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Short-term mounding after runoff events was computed using the analytical relationship developed by 
Hantush (1967) that predicts water table rise through time in response to recharge applied to the water table 
(Figure 2-2).  A range of soil properties was used for this analysis based on hydrauli c conductivities inferred 
from the soils observed in borings, and infiltration rates typical of fine -grained soils (e.g. standard values 
from WinSLAMM).  The calculation was conducted in an online tool developed by HydroSOLVE, Inc. 
(http://www.aqtesolv.com/forum/cmound.asp ).  
 
Long-term rise in the water table was evaluated using the analytical relationship described by Bouwer 
(2002) for steady-state mounding below a circular infiltration system (Figure 2-3).  In this study area, an 
increase in groundwater elevation would generate an increased water table slope toward Lake Mendota or 
Willow Creek, which would drive groundwater toward those waterbodies and away from infiltration areas.  
We calculated the increase in the recharge rate for the study area based on the volume of water infiltrated at 
stormwater practices and averaging this over the entire site area.  Infiltrated water volume was calculated 
by WinSLAMM modeling (described in subsequent section s of this report), and the fraction of this water 
that recharged groundwater was estimated to be 45% based on previous analyses with the RECARGA 
model (MARS, 2008).  The mounding computation was conducted in a spreadsheet. 
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The modeling approach used in this analysis was selected to be consistent with previous stormwater 
management studies on campus as well as to demonstrate MS4 permit compliance. The study evaluated the 
1981 rainfall series, which includes the non -frozen precipitation part of the year,  as required for regulatory 
compliance.  
 
Stormwater analysis for this study p rimarily used the current version of WinSLAMM  (10.2.1) at the request 
of the UW-Madison to provide  consistency with previous stormwater analy ses on campus.  WinSLAMM 
analyzes runoff volume and sediment loading characteristics. Models were run continuously using Madison 
rainfall data for the period of March 12, 1981 through December 2, 1981, as specified in NR 151, which has a 
total rainfall dep th of 28.81 inches.  The National Urban Runoff Program (NURP) 50th percentile particle file 
was used for pollutant analysis.   
 
Some green infrastructure practices, including green roofs and rainwater harvesting and reuse, cannot 
currently be simulated wit h WinSLAMM.  We therefore used other modeling techniques to complement 
WinSLAMM , as described below.  
 

Surface infiltration areas were simulated as biofiltration  control practices in WinSLAMM , using a native soil 
infiltration rate based on the soil and groundwater analysis.  Biofiltration device s included 2 feet of 
engineered soil, underdrains , and a 2-ft -thick gravel storage layer.  Subsurface storage and infiltration areas 
were simulated in WinSLAMM as wet detention ponds with the areas prorated based on the porosity of 
backfill stone to represent the correct storage volume.   

Since WinSLAMM version 10.2.1 does not simulate green roofs, we developed an approach to simulate a 
green roof within WinSLAMM with outflow route d to other practices, such as biofiltration area s.  This 
entailed modifying the rainfall input file in an Excel spreadsheet to simulate the abstraction provided by the 
green roof.  This was determined through simulations of green roofs using the EPA Stormw ater Calculator 
(https://www.epa.gov/water -research/national-stormwater -calculator) and by comparison with green 
roof runoff monitoring data.  
 
The EPA National Stormwater Calculator is a desktop program that runs the EPA SWMM hydrologic and 
hydraulic model to evaluate several low -impact development practices.  The model uses local soil data, land 
cover, and historic rainfall records.  The model uses local rainfall data from a nearby weather station and 
can be run for periods of 1 year or multiple years.  It is not possible to input a specific rainfall series, such as 
the 1981 period required by local regulations, making side-by-side comparison with WinSLAMM more 
difficult.  Non etheless, the EPA National Stormwater Calculator proved to be a useful in our analysis. 
 

Rainwater harvesting was simulated for three proposed buildings in the study area, with simulation of 

https://www.epa.gov/water-research/national-stormwater-calculator


routing roof runoff to above -ground cisterns (Figure 2-4) or underground storage chambers for storage and 
reuse.  Reuse options analyzed included toilet flushing and landscape irrigation.  Routing of runoff to the 
storage units was simulated in WinSLAMM, and water loss due to reuse was compu ted in a spreadsheet 
because the water reuse routines in WinSLAMM version 10.2.1 are not functioning properly.  Losses were 
computed on a daily time step, tracking inflow to the storage unit, volume of water stored, and volume 
withdrawn for reuse (and infi ltration where appropriate).  Roof runoff can be captured in above ground 
cisterns or underground chambers.  Our analyses assumed above ground cisterns would be used for the 
purpose of cost estimation, but the stormwater treatment performance would be simi lar for underground 
storage of comparable volume. 
 
Reuse for toilet flushing simulated for estimates of the number of building occupants  (at 200 ft2/person) and 
daily water use for toilet flushes per person ( Table 2-1).  These estimates assume installation of waterless 
urinals. The area of roof routed to the harvesting system and the storage volume were selected for each site 
within the study area in a way that balanced runoff reduction benefit and the size (and cost) of the system.  
The size of the harvesting system was capped when the site runoff reduction reached 90%.  Additional 
water could be harvested and reused with a larger system, however the cost per gallon of runoff reduced 
would increase.  These simulations are intended to illustrate the potentia l runoff reduction benefit of 
rainwater harvesting and reuse; more detailed system optimization and design would be needed when 
detailed site designs are prepared. 
 

 

 
 



 

 
Water reuse rates for landscape irrigatio n were estimated by estimating the number of irrigation days 
during the 1981 simulation period, estimating the size of landscaped areas that potentially could be irrigated 
based on the concept plan for the neighborhood (0.5 acres), and calculating irrigation water demand based 
on local reference evapotranspiration.  We assumed that irrigation could occur during the growing season 
on days when it has not rained and there has been no rain on the preceding day.  For 1981, this yields a total 
of 85 potential irr igation days.  Average reference evapotranspiration for each month was determined from 
the University of Wisconsin Extension website 
(http://agwx.soils.wisc.edu/uwex_agwx/sun_water/get _grid , Table 2-2).  Irrigation demand estimates 
based on this method are similar to other sources, such as guidance by the Wisconsin Department of 
Natural Resources (1999) recommending 1 inch per week for lawn irrigation.  

 
We assumed 100% TSS removal efficiency for harvesting systems, because even with system overflow there 
would typically be substantial residence time for particulate settling to occur.  
 

Urban trees provide aesthetic, ecological and hydrologic benefits, many of which are described by the i -Tree 
software tools developed by the U.S. Forest Service and other partners (www.itreetools.org) .  Research on 

http://agwx.soils.wisc.edu/uwex_agwx/sun_water/get_grid




necessarily adequately represent the effect of native prairie vegetation and soil, and the curve number 
approach is poorly suited to continuous analysis of runoff volume.  In addition, WinSLAMM does not use 
the curve number method, and it does not have the capability to simulate native vegetation such as prairie.  
On a unit -area basis, we expect significant runoff reduction with conversion of landscaped areas to prairie, 
and this could be considered in other locations with larger landscaped areas.   
 

 

Rainfall -runoff and hydraulic routing for peak discharge cont rol review was analyzed in HydroCAD.  
HydroCAD uses Soil Conservation Service (SCS) TR-20 runoff hydrograph and curve number (CN) 
procedures, and TR-55 Time of Concentration (Tc) calculations.  Storm distribution and r ainfall depths were 
taken from the National Oceanic and Atmospheric Administration (NOAA) Atlas 14, Volume 8.    

 

Capital costs for stormwater management practices evaluated in this study were estimated based on the size 
of the practices, key design details, and typical unit costs from the literature ( Table 2-3).  This study used 
mid -range costs where ranges were reported, except as noted.  Operation and maintenance costs were not 
calculated due to lack of data, but available information is summarized below.   Cost for rainwater 
harvesting and reuse systems were not estimated due to lack of data on typical costs and the site-specific 
details of disinfection and distribution plumbing costs.  In general, these systems are quite expensive 
compared to the other stormwater control practices described in this report.  
 

  





 
1 Monitoring wells were not surveyed.  Top of casing elevation was estimated using LiDAR topographic 
data to estimate the ground surface elevation at the well location, minus the distance from the ground 
surface down to the top of casing for these flush-mounted wells.  
2 The boring for MW8 encountered shallow bedrock and could not be advanced into groundwater.  
 



 

The runoff volume for native vegetation conditions is difficult to quantify, because there is uncertainty 
about the pre-settlement vegetation and topographic conditions in the area, and because of limited 
modeling options.  The Natural Resources Conservation Service curve number method has commonly been 
used to simulate runoff from prairie, using a Curve Number value for meadow as an approximation of 
prairie conditions.  This approach does not represent the deep root system in native prairie, and curve 
numbers have substantial error for continuous analyses because they were not developed to accurately 
simulate small runoff events  or the effects of soil moisture fluctuations .  The runoff coefficient method used 
in WinSLAMM is b etter suited for small storms, but WinSLAMM does not explicitly simulate areas with 
native vegetation. 
 
We also simulated prairie runoff with the curve number method using the RECARGA model for the 
regulatory 1981 rainfall record.  Soils in the study area are mapped as Hydrologic Soil Group C, consistent 
with the fine grained nature of soils observed in the borings.  The runoff curve number for meadow for 
Hydrologic Soil Group C is 71.  This generates 2.3 in of runoff for the 28.81 in of precipitation in th e 1981 
series, or 8% of total precipitation. 
 
WinSLAMM was used to generate a second estimate of predevelopment runoff conditions, using 
landscaped areas with silt and clay soils with normal compaction as surrogates for native vegetation.  These 
simulations predicted 1.7 in and 2.2 in of runoff, respectively, or 6% and 8% of total precipitation.  
 
Based on this analysis, we estimated that runoff under native vegetation cover would be 2.2 inches for the 
1981 analysis year.   
 

 

We evaluated a range of stormwater management options to meet the targets for runoff peak discharge and 
volume control and for TSS removal.  Due to the challenge of meeting the campus policy of meeting native 
vegetation runoff volume, this eva luation included measures well beyond what are considered standard 
practices, including green roofs and rainwater harvesting and reuse.  The performance, cost and regulatory 
issues associated with these options are discussed in the following sections. 
 
The concept plan for the neighborhood shows that the total impervious coverage will increase slightly, 
primarily due to the Natatorium expansion ( compare Figures 3-2 and 3-3).  However, the total area of 
parking will decrease, while the total roof area increa ses.  This will generate a slightly higher total runoff 
volume (with no controls) but a smaller TSS load due to the lower unit TSS load of roofs compared to 
parking lots.  
 



 

 





The fine grained soils in the study area will limit infiltration rates below stormwater practices, and 
groundwater mounding may further reduce their performance.  Accordingly, we used a soil infiltration rate 
of 0.2 in/hr in the conceptual stormwater design calculations described in following sections of this report.  
Actual conditions at the specific sites may be more limiting than analyzed in this study .  Design of 
infiltration practices should incorporate underdrains to p revent extending ponding that would kill 
vegetation.  In addition, over -excavation may be warranted to install gravel storage layers below infiltration 
practices to facilitate lateral seepage into horizontal sand layers in the native soil .   
 

Simulation of an extensive 4-inch green roof with the EPA Stormwater Calculator indicates that little to no 
runoff is generated for small rain events up to about 0.2 inches (Figure 3-4).  Note that some small events do 
generate some runoff, with the amount presumably depending on storm intensity and antecedent moisture.  
Continuous simulation of a 4 -inch green roof for 20 years indicates that the green roof would reduce annual 
runoff volu me by 24% compared to a traditional roof with no runoff controls  (Figure 3-5).   

 

 



 

 
Data from monitoring studies of an extensive green roof on Union South at the UW -Madison campus 
(Figure 3-6) shows runoff occurring frequently, but at much smaller volumes than a conventional roof and 
little to no ru noff for rains below a few tenths of an inch. In small storms, runoff volume reduction was 
significant enough to limit the ability of automated equipment to collect samples for water quality analysis . 
Data from two extensive 4-inch-thick green roofs in New  York City ( Figure 3-7) show a similar rainfall -
runoff relationship .  
 
Based on this information about green roof performance, the precipitation input file for 1981 used for the 
WinSLAMM analysis was modified in a spreadsheet, subtracting an initial abstra ction from the daily 
precipitation that produced the same runoff reduction indicated by the EPA Stormwater Calculator.  Trial 
and error calculations determined an initial abstraction of 0.19 inches.  The modified precipitation record 
was then input into Wi nSLAMM to evaluate the benefit of routing runoff from a green roof to other control 
practices. 
 
 
 



 

 
 

 
 
 



 

 
The EPA Stormwater Calculator was used to illustrate design tradeoffs in the thickness and extent of green 
roofs (Table 3-4).  This shows that less runoff from thicker roofs, but declining incremental reductions as 
thickness increases.  The runoff reduction performance of a 4-in green roof over an entire roof is about the 
same as the performance of an 8-in green roof covering half of the total roof area.  
 



http://www.greenroofs.org/index.php/about/green-wall-benefits





































































































