
Tab 4-I - Porous Pavement 11/21/2023

1

WinSLAMM v 10.3 
Porous Pavement

1

Robert Pitt, P.E., Ph.D., BCEE
Emeritus Cudworth Professor of Urban Water Systems

University of Alabama

We will cover . . .
• Porous Pavement 

Options in 
WinSLAMM

• Porous Pavement 
Performance 
Algorithm

• Entering Porous 
Pavement Data into 
the Program

• Modeling Notes
• Example Input and 

Output
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WinSLAMM version v 10.3 allows 
both a Source Area and a Drainage 
System Porous Pavement Control
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TSS Removal Processes - Initial

Perforated Pipe Underdrain

Aggregate Base Layer

Aggregate Bed Layer

Porous Pavement Layer
Vinfluent
Minfluent

Vinfiltration

Veffluent = Vinfluent – Vinfiltration
Meffluent = Minfluent – Mclogging – Minfiltration – Msettling

Veffluent
Meffluent

Minfiltration Msettling

Mclogging
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TSS Removal Processes – Subsurface Clogged

Perforated Pipe Underdrain

Aggregate Base Layer

Aggregate Bed Layer

Porous Pavement Layer

Clogging Sediment Depth for Zero Subsurface Infiltration = 0.25 in.

Vinfluent
Minfluent

Vinfiltration = 0
Minfiltration = 0

Msettling

Mclogging

Veffluent
Meffluent

Veffluent = Vinfluent – Vinfiltration
Meffluent = Minfluent – Mclogging – Minfiltration – Msettling
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TSS Removal Processes – Settling Volume = 0

Perforated Pipe Underdrain

Aggregate Base Layer

Porous Pavement Layer

Maximum 
Sediment 

Depth

Clogging Sediment Depth for Zero Subsurface Infiltration = 0.25 in.

Vinfluent
MinfluentMclogging

Aggregate Bed Layer

Veffluent
Meffluent

Veffluent = Vinfluent – Vinfiltration
Meffluent = Minfluent – Mclogging – Minfiltration – Msettling

Vinfiltration = 0
Minfiltration = 0

Msettling = 0
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TSS Removal Processes – Surface Clogged

Perforated 
Pipe 

Underdrain

Aggregate Base Layer

Aggregate Bed Layer

Porous Pavement Layer

Maximum 
Sediment 

Depth

Clogging Sediment Depth for Zero Subsurface Infiltration = 0.25 in.

Vinfluent
Minfluent Veffluent

Meffluent

Veffluent = Vinfluent – Vinfiltration
Meffluent = Minfluent – Mclogging – Minfiltration – Msettling

Msettling = 0

Mclogging = 0

Vinfiltration = 0
Minfiltration = 0
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Entering Porous Pavement Data into the 
Program

• Pavement Geometry 
and Properties

• Outlet/Discharge 
Options

• Surface Pavement 
Layer and Cleaning 
Data

• Native Soil 
Infiltration Data
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Area – runoff from the 
Total Area drains to the 
Porous pavement area 

Pavement Area Graphic

Run-on Allowed
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Pavement Geometry 
and Properties
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Aggregate 
Base for 
Storage

Porous Pavement Area to Aggregate Base 
Area Ratio

Standard 
Pavement Standard 

Base
Porous 
Pavement

Aggregate 
Bedding

13

Porous Pavement Area to Aggregate Base 
Area Ratio

= 0.33Porous Pavement Surface Area = 2

Standard 
Pavement

6=Aggregate Base Surface Area

Porous 
Pavement

Wide 
Gutter

14

Outlet and 
Discharge Options

15

Graphic with 
entered data

Cleaning 
Frequencies
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Surface Clogging Option 1

17

Surface Clogging Option 2

18

Modeling Notes
• Porous Pavement routing is 

performed using the Modified Puls 
Storage – Indication Method.

• Time increments are established by 
the user and vary by event.

• Yield reductions are due to
– surface pavement filtering
– subsurface settling 
– runoff volume reduction through 

infiltration
• The pavement surface can be any 

material – paver blocks, porous 
asphalt or porous concrete

• The porous pavement structure is 
assumed to be flat

19

• In Northern Climates, groundwater 
contamination due to Chlorides may be a 
problem – check with your regulatory agency

• Porous pavement clogging and cleaning time 
frames may require a multi-year analysis to 
correctly evaluate performance

• Clogging due to run on increases as the porous 
pavement area to drainage area ratio decreases

Modeling Notes
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Surface Seepage Rate Changes due 
to Surface Clogging

 Table 1 - Particulate Treatment in Porous Pavement Devices 
Fractional Removal of Stormwater Particulates 

Media 0.45 to 
3µm 3 to 12µm 12 to 30µm 30 to 60µm 60 to 120µm 120 to 

250µm >250µm 

Porous pavement 
surface (asphalt or 
concrete) 

0.00 0.00 0.00 0.00 0.25 0.50 1.00 

0
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Surface Infiltration Rate Changes due to 
Pavement Clogging

Infiltration rate 
decreases as sediment 

clogs the surface
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Surface Seepage Rate Changes to 
the Control Practice

Assumes 50% increase in 
Seepage Rate upon Cleaning

Winter Season Shutdown

22

Surface Seepage Rate Changes to 
the Control Practice

Assumes 50% increase in 
Seepage Rate upon Cleaning

Pavement Cleaning
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Example Input and Output
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Control Practice Summary Table

29

Control Practice Detail Tables

30

PorPav 
Source 
Area 
Number

Rain 
Number

Rain 
Depth (in)

Time 
(Julian 
Date)

Maximum 
PorPav 
Stage (ft)

Minimum 
PorPav 
Stage (ft)

Total 
Source 
Area 
Runoff 
Before 
Porous 
Pavement 
(ac-ft)

Non-
Porous 
Pavement 
Area 
Runoff 
Volume 
(ac-ft)

Event 
Inflow 
Volume 
onto 
Porous 
Pavement 
(ac-ft)

Event 
Bypass 
Volume 
Due to 
Surface 
Clogging 
(ac-ft)

Event 
Overflow 
Volume 
(ac-ft)

Event Infil 
Outflow 
(ac-ft)

Event 
Orifice 
Outflow 
(ac-ft)

Event 
Total 
Outflow 
(ac-ft)

Event 
Flow 
Balance 
(ac-ft)

Volume 
Reduction 
Fraction

Solids 
Reduction 
Fraction

46 1 0.46 0 0.01 0 0.01 0 0.01 0 0 0.01 0 0.01 0 1 0
46 2 0.58 5 0 0 0.012 0 0.012 0 0 0.012 0 0.012 0 1 0
46 3 0.25 9 0 0 0.005 0 0.005 0 0 0.005 0 0.005 0 1 0
46 4 0.03 11 0 0 0.001 0 0.001 0 0 0.001 0 0.001 0 1 0
46 5 0.39 11 0 0 0.008 0 0.008 0 0 0.008 0 0.008 0 1 0
46 7 0.05 18 0 0 0.001 0 0.001 0 0 0.001 0 0.001 0 1 0
46 8 0.03 22 0 0 0.001 0 0.001 0 0 0.001 0 0.001 0 1 0
46 9 2.33 23 0.01 0 0.049 0 0.049 0 0 0.049 0 0.049 0 1 0
46 12 0.51 34 0 0 0.011 0 0.011 0 0 0.011 0 0.011 0 1 0
46 15 0.67 47 0.01 0 0.014 0 0.014 0 0 0.014 0 0.014 0 1 0
46 16 0.61 50 0.01 0 0.013 0 0.013 0 0 0.013 0 0.013 0 1 0
46 18 0.85 63 0 0 0.018 0 0.018 0 0 0.018 0 0.018 0 1 0
46 20 1.02 66 0.01 0 0.021 0 0.021 0 0 0.021 0 0.021 0 1 0
46 22 1.48 70 0.01 0 0.031 0 0.031 0 0 0.031 0 0.031 0 1 0

Additional Output
Available through:   
Tools/
Default Model Options

Water Balance File
Mass Balance File
Stage Outflow File
Surface Seepage Rate File
Detailed Output File
Stochastic Seepage Rate Detail File

31

Modeling Wet Detention Ponds in 
WinSLAMM ver. 10.3

32
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31 32
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We will cover . . 
• Pond Performance
• Entering Wet Detention 

Pond Data into the 
Model

• Model Output

33

TSS influent and effluent for different stormwater practices

International Stormwater BMP Database34

Turbidity influent and effluent for different stormwater practices
International Stormwater BMP Database

35

Why is there such a large difference in 
performance between a dry and a wet pond?

• Usually due to scour
– Need at least 3 ft for wet ponds to protect 

previously captured silt
– Grass filters look like dry ponds (and the grass 

filters can work well, but require lengthy 
sheetflows with level spreaders, low slopes, good 
grass stands, no pilot channels, etc.)

– Terminology issues (in many areas, dry ponds are 
actually percolation ponds or infiltration ponds 
with no surface discharges). HIGs

36
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Urban Hydrology Simplifications for Small to 
Intermediate Storms 

Examined about 550 monitored urban hydrographs that
ranged from small and simple:

37

to complex:

38

including large and intense (Hurricane Katrina):

up to 3.5 in/hr peak rain intensity
3.2 inches total depth in 16 hrs

39

Observed Urban Hydrographs
Evaluated about 550 different urban area hydrographs from 8 
watersheds  (1, 1a, 2, and 3 rain distributions and B soils to pavement)

# of events 
monitored

directly 
connected 
impervious

area 
(acres)

Land useLocation

Bellevue, WA
19617 %95Resid, med. den.Surrey Downs
20117102Resid, med. den.Lake Hills

San Jose, CA
6 3092Resid, med. den.Keyes
8 25195Resid, med. den.Tropicana

Toronto, Ontario
352196Resid, med. den.Thistledowns
6042381IndustrialEmery

Tuscaloosa, AL
311000.9Institutional/comCity Hall
17680.9CommercialBamaBelle

40
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Observed Runoff Characteristics

peak/avg
flow ratio 
(average)

Observed CN 
(range)

Observed 
Rv (average)

Monitored 
rains (inches, 
range)

Bellevue, WA
4.464 - 1000.180.03 - 4.38Surrey Downs
5.473 - 1000.210.02 - 3.69Lake Hills

San Jose, CA
3.288 - 1000.100.01 - 1.06Keyes
3.895 - 1000.59 0.01 - 1.08Tropicana

Toronto, Ontario
4.084 - 990.17 0.03 - 1.01Thistledowns

3.187 - 990.23 0.03 - 1.0Emery
Tuscaloosa, AL

4.295 - 990.600.02 - 3.2City Hall
5.594 - 1000.80 0.1 - 1.9BamaBelle 41

 Flow rate calculated using Complex Triangular Hydrograph, based on statistical analysis of 
hundreds of monitored events throughout North America and for different land uses
 Runoff Volume calculated from WinSLAMM
 Runoff Duration = 1.2 times rainfall duration
 Peak to average flow rate ratio user defined, but usually about 3.8

Complex Hydrograph Creation by WinSLAMM

42

Modeling Notes
• WinSLAMM assumes a 3.0 ft scour depth for complete settling; reduces 

treatment effectiveness for shallower depths.
• Pond routing is performed using the Modified Puls – Storage Indication 

Method.
• Time increments are established by the user; default = 6 minutes.

43

 Ideal settling is modeled 
 Using Stokes Law (laminar flow) for 

smaller particles
 Settling velocity as a function of 

Reynolds number and particle size for 
larger particles under turbulent flow 
conditions

 Water temperature (can vary 
monthly) and particle density also 
affect settling rates and can be 
changed in WinSLAMM

Calculated Settling Velocity
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Particulate Settling

Transition from 
Stokes 

(laminar) to 
Newton 

(turbulent) 
Settling Curve
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The Monroe St. detention pond in Madison has been monitored by the 
WI DNR and USGS for many years. The data have been used to verify 
the wet detention pond routines in WinSLAMM and Detpond
(amongst other ponds). Retrofitted to result in 90% SS control, the long-
term monitored results were 87%. 45 46

Suspended Solids Control at Monroe St. Detention Pond, 
Madison, WI (USGS and WI DNR data)

47

Total Dissolved Solids Control at Monroe St. Detention Pond, 
Madison, WI (USGS and WI DNR data)

48
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Particulate Settling
• Ideal Settling: Particle 

path is vector sum of 
particle velocity through 
pond and settling 
(upflow) velocity

A
Qv out

 
D 
L 

v 
V  

 L = Pond Length
 D = Outlet Depth
 V = Water Velocity through Pond
 v = Settling Velocity
 Qout = Outflow from Pond
 A = Pond Surface Area

As shown on pages 23-25 of 
detention pond design.pdf and 
outlined on the following ppts

49

The “dead” storage is needed to prevent scour of 
previously deposited material and should be at least 3 ft. 
deep over the sediment. Sediment storage volume is 
also needed and can be estimated using the program, or 
should be at least 2 ft. deep.

Sediment Storage

Water Quality “Live” Storage

Scour Protection
“Dead” Storage

Additional Storage for Emergency Spillway and Freeboard

3 ft minimum

2 ft minimum

Lowest  Invert  Elevation

Conceptual Issues – Pond Geometry 
and Scour

50

Scour in WinSLAMM

33% Removal at Sediment Level of 5 ft.
50% Removal at Sediment Level of 4.5 ft.

100% Sediment Removal Up to 3 ft. Stage

51

Three Categories of Data Needed 
for Modeling Wet Detention Ponds
1. Pond Geometry
2. Flow, Initial Stage and Particle Size Data
3. Outlet Information

52
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Wet Detention Pond Performance 
Calculation Data Requirements

• Surface area of pond
• Water quality volume (live storage above lowest 

pond water surface elevation, usually the pond 
volume between the water quality outlet and the 
emergency spillway)

• Depth of water over the sediment to prevent 
scour

• Stage-discharge relationship for all outlets

• Particle size distribution of inflowing particulates
• Hydrograph of influent flows

53

Pond Geometry
Top of Pond

Wet Detention Pond Geometry
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Datum - Pond Bottom

Height of Weir 
Opening (ft)

Height from Datum 
to Bottom of Weir 
Opening (ft)

Storage above 
Scour Depth (See
scour note below)

Scour Depth

Dead 
Storage 
Volume

Pond Datum is always zero ft.

3 ft

54

Wet Detention Pond Data Entry Form

Pond 
Geometry 

Information

Flow, Initial 
Stage and 

Particle Size  
Information

Particle Size 
Distribution File 
not accessible if 

Flows and Particle 
Sizes transferred 

through the 
drainage system

55

Pond Outlet 
Information

56
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Broad 
Crested 

Weir

57

Orifice

58

Stone 
Weeper

59

V-Notch 
Weir

60 degrees

h
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59 60
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Sharp 
Crested Weir

Evaporation 
and Water 

Withdraw Rate

Natural Seepage 
and Other Outflow

Seepage 
Basin

Vertical Stand 
Pipe

61 Wet Detention Pond Model Results

Wet Detention Pond Output

For this Example, the Wet Detention 
Pond is the only control practice.  

Note pollutant reduction.

62

Wet Detention Pond Model Results

Wet Detention Pond Output

For this Example, the Wet Detention 
Pond overflowed during the model 
run – this message flags that fact

63

Outfall Runoff Volume
Pond 
Outlet 

Structure 
Failure 
(over-

topping)

Maximum Flushing Ratio
Maximum Peak Reduction Factor
Maximum Stage

64
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Additional Output
• Stage Outflow
• Stone Weeper Flow

• Detailed Output by Time Step
• Pond Water Balance
• Stage Area Storage Values

Detention Pond Water Balance Performan Summary, by Event
Pond Rain Rain Time Maximum Minimum Event Event Event Event Event Event Event Total Cum
Source Number Depth (Julian Pond Pond Inflow Hydr Infil Evap Wtr_Wdrl Total Flow Outflow Flow
Area . (in) Date) Stage Stage Volume Ouflow Ouflow Ouflow Outflow Ouflow Balance (ac-ft) Balance
Number . . . (ft) (ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) . (ac-ft)

162 1 0.46 0 3.67 3 0.63 0.6 0 0 0 0.6 0.03 0.6 0.03
162 2 0.58 5 3.57 3.06 0.843 0.834 0 0 0 0.834 0.009 1.434 0.039
162 3 0.25 9 3.38 3.08 0.277 0.249 0 0 0 0.249 0.029 1.683 0.068
162 4 0.03 11 3.14 3.12 0.009 0.013 0 0 0 0.013 -0.004 1.696 0.064
162 5 0.39 11 3.55 3.08 0.476 0.501 0 0 0 0.501 -0.025 2.198 0.039
162 6 0.01 14 3.08 3.03 0 0.026 0 0 0 0.026 -0.026 2.224 0.013
162 7 0.05 18 3.08 3.03 0.029 0.029 0 0 0 0.029 0 2.253 0.013
162 8 0.03 22 3.04 3.03 0.009 0.006 0 0 0 0.006 0.003 2.259 0.016
162 9 2.33 23 4.35 3.03 5.329 5.326 0 0 0 5.326 0.004 7.585 0.02
162 10 0.01 30 3.04 3.03 0 0.002 0 0 0 0.002 -0.002 7.587 0.017
162 11 0.01 30 3.03 3.01 0 0.012 0 0 0 0.012 -0.012 7.599 0.006
162 12 0.51 34 3.57 3.01 0.71 0.694 0 0 0 0.694 0.015 8.293 0.021
162 13 0.01 40 3.04 3.01 0 0.018 0 0 0 0.018 -0.018 8.312 0.003
162 14 0.01 46 3.01 3.01 0 0 0 0 0 0 0 8.312 0.003
162 15 0.67 47 3.94 3.01 1.026 0.991 0 0 0 0.991 0.035 9.303 0.038
162 16 0.61 50 3.86 3.08 0.896 0.8 0 0 0 0.8 0.096 10.103 0.134
162 17 0.01 51 3.25 3 0 0.133 0 0 0 0.133 -0.133 10.236 0.001
162 18 0.85 63 3.78 3 1.28 1.22 0 0 0 1.22 0.06 11.455 0.062
162 19 0.01 66 3.12 3.1 0 0.013 0 0 0 0.013 -0.013 11.468 0.049
162 20 1.02 66 3.94 3.1 1.56 1.402 0 0 0 1.402 0.158 12.87 0.207
162 21 0.01 67 3.38 3.08 0 0.166 0 0 0 0.166 -0.166 13.036 0.041
162 22 1.48 70 4.23 3.08 2.524 2.442 0 0 0 2.442 0.082 15.479 0.123
162 23 0.01 71 3.24 3.15 0 0.046 0 0 0 0.046 -0.046 15.524 0.078
162 24 0.01 72 3.15 3.1 0 0.028 0 0 0 0.028 -0.028 15.552 0.05
162 25 3.64 73 4.82 3.06 11.492 11.511 0 0 0 11.511 -0.019 27.063 0.031
162 26 0.04 78 3.1 3.06 0.022 0.008 0 0 0 0.008 0.014 27.071 0.045
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