Technical Note for Conducting Pavement Surface Infiltration
Rate, Pollutant Load and Runoff Volume Reduction Modeling
in Accordance with WDNR Conservation Practice Standard
1008, Permeable Pavement

INTRODUCTION

This technical note describes the input parameters for continuous simulation
modeling that must be used when determining surface infiltration rate, pollutant load
reductions and runoff volume reductions associated with permeable pavement
systems. Specific modeling input parameters addressed in the technical note include
rainfall data, initial surface infiltration rate, surface clogging capacity, surface
cleaning efficiency, surface cleaning frequency, aggregate storage reservoir
properties, underdrain discharge properties and soil subgrade infiltration rate.

PAVEMENT SURFACE INFILTRATION RATE REDUCTION

Calculating the decrease in pavement surface infiltration rate over time is important to
evaluate the significance of run-on and permeable pavement surface cleaning and
estimate when permeable pavement surface restoration or replacement will need to
occur. In addition to permeable pavement surface area and run-on source area
characteristics, model input parameters used to estimate when the pavement surface
infiltration rate will drop below 10 inches per hour (in/hr) include rainfall data, initial
surface infiltration rate, surface clogging capacity, surface cleaning efficiency and
surface cleaning frequency.

Modeling results are estimates used for design and maintenance planning purposes.
Ultimately, permeable pavement surfaces are considered failed and in need of
restoration or replacement when the in service surface infiltration rate is less than 10
in/hr regardless of modeling results.

POLLUTANT LOAD & RUNOFF VOLUME REDUCTION

Pollutant load and runoff volume reductions associated with permeable pavement
systems are typically quantified for regulatory purposes, including compliance with
the ch. NR 151, Wis. Adm. Code, performance standards for new development, re-
development and developed urban areas. In addition to the parameters used to
evaluate pavement surface infiltration rate, model input parameters for pollutant load
and runoff volume reduction calculations include aggregate storage reservoir
properties, underdrain discharge properties and soil subgrade infiltration rate.



MODEL INPUT PARAMATER

RAINFALL DATA

Continuous simulation modeling typically uses actual rainfall data to evaluate
performance of storm water control practices over time. For permeable pavement
surface modeling, rainfall data must be selected that accurately represents the
geographic area where the pavement will be installed and the anticipate life of the
pavement. The Department will identify specific rainfall data files that should be
used for different regions for a series of anticipated pavement life (e.g., 10 years, 20
years and 30 years). The rainfall data files for each region are included in
WInSLAMM version 10.1 and will be posted on the DNR Storm Water Program
website (http://dnr.wi.gov/topic/stormwater) or USGS Wisconsin Water Science
Center website (http://wi.water.usgs.gov/slamm).

INITIAL SURFACE INFILTRATION RATE

The initial pavement surface infiltration rate of 100 in/hr was selected based on
literature review and discussions with industry experts. It is understood that most
permeable pavement surfaces will exceed the 100 in/hr value at the time of
installation. However, 100 in/hr was selected as the initial surface infiltration rate for
modeling purposes to represent the minimum expected operating range or worst case
scenario.

SURFACE CLOGGING CAPACITY

Surface clogging capacity is used in the model to calculate the reduction in pavement
surface infiltration rate that occurs as the result of each rain event. It approximates the
amount of total suspended solids (TSS) needed to fill the void spaces in the surface of
the pavement. As the surface clogging capacity is increased, the number events
required to fill the void spaces also increases. Increasing the surface clogging
capacity also has the effect of increasing the time it takes for the surface infiltration
rate to reach the lower limit of 10 in/hr.

An important factor that guided the selection of a default surface clogging capacity
value is the observed clogging times for permeable pavements. Although observed
clogging times do vary between sites, some data in the literature indicates the
pavement infiltration rates can decline to 10 inches/hour in 8 to 10 years.

A range of surface clogging capacity values were used in a continuous simulation
model (WinSLAMM) to determine which value would reduce the infiltration rate to
10 inches/hour in about 10 years using a run on ratio of 3:1. A parking lot with no
surface cleaning was used as the source area in the model runs. Based on the model
results, a surface clogging capacity of 0.06 pounds per square foot came closest to the
10 year goal and was selected as the default surface clogging capacity.



In WinSLAMM version 10.1, the default surface clogging capacity will be
automatically used by the model when the user is determining the decline in
infiltration rates over time. Assuming no permeable pavement surface cleaning, a
surface infiltration rate of 10 in/hr will be reached in less than 10 years for run-on
ratios greater than 3:1 and the pavement will have added life for run-on ratios less
than 3:1.

SURFACE INFILTRATION RATE RESTORATION

The permeable pavement surface infiltration rate will decrease over time due to the
accumulation of material at or near the pavement surface. The pavement surface
infiltration rate can be restored by surface cleaning. However, surface cleaning can
only restore a portion of the infiltration rate reduction that occurs between cleaning
events. To be conservative, the permeable pavement technical standard assumes that
only 50% of the infiltration rate reduction that occurs between cleaning events can be
restored. When this value is used in a continuous simulation model, a slower rate of
surface infiltration rate decline will occur in comparison to no surface cleaning. For
the purpose of modeling, it is assumed that only surface cleaning is conducted rather
than full surface restoration or replacement.

Example

Question: If the model indicates that the surface infiltration rate prior to the first
surface cleaning is 92 in/hr., what is the surface infiltration rate immediately after
the first surface cleaning?

Answer: The surface infiltration rate reduction that occurred from the start of the
model run to the first surface cleaning is 8 in/hr. (100 in/hr. — 92 in/hr.). Surface
cleaning restores 50% of the surface infiltration rate reduction or 4 in/hr. (50% of
8 in/hr.). Thus, the surface infiltration rate after the first cleaning would be 96
in/hr. (92 in/hr. + 4 in/hr.).

SURFACE CLEANING FREQUENCY

Per the permeable pavement technical standard, a minimum surface cleaning
frequency of twice per year is required and should be used in the model. However,
higher surface cleaning frequencies can be considered and evaluated.

AGGREGATE STORAGE RESERVIOR PROPERTIES

Properties of the aggregate storage reservoir that must be considered in the model
include the depth or thickness of the aggregate, surface area of the reservoir and
porosity of the stone. These parameters are used to establish the available storage
volume or volume of the voids.



UNDERDRAIN DISCHARGE PROPERTIES

If an underdrain is proposed, the diameter and invert of the pipe must be considered
in the model. The number of pipes must also be considered if multiple pipes with
separate outfalls will be used. The total suspended solids (TSS) and total phosphorus
(TP) removal efficiencies identified in the technical standard (see Table 2 -
Permeable Pavement Underdrain Discharge Credit) can be applied to the runoff
volume and associated pollutant load that discharges from the underdrain.

SOIL SUBGRADE INFILTRATION RATE

For systems that will infiltrate to the soil subgrade, an infiltration rate appropriate for
the site-specific conditions must be used in the model. The soil subgrade infiltration
rate should be applied across the bottom of the aggregate storage reservoir, otherwise
known as the effective infiltration area. A pollutant and runoff volume reduction
efficiency of 100% can be applied to the volume of runoff that infiltrates into the soil
subgrade.

MODELING PROCEDURE

Continuous simulation models must be able to develop runoff hydrographs and
pollutant loads for proposed source areas, accept and evaluate the required model
input parameters and generate output documenting compliance with the 10 in/hr
minimum surface infiltration rate criteria and the site-specific pollutant load and
runoff volume reduction requirements. WInSLAMM v 10.1 is a continuous
simulation model that is capable of conducting these calculations. A summary of the
modeling procedure using WinSLAMM v 10.1 is as follows.

1. After opening the model, select the appropriate land use and join the land use
to the outfall icon on the screen.

2. Select the appropriate run-on source areas and enter the areas.

3. Enter the appropriate rain file based on the region and anticipated pavement
life. The 20-year file will be appropriate for most sites.

4. Check to make sure you are using the correct Wisconsin default parameter
files.

5. Find the source area control practice - “first control practice” - in the source
area grid and select permeable pavement. In WinSLAMM v 10.1, permeable
pavement is known as “porous pavement”.

6. Enter the area of the permeable pavement.
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Enter the permeable pavement geometry and properties. Some of these, such
as the “Aggregate Base Reservoir Thickness”, are presented on Figure 1 of
Permeable Pavement Technical Standard 1008.

Enter the Outlet and Discharge Options. Check the standard for appropriate
drain tile diameters and seepage rates in the native soil.

Enter “55” as the “Underdrain Discharge Percent TSS Reduction”.

Enter the Surface Pavement Layer Infiltration Rate Data.

Enter the Restorative Cleaning Frequency. A semi-annual cleaning frequency
is specified in the technical standard.

Exit the Porous Pavement form.

In the “Program Options” tab, select the “Detailed File Output Options” tab.
Select “Surface Seepage Rate”, and then select “Save INI File”. This will
generate a detailed output file in the project directory that your model files are
saved. This file will indicate when the permeable pavement surface reaches
an infiltration rate of 10 in/hr.

Save the files and run the model.

Review the detailed output file to determine the time at which the permeable
pavement surface infiltration rate reaches 10 in/hr (end of the anticipated

pavement life).

Review the output summary to determine the pollutant load and runoff
volume reductions.

Annualize pollutant load and runoff volume reductions for regulatory
purposes.

EXAMPLE OF USING MODEL

PERMEABLE PAVEMENT DEVICE FORM

The following is an example of using WinSLAMM to determine pollutant load and
runoff reduction for permeable pavement. Version 10.1.1 of the model was used. All
the steps outlined above in Section 111 were used in entering the required information
into the model. For the purpose of the example, the geometry and properties of the
pavement are based on the dimensions found in Figure 1 for Permeable Interlocking
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Pavers. The land use selected is a commercial site with 3 acres of impervious parking
lot draining to lacre of permeable pavement or a run-on ratio of 3:1. A twenty year
rainfall file was used that can be found listed in the model files or on the USGS web
site.

Figure 1 below is the form used by the model for a permeable pavement device. All
the properties and outlet options are based on recommendations in the standard.
Values for the outlet invert elevation, number of drain tiles, and subgrade infiltration
were selected to represent a typical installation. It is important to not change the
values in the “Surface Pavement Layer Infiltration Rate Data” table. The model was
run with no cleaning and cleaning semi-annually.

.

Porous Pavement Control Device

First Source Area Control Practice
Land Use: Commercial 1

Surface Pavement Layer
Infiltration Rate Data

]

Cleaning Freq y

PrP— - &
Source Area: Paved Parking 1 Initial Infiltration B ate [inhr] i 100.00 b= Never C_Ieaned
Surface Pavement Percent Solids Remowval Upon 0 Three Times per Year
Total Area: 4.000 acres Clearing (0-100] : " Semi-Annually
" Annually
Porous pavement area (acres): [1.000 Enter either these three values: " Every Two Years
Inflow Hydrograph Peak to Average Flow Ratio m Percent of Infillration R ate After 3 Years [0-100] " Every Thiee Years
Percent of Infillration R ate After 5 Y'ears [0-100] " Every Four Years
P t G try and Propert Time Period Until Complete Clogging Occurs [vrs] " Every Five Years
1 - Pavement Thickness [in) B0 Or this walue: " Every Seven Years
Paverment Porasity (>0 and <1] 0.20 [Suface Eloéging Load (b/+1] 0.6 | " Every Ten Years
2 - Aggregate Bedding Thickness (in] 4.0 -
Aggregate Bedding Porosity (>0 and <1] 035
3 - Aggregate Base Reszervair T hickness [in] 120 Select Particle Size Distribution File
Aggregate Base Reservoir Porozity (>0 and <1] 035
Porouz Pavement Area to Agg Basze Area Ratio 1.00 Mot nesded - calculated by program

Dutlet/Discharge Options

Porous P t G try Sch

Perforated Fipe Underdrain Diameter, if used 40

[inches] & BTl

4- F'et_forat_ed Fipe Underdrain Outlet [revert 40 lhael'?seglo?ousolgaaveﬁ:nl
Elevation [inches above Diatum) |
250% EO"

Pavement Surface

Mumber of Perforated Pipe Underdrainz [<250] 3 Porous Pavement Layer

Subgrade Seepage Rate [inhr] - select below
or enter

Usze A andom Murmber Generation to Account for 4.0
Uncertainty in Seepage Rate

Subgrade Seepage Rate COY

Aggregate Bed Layer

40—

Underdrain Discharge Percent TSS Reduction E5
[0-100] or leave blank for program to calculate

120" Aggregate Base Layer

Control Practice #: 1

Select Subgrade Seepage Rate

" Sand - 8inshr " Clay loam - 0.1 inhr

" Loamy sand - 25 infhr ¢ Sy clay laam - 0.05 indhr
€ Sandyloam - 1.0/ Sandy clay - 0.05 indhr
" Loam - 0.5 in/hr " Silty clay - 0.04 in/hr

" Silt lnam - 0.3 infhr " Clay - 0.02 inshr

" Sandy silt loam - 0.2 infhr

Paste Porous
Pavement
Data

Copy Porous
Pavement
Data

Subgrade

Delete Control ‘ Cancel ‘ LContinue ‘

Land Use #: 1 Source Area #: 13 Parous Pavement Device Mumber 1

Figurel. Inputs for permeable pavement control device




OUTFAL OUTPUT SUMMARY FORM

Running the model with the data in Figure 1 should produce the results in Figures 2
and 3. The percent TSS reduction with no cleaning is about 55% and about 87% with
semi-annual cleaning. Since the TSS reductions are mostly related to a reduction in
discharge volume, the percent volume reductions in the Form 2 and 3 are similar to
the percent TSS reductions. The semi-annual cleaning had the effect of greatly
increasing the TSS reduction. The detailed output provides more information on how
the cleaning extends the life of the permeable pavement with the result of increasing

the volume reduction.

For regulatory purposes the percent volume and TSS reductions must be annualized.
Annualized numbers for the volume and TSS load with controls is provided on the
summary form. The annualized percent volume and TSS reductions are the same as
the percent reductions that are already presented in the output summary. It is not
necessary to re-calculate the percent reductions, because the answers would be the

same after dividing by 20.

Land Uses T Junchions

T Control Practices

File M ame:

D:JaHD ata wrbantS LAk ML201 44 Poraus Pavement test +10.1%Caom_PLot4ac_Run0nl_SInf100_UInf03_ClogO&_UDS5_MOClean. mdb

Outfall Output Summary

Percent
Rumaff Yolume  Percent Runoff EE;;H;EN Particulate Solids  Particulate Solids Farticulate
few. Bt Feduction Fiv] Conc. [mgiL) Yield [Ibs) Hesgﬂgﬁon
Total of All Land Uses without Controls 5.932E+08 | 084 [ 130.0 48628
Qutfall Takal with Contrals | 3297E+05 | 4493% | 035 [ 106.1 | 21840 55.09 %
BETER T RS ST Toe) 164302 Years in Model Rur EER) TiEE:

Print Dutput Print Dutput
Summary to Text | Summary to .cav Tatal Area Modeled (ac)
File File 4.000

Total Control Practice Costs

Capital Cost MAA
Land Cost M AR
Annual Maintenance Cost M AR

Perfarm Outfal
Pregent W alue of Al Costs M7 Floua Duration
Anrwalized Value of All Cogts M Curve Calculations

Receiving Water Impacts

Due To Stormwater Runoff
[CWwP Impervious Cover bModel)

Approximate
Calculated  Urban Stream
B Classification

Without Contrals 064 Poor
With Contrals 035 Poar

Figure2. Outfall Output Summary for Permeable Pavement with No Cleaning




Land Uzes T Junctions T Cantral Practices

File W arne:
D:hJAHD ataburbansSLARMY201 44Porous Pavement test +10.14Com_PLot4dac_RunOn1_5Inf100_UInf03_Clog0E_UD5S_SemitClean. mdb

Qutfall Output Summary

Percent
Runoff Yolume  Percent Runoff - HLFPU." i Patticulate Salids  Particulate Solids  Particulate
fou it Freduction L Conc. [mgrL] ‘field (Ibs] Sl
[Fv] Reduction
Toatal of All Land Uses without Cantrals 5.392E +08 | 0OB4 [ 1300 43628
Dutfall Tatal with Cartralz | 1.963E+05 | E724% | oA | 50,36 | E172 | &731%
Current File DutpuiftgngﬂagzllegoLﬁﬁls SaTan ‘ears in Model Fur: a9 T
Print Output Print Output
Summary to Test Summary o .cxv Total Area Modeled (ac)
File File 4.000
. Receiving Water Impacts
Total Control Practice Costs Due To Stormwater Runoff
Capital Cost 1A [CwP Impervious Cover Model]
Approsimate
and Cost A Calculated  Urban Stream
Annual Maintenance Cost 1 £, Rv Clazsification
Perfarm Olutfall \without & | 0Ed B
Preszent ¥ alue of All Costs A Flow Duration ithout Controls ) oor
Annualized Value of Al Costs Ni& Curve Caloulations With Conrols | 021 | Poor

Figure3. Outfall Output Summary for Permeable Pavement with Semi-annual cleaning.

DETAILED OUTPUT

One of the most useful applications of the detailed output is to determine when the
permeable pavement infiltration rate has reached the minimum allowed value of 10
inches/hour. The infiltration rates for the permeable pavement with time are listed
under the column labeled “Pavement Seepage Rate”. To more clearly track the
decline in the infiltration rate as the pavement clogs, the “Pavement Seepage Rate”
values should be plotted versus time (Figure 4). For this example the pavement
would reach 10 inches/hour in 11.6 years with no cleaning and the cleaning would
extend the time before 10 inches/hour is reached to more than 20 years (Figure 4).
Since the example does not include the 3 winter months, the number of months on the
time axis must have 3 months added for each year.

In the example the semi-annual cleaning helps the pavement meet regulatory
requirements for almost the predicted life of a permeable pavement. Lowering the
run-on ratio would also increase the time before the clogging would reduce the
infiltration rate to 10 inches/hour.




Average monthly infiltration rate on 3:1 ratio of
Permeable Pavement when Loading Rate is 0.06 Ib/sq-ft
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Figure4. The change in permeable pavement infiltration rates with time.
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