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Purpose of the Source Loading and
Management Model (SLAMM)

Developed to evaluate the benefits of
stormwater treatment practices for both
runoff quality and guantity in existing and
developing urban areas.




Model Applications

Model Can Be Applied on Multiple Levels —

o Large Scale, City-wide Analysis
o Single Land Use
o Single Source Areas

Land Use — Strip Commercial




Model Application
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Stormwater Control Practices Can Be
Applied on Multiple Levels —

e Source Area
o« Conveyance System
» End of Pipe

g

'Tnfiltration Basin — End of Pip

Grass Swale — Conveyance System







These concepts are incorporated

Into SLAMM
Soil Type
\ Runoff
anduse Area Volume
\
SLAMM —p-2N0

Rainfall —, Pollutant
/ |_oad
Development
Characteristics

Control Practices




Model Strengths

> Based upon actual field monitoring and
data

> Analyzes pollutants at the source area
level

> Considers many stormwater controls
together, for a long series of rains

> Input data relatively easy to acquire

> Predicts runoff volumes and pollutant
loads for long periods
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Calibrate SLAMM
with Source Area
Concentrations
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Source Area Sampler for

Streets, Parking
Driveways, and Roofs



Source Area Sampler
for Lawns
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For Urban Stormwater Quality,
WInNSLAMM bases it's analysis on
the concept of
Small Storm Hydrology




Milwaukee Rainfall and Runoff
Distributions
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Milwaukee Pollutant
Distribution
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Annual Runoff for Commercial
Using SLAMM and TR55

Type of Runoff |Runoff |Total Rain
Hydrology | for < 0.5 |for > 0.5 |Runoff, |Depth,
IN. Rain |In. Rain |inches Inches
TR55 3.01 14.77 17.99 28.81
SLAMM |4.48 14.81 19.29 28.81




0.9

0.8

0.7

Runoff coefficient
o O
N @)

O
w

0.1

=

0.0

SLAMM runoff coefficient file - .rsv

0.5

1.0

1.5

20 25 3.0
Rainfall (in)

A

3.5

7N

——e— Connected flat
roofs

—— Connected Pitched
Roofs

Directly connected
impervious areas
Directly connected
unpaved areas

—¥—Pervious areas - A
soils

—8— Pervious areas - B
soils

—— Pervious areas -
C/D soils

—— Smooth textured
streets

—— Intermediate
textured streets

—e—Rough textured
streets




Observed vs. Predicted Runoff at Madison Maintenance Yard
Outfall
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Observed vs. Predicted Runoff at Syene Outfall
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Observed vs. Predicted Runoff Superior Outfall
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Measured versus Modeled
Runoff, Inches

SITE Total Rain | Measured Modeled Difference,
Runoff Runoff %

Harper 217.9 7.3 5.3 -21%
Monroe 46.4 8.2 8.8 %
Canterbury | 14.5 5.4 5.9 10%
Marquette | 22.1 3.8 4.5 19%
Superior | 41.8 22.8 21.8 -4%
Syene 70.5 36.2 33.4 -8%
Badger 17.2 14.9 -4%




> Suspended Solids
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Type of Pollutants

Solids
Phosphorus
Lead

ZINe
Copper

>

DISSO
DISSO

DISSO

Dissolved
Phosphorus

VECQ
VECQ

VECQ

Lead
Zinc
Copper




TSS Concentrations Used In
SLAMM
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Observed vs. Predicted TSS at Maintenance Y ard Qutfall
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Predicted (Ibs/ac)

Observed vs. Predicted TSS at Syene Outfall
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0% Suspended Solids Load by
| anduse for 4 Subwatersheds

35%

2%

7%

5%

51%

[ Res.
OInd.

B Comm.
B Freeway
[1Open




% Suspended Solids Loads from
Source Areas In 4 Subwatersheds
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Residential Particulate P Values
Used in SLAMM - .ppd
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Observed vs. predicted total phosphorus
Monroe St. Outfall
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Observed vs. predicted total phosphorus Syene Outfall

30.00

25.00

)
O
o
S

15.00
10.00
5.00 -
L B 4
L 2
0.00 ‘

0.00 5.00 10.00 15.00 20.00 25.00 30.00
Observed (Ibs)

~—~
n
O
N
ke
)
e
2
o
)
—
s




These concepts are incorporated

Into SLAMM
Soil Type
\ Runoff
anduse Area Volume
\
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Development Characteristics for
Each Source Area

. SIreets

: > Length

> Pavement Texture
> Area

ROOTS

> Area

> % Connected
> Pitched or not
Paved Parking

> Area > Alleys
0
~ % Connected Small Landscape
Driveways
> Area ~ Area

> 9% Connected > Soll type




Impact of Traffic
Volume on
Street Runoff
Concentrations

soncentration (mg/L)




Model Limitations

> No snowmelt or baseflow conditions

> Does not consider in-stream pProcesses
(but links Into receiving water models)

> Has complete routing analyses only for
controls and components where
hydrograph effects are important

> Does not model construction site
erosion losses

> Not intended for design storm or

ruralranalysis T




These concepts are incorporated
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Treatment Practlces

> Hydrodynamic Devices »> Catchbasin Cleaning

> Wet Detention > Grass Swales

> Porous Pavement > Biofiltration/Infiltration
> Street Cleaning > Other Device
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Comparison of Measured and Modeled TSS
Reductions

Measured [SLAMM /
TSS Reductions | DETPOND

Estimates with
Measured PSD and
Rainfall
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Biofiltration/Infiltration Control Device

Biofiltration' ControlDevice

Land Use: Residential Total Area: b acres
Source Area: Roofs 1 Biofilter Humber 1

u n
Device Properties u I

Top Area [zf) utle . . . .
Bottom res ) swnansnl Bi0filtration Device(s)

Tatal Depth [ft)

Typical widih [f) [Cost est. anl] - physical characteristics.

Mative Sail Infitration Bate [indhr]

Infil. Rate Fraction-Bottom [0-1]
Infil. Rate Fraction-Sides [0-1]
Rock Filled Drepth [ft]

Rack Fill Vaid Ratio (0-1] The values will appear

Engineered Sail Type

Engineerad Sail Irfilration B ate | n th e d I ag ram b el OW .

[indhr]
Engineeraed Soil Depth [ft)
Engineeraed Soil Woid Ratio [0-1]

Percent zolids reduction due to
Engineered Soil (0 -100] Biofilter Geometry 5Schematic

[nflaws Hydrograph Peak: o
Avwerage Flow R atio

MNumber of Devices in Source
Area or Land Use Change Geometry

Copy Bicfilker Data Paste Biofilker D ata

Select Native Soil Infiltration Hate
Sand - 3 indhr " Clay loarm - 0.1 indhr
Loarmy zand - 2.5 indhr " Silty clay loar - 0.05 indhr
Sandy loam - 1.00nhe © Sandy clay - 0.05 inhr 1 = Handom
Loam - 0.5 in/kr " Silty clay - 0.04 indhr Bz o
Silt loam - 0.3 indhr (" Clay - 0.02 inhr Account for

Sandy silt laam - 0.2 indhe € Rain Barrel/Cistern - 0.00 indhr Infiltration R ate
I ncertainty

Selept F'e_.rtiu:le
Size File Refrezh Schematic Delete Cancel Continue




Biofiltration/Infiltration Control Device

Biofiltration' ControlDevice

Land Use: Residential Total Area: b acres
Source Area: Roofs 1 Biofilter Humber 1

Device Properties

Top Area [sf] | Add Outlet? Discharge
Battorn Area [=f)

Tatal Depth [ft)
Typical Width [ft) [Cost est. only)
Mative Sail Infitration Bate [indhr]

Infil. Rate Fraction-Bottom [0-1]
Infil. Rate Fraction-Sides [0-1]
Rock Filled Drepth [ft]

Rock Fill*foid Ratio [0-1]
Engineered Sail Type
Engineerad Sail Irfilration B ate
[indhr)

Engineeraed Soil Depth [ft)
Engineeraed Soil Woid Ratio [0-1]

Percent zolids reduction due to
Engineered Soil (0 -100] Biofilter Geometry 5Schematic
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Area or Land Use Change Geometry

Copy Bicfilker Data Paste Biofilker D ata

Select Native Soil Infiltration Hate

(" Sand - 8 indhr " Clay loarm - 0.1 indhr
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(" Sandy loarm - 1.0 inhr " Sandy clay - 0.05 indhr
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" Sandy zilt loam - 0.2 in/he ¢ Rain Barrel/Cistern - 0.00 indhr . Seep age Rate from the IISt Of default

SEIE;;LPF?|:;iC|E ‘ Val U eS




Biofiltration/Infiltration Control Device

Land Usze: Outfall
Biofilter Mumber 1

Device Properties

Top Area [=f) 500
Bottom Area [zf] 400
Tatal Depth [ft] 5.00
Typical \width [ft) [Cost est. only] 10.00
Mative Sall Infilration B ate [indhr) 0.0z

Add Outlet! Discharge

Infil. A ate Fraction-Battam [0-1] 1.00
Infil. A ate Fraction-Sides [0-1] 1.00
Rock Fillzd Depth [ft] 1.00
Rock Fill Yoid B atio [0-1] 0.30
Engineered Sail Type Fine Filter Sand - |
E_ngineered Sail Infiltration B ate 1.00
[indhr) :
Engineered Sail Depth [ft]) 3
Engineered Sail Woid Ratio [0-1) 0.30
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Biofiltration/Infiltration Control Device

Land Use: Outfall
Biofilter Number 1

Device Properties

— — Enter the outlet structure

5 Ao 51 400 Add Outlet! Discharge
ottom Area |3 1 1

Tors Depi information.
Typical Width [ft) [Cozst est. only) 10.00
M ative Soil [rfilration B ate [indhr) 0.0z

Infil. Rate Fraction-Bottorn [0-1) 1.00
Infil. Rate Fraction-Sides [0-1] 1.00
Fiock Filled Diepth (i) 1.00
Fock Fill Yoid Fatio [0-1] 0,30
Engineered Soil Type Fine Filker Sand |

Engineered Sail Infiltration B ate Edit Existing Outlet
fin/hr) 1.00

Enginesred Sail Depth (ft] 3 Selected Dutlets . B
Engiteered Sail Void R atio [0-1] 020 1 Fraction of Bunoff from Outfall Routed to Outfall Biofilkers [0 - 1]

0 I 200 B Rl B

Biofilter Geometry Schematic

Inflowy Hydrograph Peak ta

Average Flow Batio ) ’~1EI.EID' ~‘
Data describing the outlet N /

structures will also be o Top of Engneered S
reflected in the schematic.

" Sandyloam-1.0indhr " Sandy clay - 0.05 indhr Hzan;ndDm
" Loam - 0.8 inthr " Silty clay - 0.04 infhr Sereration o
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Biofiltration/Infiltration Control Device

Land Use: Outfall
Biofilter Number 1

Device Properties

Top Area [sf] SU0F Add Outlet? Discharge
Bottom Area [zf] 400

Total Depth [ft) 5.00
Typical Width [ft) [Cozst est. only) 10.00
M ative Soil [rfilration B ate [indhr) 0.0z

Infil. Rate Fraction-Bottorn [0-1) 1.00
Infil. Rate Fraction-Sides [0-1] 1.00
Fiock Filled Diepth (i) 1.00
Fock Fill Yoid Fatio [0-1] 0,30
Engineered Soil Type Fine Filker Sand |

Engineered Sail Infiltration B ate Edit Existing Outlet
fin/hr) 1.00

Enginesred Sail Depth (ft] 3 Selected Dutlets . —
Engiteered Sail Void R atio [0-1] 0.20 | 1 Fraction of Runoff from D1all Routed to Outfall Biofilkers [0- 1]
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Select Native Soil Infiltration Rate If the Biofiltration Device Is entered at the Land

Sand - 8 indhr (" Clay loarm - 0.7
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Sandy loam - 1.0 inhr (" Sandy clay - 0.0

LU ERIE highlighted that can be selected if they are
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Biofiltration/Infiltration Control Device

Biofiltration' ControlDevice

Land Use: Residential Total Area: b acres

Source Area: Roofs 1 Biofilter Humber 1

Device Properties

Top Area [sf) | Add Outlet? Discharge |
Battorn Area [=f)

Tatal Depth [ft)
Typical Width [ft) [Cost est. only) i
Mative Sail Infitration Bate [indhr]

Infil. Riate Fraction-Battom (0-1) In version 940, the model will
Infil. Rate Fraction-Sides [0-1]

Rock Filled Depth [f] route the hydrograph and

Rock Fill Vaoid B atio [0-1)

Ergieered 5ol Type particle size distribution from a

Engineerad Sail Irfilration B ate

L A
I M o
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] wet detention pond to a

Engineeraed Soil Depth [ft)

Enginesred Soi Yoid Ratio 0-1) biofilter. This routing can Only

Percent zolids reduction due to
Engineered Soil (0 -100]

[nflaws Hydrograph Peak: o

. be done at the Outfall in
ﬁ?:nrsz.?;l;t\:‘ifinﬁuume VerSIOn 9.4.0.

Area or Land Use

Copy Bicfilker Data Pazte Biofiter D ata | Sel eCt & RO ute Th ro u g h Wet
Selg‘;:r:dhf;til:;rﬁml Inhltratl;n S;Itlf;am P, Deten tl O n PO n d FI rStn

Loarmy zand - 2.5 indhr " Silty clay loar - 0.05 indhr
Sandyloam - 1.0/ " Sandy clay - 0.05 infhr 1 = Handom
Loar - 0.5 infhr 7 Sily clay - 0.04 inthr Bem=maliem io
Silt laarm - 0.3 indhr (" Clay - 0.02 inhr Account for

Sandy silt laam - 0.2 indhe € Rain Barrel/Cistern - 0.00 indhr Infiltration R ate
I ncertainty

Selept F'e_.rtiu:le
Size File Refrezh Schematic Delete Cancel Continue
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Upcoming Features
Sneak Peak

> Evapotranspiration
> Cisterns

> Fllter Strips
> Green Roofs
> Version 10

Edgewood College Bioretention S(ﬁems”-\ Evapotranspiration



Evapotranspiration

> Added as outlet for Biofiltration/Infiltration
Devices

> Currently undergoing testing through the
USGS, WDNR, and City of Madison

> Will be available in
version 9.4.1 or 10.0




Cisterns

Cistern Control Device

Land Use: Institutional Total Area: 3 acres
Source Area: Paved Parking/Storage 3 Ciztern Humber = 1

Device Properties Water Use Rate

i Depth [ft]
. Filled Drepth [ft)
< Fill Porosity [0-1]




Grass Fllter Strips

Filter Strip Control Device

Land Usze: Commercial
Source Area: Roofz 3

Device Properties

Select Hative Saoil Inhitration R ate
" Sand { " Clay loam - 0.1 in/hr

3

Rain Barr ern - 0,00 indhr

Ledgebrook Lane in Southbury, CT

Copy Filter Stip D ata Paste Filter Strip Data —_—

Delete | Cancel | Continue |




Green Roofs

Green Roof Control Device

Land Use: Residential Total Area: 4 acres Green Roof Geometry Schematic
Source Area: Roofs B Green Roof Number 1

Device Properties

- Edit Existing Outlet

Selected Outlets

Change Geometry

o 5 . I =g

X

School of Art, Design and Media at RN %. o
The Calhoun-Schedl, New

Nanyang Technological University, Singapore

ork, NY



Version 10

==

% WinSLAMM - [Land Use Model]
B3 File Pollutants Tools Run  Utlities Help

R T oo 10 ik | — | —| G| —| &|W/( B[ HIIE O k| @ D[+ ™

Source 4|
Area

Area | Control

Source Area [acres] |Practice

Parameters

Roofs

12.300

Floofs 1

Roofs 2

12.300

Entered

Floofs 3

Roofs 4

Roofs B

Ruoofs B

Ruoofs 7

Foofs 8

Roofs 3

Foofz 10

Roofs 11

Roofs 12

A A A A A A A A A Ao

Parking

Paved Parking 1

Paved Parking 2

Paved Parking 3

Entered

Paved Parking 4

Paved Parking 5

Paved Parking &

Unpaved Parking 1

Unpaved Parking 2

Unpaved Parking 3

Unpaved Parking 4

Unpaved Parking 5

A A (A A A A A Ao

Unpaved Parking &

Driveways/Sidewalks

Diriveways 1

Diriveways 2

Land Usze Tupe

Land Use Label

Land Uze = |
Area
[acres]

R esidential

Residential 1

8700

R esidential

Residential 2

14.200

Institutional

Inztitutional 1

101.500

Industrial

Industrial 1

14.500

Freeway

Freeway 1

0.000

Control Practice Tupe

Cantrol Practice Mame

['wiet Pand

“wiet Pond 1

Bicfilter

Bifilker 1

Residential 1

Riesidential 2

Institutional 1

Freeway 1
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