilter Number 1
. ) = o &
Not recommended in areas of heavy pevioiepeiie o o -
. Top Atea (sf) 180l Add Dutlet/ Discharge - - -
automobile use due to groundwater ol res 1) E
S Total Depth [ft] 2.0} ’[ ’[ ’[
> 1 1 1 - 1 1 - ~ = Typical Width [ft) [Cost est. only] soof|
contamination potential (provide little capture _ - e e || 2 g 5 g
f critical poll 1 7 d Y 2 r r r
of critical pollutants, plus some recommen o Foh ardten T) || e r r r
. P - c A | Irnfil. Rate Fraction-Sides (0-1] oso| o il i
use of heavy salt applications instead of sand | Rock Filed Depih 1] iom| o r r
. .. . = Rock Fil'Void Ratio (01) 0.40) L L
for ice control to minimize clogging). - Ensincered 5o Type CompostSand v | r r
s5s = —
= Engineered Soil Infiliation Riate 210 Edit Existing Dutlet r o
finvhr] = =
E 5ol Denth .00] Selected Outlets
s hi. o1 020 T Fracton of Runot from Outfall Feuted to Outfal Bicfksrs (3 1)
Biofilter Geometry Schematic
Inflon Hydiograph Peak ta
Average Flow Ratio 122 I»ann' «‘
[l Devit m Sice 0| Change Geomety | _ NV
Copy Biofiter Data Paste Biofter Data | e
Select Native Soil Infilration Rate ol elerton | TopoiEngnecedSal |
 Sand - Binrh " Chayloam - 01 in/hy . )
€ Loamy sand-25indhr " Sikty clay loam - 0.05 inthr Sk, L LT
© Sandyloam-1.0in/hr " Sandy cla - 0.05 inhr ﬂa;s:r”dﬂm
¢ Loam-05inhr ¢ Sity olay - 0.04 in/h Generation to Top of Rock Fil
St gam - 0.3 infhw ¢ Clhy-002inhe ™ Bocount for 00z
 Sandy sk loam-02invtr ¢ RainBarel/Cistem - 0.00in/hr | Infiliation Rate 1.00° ==
Uncatainty | o
Select Particle C:\Program Files\WinSLAMMAME DIUM.CFZ 1
Size File Refresh Schemalic Delete Cancel Continue
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Current Kansas City Project using Green Interacti S Tt T s T L
Infrastructure to reduce CSOs AT ALY QA (OIS RIS L e i
¢ Conventional CSO evaluations were conducted ks , Kansas Clty

using XP_ SWMM in order to identify the design T ) e
storm for the demonstration area that will comply : The 8 x 20 ft. curb-cut biofilters are modeled as a

with the discharge permits. el cascading swale system where the site runoff is filtered
and allowed to infiltrate. If the runoff volume, or inflow

XP_SWMM was also used by KCMO Water g ] . ) - g

Sermvroes Deprmien. Qoo Comil Pregmm, o : rate, is greater than the capacity of the biofilters, the

examine different biofiltration and porous pavement excessive water is discharged into the combined sewer.

locations and storage options in the test watershed.
= ~ When evaluated together, cisterns capture the roof runoff
ain Garden 7 Ty v N )
first, but the excess water is discharged to the curb-cut
biofilters for infiltration. Continuous simulations drain the
devices between events, depending on the interevent
conditions and water demand.




Single Event Analysis of 1.4 inch Design Storm “D”

storage volume to runoff volume

%5 1 storage volume to runoff volume 25
‘0= ratio = 0.32
5 . ratio=0.09
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Red = surface dischargg

1o Green = underdrain 1o

5 Purple = infiltration 5
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% 1 storage volume to runoff volume * 7 storage volume to runoff volume
50 . ratio = 0.69 5 . ratio=1.37
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Single Event (Design Storm) WinSLAMM

Evaluations (1.4 inch storm “D”)

0.15 80
60

0.1
40
0.05 20
0 0

1.4 inch storm D volume
reduction (%) vs.
storage volume to runoff
volume ratio

1.4 inch storm D peak
discharge rate (cfs/acre) vs.
storage volume to runoff
volume ratio

Long-Term Continuous WinSLAMM
Simulations (28 years)

45,000
40,000 400
35,000 350
30,000 300
25,000 250
20,000 200
15,000 150
10,000 100
5,000 50

0

Total runoff (ft>/acre/year) vs.
% of area as biofiltration
devices

20

Annual total particulate solids
yield (Ibs/ac/year) vs. % of
area as biofiltration devices



Long-Term Continuous Simulations of Flow Durations . oo ]
% Years to clog as a function of biofilter size
Durations of flows (% of time) for
% different numbers of simple curb-

cut biofilters.

20
The use of 600 biofilters is likely

to reduce the flow rates that occur
about 0.1% of the annual hours
o 0 units (about 9 hours per year) to about
0 200 units 2/3 of the value if un-controlled,
10 4 and to less than half of the flow
v 600 units  rate for events occurring about e=myears to 10 kg/m2 total load
. 1% of the annual hours (about 90
5 v 1500 units hours per year).

Flow Rate (CFS)
o
Years|to clog

e=myears to 25 kg/m2 total load

o ! 0 10.00 100.00
v

0 . 0—eo

0.01 o1 1 1o Percentage of area as biofilter

Discharge greater than indicated percentage of time

Discharge greater than % of time vs Flow w/o controls (CFS)
Discharge greater than % of time vs Flow with 200 units (CFS)
Discharge greater than % of time vs Flor rate with 600 units (CFS)
Discharge greater than % of time vs Flow with 1500 units (CFS)

<<408@
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Current Evaluations of Amendment
Materials and Filtration Media that can be

Probability Plot of Influent 0.45~3 um, GAC 0.45~3 pm 0.45~3 um Particulate Solids Concentration Plot for GAC
Norma - 95% CI and Influent
p=0.014

o SO N AD P
9850 7202 7 0484 0350

used for Treatment before Infiltration

0.45~3 pm Selids (mg/L}

Chromium, Total
Influent
Nitrite+Nitrate
10 g Probability Plot of Influent 12~30 pm, GAC 12~30 pm 412~30 um Particulate Solids Concentration Plot for GAC al
Y Normal - $5% C1 nfivent
< p=0.009
o
” g =
_ £ ” S e 7 o o 5
5 S - 0615 03258 7 0273 058 ]
2 8 b E
E 5 8 o -}
< « 3
2 L— 3 H
I L g
5 - . g
7 )
2 0 10 20 30 40 Influent
Cumulative Volumetric Loading (m)
. | e Treatment media can be very effective for a wide
0 20 40 60 80 . .
Cumulative Volumetric Loading (m) range Of pal’t]CIG Y VA
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Biofilters: Peat

Removal of E. coli with Biofilters:
Influence of % Peat

aaaaa

o
&S

Soil samples

N

CFU (gam dry soil)”

KR I
S S S S

Bacteria Retention

in Biofiltration
Soil/Peat Media
Mixtures
* Need at least 30% peat

for most effective E. coli
reductions

» Bacteria captured in top

several inches of soil

*Continued tests to
evaluate other organic
amendments and longer
testing periods

The water tank cisterns modeled were about 10 ft in
diameter and 10 ft tall. The expected per household water
use (gallons/day) from cisterns for toilet flushing and

outside irrigation (ET deficit only) for the KC study area is:

January 113
February 243
March 126
April 175
\VEW, )

June

July 428
August 479
September

October

November

December

Percentage annual runoff reduction

Cistern Calculations in WinSLAMM

WinSLAMM conducts a continuous water mass
balance for every storm in the study period.

For the water tank cisterns, the model fills the tanks
during rains (up to the maximum amount of runoff
from the roofs, or to the maximum available volume of

Between rains, the tank is drained according to the
current water demands. If the tank is almost full from a
recent rain (and not enough time was available to drain
the tank), excess water from the event would be
discharged to down-gradient controls or to the drainage
system after the tank fills.

Number of water tanks and annual flow

volume reductions

Percentage reduction of annual flows wit!

10 ft diameter by 10 ft tall cisterns (numbers
per acre) for household toilet flushing an
outside irrigation (roof runoff only).

The maximum control that is expected is about 13% (at
bout 3 cisterns per acre), as that is the fraction of the
annual flow that is expected to originate from the roofs.
his corresponds to about a single water tank 10 ft in

diameter and 5 ft tall per houseo More tanks will not

‘@ 1 ols” are 1 raAvV
na a DA a 0DVIO way too Sma

Number of 5900 gal water tanks per acre



Simultaneous use of cisterns and biofilters in a 100

acre site (% annual flow discharge reductions)

H60-70
50-60
m40-50
u30-40
m20-30
=10-20
0-10

“T>-1500 biofilters
~ 1000 biofilters
< 500 biofilters
~ 100 biofilters

~ 0 biofilters

Aerial Photo of

| Site under

Construction

| (Google Earth)

* On-site

8 bioretention swales
| * Level spreaders

* Large regional
swales
* Wet detention

| ponds

* Critical source
area controls

* Pollution
prevention (no Zn!)
* Buffers around
sinkholes

North Huntsville Industrial Park showing
conservation design elements

U0 I0AN 1S3IM

Runoff Volume (ft3)

Runoff Volume for Different Rain Depths

2500000
Conventional

2000000 —Developme

1500000 - 7
1000000 -

L = Mfonservat’ron- 2

Design
0 4 :
0 1 ) 3

Rain Depth (inches)
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Sediment Discharges for Different Rain Depths

35000
o 4
5 30000 1 Conventional
2 Development
o 25000 L
Q
2
e —— - -
Q
@
8 1500 +—
t
Q
£ 10000 ~ Conservation
@ .
@ 5000 _ Design_

Rain Depth (inches)
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The economic analyses in WinSLAMM can be used
to automatically calculate the capital, maintenance
and operation, and financing costs for the
stormwater control programs being examined.

This information can be used with the model batch
processor to develop cost-benefit curves for the

different control options.

Besides the unit cost rates that are already available,
it is possible to enter more specific local cost data,
based on site costs.

WinSLAMM Economic Analyses

3 Control Practice Cost Data

[ Steet Cleaning | Teb9 T Tab10 It Tab 11
[ Upflow Fiter | HdodnamicDevice | Porous Pavement | Grass Swales
SunmayDala | DetentionPond | Bigfiter Catchbasin .
FE—— —— Many different US
Costs in Thousands of Dallrs ‘ ‘ | ‘ e 1
e [ | e [ et Tiem Unt [$0mk | Guan | Cost = -
Vot | Cepital | Capia| Captal| 22 CuFi 3 [ CItles current y
01000 ¢ch | Cost | Cost | Cost | -°° . l d d .
300 130 270 410 1.30] m 1mn
400 140 280 430 13 clude
500 150 30 480 13 .
B0 ms wo 5o 1h economic model
00 180 70 50 159
00 195 410 800 160
00 20 440 80 17
00s, 20 40 700 1.60) Construction Cost Index by City
2000 40 80 150 260
3000 620 1200 1750 360
4000 840 1500 2300 440
5000 020 2000 250 520 LF s Linear Feet C7: Cubic Yards
B000 130 2300 3300] 610 SV Sauare Yards Ls : Lump Sum
7000 10 2600 B0 60
00,0 1520 290 4300 750 ®
5000 1700 200 4800 610 3
o000 1850 w00 5200 900 4
2005 Costs - Bimingham, AL Assunpions S
UNITS: § per 1000 cubic fect — =
B
3
S

Basic WinSLAMM economic
analyses input screen

Decision Analysis

With so much data available, and so many
options that can be analyzed, how does one
select the “best” stormwater control
program?

The least costly that meets the objective?



A multi-attribute decision analysis procedure can be used to examine
many conflicting objectives. One example is by Keeney and Raiffa
(Decision Analysis with Multiple Conflicting Objectives). This method

Possible, if only have one numeric standard:

uses utility curves to describe the benefits of varying levels of control and

c
:g 0.7 T T T T T T T T T ‘ e o SR o o g
0 o . tradeoff coefficients that compare the different objectives. The first step is
> If 80% SS reduction goal, . - . ]
T 06 CB & street cleaning - to determine the outcomes for several alternative stormwater control
bt d the least costly would be N . . - )
. . d .
programs using the WinSLAMM batch processor:
9 05| wet detention. In this _ —
o . = File Selection for DAT Set Model Run
> ) ) example, grass swales Run List
0 ' cctCthSIn Cleaﬂlng ’ 3 ’ 29 _dat Files Listed in Current Directory SLU Type 8 _dat Files Selected for Model Run SLU Type
0.4 | street cleaning, and - i s b condiors o S A Dot [t e ST
Rl ’ . ? Hurts indus & pond and swale.dat il Hame | Hunts ndus & pond basicdat
R catchbasins cannot reach Bt e v an e B e p v 0
[=4 0.3 + : 0 - e s ot ond ol ot A | e ol and s ot
] . this level of control. If 40% all s ns s snlond el cndse it n s fans e & sl an e o st e
2 ‘ o ke e e o B aso e
2 92 SS reduction goal, then controls bnshant e e
L . e i s C porand skt NatoSUF  Ronlal
n [
o grass swales wins. i o e ot o sl N2t F
c - wet | e b ool nd i bt st et DT Fie
35 0.1 ® Hurts indus C small pond and swale. dat Mot 3SLU F Hatch)
o) grass roof disc. & detention Hurts indus C smal pond it bioret and swele.dat | [NotaSLUF vl Chenges
o swales grass swales Current Directory: C:\PROGRA™1\WinSLAMM\Huntsville Files\
N O O | 1 i 1 1 l=. 1 L |
> .

O 10 2 0 3 O 4 0 5 0 60 70 80 90 1 O O Select Directory View Ouiput File ‘ Fun Files in Aun List ‘ o F“K“E s Base Condifiory

Maximum percentage suspended solids reduction

[~ Include Cost Estimates |
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Example ranges of attributes, and trade-offs:

This is an example WinSLAMM batch processor output, showing
many features (including costs, performance, habitat effects, etc.)

f ioht alt i Attribute Range of attribute value Trade-offs
. © 0 N .
or eight alternative programs: for acceptable options between
. .dat Set Run Output remaining
Print  Exit .
attributes
File Mumber File Name Catchment N\ﬂ?ir\:f Runoff Biological al ¢ 1 cos Ivear 10 2 3.364 o)
el | oo olams o) Coredion al annual cost ($/year) $40,217 to 83,364 0.20
Hunts indus B base conditions 512 0334 4513738 Poor Land needs (acres) 2.3to 4.5 acres 0.08
Hurts indus B pond basic B1.2 0.994 4461735 Poor
Hunks indus B pond swale and site bioret 61.2 0.994 145318.4 Good 7
Hunks indus B pond swale B2 0934 521676.3. Good RV 006 to 029
Hunks indus B site: bioret B2 0934 1615308, Good 4, ~ye ~ ,
Hurits indus B small pond swale and sit bioret B2 0934 2142373 Good 9"0 of time ﬂOW >1 cfs 0.5 to 4 %
Hurks indus B smal pand swale A1.2 0.994 1037077 Good
Hunks indus B swale B1.2 0.994 1139064, Good 0/0 Of tllne ﬂO\N >10 CfS 0 to 0.05 0/0
Particulate solids yield 2,183 to 10,192 lbs/y
(Ibs/y)
Funcll i | Paticusle | Paiculte ubBasn | SubBasn g o Costoer cubio E;;&Ej’ = . c 7
volume | DatioUals | oy | Geids | SupBasih | SubBasn |\ U0 Tod |;SubBeen | ool Particulate Part. Phos S 5.5 to 25 lbs/y
Percert ollasTle Percert  Concentration Capital Cost | Land Cost | oo EnS® 0 lizeg 000 T1ESEN oume, Solids
o B | e [t Cast wabed  VaeCost  Feduced S0t 1bs/
o i) | Redo (Ibs/y)
NA& 2BE05 4 NA& 5929343 o 1] o o o NA& NA& _
329 3887 083 8641 1396634 T4B647 27300 4144 18102 226543 012 073 SU.]TI - 1 .
96 685 1681661 93345 1744833 454663 37133 26765 EG223 812828 0.0t 228
8002 9979435 96.51 1735772 187264 27300 5630 22843 284750 0.0t 082
B7.07 262707 816 2771368 279570 9833 20367 43615 543538 0.0t 1857
95.36 4533605 98.33 343733 397317 23543 24354 58125 724365 o0t 205
7752 1856217 9351 o8E77E3 105557 13850 704 13270 185368 0.00 049

7EA 93 6736 1313307 40637 0 1485 4747 59157 0.00 024 - Utility curves are also developed for each attribute
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Calculation of Factors for Each Option (utility for modeled
outcome times tradeoff); Sum of Factors, and Overall Rank

Stormwater Rv Ry factor Mod
Control utility flow
Option
Tradeoff .3 0.05
Value

Option 1
Pond

Option 5
Pond and reg.
swale

Option 6
Pond, reg.
swale and
biofilter

Option 7
Small pond
and reg.
swale

Option 8
Small pond,
ale

utility

Mod

flow

factor

0.0125

0.0375

High
flow

utility

0.18

0.75

1.0

High
flow
factor

Sum of
factors

0.2225

0.7455

0.8540

0.9290

Over-
all
Rank
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Combinations of Controls Needed to Meet Many

Stormwater Management Objectives

Smallest storms should be
captured on-site for use, or
infiltrated

Design controls to treat
runoff that cannot be
infiltrated on site

Provide controls to reduce
energy of large events that
would otherwise affect
habitat

Provide conventional flood
and drainage controls

Percent Associated with Rain, or Less

Miami, FL. Rain & Runoff Distributions ('87-'92)

100

Accumiative
Rain
Count

3

Accumiative
Commercial
Runoff

Quantity

20 4

; 7 . ]
0.01 0.1 1 10
Rain (inches) Pitt, et al. (2000)




