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Summary 
WinSLAMM (version 10.3) was used to estimate the total phosphorus load in post-development 
stormwater at a multifamily town house development project in the New York City Watershed. 
The site selected for this analysis, Hidden Meadow, is located in the Town of Somers and drains 
into the Amawalk Reservoir in Westchester County, New York.  The pre-developed site was 
forested with a centrally located, town-regulated wetland. Fifteen and a half acres of the site was 
developed and modeled. The remaining undeveloped 20.1 acres were assumed to have the same 
stormwater characteristics as the pre-development woods conditions. Table 1 lists each subarea 
used in the WinSLAMM analysis (measured directly from site plans). 
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Table 1: Modeled Subareas 
sub area developed 

area 
(acres) 

undeveloped 
area 
contribution 
(acres) 

Area 1  0.29 
Area 2  0.24 
Area 3  0.24 
Area 4  0.17 
Area 5  0.43 
Area 6  0.31 
Area 7  0.36 
Area 8  0.21 
Area 9  0.20 
Sport Court 0.034 
Streets 0.95 
Recreation Field 0.62 
BioRet2 1.57 1.63 
Pond Area 1.26 
Swale 0.83 3.30 
other to pond 1.45 
other to swale 0.72 
other to bioretention 0.72   
total modeled: 10.11 4.89 
grand total modeled: 15.50 

 
 
Stormwater at the subareas listed above is treated to remove total phosphorus and include:  the 
10-acre developed area; and the 5.5-acre undeveloped areas, that drain onto the developed area. 
WinSLAMM primarily models developed areas but can also include small areas of undeveloped 
land within developed urban areas.  
 
The Hidden Meadow site is comprised of many small elements representing portions of the 
buildings (roofs and driveways for example) directed towards different stormwater controls and 
drainage components. The following modeling schematic in Figure 1 is quite complex, especially 
considering the small area of the developed site. Simplified modeling analyses were not possible 
due to the use of distributed controls that are placed in many locations throughout the area, 
usually splitting source areas (such as roofs and landscaped areas) for different treatment. 
Appendix E-1 in this document shows the detailed development characteristics for each of these 
subareas. 
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Figure 1: Winslamm Site Layout Showing Subarea and Treatment Area Connections for 
Developed Portions of Hidden Meadow. 
 

 
 
There are many stormwater controls used at the site. Porous pavement driveways and backyard 
decks (which also receive portions of roof runoff) and rain gardens are used throughout the site. 
A large swale drains an upgradient area (as shown on the site maps) along with backyard areas 
for some of the units. A large bioretention area is located along the road which also receives 
some site drainage. A large bioretention area at the recreation field receives runoff from several 
buildings and adjacent areas, and a large pond receives runoff from much of the area (most 
having received prior treatment). The stormwater controls modeled are discussed in Appendix E-
2 in this document, with assumed vertical profiles and underground features if they were not 
described in the site reports. The dimensions of the areas treated by the stormwater controls were 
measured on the site plans. 
 
WinSLAMM was previously calibrated for East Coast conditions using data from the National 
Stormwater Quality Database 
(http://rpitt.eng.ua.edu/Publications/4_Stormwater_Characteristics_Pollutant_Sources_and_Land
_Development_Characteristics/Land_development_characteristics/Standard%20Land%20Use%2
0file%20descriptions%20final%20April%2018%202011%20for%20EPA%20Cadmus.pdf).  Site 
soils are reported as fine sandy loam, loam, and silt/sand.  Normally compacted silt soils were 
assumed, with infiltration rates of about 0.5 inch/hour for the infiltrating stormwater controls. 
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Ten years (1995 through 2005) of rainfall records for Yorktown Heights, NY, were used for 
WinSLAMM long-term continuous modeling calculations. (Yorktown Heights is approximately 
4 miles from Somers, the Hidden Meadow location). 
 
Appendix E-3 in this document provides WinSLAMM modeling summary results for post-
development conditions at the Hidden Meadow site. The level of stormwater treatment was quite 
high, especially for particulate forms of phosphorus.  
 
Table 2 presents the annual runoff discharge loads for the rainy period. 
 
Table 2: Rainy Season Annual Runoff Discharge Loads  
The post-development WinSLAMM 
analysis was only for the non-winter season 
(excluding rains from December 2 to March 
12, based on typical temperatures and 
snowfall). The following are the annual 
runoff discharge loads for the rainy period:   

Value for rainy period only 

Rain depth 32.80 inches per year (in/yr) 
Runoff volume 150,100 cubic feet per year (ft3/yr) (about 57% 

reductions) 
Total particulate solids yield 254 pounds per year (lbs/yr) (about 93% 

reductions) 
Total particulate solids concentration 27.1 milligrams per liter (mg/L) 
Total phosphorus yield 1.86 lb/yr (about 76% reductions) 
Total phosphorus concentrations 0.33 mg/L 
Particulate phosphorus yield 0.27 lb/yr (about 94% reductions) 
Particulate phosphorus concentration 0.18 mg/L 
Filterable phosphorus yield 1.59 lb/yr (about 57% reductions) 
Filterable phosphorus concentration 0.15 mg/L 

 
These yield values require that the stormwater controls are designed, built, and maintained 
correctly. 
 
Since WinSLAMM does not calculate snowmelt runoff, the following estimate was used to 
predict the discharge of total phosphorus in snowmelt at the site. The estimated amount of runoff 
from this developed area during snowmelt events (when infiltration practices are not likely to be 
functioning) is estimated to be about 55,900 ft3/yr (based on the 10-year average rainfall amount 
measured during the winter season. A reasonable value for snowmelt total phosphorus 
concentrations is 0.23 mg/L, as measured during extensive snowmelt water quality monitoring in 
Toronto residential and commercial areas (Pitt and McLean 1986). This estimated snowmelt total 
phosphorus yield (snowmelt runoff volume multiplied by the concentration) is therefore 
estimated to be about 0.80 lb/yr. 
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Therefore, the 15.5 acre modeled area is calculated to have the following annual total phosphorus 
discharges after development: 
 
 Winter season yield: 0.80 lb/yr   
 Rain season yield: 1.86 lb/yr 
 Total:   2.66 lb/yr 
 
Based on Don Lake’s analyses applying the Simple Method for this site and Yorktown Heights 
area rains, the pre-development total phosphorus load at the Hidden Meadow site was calculated 
to be 1.57 lb/yr. The total phosphorus load is therefore expected to increase by about 1.09 lb/yr 
(about 70% compared to the pre-developed conditions), even with the extensive stormwater 
controls proposed at the site.  
 

In addition to this 15.5 acre modeled area, an additional 20.1 acres of undeveloped area is also 
included on the site that do not drain to the site stormwater controls. This area was not modeled 
using WinSLAMM, as the model only considers developed urban land. However, the total 
phosphorus load at this undeveloped area is expected to remain at pre-developed levels. When 
the total phosphorus load from this undeveloped area is added to the modeled urban developed 
land (again using Don Lake’s pre-development/undeveloped land analyses applying the Simple 
Method for this area), the total 35.6 areas would produce an expected annual discharge of 7.87 
lb/acre, compared to the pre-developed total phosphorus annual load of 6.78 lb/acre. The 
difference between pre- and post-development is the same at 1.09 lb/yr. However, the percentage 
difference decreases from approximately 70% to about 16%, due to the larger area. Nonetheless, 
1.09 lb/yr of additional total phosphorus is estimated to leave the site in the post-developed 
condition. 
 

Table 3 summarizes the pre- and post-development total phosphorus discharges for the Hidden 
Meadow development. This table shows the calculated total phosphorus mass discharges for pre-
development and post-development conditions. Estimates for snowmelt total phosphorus 
discharges are also shown, based on simple calculations. These snowmelt discharges account for 
about 30% of the annual total phosphorus discharges for this site.  
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Table 3: Summary of Calculated Total Phosphorus Discharges at Hidden Meadow Site 
(total phosphorus runoff discharges, lb/yr) 
 Hidden Meadow (15.5 ac developed area) 
A. Site undeveloped  (all seasons) 1.57 
B. Site developed  (non-winter seasons) 
(not including off site area) 

1.86 

C. Site developed snowmelt (estimate) 0.80 
D. Total site developed  all seasons (B plus 
C) (not including off site area) 

2.66 

E. Site change with development  (D minus 
A) 

1.09 

F. Off-site change due to treatment onsite 
(3.2 acres draining to bioretention area 2) 

0.87 reduction 

G. Net change (E minus F) 0.22 
 
The off-site treatment is provided at bioretention 2 which receives runoff from the adjacent road 
(0.5 acres) plus runoff from about 2.7 acres of large landscaped and undeveloped areas. This 
large bioretention area (about 0.3 acre in size) completely eliminated all runoff from this off-site 
area.  
 
The Hidden Meadow development uses a wide variety and extensive use of stormwater 
management practices. However, it is still expected to result in increased total phosphorus 
discharges compared to pre-developed conditions. This site also includes additional treatment of 
off-site stormwater that drains to site controls, providing additional total phosphorus reductions 
compared to pre-developed conditions. Therefore, one method to further reduce the total 
phosphorus discharges would be to increase the treatment of off-site stormwater. 
 
This example illustrates how WinSLAMM can be used to calculate complex development sites 
having many types of stormwater controls. WinSLAMM accurately routes flows, particulates, 
particle sizes, and pollutants through multiple controls, using the effluent characteristics from 
upland controls, adding new flow additions, and then routing the combined flows to downstream 
controls. This example was overly complex due to the numerous small components and the many 
distributed stormwater controls. Also, these analyses are estimates based on calculated results 
and reasonable assumptions concerning source areas and stormwater control details.  More 
precise analyses are possible with actual measurements and specific design information. 
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Appendix E-1: Subarea Development Characteristics 
 
Area 1 
  area 

(square 
feet -
ft2) 

area 
(acre 
- ac) 

fraction 
to 
subarea

1a to 
pond 

1a to 
pond 
total 

1b to 
back 
yard 
deck 
(deck) 
porous 
pavement 
(PP) & 
swale 

1b to 
PP & 
swale 
total 

area 1 roofs 5,148 0.118     
1a roof to 
pond  

0.5 0.059   

1b roof to deck 
PP and outfall 

0.5   0.059 

area 1 PP 
driveways to 
pond 

1,652 0.038 1 0.038   

area 1 PP 
decks to 
outfall  

816 0.019 1   0.019 

area 1 front 
yards to pond 

1,588 0.036 1 0.036   

area 1 rear 
yards to pond 

3,456 0.079 1 0.079   

totals   0.291     0.213   0.078 
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Area 2 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

2a to 
bioret

2a to 
bioret 
total 

2b to 
deck 
PP & 
swale

2b to 
PP & 
swale 
total 

area 2 roofs 4,158 0.095     
2a roof to bioret  

  
0.5 0.048   

2b roof to deck 
PP and outfall 

  
0.5   0.048

area 2 PP 
driveways to 
bioret 

1,377 0.032 1 0.032   

area 2 PP decks 
to outfall  

680 0.016 1   0.016

area 2 front 
yards to bioret 

1,323 0.030 1 0.030   

area 2 rear 
yards to bioret 

2,880 0.066 1 0.066       

totals 0.239   0.176   0.063 
Bioret = bioretention facility 
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Area 3 
  area 

(ft2) 
area 
(ac) 

fractio
n to 
subare
a 

3a to 
biore
t 

3a to 
biore
t 
total 

3b to 
deck 
PP 
and 
swal
e 

3b to 
deck 
PP 
and 
swal
e 
total 

3c to 
pond 

3c to 
pond 
total 

3d to 
deck 
PP 
and 
pond 

3d to 
deck 
PP 
and 
pond 
total 

area 3 
roofs 

4,15
8 

0.09
5 

 
      

 
  

3a roof to 
bioret  

  
0.3 0.02

9 
    

 
  

3b roof to 
deck PP 
and 
outfall 

  
0.2   0.01

9 
  

 
  

3c to 
pond 

0.3     0.02
9 

  

3d roof to 
deck pp 
and pond 

    0.2             0.01
9 

  

area 3 PP 
driveways 

1,37
7 

0.03
2 

        

3a PP 
driveway 

0.4 0.01
3 

      

3c PP 
driveway 

    0.6         0.01
9 

      

area 3 PP 
decks 

680 0.01
6 

        

3b PP 
decks 

  
0.4   0.00

6 
  

 
  

3d PP 
decks 

    0.6             0.00
9 

  

area 3 
front 
yards 

1,32
3 

0.03
0 

        

3a front 
yards 

0.4 0.01
2 

      

3c front 
yards 

    0.6         0.01
8 

      

area 3a 
rear yards 
to bioret 

2,88
0 

0.06
6 

1 0.06
6 

              

totals   0.23
9 

    0.12
0 

  0.02
5 

  0.06
6 

  0.02
8 
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Area 4 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

4a to 
bioret

4a to 
bioret 
total 

4b to 
deck 
PP 
and 
swale

4b to 
PP 
and 
swale 
total 

area 4 roofs 4,158 0.095 
 

    
4a roof to 
bioret  

  
0.5 0.048   

4b roof to deck 
PP and outfall 

    0.5     0.048   

area 4a PP 
driveways to 
bioret 

1,377 0.032 1 0.032       

area 4b PP 
decks to outfall  

680 0.016 1     0.016   

area 4a front 
yards to bioret 

1,323 0.030 1 0.030       

totals   0.173     0.110   0.063 
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Area 5 
  area 

(ft2) 
area 
(ac) 

fractio
n to 
sub-
area 

5a to 
bio-
ret 

5a to 
bio-
ret 
total 

5b to 
rain 
gar-
den 
(RG) 
1 to 
out-
fall 

5b to 
rain 
gar-
den 
1 to 
out-
fall 
total 

5c to 
rain 
gar-
den 
2 to 
out-
fall 

5c to 
rain 
gar-
den 
2 to 
out-
fall 
total 

5d to 
rain 
gar-
den 
3 to 
out-
fall 

5d to 
rain 
gar-
den 
3 to 
out-
fall 
total 

area 5 
roofs 

5,427 0.12
5 

 
      

 
  

5a roof to 
bioret  

  
0.65 0.08

1 
    

 
  

5b roof to 
RG1 and 
outfall 

0.12   0.01
5 

    

5c roof to 
RG2 and 
outfall 

0.12     0.01
5 

  

5d roof to 
RG3 and 
outfall 

    0.11             0.01
4 

  

area 5a 
driveway
s to bioret 

1,377 0.03
2 

1 0.03
2 

              

area 5a 
front 
yards to 
bioret 

1,323 0.03
0 

1 0.03
0 

              

area 5 
rear yards 

10,71
4 

0.24
6 

 
      

 
  

5b rear 
yard to 
RG1 

0.4   0.09
8 

    

5c rear 
yard to 
RG2 

0.2     0.04
9 

  

5d rear 
yard to 
RG3 

    0.4             0.09
8 

  

totals   0.43
3 

    0.14
3 

  0.11
3 

  0.06
4 

  0.11
2 
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Area 6 
  area 

(ft2) 
area 
(ac) 

fractio
n to 
subare
a 

6a to 
bio-
ret 

6a to 
bio-
ret 
total 

6b to 
rain 
gar-
den 
4 to 
pond 

6b to 
rain 
gar-
den 
4 to 
pond 
total 

6c to 
rain 
gar-
den 
5 to 
pond 

6c to 
rain 
gar-
den 
5 to 
pond 
total 

6d to 
rain 
gar-
den 
6 to 
pond 

6d to 
rain 
gar-
den 
6 to 
pond 
total 

area 6 
roofs 

5,37
9 

0.12
3 

 
      

 
  

6a roof to 
bioret  

  
0.6 0.07

4 
    

 
  

6b roof to 
RG4 and 
pond 

  
0.14   0.01

7 
  

 
  

6c roof to 
RG5 and 
pond 

0.13     0.01
6 

  

6d roof to 
RG6 and 
pond 

    0.13             0.01
6 

  

area 6a 
driveway
s to bioret 

1,16
3 

0.02
7 

1 0.02
7 

              

area 6a 
front 
yards to 
bioret 

1,44
0 

0.03
3 

1 0.03
3 

              

area 6 
rear yards 

5,45
4 

0.12
5 

 
      

 
  

6b rear 
yard to 
RG4 and 
pond 

0.7   0.08
8 

    

6c rear 
yard to 
RG5 and 
pond 

0.2     0.02
5 

  

6d rear 
yard to 
RG6 and 
pond 

    0.1             0.01
3 

  

totals 0.30
8 

  0.13
4 

  0.10
5 

  0.04
1 

  0.02
9 
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Area 7 
  area 

(ft2) 
area 
(ac) 

fractio
n to 
subare
a 

7a to 
biore
t 

7a to 
biore
t 
total 

7b to 
rain 
gar-
den 
7 to 
pond 

7b to 
rain 
gar-
den 
7 to 
pond 
total 

7c to 
rain 
gar-
den 
to 
pond 

7c to 
rain 
gar-
den 
to 
pond 
total 

7d to 
rain 
gar-
den 
8 to 
pond 

7d to 
rain 
gar-
den 
8 to 
pond 
total 

area 7 
roofs 

6,80
4 

0.15
6 

 
      

 
  

7a roof to 
bioret  

  
0.5 0.07

8 
    

 
  

7b roof to 
RG7 and 
pond 

  
0.17   0.02

7 
  

 
  

7c roof to 
pond 

0.16     0.02
5 

  

7d roof to 
RG8 and 
pond 

    0.17             0.02
7 

  

area 7a 
driveway
s to 
bioret 

1,39
5 

0.03
2 

1 0.03
2 

              

area 7a 
front 
yards to 
bioret 

2,43
0 

0.05
6 

1 0.05
6 

              

area 7 
rear 
yards 

5,04
0 

0.11
6 

 
      

 
  

7b rear 
yard to 
RG7 and 
pond 

0.4   0.04
6 

    

7c rear 
yard to 
pond 

0.3     0.03
5 

  

7d rear 
yard to 
RG8 and 
pond 

    0.3             0.03
5 

  

totals 0.36
0 

  0.16
6 

  0.07
3 

  0.06
0 

  0.06
1 
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Area 8 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

8 to 
pond 

8 to 
pond 
total 

area 8 roofs to 
pond 

3,029 0.070 1 0.070

area 8 driveways to 
pond 

734 0.017 1 0.017

area 8 front yards 
to pond 

985 0.023 1 0.023

area 8 sidewalks to 
pond 

428 0.010 1 0.010

area 8 sideyards to 
pond 

3,125 0.072 1 0.072

area 8 rear yards to 
pond 

900 0.021 1 0.021   

totals 0.211   0.211
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Area 9 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

9a to 
rain 
garden 
11 

9a to 
rain 
garden 
11  
total 

9b to 
pond 

9b to 
pond 
total 

area 9 roofs  3,029 0.070 
 

    
area 9a roofs 
to RG 11 

  
0.13 0.009   

area 9b roofs 
to pond 

    0.87     0.061   

area 9b 
driveways to 
pond 

490 0.011 1     0.011   

area 9b front 
yards to pond 

985 0.023 1     0.023   

area  9b 
sidewalks to 
pond 

428 0.010 1     0.010   

area 9 
sideyards 

2,871 0.066     

area 9a 
sideyards to 
RG11 

0.25 0.016   

area 9b 
sideyards to 
pond 

    0.75     0.049   

area 9 rear 
yards 

900 0.021     

area 9a  rear 
yards to 
RG11 

  
0.05 0.001   

area 9b rear 
yards to pond 

    0.95     0.020   

totals 0.200   0.027   0.173 
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Sport Court (SC) 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

SCa 
to 
RG9 
to 
pond 

SCa 
to 
RG9 
to 
pond 
total 

SCb 
to 
RG10 
to 
pond 

SCb 
to 
RG10 
to 
pond 
total 

sport court 1,494 0.034     
SCa sport court 
to RG9 to pond 

  
0.5 0.017   

SCb sport court 
to RG10 to pond 

    0.5     0.017   

totals 
 

0.034   0.017   0.017 
 
Streets (ST) 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

STa 
to 
Bioret

STa 
to 
Bioret 
total 

STb 
to 
pond 

STb 
to 
pond 
total 

streets 41,400 0.950     
STa to 
Bioret 

0.5 0.475   

STb to 
pond 

    0.5     0.475   

totals 0.950   0.475   0.475
 
Recreation Field 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

RecField 
to bioret 
to pond 

RecField 
to bioret 
to pond 
total 

RecField large landscape 
to bioret to pond 

23,220 0.533 1 0.533 

RecField sidewalks to 
bioret to pond 

3,744 0.086 1 0.086   

totals 0.619   0.619 
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Bioretention Area Near Street (Bioret2) 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

 Bioret 
2 to 
outfall

Bioret 
2 to 
outfall 
total 

BioRet2 large landscape to 
bioret2 to outfall 

46,800 1.074 1  1.074 

BioRet2 street to bioret2 to 
outfall 

2,640 0.500 1  0.500  

BioRet2 un-dev large 
landscape to bioret2 to 
outfall 

69,264 1.626 1  1.590   

totals 
 

3.200    3.200 
 
Large Pond Area 
  area 

(ft2) 
area 
(ac) 

fraction 
to 
subarea

pond 
to 
outfall

pond 
to 
outfall 
total 

pond large landscape to 
pond to outfall 

54,720 1.120 1 1.120 

pond water surface to pond 
to outfall 

5,940 0.136 1 0.136   

Totals 1.256   1.256 
 
Other to Pond (1.45 acres, all large landscaped area) 
 
Other to Swale (0.724 acres, all large landscaped area) 
 
Other to Bioretention (0.724 acres, all large landscaped area) 
 
Swale (0.83 acres, all vegetated area within the swale) 
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Appendix E-2: Hidden Meadow Stormwater Controls Modeled by WinSLAMM 
 

Wet Pond: 
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Recreation Field Bioretention: 
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Roadside Bioretention: 
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Hillside Swale: 
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Backyard Porous Pavement Example (same cross-section as porous pavement driveways): 
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Typical Rain Garden: 
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Appendix E-3: Modeling Summary Results 
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