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ation is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor
the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Learning Objectives

* Understand the data sources used to develop the field investigation
database

* Describe the order that volume, TSS, and TP were evaluated in.

* |[dentify when the resulting parameter files will be implemented for
WinSLAMM Modelling
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Research-Based Updates to WinSLAMM

Parameter Files

Compile Data: 1993-Present

Data from Urban
Storm Water
Research Studies

Field Investigation
Wisconsin-Urban
Database (WIUDB)

Structure Data in WIUDB

230 Development
Characteristics

Rainfall

Unique-IDs

9,300 Event
Variables

*Event Mean Concentration

8,200 Rainfall
Parameters

7,500 Sample
Records
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Measured Source Area Sites
Parking Lots 7 9
Flat Roofs 3 2
Pitched Roofs 2 1
Asphalt Streets 1 4
Asphalt Highways 2 3
Concrete Highways 2 2
High Traffic Pervious Soils 1 0
Silt Pervious Soils 1 0
Clay Pervious Soils 1 0

Calibrate and Validate Sequentially

T R

Runoff Volumes Total Suspended Phosphorus
Solids (TSS) and other
pollutants
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Small Storm Hydrology

Runoff = Rainfall — Initial Loss (la) — Post Runoff Loss (F)

Losses vary by
surface type

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WI.GOV

Develop Rv Equations
Accumulative Rain (P) = Rainfall (in.) — Rainfall before Runoff (in.)
* Initial Loss (pre-runoff)

depression storage, interception, evaporation, sorption to dirt Equations ar? not
specific to
[ ] - = .
Post-Runoff Loss (PF) ‘ WinSLAMM and may
* F=bP + a(1-e*¥") variable or be used for other
» F=a(1-e¢P) constant loss models
Infiltration, storm intensity or duration
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Volume Calibration and Validation

Source Area Cali Validati Volume Equations based on
b .
et o Source Area Sites

Parking Lots = BEE = e = Validated by landuses sites

Flat Roofs 3 -1 .95 2 -1 .95

Pitched Roofs 2 0 .89 1 1 .89

Asphalt Streets 1 -6 .90 4 26 .92

Asphalt Highways 2 -16 .8 3 13 .84

Concrete 2 -2 .84 2 -15 .84

Highways

High Traffic 1 -2 .84 0 -15 .84

Pervious

Silt Pervious soils 1 -3 .58 0 -- --

Clay Pervioussoils 1 -8 .55 2 -53 .59 & S ey
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Runoff Volumes Based on Small Storm
Hydrology
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/ e Directly connected

" == + s Directly connected unpaved areas

T o o o Intermediate textured streets

== Smooth textured streets

e RoOUgh textured streets

e High Traffic Urban Paved Areas

Volumetric runoff coefficients
&
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Runoff Volume Comparison-Medium
Density Residential
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MIXED LANDUSE SITES
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Total Suspended Solids

* No obvious patterns when regressing TSS
by rainfall

* Predictive variables tested in stepwise
regressions
* Rainfall Depth
* Rainfall Intensity
* Peak of 5, 10, 15, 30, 60 minute
* Dry Days
* Event Duration
* Seasonality

* Did not result in statistically acceptable
equations

* Re-evaluated for rainfall ranges or ‘bins’
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P All TSS

0-<0.23
0.23-<0.41
0.41-<0.6
0.6-<0.79
0.79-<6.0

P Rainfall Ranges

TSS concentrations, mg/L

Equations for Parking Lots

Predicted TSS Using Exponential One-Phase
180
Parking Lot TSS Equation = -28.4*Ln(Rain)+82.1

160 R2+.94
140
120
100 \\

80

\{_\_\__“—-___

60 o

40

20

0 0.5 1 1.5 2 2.5
Rain, in inches

Paved Parkjng PSC

during heavy
rains

| Rain (in)| 0.04] 0.08] 0.12] 0.2] 0.39] 0.59] 0.79] 0.98] 12| 1.6[ 2 | 24] 28] 3.2
[ Conc.Eq| 173 | 154 | 142 [ 128 1109 | 97 | 89 | 83 | 77 | 69 | 62 | 57 | 53 | 49 |

Results from WinSLAMM
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in pounds per acre

Commercial paved TSS Load - no outliers
A o B
2 00.00
o 10000E 100.00 & A
8 E (S = E & A
PBIAS% 6.3 3 ; satfas | & .
28 o a8 € ol
TSS . Sy || o 202 = |8
Concentration 3 ool s e =
varies by rainfall 38 "OF,e = 4 100
g §_ i a E éA A
F a
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Outliers omitted 3 3 s ONE
as runoff spills ® =3 Fo&
between ! Ll - o] Ll | 3 oorl-&
dralnage areas 0.01 0.10 1.00 10,010 100.00 @ R ! ! . ]
Observed total suspended solids, =l 0 1 2 3 4 5

Preci?)'rtation, in inches
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Additional Source Areas
(source Area | 155 Concentrtion Equstin | R* | Notes

Industrial Paved 33.6 Ln(Rain) + 192
Unpaved Parking 24.7 In(Rain)+82.8
Flat Roofs -5.6*Ln(Rain)+9.7
Pitched Roofs 9.6*Ln(Rain)+48.7
Driveways 15.3*Ln(Rain)+123
Pervious Soils 26.7*Ln(Rain)+119
High Traffic Urban -185*Ln(Rain)+242

Pervious Soils
* Atotal of 11 equations. Overlaps the 6 landuses

0.84
0.82
0.89
0.43
0.79
0.81
0.69

Calibrated with Source Area
Calibrated with Landuses (Asphalt)
Calibrated with Source Area
Calibrated with Landuses
Calibrated with Source Area
Calibrated with Source Area

Calibrated with Source Area

* TSS Concentration from streets calculated using build-up/wash off approach to better model street

cleaning benefits

* Three street equations developed asphalt street, asphalt highways, concrete highways used to fill in

sources areas without equations
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Measured Versus Modeled Street Loads Without
Street Cleaning - Residential 2004
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Asphalt Street
s cobred—viewes— PRE

Count 216 36
Rain (in.) 104.7 28.9
PBAIS -6 26
R? .90 .92
Number of 1 3
sites

T T T T 177
N P N N S N S
:j e Calibrated
[7 R - .
GJ — o
2 Validated
Q
f=4
=3
£
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o 2
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k=i v
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0 -
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3 s s s s s
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2
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Qo
O 2
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Rain, in inches

Predicted total suspended solids,
in pounds per acre

WinSLAMM Streets on Asphalt Roadways

PBIAS % -24
Commercial streets TSS Load - no outliers
A o B
5
b o
[ioo+ + g 1004 +
E A 8 t *
n ¥ [
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Observed total suspended solids, e 0 1 2 3

in pounds per acre
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Mixed Landuse

Mixed residential and commercial TSS Load - no outliers
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PBIAS 24%
Used streets not HTU
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10 TOTAL PHOSPHORUS - SOURCE AREAS

° +
(-]
: K :

0.01

4 e { +

Parking Roof- Roof-

0.001 [oriveway] _[Golf] [Lawn| Lot Flat pitched| |Streets| [Wooded

Total phosphorus concentration, mg/L

® Mean © Minimum/Maximum

Roof-
Lawn |Parking Lot| Roof-Flat | Pitched Wooded
25 57 556 144 86 493 61

Count 66
Maximum 3.12 4.8 11.9 2.0 0.7 1.6 11.9 7.2
Median 0.36 0.27 1.11 0.11 0.04 0.11 0.24 0.72
Mean 0.52 0.93 1.72 0.18 0.08 0.17 0.49 1.26
Geometric mean 0.33 0.44 0.41 0.12 0.04 0.11 0.26 0.50
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10 DISSOLVE PHOSPHORUS - SOURCE AREAS '
1 Q.
P ° p
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8 0.01

s o

5 T < -0
= 0.001

wn

8 Parking Roof- Roof-

0.0001 L |Driveway] [Golfl _ [tawn] | Lot Flat |__|Pitched m@

® Mean © Minimum/Maximum

Roof-
66 25 57 144 86 493 61

Count 556
Maximum 0.05 33 10.9 1.13 0.3 0.5 9.9 5.27
Median 0.09 0.06 0.59 0.03 0.01 0.04 0.06 0.24
Mean 0.22 0.43 1.06 0.05 0.03 0.07 0.19 0.48
Geometric mean 0.10 0.08 0.33 0.03 0.02 0.04 0.06 0.12
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TOTAL PHOSPHORUS - LANDUSES

10 I
1

<
oo
€
.S -]
B 2
=
38 0.1
2
2 e -0
o
£ 0.01 i
= -0
o
0.001 Commjercial Freeway Industrial Institutional Park Residential

@® Mean © Minimum/Maximum

| statistic | Commercial| _Freeway | _industrial | institutional | park | Residential
476 133 74 38 7

Count 1127
Maximum 8.6 0.8 0.9 0.60 2.3 11.0
Median 0.29 0.15 0.29 0.12 0.59 0.43
Mean 0.47 0.18 0.33 0.16 0.99 0.71
Geometric mean 0.28 0.15 0.28 0.12 0.76 0.47 .
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23
Equations using the equivalent-sample-size method
PARKING LOT
PHOSPHORUS CONCENTRATION TSS SEASONALITY
0.250 180
° o
5 \ 160 ©
£ 0.200 140
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20
0.000 0
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o 0 0.5 1 1.5 2 2.5
Rain, in inches
Rain, in inches
© Total © Dissolved © Particulate © Spring © Summer o Fall
—Log. (Total) —Log. (Dissolved) —Log. (Particulate) —Log. (Spring) —Log. (Summer)—~Log. (Fall)
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Calibration of WinSLAMM

TP Load - WI_2020

0.1000

o
2
8

0.0010

Predicted TP Ibs/ac

0.0001

Group

Parking Lots

+ Roadway_Concrete
Rooftops_Flat

Predicted TP Ibs/ac

0.10000

0.00100

0.00001

TP Load - W1_2020

++

0.00001

0.00100
Observed TP Ibs/ac

0.10000

Mixed
4 Mixed_Residental
+ Residential

Generate New Parameter Files

Pollutant Street Delivery File

Runoff Particulate Solids AT
Coefficient File Concentration File Probability (.std)
(.rsvx) (.pscx) Distribution File
(-ppdx)

Use equations to determine entries rather than have a
constant value across storms

2/4/2026

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WI.GOV

13



Research-Based Updates to WinSLAMM

Parameter Files

Urban Landuse Nomenclature

Landuse Category

Residential

Standard

Medium Density Residential No Alleys
Landuse

Multi-Family Residential

Pitched
Roof

Paved
Parking Lot

Paved
Driveway

Rough
Street

Source Areas

Flat Roof

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WI.GOV

1.2

Volumetric runoff coefficients
o
)]

0.2

Runoff Coefficients-Connected Impervious

No change to
Directly Connected
Impervious Area-
Insufficient Data to
Calibrate

- & -WI_SLO6 Dec06 Directly Connected

7 Impervious Areas

g -+ WI_SLO6 Dec06 Directly Connected
Unpaved Areas

—o— WI_USGS_2025_EQrsv Directly
Connected Impervious Areas

—o— WI_USGS_2025_EQrsv Directly
Connected Unpaved Areas

0 1 2 3 4 5
Rain, in inches
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1.2

4
o

o
IS

Volumetric runoff coefficients
o
o

0.2

Volumetric Runoff Coefficient Roofs and Streets

1.2

—o—WI_SL06 Dec06 Smooth
Textured Streets

..»ﬁ_k._:/-

—o—WI_SL06 DecO6
Intermediate Textured

e

o
o
~

Streets

—e—WI|_SL06 Dec06

—o—WI_SL06 Dec06 Rough
Connected Flat Roofs

Textured Streets
—0—WI|_SLO6 Dec06

Connected Pitched Roofs —o—WI_SL06 Dec06 High
—o—WI_USGS_2025_EQrsv Traffic Urban Paved Areas

Connected Flat Roofs

o
IS

—o—WI_USGS_2025_EQrsv
Connected Pitched Roofs

—0—WI_USGS_2025_EQrsv
Smooth Textured Streets

Volumetric runoff coefficients
o
(o]

0.2 —o—WI_USGS_2025_EQrsv
: Intermediate Textured
Streets
—o—WI_USGS_2025_EQrsv
0 3 4 5 0 Rough Textured Streets
Rain, in inches 0 1 2 3 4 5

Rain, inches
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Particulate solids concentration, mg/L

Particulate Solids Concentration

180

160

-
>
o

-
N
o

100

o]
o

fe2)
o

N
o

N
o

~-0+v.10.1 WI_AVGO1 Residential 1 Roofs

-0 -v.10.1 WI_AVGO1 Residential 6 Paved
Sideways and Walks

-eo- v.10.1 WI_AVGO1 Residential 11 Other
Directly Connected Impervious Areas

——WI_USGS_2025_EQ Residential 1 Roofs

—o—WI_USGS_2025_EQ Residential 6 Paved

Sideways and Walks
—o—WI_USGS_2025_EQ Residential 11 Other

Directly Connected Impervious Areas

0.5 1 1.5 2 2.5 3 35
Rain, in inches
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o
N
@

0.2

0.15

Volumetric runoff coefficients

0.1

0.05

Runoff Coefficients Pervious Soils

*
s
/1
'I‘I e
'
'
’ '
"‘ !
P | W
& A~ 3
B2
0 1 2 3 4 5

Rain, in inches

No change to
Pervious Areas —
Sandy Soils-
Insufficient Data to
Calibrate

- & -WI|_SLO6 Dec06 Pervious Areas - Sandy
Soils

- & -WI|_SLO6 Dec06 Pervious Areas - Silty
Soils

- & -\WI|_SLO6 Dec06 Pervious Areas - Clayey
Soils

—o— WI_USGS_2025_EQrsv Pervious Areas -
Sandy Soils

—o— WI_USGS_2025_EQrsv Pervious Areas -
Silty Soils

—e— WI_USGS_2025_EQrsv Pervious Areas -
Clayey Soils

Particulate solids concentration, mg/L

250

200

150

100

w
o

Particulate Solids Concentration

000-0- — 0— —0- — O — V—— B —— — = B = ——@ = —— — O ——— = O — ——-@

Developed

L

- e- v.10.1 WI_AVGO1 Residential 7 Large
Landscaped Areas

- e -v.10.1 WI_AVGO1 Residential 8 Small

Landscaped Areas

--0--v.10.1 WI_AVGO1 Residential 9
Undeveloped Areas

—e— WI_USGS_2025_EQ Residential 7 Large
Landscaped Areas

—o— WI_USGS_2025_EQ Residential 8 Small

Landscaped Areas
—o— WI_USGS_2025_EQ Residential 9

Undeveloped Al
ndeveloped Areas Undeveloped

0.5

1.5 2 2.5 3
Rain, in inches

35
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Runoff Coefficients-High Traffic Urban

1.2

0.8

0.6

0.4

Volumetric runoff coefficients

0.2

P e e e il el il e

’
’
&

7
P

2
Rain, in inches

3

- WI_SLO6 Dec06 High Traffic Urban
Pervious Areas

—o— WI_USGS_2025_EQrsv High Traffic Urban

Pervious Areas

- & -WI_SLO06 Dec06 High Traffic Urban Paved
Areas

—o— WI_USGS_2025_EQrsv High Traffic Urban

Paved Areas

Particulate Solids Concentration

350

300

250

200

150

100

Particulate solids concentration (mg/L)

50

0.5 1

1.5 2
Rain, in inches

25 3

35

--o-v.10.1 WI_AVGO1 Freeways 13 Paved Land
and Shoulder Areas

--0--v.10.1 WI_AVGO1 Freeways 7 Large
Landscaped Areas

- o- v.10.1 WI_AVGO1 Freeways 10 Other
Pervious Areas

-eo- v.10.1 WI_AVGO1 Freeways 11 Other
Directly Connected Impervious Areas

—eo-- v.10.1 WI_AVGO1 Freeways 12 Other
Partially Connected Impervious Areas

—e— WI_USGS_2025_EQ Freeways 13 Paved
Land and Shoulder Areas

—o— WI_USGS_2025_EQ Freeways 7 Large
Landscaped Areas

—o— WI_USGS_2025_EQ Freeways 10 Other
Pervious Areas

2/4/2026
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Evaluating the Net Effect

. T

&

Individual
Source
Areas

Standard
landuses

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV

Individual Source Areas-Volume

Volume comparing 2006 vs 2021 without practices

High Traffic Urban_Pervious m Volume (CF) 202
Landscape-Clay
Landscape-Silt
Freeway-HTU

Parking Lots

Intermediate Streets
Smooth Streets

Directly connected Roof

e (CF) 2006

0 20,000 40,000 60,000 80,000
Model volumes, in cubic feet

100,000 120,000
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Individual Source Areas-TSS

TSS comparing 2006 vs 2021 without practices

High Traffic Urban_Pervious 8% W TSS (Ibs) 2021
B TSS (Ibs) 2006

Landscape-Clay
Landscape-Silt
Freeway-HTU
Parking Lots
Intermediate Streets
Smooth Streets

Directly connected Roof

0 100 200 300 400 500 600 700
Model loadings, in pounds

Bar values are percent difference in TSS 2006 vs 2021

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV

Individual Source Areas-TP

TP comparing 2006 vs 2021 without practices

High Traffic Urban_Pervious

Landscape-Clay -216%

Landscape-Silt
Freeway-HTU
Parking Lots

Intermediate Streets

Smooth Streets

Directly connected Roof

0 0.5 1 15 2 25
= TP (Ibs) 2021 W TP (Ibs) 2006 Model loadings, in pounds

Bar values are percent difference in TP 2006 vs 2021
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Volume comparing controls for 2006 to 2021

High Traffic Urban to Filter Strip

Clay Swale

Silt Swale

Freeway Hydrodynamic Separator
Parking Lot Biofilter

Commercial with Weekly Street Cleaning
Residential with Monthly Street Cleaning

Roof Rain Garden

Individual Source — With Controls Volume

20000 40000 60000 80000

m2021 m2006 Model volumes, in cubic feet

Bar values are percent difference in volume per BMP

100000

120000

Commercial with Weekly Street Cleaning

Residential with Monthly Street Cleaning

Individual Source — With Controls TSS

TSS comparing controls for 2006 to 2021

High Traffic Urban to Filter Strip
Clay Swale

Silt Swale

Freeway Hydrodynamic Separator

Parking Lot Biofilter

Roof Rain Garden

0{4%

Model loadings, in pounds

™ 2021 = 2006 Bar values are percent difference in volume per BMP

600

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV
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Individual Source — With Controls TP

Total Phosphorus comparing controls for 2006 to 2021

High Traffic Urban to Filter Strip

Clay Swale

Silt Swale

Freeway Hydrodynamic Separator
Parking Lot Biofilter

Commercial with Weekly Street Cleaning
Residential with Monthly Street Cleaning

Roof Rain Garden

33%

0.4 0.6 0.8 1 1.2

Model loadings, in pounds

H 2021 m2006

1.4

1.6

Bar values are percent difference in volume per BMP
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1.8 2

Municipal Areas — No Controls Volume

Volume comparing 2006 vs 2021 without practices

HTU Sand Madison - 1 yr

Downtown Commercial Silt Madison - 1yr
Light Ind Silt Madison-no winter - 1 yr
Hospital Clay GB - 5 yr

Hospital Silt Madison 5 yr

Hartzheim Storage (Strip Com) GB - 5 yr
Hartzheim Storage (Strip Com) GB-1 yr
MDRNA-Milwaukee-1 yr

Village of Bellevue MS4 (LDR) GB-5 yr

1%

10,000,000 20,000,000

Model volumes, in cubic feet

m 2021 m2006

30,000,000

40,000,000

Bar values are percent difference in volume 2006vs2021

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV
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Municipal-No Controls TSS

TSS comparing 2006 vs 2021 without practices

HTU Sand Madison - 1 yr

Downtown Commercial Silt Madison - 1yr
Light Ind Silt Madison-no winter - 1 yr
Hospital Clay GB - 5 yr

Hospital Silt Madison 5 yr 49%
Hartzheim Storage (Strip Com) GB - 5 yr
Hartzheim Storage (Strip Com) GB-1 yr
MDRNA-Milwaukee-1 yr
Village of Bellevue MS4 (LDR) GB-5 yr 28%
- 50,000 100,000 150,000 200,000 250,000
Model loadings, in pounds
W 2021 = 2006 Bar values are percent difference in TSS 2006 vs 2021
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Municipal — No Controls TP

TP comparing 2006 vs 2021 without pratices

HTU Sand Madison - 1 yr

Downtown Commercial Silt Madison - 1yr

Light Ind Silt Madison-no winter - 1 yr
Hospital Clay GB - 5 yr

Hospital Silt Madison 5 yr 27%
Hartzheim Storage (Strip Com) GB - 5 yr
Hartzheim Storage (Strip Com) GB-1 yr

MDRNA-Milwaukee-1 yr

Village of Bellevue MS4 (LDR) GB-5 yr

0 100 200 300 400 500 600 700
Model loadings, in pounds

m 2021 m2006

Bar values are percent difference in TP 2006 vs 2021
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Research-Based Updates to WinSLAMM

Parameter Files

Downtown Commercial Silt Madison - 1yr

Hartzheim Storage (Strip Com) GB - 5 yr

Municipal-With Controls TSS

TSS comparing controls for 2006 to 2021

HTU Sand Madison - 1 yr

Light Ind Silt Madison-no winter - 1 yr
Hospital Clay GB - 5 yr
Hospital Silt Madison 5 yr

Hartzheim Storage (Strip Com) GB-1 yr
MDRNA-Milwaukee-1 yr
Village of Bellevue MS4 (LDR) GB-5 yr

Model loadings, in pounds

m 2021 m=2006

Bar values are percent effectiveness per BMP
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100,000

Municipal — With Controls TP

Total Phosphorus comparing controls for 2006 to 2021

HTU Sand Madison - 1 yr

Downtown Commercial Silt Madison - 1yr
Light Ind Silt Madison-no winter - 1 yr
Hospital Clay GB - 5 yr

Hospital Silt Madison 5 yr

Hartzheim Storage (Strip Com) GB - 5 yr
Hartzheim Storage (Strip Com) GB-1 yr
MDRNA-Milwaukee-1 yr

Village of Bellevue MS4 (LDR) GB-5 yr

- 49%

50

100 150

200 250 300

Model loadings, in pounds

m 2021 m2006

Bar values are percent effectiveness per BMP
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Research-Based Updates to WinSLAMM

Parameter Files

Implementation

* Release new parameter files with WinSLAMM v. 10.5.1

* Use new parameter files with WinSLAMM v. 10.5.1 and later versions
* Use old parameter files with earlier versions

* Use same version and inputs for no-controls and with controls

* Rollout not expected to include requirement to revise municipal
modeling

* Do not use other device to represent BMPs in series.

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WI.GOV

Next Steps

* Release of WinSLAMM 10.5.1 packaged with new parameter files by
PV and Associates

* Publication of USGS report by Judy Horwatich along with source data
* Incorporation of seasonality in future versions of WinSLAMM

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WI.GOV
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Parameter Files

Judy Horwatich, USGS

jahorwat@usgs.gov

Amy Minser, WDNR

amy.minser@wisconsin.gov

Subscribe for DNR
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