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ARE - Buildings 1 & 1A

3000 Minuteman Road, Andover, MA

SMMA Job No. 21141

Date: 1/24/2022

Calc by: MF

Check by: WWP

Peak Discharge Rate Summary [cfs]

Existing Proposed Existing Proposed Existing Proposed Existing Proposed

DP-1 19.81 19.02 48.17 46.68 67.75 65.50 99.43 96.32

DP-2 0.33 0.33 5.37 5.37 10.10 10.10 18.73 18.73

DP-3 0.21 0.19 1.27 1.15 2.13 1.93 3.64 3.29

Design        

Point

2-year (3.11") 10-year (4.91") 25-year (6.03") 100-year (7.76")

1/1



S-1.0

Front Parking Area

S-1.1

Loading Area

S-1.2

Parking and Solar Field

S-1.3

Building 1 Roof

S-2.0

West Undeveloped Area

S-3.0

East Slope

DP-1

Culvert to River

DP-2

West Property Line

DP-3

East Wetland

Routing Diagram for ARE Andover Building 1 - EX
Prepared by SMMA,  Printed 1/23/2022

HydroCAD® 10.00-20  s/n 00853  © 2017 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



ARE Building 1 - Existing Conditions

ARE Andover Building 1 - EX
  Printed  1/23/2022Prepared by SMMA

Page 2HydroCAD® 10.00-20  s/n 00853  © 2017 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

6.590 39 >75% Grass cover, Good, HSG A  (S-1.0, S-1.2, S-2.0, S-3.0)

6.300 61 >75% Grass cover, Good, HSG B  (S-1.1, S-1.2, S-2.0, S-3.0)

6.160 98 Paved Parking  (S-1.0, S-1.1, S-1.2, S-2.0)

1.020 98 Roofs  (S-1.3)

20.070 67 TOTAL AREA
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2.870 ac   55.05% Impervious   Runoff Depth=0.82"Subcatchment S-1.0: Front Parking Area
   Flow Length=1,816'   Tc=6.0 min   CN=71   Runoff=4.10 cfs  0.197 af

Runoff Area=2.460 ac   39.43% Impervious   Runoff Depth=1.09"Subcatchment S-1.1: Loading Area
   Flow Length=1,527'   Tc=9.1 min   CN=76   Runoff=4.22 cfs  0.223 af

Runoff Area=7.910 ac   44.25% Impervious   Runoff Depth=0.73"Subcatchment S-1.2: Parking and Solar 
   Flow Length=843'   Tc=10.1 min   CN=69   Runoff=8.16 cfs  0.481 af

Runoff Area=1.020 ac   100.00% Impervious   Runoff Depth=2.88"Subcatchment S-1.3: Building 1 Roof
   Tc=6.0 min   CN=98   Runoff=4.48 cfs  0.245 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=0.18"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=0.33 cfs  0.074 af

Runoff Area=0.720 ac   0.00% Impervious   Runoff Depth=0.28"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=0.21 cfs  0.017 af

   Inflow=19.81 cfs  1.146 afReach DP-1: Culvert to River
   Outflow=19.81 cfs  1.146 af

   Inflow=0.33 cfs  0.074 afReach DP-2: West Property Line
   Outflow=0.33 cfs  0.074 af

   Inflow=0.21 cfs  0.017 afReach DP-3: East Wetland
   Outflow=0.21 cfs  0.017 af

Total Runoff Area = 20.070 ac   Runoff Volume = 1.237 af   Average Runoff Depth = 0.74"
64.23% Pervious = 12.890 ac     35.77% Impervious = 7.180 ac
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Summary for Subcatchment S-1.0: Front Parking Area

Runoff = 4.10 cfs @ 11.98 hrs,  Volume= 0.197 af,  Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

1.290 39 >75% Grass cover, Good, HSG A
* 1.580 98 Paved Parking

2.870 71 Weighted Average
1.290 44.95% Pervious Area
1.580 55.05% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Area

Runoff = 4.22 cfs @ 12.01 hrs,  Volume= 0.223 af,  Depth= 1.09"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

1.490 61 >75% Grass cover, Good, HSG B
* 0.970 98 Paved Parking

2.460 76 Weighted Average
1.490 60.57% Pervious Area
0.970 39.43% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.7 50 0.0320 0.18 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.7 150 0.0450 1.48 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.3 10 0.0010 0.64 Shallow Concentrated Flow, C-D
Paved   Kv= 20.3 fps

0.4 163 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.3 107 0.0100 7.03 12.41 Pipe Channel, CMP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 154 0.0100 7.79 18.73 Pipe Channel, RCP_Round  21"
21.0"  Round  Area= 2.4 sf  Perim= 5.5'  r= 0.44'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 232 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 67 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

9.1 1,527 Total
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Summary for Subcatchment S-1.2: Parking and Solar Field

Runoff = 8.16 cfs @ 12.03 hrs,  Volume= 0.481 af,  Depth= 0.73"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

1.300 61 >75% Grass cover, Good, HSG B
3.110 39 >75% Grass cover, Good, HSG A

* 3.500 98 Paved Parking

7.910 69 Weighted Average
4.410 55.75% Pervious Area
3.500 44.25% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.4 50 0.0750 0.25 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

0.8 107 0.0960 2.17 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

5.5 423 0.0340 1.29 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

0.0 15 0.0100 5.36 4.21 Pipe Channel, CMP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

10.1 843 Total

Summary for Subcatchment S-1.3: Building 1 Roof

Runoff = 4.48 cfs @ 11.97 hrs,  Volume= 0.245 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

* 1.020 98 Roofs

1.020 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 0.33 cfs @ 12.09 hrs,  Volume= 0.074 af,  Depth= 0.18"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total

Summary for Subcatchment S-3.0: East Slope

Runoff = 0.21 cfs @ 12.01 hrs,  Volume= 0.017 af,  Depth= 0.28"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

0.600 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.720 57 Weighted Average
0.720 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.260 ac, 49.58% Impervious,  Inflow Depth = 0.96"    for  2 yr Storm event
Inflow = 19.81 cfs @ 12.00 hrs,  Volume= 1.146 af
Outflow = 19.81 cfs @ 12.00 hrs,  Volume= 1.146 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 0.18"    for  2 yr Storm event
Inflow = 0.33 cfs @ 12.09 hrs,  Volume= 0.074 af
Outflow = 0.33 cfs @ 12.09 hrs,  Volume= 0.074 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.720 ac, 0.00% Impervious,  Inflow Depth = 0.28"    for  2 yr Storm event
Inflow = 0.21 cfs @ 12.01 hrs,  Volume= 0.017 af
Outflow = 0.21 cfs @ 12.01 hrs,  Volume= 0.017 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2.870 ac   55.05% Impervious   Runoff Depth=2.05"Subcatchment S-1.0: Front Parking Area
   Flow Length=1,816'   Tc=6.0 min   CN=71   Runoff=10.54 cfs  0.490 af

Runoff Area=2.460 ac   39.43% Impervious   Runoff Depth=2.46"Subcatchment S-1.1: Loading Area
   Flow Length=1,527'   Tc=9.1 min   CN=76   Runoff=9.65 cfs  0.505 af

Runoff Area=7.910 ac   44.25% Impervious   Runoff Depth=1.89"Subcatchment S-1.2: Parking and Solar 
   Flow Length=843'   Tc=10.1 min   CN=69   Runoff=22.86 cfs  1.247 af

Runoff Area=1.020 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment S-1.3: Building 1 Roof
   Tc=6.0 min   CN=98   Runoff=7.13 cfs  0.397 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=0.82"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=5.37 cfs  0.348 af

Runoff Area=0.720 ac   0.00% Impervious   Runoff Depth=1.06"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=1.27 cfs  0.063 af

   Inflow=48.17 cfs  2.639 afReach DP-1: Culvert to River
   Outflow=48.17 cfs  2.639 af

   Inflow=5.37 cfs  0.348 afReach DP-2: West Property Line
   Outflow=5.37 cfs  0.348 af

   Inflow=1.27 cfs  0.063 afReach DP-3: East Wetland
   Outflow=1.27 cfs  0.063 af

Total Runoff Area = 20.070 ac   Runoff Volume = 3.050 af   Average Runoff Depth = 1.82"
64.23% Pervious = 12.890 ac     35.77% Impervious = 7.180 ac
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Summary for Subcatchment S-1.0: Front Parking Area

Runoff = 10.54 cfs @ 11.98 hrs,  Volume= 0.490 af,  Depth= 2.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

1.290 39 >75% Grass cover, Good, HSG A
* 1.580 98 Paved Parking

2.870 71 Weighted Average
1.290 44.95% Pervious Area
1.580 55.05% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Area

Runoff = 9.65 cfs @ 12.01 hrs,  Volume= 0.505 af,  Depth= 2.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

1.490 61 >75% Grass cover, Good, HSG B
* 0.970 98 Paved Parking

2.460 76 Weighted Average
1.490 60.57% Pervious Area
0.970 39.43% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.7 50 0.0320 0.18 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.7 150 0.0450 1.48 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.3 10 0.0010 0.64 Shallow Concentrated Flow, C-D
Paved   Kv= 20.3 fps

0.4 163 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.3 107 0.0100 7.03 12.41 Pipe Channel, CMP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 154 0.0100 7.79 18.73 Pipe Channel, RCP_Round  21"
21.0"  Round  Area= 2.4 sf  Perim= 5.5'  r= 0.44'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 232 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 67 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

9.1 1,527 Total
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Summary for Subcatchment S-1.2: Parking and Solar Field

Runoff = 22.86 cfs @ 12.02 hrs,  Volume= 1.247 af,  Depth= 1.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

1.300 61 >75% Grass cover, Good, HSG B
3.110 39 >75% Grass cover, Good, HSG A

* 3.500 98 Paved Parking

7.910 69 Weighted Average
4.410 55.75% Pervious Area
3.500 44.25% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.4 50 0.0750 0.25 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

0.8 107 0.0960 2.17 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

5.5 423 0.0340 1.29 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

0.0 15 0.0100 5.36 4.21 Pipe Channel, CMP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

10.1 843 Total

Summary for Subcatchment S-1.3: Building 1 Roof

Runoff = 7.13 cfs @ 11.97 hrs,  Volume= 0.397 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

* 1.020 98 Roofs

1.020 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 5.37 cfs @ 12.04 hrs,  Volume= 0.348 af,  Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total

Summary for Subcatchment S-3.0: East Slope

Runoff = 1.27 cfs @ 11.99 hrs,  Volume= 0.063 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

0.600 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.720 57 Weighted Average
0.720 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.260 ac, 49.58% Impervious,  Inflow Depth = 2.22"    for  10 yr Storm event
Inflow = 48.17 cfs @ 12.00 hrs,  Volume= 2.639 af
Outflow = 48.17 cfs @ 12.00 hrs,  Volume= 2.639 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 0.82"    for  10 yr Storm event
Inflow = 5.37 cfs @ 12.04 hrs,  Volume= 0.348 af
Outflow = 5.37 cfs @ 12.04 hrs,  Volume= 0.348 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.720 ac, 0.00% Impervious,  Inflow Depth = 1.06"    for  10 yr Storm event
Inflow = 1.27 cfs @ 11.99 hrs,  Volume= 0.063 af
Outflow = 1.27 cfs @ 11.99 hrs,  Volume= 0.063 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2.870 ac   55.05% Impervious   Runoff Depth=2.92"Subcatchment S-1.0: Front Parking Area
   Flow Length=1,816'   Tc=6.0 min   CN=71   Runoff=15.01 cfs  0.699 af

Runoff Area=2.460 ac   39.43% Impervious   Runoff Depth=3.41"Subcatchment S-1.1: Loading Area
   Flow Length=1,527'   Tc=9.1 min   CN=76   Runoff=13.28 cfs  0.698 af

Runoff Area=7.910 ac   44.25% Impervious   Runoff Depth=2.74"Subcatchment S-1.2: Parking and Solar 
   Flow Length=843'   Tc=10.1 min   CN=69   Runoff=33.28 cfs  1.803 af

Runoff Area=1.020 ac   100.00% Impervious   Runoff Depth=5.79"Subcatchment S-1.3: Building 1 Roof
   Tc=6.0 min   CN=98   Runoff=8.77 cfs  0.492 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=1.38"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=10.10 cfs  0.586 af

Runoff Area=0.720 ac   0.00% Impervious   Runoff Depth=1.69"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=2.13 cfs  0.102 af

   Inflow=67.75 cfs  3.693 afReach DP-1: Culvert to River
   Outflow=67.75 cfs  3.693 af

   Inflow=10.10 cfs  0.586 afReach DP-2: West Property Line
   Outflow=10.10 cfs  0.586 af

   Inflow=2.13 cfs  0.102 afReach DP-3: East Wetland
   Outflow=2.13 cfs  0.102 af

Total Runoff Area = 20.070 ac   Runoff Volume = 4.380 af   Average Runoff Depth = 2.62"
64.23% Pervious = 12.890 ac     35.77% Impervious = 7.180 ac
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Summary for Subcatchment S-1.0: Front Parking Area

Runoff = 15.01 cfs @ 11.97 hrs,  Volume= 0.699 af,  Depth= 2.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

1.290 39 >75% Grass cover, Good, HSG A
* 1.580 98 Paved Parking

2.870 71 Weighted Average
1.290 44.95% Pervious Area
1.580 55.05% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Area

Runoff = 13.28 cfs @ 12.01 hrs,  Volume= 0.698 af,  Depth= 3.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

1.490 61 >75% Grass cover, Good, HSG B
* 0.970 98 Paved Parking

2.460 76 Weighted Average
1.490 60.57% Pervious Area
0.970 39.43% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.7 50 0.0320 0.18 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.7 150 0.0450 1.48 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.3 10 0.0010 0.64 Shallow Concentrated Flow, C-D
Paved   Kv= 20.3 fps

0.4 163 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.3 107 0.0100 7.03 12.41 Pipe Channel, CMP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 154 0.0100 7.79 18.73 Pipe Channel, RCP_Round  21"
21.0"  Round  Area= 2.4 sf  Perim= 5.5'  r= 0.44'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 232 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 67 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

9.1 1,527 Total
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Summary for Subcatchment S-1.2: Parking and Solar Field

Runoff = 33.28 cfs @ 12.02 hrs,  Volume= 1.803 af,  Depth= 2.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

1.300 61 >75% Grass cover, Good, HSG B
3.110 39 >75% Grass cover, Good, HSG A

* 3.500 98 Paved Parking

7.910 69 Weighted Average
4.410 55.75% Pervious Area
3.500 44.25% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.4 50 0.0750 0.25 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

0.8 107 0.0960 2.17 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

5.5 423 0.0340 1.29 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

0.0 15 0.0100 5.36 4.21 Pipe Channel, CMP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

10.1 843 Total

Summary for Subcatchment S-1.3: Building 1 Roof

Runoff = 8.77 cfs @ 11.97 hrs,  Volume= 0.492 af,  Depth= 5.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

* 1.020 98 Roofs

1.020 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 10.10 cfs @ 12.03 hrs,  Volume= 0.586 af,  Depth= 1.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total

Summary for Subcatchment S-3.0: East Slope

Runoff = 2.13 cfs @ 11.98 hrs,  Volume= 0.102 af,  Depth= 1.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

0.600 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.720 57 Weighted Average
0.720 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.260 ac, 49.58% Impervious,  Inflow Depth = 3.11"    for  25 yr Storm event
Inflow = 67.75 cfs @ 12.00 hrs,  Volume= 3.693 af
Outflow = 67.75 cfs @ 12.00 hrs,  Volume= 3.693 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 1.38"    for  25 yr Storm event
Inflow = 10.10 cfs @ 12.03 hrs,  Volume= 0.586 af
Outflow = 10.10 cfs @ 12.03 hrs,  Volume= 0.586 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.720 ac, 0.00% Impervious,  Inflow Depth = 1.69"    for  25 yr Storm event
Inflow = 2.13 cfs @ 11.98 hrs,  Volume= 0.102 af
Outflow = 2.13 cfs @ 11.98 hrs,  Volume= 0.102 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2.870 ac   55.05% Impervious   Runoff Depth=4.37"Subcatchment S-1.0: Front Parking Area
   Flow Length=1,816'   Tc=6.0 min   CN=71   Runoff=22.22 cfs  1.046 af

Runoff Area=2.460 ac   39.43% Impervious   Runoff Depth=4.94"Subcatchment S-1.1: Loading Area
   Flow Length=1,527'   Tc=9.1 min   CN=76   Runoff=19.03 cfs  1.013 af

Runoff Area=7.910 ac   44.25% Impervious   Runoff Depth=4.15"Subcatchment S-1.2: Parking and Solar 
   Flow Length=843'   Tc=10.1 min   CN=69   Runoff=50.35 cfs  2.733 af

Runoff Area=1.020 ac   100.00% Impervious   Runoff Depth=7.52"Subcatchment S-1.3: Building 1 Roof
   Tc=6.0 min   CN=98   Runoff=11.30 cfs  0.639 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=2.41"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=18.73 cfs  1.023 af

Runoff Area=0.720 ac   0.00% Impervious   Runoff Depth=2.83"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=3.64 cfs  0.170 af

   Inflow=99.43 cfs  5.431 afReach DP-1: Culvert to River
   Outflow=99.43 cfs  5.431 af

   Inflow=18.73 cfs  1.023 afReach DP-2: West Property Line
   Outflow=18.73 cfs  1.023 af

   Inflow=3.64 cfs  0.170 afReach DP-3: East Wetland
   Outflow=3.64 cfs  0.170 af

Total Runoff Area = 20.070 ac   Runoff Volume = 6.624 af   Average Runoff Depth = 3.96"
64.23% Pervious = 12.890 ac     35.77% Impervious = 7.180 ac
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Summary for Subcatchment S-1.0: Front Parking Area

Runoff = 22.22 cfs @ 11.97 hrs,  Volume= 1.046 af,  Depth= 4.37"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

1.290 39 >75% Grass cover, Good, HSG A
* 1.580 98 Paved Parking

2.870 71 Weighted Average
1.290 44.95% Pervious Area
1.580 55.05% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Area

Runoff = 19.03 cfs @ 12.00 hrs,  Volume= 1.013 af,  Depth= 4.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

1.490 61 >75% Grass cover, Good, HSG B
* 0.970 98 Paved Parking

2.460 76 Weighted Average
1.490 60.57% Pervious Area
0.970 39.43% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.7 50 0.0320 0.18 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.7 150 0.0450 1.48 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.3 10 0.0010 0.64 Shallow Concentrated Flow, C-D
Paved   Kv= 20.3 fps

0.4 163 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.3 107 0.0100 7.03 12.41 Pipe Channel, CMP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 154 0.0100 7.79 18.73 Pipe Channel, RCP_Round  21"
21.0"  Round  Area= 2.4 sf  Perim= 5.5'  r= 0.44'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 232 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 67 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

9.1 1,527 Total
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Summary for Subcatchment S-1.2: Parking and Solar Field

Runoff = 50.35 cfs @ 12.02 hrs,  Volume= 2.733 af,  Depth= 4.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

1.300 61 >75% Grass cover, Good, HSG B
3.110 39 >75% Grass cover, Good, HSG A

* 3.500 98 Paved Parking

7.910 69 Weighted Average
4.410 55.75% Pervious Area
3.500 44.25% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.4 50 0.0750 0.25 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

0.8 107 0.0960 2.17 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

5.5 423 0.0340 1.29 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

0.0 15 0.0100 5.36 4.21 Pipe Channel, CMP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  

0.3 182 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.1 66 0.0100 11.15 78.83 Pipe Channel, CMP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

10.1 843 Total

Summary for Subcatchment S-1.3: Building 1 Roof

Runoff = 11.30 cfs @ 11.97 hrs,  Volume= 0.639 af,  Depth= 7.52"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

* 1.020 98 Roofs

1.020 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 18.73 cfs @ 12.02 hrs,  Volume= 1.023 af,  Depth= 2.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total

Summary for Subcatchment S-3.0: East Slope

Runoff = 3.64 cfs @ 11.98 hrs,  Volume= 0.170 af,  Depth= 2.83"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

0.600 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.720 57 Weighted Average
0.720 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.260 ac, 49.58% Impervious,  Inflow Depth = 4.57"    for  100 yr Storm event
Inflow = 99.43 cfs @ 12.00 hrs,  Volume= 5.431 af
Outflow = 99.43 cfs @ 12.00 hrs,  Volume= 5.431 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 2.41"    for  100 yr Storm event
Inflow = 18.73 cfs @ 12.02 hrs,  Volume= 1.023 af
Outflow = 18.73 cfs @ 12.02 hrs,  Volume= 1.023 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.720 ac, 0.00% Impervious,  Inflow Depth = 2.83"    for  100 yr Storm event
Inflow = 3.64 cfs @ 11.98 hrs,  Volume= 0.170 af
Outflow = 3.64 cfs @ 11.98 hrs,  Volume= 0.170 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

3.410 39 >75% Grass cover, Good, HSG A  (S-1.0, S-1.2a, S-1.2b, S-2.0, S-3.0)

6.680 61 >75% Grass cover, Good, HSG B  (S-1.0, S-1.1, S-2.0, S-3.0)

6.300 98 Paved Parking  (S-1.0, S-1.1, S-1.2a, S-1.2b, S-2.0)

0.600 50 Porous Pavement  (S-1.0, S-1.1)

0.300 50 Porous Pavers  (S-1.0, S-1.2a, S-1.2b)

2.780 98 Roofs  (S-1.3a, S-1.3b, S-1.4)

20.070 74 TOTAL AREA
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.340 ac   41.48% Impervious   Runoff Depth=0.87"Subcatchment S-1.0: Front Parking and 
   Flow Length=1,816'   Tc=6.0 min   CN=72   Runoff=9.69 cfs  0.462 af

Runoff Area=2.630 ac   57.41% Impervious   Runoff Depth=1.47"Subcatchment S-1.1: Loading Areas
   Tc=9.1 min   CN=82   Runoff=6.15 cfs  0.321 af

Runoff Area=0.790 ac   63.29% Impervious   Runoff Depth=1.27"Subcatchment S-1.2a: New Parking Area
   Tc=6.0 min   CN=79   Runoff=1.80 cfs  0.084 af

Runoff Area=1.790 ac   86.59% Impervious   Runoff Depth=2.09"Subcatchment S-1.2b: New Parking Area
   Tc=6.0 min   CN=90   Runoff=6.45 cfs  0.311 af

Runoff Area=0.530 ac   100.00% Impervious   Runoff Depth=2.88"Subcatchment S-1.3a: Half Original Roof
   Tc=6.0 min   CN=98   Runoff=2.33 cfs  0.127 af

Runoff Area=0.520 ac   100.00% Impervious   Runoff Depth=2.88"Subcatchment S-1.3b: Remaining Original 
   Tc=9.1 min   CN=98   Runoff=2.07 cfs  0.125 af

Runoff Area=1.730 ac   100.00% Impervious   Runoff Depth=2.88"Subcatchment S-1.4: Addition Roof
   Tc=6.0 min   CN=98   Runoff=7.60 cfs  0.415 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=0.18"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=0.33 cfs  0.074 af

Runoff Area=0.650 ac   0.00% Impervious   Runoff Depth=0.28"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=0.19 cfs  0.015 af

   Inflow=19.02 cfs  1.310 afReach DP-1: Culvert to River
   Outflow=19.02 cfs  1.310 af

   Inflow=0.33 cfs  0.074 afReach DP-2: West Property Line
   Outflow=0.33 cfs  0.074 af

   Inflow=0.19 cfs  0.015 afReach DP-3: East Wetland
   Outflow=0.19 cfs  0.015 af

Peak Elev=71.81'  Storage=8,437 cf   Inflow=7.60 cfs  0.415 afPond P-1: System 1-1 (Recharge)
   Discarded=0.19 cfs  0.373 af   Primary=0.29 cfs  0.042 af   Outflow=0.48 cfs  0.415 af

Peak Elev=68.92'  Storage=4,777 cf   Inflow=6.45 cfs  0.311 afPond P-2: System 1-2 (Recharge)
   Discarded=0.08 cfs  0.162 af   Primary=3.76 cfs  0.150 af   Outflow=3.84 cfs  0.311 af

Peak Elev=67.40'  Storage=5,231 cf   Inflow=8.21 cfs  0.446 afPond P-3: System 1-3 (Detention)
   Outflow=3.58 cfs  0.446 af

Total Runoff Area = 20.070 ac   Runoff Volume = 1.934 af   Average Runoff Depth = 1.16"
54.76% Pervious = 10.990 ac     45.24% Impervious = 9.080 ac



ARE Building 1 - Proposed Conditions
Type II 24-hr  2 yr Storm Rainfall=3.11"ARE Andover Building 1 - PR

  Printed  1/24/2022Prepared by SMMA
Page 4HydroCAD® 10.00-20  s/n 00853  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment S-1.0: Front Parking and Loop Road

Runoff = 9.69 cfs @ 11.98 hrs,  Volume= 0.462 af,  Depth= 0.87"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

0.900 39 >75% Grass cover, Good, HSG A
2.290 61 >75% Grass cover, Good, HSG B

* 2.630 98 Paved Parking
* 0.090 50 Porous Pavers
* 0.430 50 Porous Pavement

6.340 72 Weighted Average
3.710 58.52% Pervious Area
2.630 41.48% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Areas

Runoff = 6.15 cfs @ 12.01 hrs,  Volume= 0.321 af,  Depth= 1.47"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

0.950 61 >75% Grass cover, Good, HSG B
* 0.170 50 Porous Pavement
* 1.510 98 Paved Parking

2.630 82 Weighted Average
1.120 42.59% Pervious Area
1.510 57.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Roof Tc

Summary for Subcatchment S-1.2a: New Parking Area

Runoff = 1.80 cfs @ 11.98 hrs,  Volume= 0.084 af,  Depth= 1.27"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

* 0.190 50 Porous Pavers
0.100 39 >75% Grass cover, Good, HSG A

* 0.500 98 Paved Parking

0.790 79 Weighted Average
0.290 36.71% Pervious Area
0.500 63.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc
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Summary for Subcatchment S-1.2b: New Parking Area

Runoff = 6.45 cfs @ 11.97 hrs,  Volume= 0.311 af,  Depth= 2.09"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

* 0.020 50 Porous Pavers
0.220 39 >75% Grass cover, Good, HSG A

* 1.550 98 Paved Parking

1.790 90 Weighted Average
0.240 13.41% Pervious Area
1.550 86.59% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3a: Half Original Roof

Runoff = 2.33 cfs @ 11.97 hrs,  Volume= 0.127 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

* 0.530 98 Roofs

0.530 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3b: Remaining Original Roof

Runoff = 2.07 cfs @ 12.00 hrs,  Volume= 0.125 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

* 0.520 98 Roofs

0.520 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Min Tc

Summary for Subcatchment S-1.4: Addition Roof

Runoff = 7.60 cfs @ 11.97 hrs,  Volume= 0.415 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

* 1.730 98 Roofs
* 0.000 98 Paved Parking

1.730 98 Weighted Average
1.730 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 0.33 cfs @ 12.09 hrs,  Volume= 0.074 af,  Depth= 0.18"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total
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Summary for Subcatchment S-3.0: East Slope

Runoff = 0.19 cfs @ 12.01 hrs,  Volume= 0.015 af,  Depth= 0.28"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 yr Storm Rainfall=3.11"

Area (ac) CN Description

0.530 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.650 57 Weighted Average
0.650 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min Tc

5.0 0 Total,  Increased to minimum Tc = 6.0 min

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.330 ac, 62.60% Impervious,  Inflow Depth = 1.10"    for  2 yr Storm event
Inflow = 19.02 cfs @ 12.00 hrs,  Volume= 1.310 af
Outflow = 19.02 cfs @ 12.00 hrs,  Volume= 1.310 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 0.18"    for  2 yr Storm event
Inflow = 0.33 cfs @ 12.09 hrs,  Volume= 0.074 af
Outflow = 0.33 cfs @ 12.09 hrs,  Volume= 0.074 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.650 ac, 0.00% Impervious,  Inflow Depth = 0.28"    for  2 yr Storm event
Inflow = 0.19 cfs @ 12.01 hrs,  Volume= 0.015 af
Outflow = 0.19 cfs @ 12.01 hrs,  Volume= 0.015 af,  Atten= 0%,  Lag= 0.0 min
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Pond P-1: System 1-1 (Recharge)

Inflow Area = 1.730 ac,100.00% Impervious,  Inflow Depth = 2.88"    for  2 yr Storm event
Inflow = 7.60 cfs @ 11.97 hrs,  Volume= 0.415 af
Outflow = 0.48 cfs @ 12.60 hrs,  Volume= 0.415 af,  Atten= 94%,  Lag= 37.8 min
Discarded = 0.19 cfs @ 10.72 hrs,  Volume= 0.373 af
Primary = 0.29 cfs @ 12.60 hrs,  Volume= 0.042 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 71.81' @ 12.60 hrs   Surf.Area= 8,250 sf   Storage= 8,437 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 307.3 min ( 1,060.4 - 753.1 )

Volume Invert Avail.Storage Storage Description

#1 70.00' 6,024 cf 50.00'W x 165.00'L x 3.50'H Prismatoid
28,875 cf Overall - 11,663 cf Embedded = 17,212 cf  x 35.0% Voids

#2 70.50' 11,663 cf 36.0"  Round Pipe Storage (10 rows by 165lf)  Inside #1
L= 1,650.0'

17,687 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 71.60' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 70.00' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.19 cfs @ 10.72 hrs  HW=70.04'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.19 cfs)

Primary OutFlow  Max=0.29 cfs @ 12.60 hrs  HW=71.81'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 0.29 cfs @ 1.58 fps)

Summary for Pond P-2: System 1-2 (Recharge)

Inflow Area = 1.790 ac, 86.59% Impervious,  Inflow Depth = 2.09"    for  2 yr Storm event
Inflow = 6.45 cfs @ 11.97 hrs,  Volume= 0.311 af
Outflow = 3.84 cfs @ 12.05 hrs,  Volume= 0.311 af,  Atten= 41%,  Lag= 4.6 min
Discarded = 0.08 cfs @ 10.44 hrs,  Volume= 0.162 af
Primary = 3.76 cfs @ 12.05 hrs,  Volume= 0.150 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 68.92' @ 12.05 hrs   Surf.Area= 3,250 sf   Storage= 4,777 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 223.2 min ( 1,028.1 - 804.9 )
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Volume Invert Avail.Storage Storage Description

#1 66.50' 2,942 cf 50.00'W x 65.00'L x 4.00'H Prismatoid
13,000 cf Overall - 4,595 cf Embedded = 8,405 cf  x 35.0% Voids

#2 67.00' 4,595 cf 36.0"  Round Pipe Storage (10 rows by 65lf)  Inside #1
L= 650.0'

7,536 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 68.10' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 66.50' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.08 cfs @ 10.44 hrs  HW=66.54'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.08 cfs)

Primary OutFlow  Max=3.75 cfs @ 12.05 hrs  HW=68.92'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 3.75 cfs @ 3.09 fps)

Summary for Pond P-3: System 1-3 (Detention)

Inflow Area = 3.150 ac, 64.44% Impervious,  Inflow Depth = 1.70"    for  2 yr Storm event
Inflow = 8.21 cfs @ 12.01 hrs,  Volume= 0.446 af
Outflow = 3.58 cfs @ 12.13 hrs,  Volume= 0.446 af,  Atten= 56%,  Lag= 7.4 min
Primary = 3.58 cfs @ 12.13 hrs,  Volume= 0.446 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 67.40' @ 12.13 hrs   Surf.Area= 5,500 sf   Storage= 5,231 cf

Plug-Flow detention time= 39.6 min calculated for 0.446 af (100% of inflow)
Center-of-Mass det. time= 39.8 min ( 854.3 - 814.6 )

Volume Invert Avail.Storage Storage Description

#1 66.00' 4,264 cf 100.00'W x 55.00'L x 4.50'H Prismatoid
24,750 cf Overall - 12,566 cf Embedded = 12,184 cf  x 35.0% Voids

#2 66.00' 12,566 cf 48.0"  Round Pipe Storage (10 rows x 100lf)  Inside #1
L= 1,000.0'

16,831 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 66.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 69.10' 3.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=3.58 cfs @ 12.13 hrs  HW=67.40'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 3.58 cfs @ 4.56 fps)
2=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.340 ac   41.48% Impervious   Runoff Depth=2.13"Subcatchment S-1.0: Front Parking and 
   Flow Length=1,816'   Tc=6.0 min   CN=72   Runoff=24.20 cfs  1.125 af

Runoff Area=2.630 ac   57.41% Impervious   Runoff Depth=3.00"Subcatchment S-1.1: Loading Areas
   Tc=9.1 min   CN=82   Runoff=12.41 cfs  0.657 af

Runoff Area=0.790 ac   63.29% Impervious   Runoff Depth=2.72"Subcatchment S-1.2a: New Parking Area
   Tc=6.0 min   CN=79   Runoff=3.82 cfs  0.179 af

Runoff Area=1.790 ac   86.59% Impervious   Runoff Depth=3.79"Subcatchment S-1.2b: New Parking Area
   Tc=6.0 min   CN=90   Runoff=11.31 cfs  0.565 af

Runoff Area=0.530 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment S-1.3a: Half Original Roof
   Tc=6.0 min   CN=98   Runoff=3.70 cfs  0.206 af

Runoff Area=0.520 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment S-1.3b: Remaining Original 
   Tc=9.1 min   CN=98   Runoff=3.29 cfs  0.203 af

Runoff Area=1.730 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment S-1.4: Addition Roof
   Tc=6.0 min   CN=98   Runoff=12.09 cfs  0.674 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=0.82"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=5.37 cfs  0.348 af

Runoff Area=0.650 ac   0.00% Impervious   Runoff Depth=1.06"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=1.15 cfs  0.057 af

   Inflow=46.68 cfs  2.983 afReach DP-1: Culvert to River
   Outflow=46.68 cfs  2.983 af

   Inflow=5.37 cfs  0.348 afReach DP-2: West Property Line
   Outflow=5.37 cfs  0.348 af

   Inflow=1.15 cfs  0.057 afReach DP-3: East Wetland
   Outflow=1.15 cfs  0.057 af

Peak Elev=72.41'  Storage=12,066 cf   Inflow=12.09 cfs  0.674 afPond P-1: System 1-1 (Recharge)
   Discarded=0.19 cfs  0.443 af   Primary=3.68 cfs  0.230 af   Outflow=3.87 cfs  0.674 af

Peak Elev=69.52'  Storage=6,122 cf   Inflow=11.31 cfs  0.565 afPond P-2: System 1-2 (Recharge)
   Discarded=0.08 cfs  0.182 af   Primary=9.72 cfs  0.383 af   Outflow=9.80 cfs  0.565 af

Peak Elev=68.65'  Storage=10,843 cf   Inflow=15.70 cfs  0.860 afPond P-3: System 1-3 (Detention)
   Outflow=5.54 cfs  0.860 af

Total Runoff Area = 20.070 ac   Runoff Volume = 4.014 af   Average Runoff Depth = 2.40"
54.76% Pervious = 10.990 ac     45.24% Impervious = 9.080 ac
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Summary for Subcatchment S-1.0: Front Parking and Loop Road

Runoff = 24.20 cfs @ 11.98 hrs,  Volume= 1.125 af,  Depth= 2.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

0.900 39 >75% Grass cover, Good, HSG A
2.290 61 >75% Grass cover, Good, HSG B

* 2.630 98 Paved Parking
* 0.090 50 Porous Pavers
* 0.430 50 Porous Pavement

6.340 72 Weighted Average
3.710 58.52% Pervious Area
2.630 41.48% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Areas

Runoff = 12.41 cfs @ 12.01 hrs,  Volume= 0.657 af,  Depth= 3.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

0.950 61 >75% Grass cover, Good, HSG B
* 0.170 50 Porous Pavement
* 1.510 98 Paved Parking

2.630 82 Weighted Average
1.120 42.59% Pervious Area
1.510 57.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Roof Tc

Summary for Subcatchment S-1.2a: New Parking Area

Runoff = 3.82 cfs @ 11.97 hrs,  Volume= 0.179 af,  Depth= 2.72"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

* 0.190 50 Porous Pavers
0.100 39 >75% Grass cover, Good, HSG A

* 0.500 98 Paved Parking

0.790 79 Weighted Average
0.290 36.71% Pervious Area
0.500 63.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc
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Summary for Subcatchment S-1.2b: New Parking Area

Runoff = 11.31 cfs @ 11.97 hrs,  Volume= 0.565 af,  Depth= 3.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

* 0.020 50 Porous Pavers
0.220 39 >75% Grass cover, Good, HSG A

* 1.550 98 Paved Parking

1.790 90 Weighted Average
0.240 13.41% Pervious Area
1.550 86.59% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3a: Half Original Roof

Runoff = 3.70 cfs @ 11.97 hrs,  Volume= 0.206 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

* 0.530 98 Roofs

0.530 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3b: Remaining Original Roof

Runoff = 3.29 cfs @ 12.00 hrs,  Volume= 0.203 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

* 0.520 98 Roofs

0.520 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Min Tc

Summary for Subcatchment S-1.4: Addition Roof

Runoff = 12.09 cfs @ 11.97 hrs,  Volume= 0.674 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

* 1.730 98 Roofs
* 0.000 98 Paved Parking

1.730 98 Weighted Average
1.730 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 5.37 cfs @ 12.04 hrs,  Volume= 0.348 af,  Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total
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Summary for Subcatchment S-3.0: East Slope

Runoff = 1.15 cfs @ 11.99 hrs,  Volume= 0.057 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 yr Storm Rainfall=4.91"

Area (ac) CN Description

0.530 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.650 57 Weighted Average
0.650 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min Tc

5.0 0 Total,  Increased to minimum Tc = 6.0 min

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.330 ac, 62.60% Impervious,  Inflow Depth = 2.50"    for  10 yr Storm event
Inflow = 46.68 cfs @ 11.99 hrs,  Volume= 2.983 af
Outflow = 46.68 cfs @ 11.99 hrs,  Volume= 2.983 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 0.82"    for  10 yr Storm event
Inflow = 5.37 cfs @ 12.04 hrs,  Volume= 0.348 af
Outflow = 5.37 cfs @ 12.04 hrs,  Volume= 0.348 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.650 ac, 0.00% Impervious,  Inflow Depth = 1.06"    for  10 yr Storm event
Inflow = 1.15 cfs @ 11.99 hrs,  Volume= 0.057 af
Outflow = 1.15 cfs @ 11.99 hrs,  Volume= 0.057 af,  Atten= 0%,  Lag= 0.0 min
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Pond P-1: System 1-1 (Recharge)

Inflow Area = 1.730 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  10 yr Storm event
Inflow = 12.09 cfs @ 11.97 hrs,  Volume= 0.674 af
Outflow = 3.87 cfs @ 12.09 hrs,  Volume= 0.674 af,  Atten= 68%,  Lag= 7.3 min
Discarded = 0.19 cfs @ 9.17 hrs,  Volume= 0.443 af
Primary = 3.68 cfs @ 12.09 hrs,  Volume= 0.230 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 72.41' @ 12.09 hrs   Surf.Area= 8,250 sf   Storage= 12,066 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 239.4 min ( 983.6 - 744.2 )

Volume Invert Avail.Storage Storage Description

#1 70.00' 6,024 cf 50.00'W x 165.00'L x 3.50'H Prismatoid
28,875 cf Overall - 11,663 cf Embedded = 17,212 cf  x 35.0% Voids

#2 70.50' 11,663 cf 36.0"  Round Pipe Storage (10 rows by 165lf)  Inside #1
L= 1,650.0'

17,687 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 71.60' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 70.00' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.19 cfs @ 9.17 hrs  HW=70.04'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.19 cfs)

Primary OutFlow  Max=3.67 cfs @ 12.09 hrs  HW=72.41'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 3.67 cfs @ 3.07 fps)

Summary for Pond P-2: System 1-2 (Recharge)

Inflow Area = 1.790 ac, 86.59% Impervious,  Inflow Depth = 3.79"    for  10 yr Storm event
Inflow = 11.31 cfs @ 11.97 hrs,  Volume= 0.565 af
Outflow = 9.80 cfs @ 12.01 hrs,  Volume= 0.565 af,  Atten= 13%,  Lag= 2.4 min
Discarded = 0.08 cfs @ 8.60 hrs,  Volume= 0.182 af
Primary = 9.72 cfs @ 12.01 hrs,  Volume= 0.383 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 69.52' @ 12.01 hrs   Surf.Area= 3,250 sf   Storage= 6,122 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 141.2 min ( 929.3 - 788.1 )
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Volume Invert Avail.Storage Storage Description

#1 66.50' 2,942 cf 50.00'W x 65.00'L x 4.00'H Prismatoid
13,000 cf Overall - 4,595 cf Embedded = 8,405 cf  x 35.0% Voids

#2 67.00' 4,595 cf 36.0"  Round Pipe Storage (10 rows by 65lf)  Inside #1
L= 650.0'

7,536 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 68.10' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 66.50' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.08 cfs @ 8.60 hrs  HW=66.54'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.08 cfs)

Primary OutFlow  Max=9.72 cfs @ 12.01 hrs  HW=69.52'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 9.72 cfs @ 4.06 fps)

Summary for Pond P-3: System 1-3 (Detention)

Inflow Area = 3.150 ac, 64.44% Impervious,  Inflow Depth = 3.28"    for  10 yr Storm event
Inflow = 15.70 cfs @ 12.00 hrs,  Volume= 0.860 af
Outflow = 5.54 cfs @ 12.15 hrs,  Volume= 0.860 af,  Atten= 65%,  Lag= 8.8 min
Primary = 5.54 cfs @ 12.15 hrs,  Volume= 0.860 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 68.65' @ 12.15 hrs   Surf.Area= 5,500 sf   Storage= 10,843 cf

Plug-Flow detention time= 35.4 min calculated for 0.860 af (100% of inflow)
Center-of-Mass det. time= 35.3 min ( 835.7 - 800.4 )

Volume Invert Avail.Storage Storage Description

#1 66.00' 4,264 cf 100.00'W x 55.00'L x 4.50'H Prismatoid
24,750 cf Overall - 12,566 cf Embedded = 12,184 cf  x 35.0% Voids

#2 66.00' 12,566 cf 48.0"  Round Pipe Storage (10 rows x 100lf)  Inside #1
L= 1,000.0'

16,831 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 66.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 69.10' 3.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=5.54 cfs @ 12.15 hrs  HW=68.65'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 5.54 cfs @ 7.06 fps)
2=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.340 ac   41.48% Impervious   Runoff Depth=3.02"Subcatchment S-1.0: Front Parking and 
   Flow Length=1,816'   Tc=6.0 min   CN=72   Runoff=34.18 cfs  1.594 af

Runoff Area=2.630 ac   57.41% Impervious   Runoff Depth=4.01"Subcatchment S-1.1: Loading Areas
   Tc=9.1 min   CN=82   Runoff=16.43 cfs  0.880 af

Runoff Area=0.790 ac   63.29% Impervious   Runoff Depth=3.71"Subcatchment S-1.2a: New Parking Area
   Tc=6.0 min   CN=79   Runoff=5.13 cfs  0.244 af

Runoff Area=1.790 ac   86.59% Impervious   Runoff Depth=4.88"Subcatchment S-1.2b: New Parking Area
   Tc=6.0 min   CN=90   Runoff=14.31 cfs  0.727 af

Runoff Area=0.530 ac   100.00% Impervious   Runoff Depth=5.79"Subcatchment S-1.3a: Half Original Roof
   Tc=6.0 min   CN=98   Runoff=4.56 cfs  0.256 af

Runoff Area=0.520 ac   100.00% Impervious   Runoff Depth=5.79"Subcatchment S-1.3b: Remaining Original 
   Tc=9.1 min   CN=98   Runoff=4.05 cfs  0.251 af

Runoff Area=1.730 ac   100.00% Impervious   Runoff Depth=5.79"Subcatchment S-1.4: Addition Roof
   Tc=6.0 min   CN=98   Runoff=14.87 cfs  0.835 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=1.38"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=10.10 cfs  0.586 af

Runoff Area=0.650 ac   0.00% Impervious   Runoff Depth=1.69"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=1.93 cfs  0.092 af

   Inflow=65.50 cfs  4.121 afReach DP-1: Culvert to River
   Outflow=65.50 cfs  4.121 af

   Inflow=10.10 cfs  0.586 afReach DP-2: West Property Line
   Outflow=10.10 cfs  0.586 af

   Inflow=1.93 cfs  0.092 afReach DP-3: East Wetland
   Outflow=1.93 cfs  0.092 af

Peak Elev=72.76'  Storage=14,075 cf   Inflow=14.87 cfs  0.835 afPond P-1: System 1-1 (Recharge)
   Discarded=0.19 cfs  0.476 af   Primary=6.89 cfs  0.359 af   Outflow=7.09 cfs  0.835 af

Peak Elev=69.80'  Storage=6,663 cf   Inflow=14.31 cfs  0.727 afPond P-2: System 1-2 (Recharge)
   Discarded=0.08 cfs  0.190 af   Primary=12.68 cfs  0.537 af   Outflow=12.76 cfs  0.727 af

Peak Elev=69.48'  Storage=14,253 cf   Inflow=20.48 cfs  1.131 afPond P-3: System 1-3 (Detention)
   Outflow=8.79 cfs  1.131 af

Total Runoff Area = 20.070 ac   Runoff Volume = 5.465 af   Average Runoff Depth = 3.27"
54.76% Pervious = 10.990 ac     45.24% Impervious = 9.080 ac
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Summary for Subcatchment S-1.0: Front Parking and Loop Road

Runoff = 34.18 cfs @ 11.97 hrs,  Volume= 1.594 af,  Depth= 3.02"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

0.900 39 >75% Grass cover, Good, HSG A
2.290 61 >75% Grass cover, Good, HSG B

* 2.630 98 Paved Parking
* 0.090 50 Porous Pavers
* 0.430 50 Porous Pavement

6.340 72 Weighted Average
3.710 58.52% Pervious Area
2.630 41.48% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Areas

Runoff = 16.43 cfs @ 12.00 hrs,  Volume= 0.880 af,  Depth= 4.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

0.950 61 >75% Grass cover, Good, HSG B
* 0.170 50 Porous Pavement
* 1.510 98 Paved Parking

2.630 82 Weighted Average
1.120 42.59% Pervious Area
1.510 57.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Roof Tc

Summary for Subcatchment S-1.2a: New Parking Area

Runoff = 5.13 cfs @ 11.97 hrs,  Volume= 0.244 af,  Depth= 3.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

* 0.190 50 Porous Pavers
0.100 39 >75% Grass cover, Good, HSG A

* 0.500 98 Paved Parking

0.790 79 Weighted Average
0.290 36.71% Pervious Area
0.500 63.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc
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Summary for Subcatchment S-1.2b: New Parking Area

Runoff = 14.31 cfs @ 11.97 hrs,  Volume= 0.727 af,  Depth= 4.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

* 0.020 50 Porous Pavers
0.220 39 >75% Grass cover, Good, HSG A

* 1.550 98 Paved Parking

1.790 90 Weighted Average
0.240 13.41% Pervious Area
1.550 86.59% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3a: Half Original Roof

Runoff = 4.56 cfs @ 11.97 hrs,  Volume= 0.256 af,  Depth= 5.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

* 0.530 98 Roofs

0.530 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3b: Remaining Original Roof

Runoff = 4.05 cfs @ 12.00 hrs,  Volume= 0.251 af,  Depth= 5.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

* 0.520 98 Roofs

0.520 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Min Tc

Summary for Subcatchment S-1.4: Addition Roof

Runoff = 14.87 cfs @ 11.97 hrs,  Volume= 0.835 af,  Depth= 5.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

* 1.730 98 Roofs
* 0.000 98 Paved Parking

1.730 98 Weighted Average
1.730 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 10.10 cfs @ 12.03 hrs,  Volume= 0.586 af,  Depth= 1.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total
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Summary for Subcatchment S-3.0: East Slope

Runoff = 1.93 cfs @ 11.98 hrs,  Volume= 0.092 af,  Depth= 1.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 yr Storm Rainfall=6.03"

Area (ac) CN Description

0.530 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.650 57 Weighted Average
0.650 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min Tc

5.0 0 Total,  Increased to minimum Tc = 6.0 min

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.330 ac, 62.60% Impervious,  Inflow Depth = 3.45"    for  25 yr Storm event
Inflow = 65.50 cfs @ 11.99 hrs,  Volume= 4.121 af
Outflow = 65.50 cfs @ 11.99 hrs,  Volume= 4.121 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 1.38"    for  25 yr Storm event
Inflow = 10.10 cfs @ 12.03 hrs,  Volume= 0.586 af
Outflow = 10.10 cfs @ 12.03 hrs,  Volume= 0.586 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.650 ac, 0.00% Impervious,  Inflow Depth = 1.69"    for  25 yr Storm event
Inflow = 1.93 cfs @ 11.98 hrs,  Volume= 0.092 af
Outflow = 1.93 cfs @ 11.98 hrs,  Volume= 0.092 af,  Atten= 0%,  Lag= 0.0 min
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Pond P-1: System 1-1 (Recharge)

Inflow Area = 1.730 ac,100.00% Impervious,  Inflow Depth = 5.79"    for  25 yr Storm event
Inflow = 14.87 cfs @ 11.97 hrs,  Volume= 0.835 af
Outflow = 7.09 cfs @ 12.06 hrs,  Volume= 0.835 af,  Atten= 52%,  Lag= 5.6 min
Discarded = 0.19 cfs @ 8.47 hrs,  Volume= 0.476 af
Primary = 6.89 cfs @ 12.06 hrs,  Volume= 0.359 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 72.76' @ 12.06 hrs   Surf.Area= 8,250 sf   Storage= 14,075 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 213.3 min ( 954.3 - 740.9 )

Volume Invert Avail.Storage Storage Description

#1 70.00' 6,024 cf 50.00'W x 165.00'L x 3.50'H Prismatoid
28,875 cf Overall - 11,663 cf Embedded = 17,212 cf  x 35.0% Voids

#2 70.50' 11,663 cf 36.0"  Round Pipe Storage (10 rows by 165lf)  Inside #1
L= 1,650.0'

17,687 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 71.60' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 70.00' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.19 cfs @ 8.47 hrs  HW=70.04'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.19 cfs)

Primary OutFlow  Max=6.89 cfs @ 12.06 hrs  HW=72.76'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 6.89 cfs @ 3.66 fps)

Summary for Pond P-2: System 1-2 (Recharge)

Inflow Area = 1.790 ac, 86.59% Impervious,  Inflow Depth = 4.88"    for  25 yr Storm event
Inflow = 14.31 cfs @ 11.97 hrs,  Volume= 0.727 af
Outflow = 12.76 cfs @ 12.00 hrs,  Volume= 0.727 af,  Atten= 11%,  Lag= 2.2 min
Discarded = 0.08 cfs @ 7.37 hrs,  Volume= 0.190 af
Primary = 12.68 cfs @ 12.00 hrs,  Volume= 0.537 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 69.80' @ 12.00 hrs   Surf.Area= 3,250 sf   Storage= 6,663 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 116.8 min ( 898.0 - 781.2 )
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Volume Invert Avail.Storage Storage Description

#1 66.50' 2,942 cf 50.00'W x 65.00'L x 4.00'H Prismatoid
13,000 cf Overall - 4,595 cf Embedded = 8,405 cf  x 35.0% Voids

#2 67.00' 4,595 cf 36.0"  Round Pipe Storage (10 rows by 65lf)  Inside #1
L= 650.0'

7,536 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 68.10' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 66.50' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.08 cfs @ 7.37 hrs  HW=66.54'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.08 cfs)

Primary OutFlow  Max=12.66 cfs @ 12.00 hrs  HW=69.80'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 12.66 cfs @ 4.44 fps)

Summary for Pond P-3: System 1-3 (Detention)

Inflow Area = 3.150 ac, 64.44% Impervious,  Inflow Depth = 4.31"    for  25 yr Storm event
Inflow = 20.48 cfs @ 12.00 hrs,  Volume= 1.131 af
Outflow = 8.79 cfs @ 12.13 hrs,  Volume= 1.131 af,  Atten= 57%,  Lag= 7.6 min
Primary = 8.79 cfs @ 12.13 hrs,  Volume= 1.131 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 69.48' @ 12.13 hrs   Surf.Area= 5,500 sf   Storage= 14,253 cf

Plug-Flow detention time= 33.8 min calculated for 1.131 af (100% of inflow)
Center-of-Mass det. time= 34.0 min ( 828.1 - 794.2 )

Volume Invert Avail.Storage Storage Description

#1 66.00' 4,264 cf 100.00'W x 55.00'L x 4.50'H Prismatoid
24,750 cf Overall - 12,566 cf Embedded = 12,184 cf  x 35.0% Voids

#2 66.00' 12,566 cf 48.0"  Round Pipe Storage (10 rows x 100lf)  Inside #1
L= 1,000.0'

16,831 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 66.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 69.10' 3.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=8.79 cfs @ 12.13 hrs  HW=69.48'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 6.53 cfs @ 8.32 fps)
2=Sharp-Crested Rectangular Weir  (Weir Controls 2.26 cfs @ 2.02 fps)
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Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.340 ac   41.48% Impervious   Runoff Depth=4.48"Subcatchment S-1.0: Front Parking and 
   Flow Length=1,816'   Tc=6.0 min   CN=72   Runoff=50.23 cfs  2.369 af

Runoff Area=2.630 ac   57.41% Impervious   Runoff Depth=5.63"Subcatchment S-1.1: Loading Areas
   Tc=9.1 min   CN=82   Runoff=22.66 cfs  1.234 af

Runoff Area=0.790 ac   63.29% Impervious   Runoff Depth=5.28"Subcatchment S-1.2a: New Parking Area
   Tc=6.0 min   CN=79   Runoff=7.19 cfs  0.348 af

Runoff Area=1.790 ac   86.59% Impervious   Runoff Depth=6.57"Subcatchment S-1.2b: New Parking Area
   Tc=6.0 min   CN=90   Runoff=18.90 cfs  0.980 af

Runoff Area=0.530 ac   100.00% Impervious   Runoff Depth=7.52"Subcatchment S-1.3a: Half Original Roof
   Tc=6.0 min   CN=98   Runoff=5.87 cfs  0.332 af

Runoff Area=0.520 ac   100.00% Impervious   Runoff Depth=7.52"Subcatchment S-1.3b: Remaining Original 
   Tc=9.1 min   CN=98   Runoff=5.22 cfs  0.326 af

Runoff Area=1.730 ac   100.00% Impervious   Runoff Depth=7.52"Subcatchment S-1.4: Addition Roof
   Tc=6.0 min   CN=98   Runoff=19.17 cfs  1.084 af

Runoff Area=5.090 ac   2.16% Impervious   Runoff Depth=2.41"Subcatchment S-2.0: West Undeveloped 
   Flow Length=580'   Tc=9.6 min   CN=53   Runoff=18.73 cfs  1.023 af

Runoff Area=0.650 ac   0.00% Impervious   Runoff Depth=2.83"Subcatchment S-3.0: East Slope
   Tc=6.0 min   CN=57   Runoff=3.29 cfs  0.153 af

   Inflow=96.32 cfs  5.966 afReach DP-1: Culvert to River
   Outflow=96.32 cfs  5.966 af

   Inflow=18.73 cfs  1.023 afReach DP-2: West Property Line
   Outflow=18.73 cfs  1.023 af

   Inflow=3.29 cfs  0.153 afReach DP-3: East Wetland
   Outflow=3.29 cfs  0.153 af

Peak Elev=73.23'  Storage=16,583 cf   Inflow=19.17 cfs  1.084 afPond P-1: System 1-1 (Recharge)
   Discarded=0.19 cfs  0.511 af   Primary=11.95 cfs  0.574 af   Outflow=12.14 cfs  1.084 af

Peak Elev=70.37'  Storage=7,393 cf   Inflow=18.90 cfs  0.980 afPond P-2: System 1-2 (Recharge)
   Discarded=0.08 cfs  0.198 af   Primary=17.07 cfs  0.782 af   Outflow=17.15 cfs  0.980 af

Peak Elev=70.42'  Storage=16,685 cf   Inflow=27.88 cfs  1.560 afPond P-3: System 1-3 (Detention)
   Outflow=21.12 cfs  1.560 af

Total Runoff Area = 20.070 ac   Runoff Volume = 7.851 af   Average Runoff Depth = 4.69"
54.76% Pervious = 10.990 ac     45.24% Impervious = 9.080 ac
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Summary for Subcatchment S-1.0: Front Parking and Loop Road

Runoff = 50.23 cfs @ 11.97 hrs,  Volume= 2.369 af,  Depth= 4.48"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

0.900 39 >75% Grass cover, Good, HSG A
2.290 61 >75% Grass cover, Good, HSG B

* 2.630 98 Paved Parking
* 0.090 50 Porous Pavers
* 0.430 50 Porous Pavement

6.340 72 Weighted Average
3.710 58.52% Pervious Area
2.630 41.48% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 50 0.0300 1.39 Sheet Flow, A-B
Smooth surfaces   n= 0.011   P2= 3.11"

1.1 170 0.0176 2.69 Shallow Concentrated Flow, B-C
Paved   Kv= 20.3 fps

0.6 206 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.2 52 0.0100 5.36 4.21 Pipe Channel, RCP_Round  12"
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.011  Concrete pipe, bends & connections

0.6 213 0.0100 6.22 7.63 Pipe Channel, RCP_Round  15"
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.011  

0.5 196 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.1 38 0.0100 7.03 12.41 Pipe Channel, RCP_Round  18"
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.011  

0.3 190 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.4 222 0.0100 9.88 48.47 Pipe Channel, RCP_Round  30"
30.0"  Round  Area= 4.9 sf  Perim= 7.9'  r= 0.63'
n= 0.011  

0.3 233 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

0.3 180 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  
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0.1 66 0.0100 11.15 78.83 Pipe Channel, RCP_Round  36"
36.0"  Round  Area= 7.1 sf  Perim= 9.4'  r= 0.75'
n= 0.011  

5.1 1,816 Total,  Increased to minimum Tc = 6.0 min

Summary for Subcatchment S-1.1: Loading Areas

Runoff = 22.66 cfs @ 12.00 hrs,  Volume= 1.234 af,  Depth= 5.63"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

0.950 61 >75% Grass cover, Good, HSG B
* 0.170 50 Porous Pavement
* 1.510 98 Paved Parking

2.630 82 Weighted Average
1.120 42.59% Pervious Area
1.510 57.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Roof Tc

Summary for Subcatchment S-1.2a: New Parking Area

Runoff = 7.19 cfs @ 11.97 hrs,  Volume= 0.348 af,  Depth= 5.28"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

* 0.190 50 Porous Pavers
0.100 39 >75% Grass cover, Good, HSG A

* 0.500 98 Paved Parking

0.790 79 Weighted Average
0.290 36.71% Pervious Area
0.500 63.29% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc
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Summary for Subcatchment S-1.2b: New Parking Area

Runoff = 18.90 cfs @ 11.97 hrs,  Volume= 0.980 af,  Depth= 6.57"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

* 0.020 50 Porous Pavers
0.220 39 >75% Grass cover, Good, HSG A

* 1.550 98 Paved Parking

1.790 90 Weighted Average
0.240 13.41% Pervious Area
1.550 86.59% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3a: Half Original Roof

Runoff = 5.87 cfs @ 11.97 hrs,  Volume= 0.332 af,  Depth= 7.52"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

* 0.530 98 Roofs

0.530 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-1.3b: Remaining Original Roof

Runoff = 5.22 cfs @ 12.00 hrs,  Volume= 0.326 af,  Depth= 7.52"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

* 0.520 98 Roofs

0.520 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 Direct Entry, Min Tc

Summary for Subcatchment S-1.4: Addition Roof

Runoff = 19.17 cfs @ 11.97 hrs,  Volume= 1.084 af,  Depth= 7.52"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

* 1.730 98 Roofs
* 0.000 98 Paved Parking

1.730 98 Weighted Average
1.730 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, Min Tc

Summary for Subcatchment S-2.0: West Undeveloped Area

Runoff = 18.73 cfs @ 12.02 hrs,  Volume= 1.023 af,  Depth= 2.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

2.910 61 >75% Grass cover, Good, HSG B
2.070 39 >75% Grass cover, Good, HSG A

* 0.110 98 Paved Parking

5.090 53 Weighted Average
4.980 97.84% Pervious Area
0.110 2.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 50 0.0400 0.19 Sheet Flow, A-B
Grass: Short   n= 0.150   P2= 3.11"

1.8 180 0.0560 1.66 Shallow Concentrated Flow, B-C
Short Grass Pasture   Kv= 7.0 fps

0.8 77 0.0520 1.60 Shallow Concentrated Flow, C-D
Short Grass Pasture   Kv= 7.0 fps

2.7 273 0.0590 1.70 Shallow Concentrated Flow, D-E
Short Grass Pasture   Kv= 7.0 fps

9.6 580 Total
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Summary for Subcatchment S-3.0: East Slope

Runoff = 3.29 cfs @ 11.98 hrs,  Volume= 0.153 af,  Depth= 2.83"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 yr Storm Rainfall=7.76"

Area (ac) CN Description

0.530 61 >75% Grass cover, Good, HSG B
0.120 39 >75% Grass cover, Good, HSG A

* 0.000 98 Paved Parking

0.650 57 Weighted Average
0.650 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min Tc

5.0 0 Total,  Increased to minimum Tc = 6.0 min

Summary for Reach DP-1: Culvert to River

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 14.330 ac, 62.60% Impervious,  Inflow Depth = 5.00"    for  100 yr Storm event
Inflow = 96.32 cfs @ 11.99 hrs,  Volume= 5.966 af
Outflow = 96.32 cfs @ 11.99 hrs,  Volume= 5.966 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-2: West Property Line

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 5.090 ac, 2.16% Impervious,  Inflow Depth = 2.41"    for  100 yr Storm event
Inflow = 18.73 cfs @ 12.02 hrs,  Volume= 1.023 af
Outflow = 18.73 cfs @ 12.02 hrs,  Volume= 1.023 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Reach DP-3: East Wetland

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.650 ac, 0.00% Impervious,  Inflow Depth = 2.83"    for  100 yr Storm event
Inflow = 3.29 cfs @ 11.98 hrs,  Volume= 0.153 af
Outflow = 3.29 cfs @ 11.98 hrs,  Volume= 0.153 af,  Atten= 0%,  Lag= 0.0 min
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Summary for Pond P-1: System 1-1 (Recharge)

Inflow Area = 1.730 ac,100.00% Impervious,  Inflow Depth = 7.52"    for  100 yr Storm event
Inflow = 19.17 cfs @ 11.97 hrs,  Volume= 1.084 af
Outflow = 12.14 cfs @ 12.04 hrs,  Volume= 1.084 af,  Atten= 37%,  Lag= 4.4 min
Discarded = 0.19 cfs @ 6.42 hrs,  Volume= 0.511 af
Primary = 11.95 cfs @ 12.04 hrs,  Volume= 0.574 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 73.23' @ 12.04 hrs   Surf.Area= 8,250 sf   Storage= 16,583 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 185.9 min ( 923.3 - 737.4 )

Volume Invert Avail.Storage Storage Description

#1 70.00' 6,024 cf 50.00'W x 165.00'L x 3.50'H Prismatoid
28,875 cf Overall - 11,663 cf Embedded = 17,212 cf  x 35.0% Voids

#2 70.50' 11,663 cf 36.0"  Round Pipe Storage (10 rows by 165lf)  Inside #1
L= 1,650.0'

17,687 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 71.60' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 70.00' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.19 cfs @ 6.42 hrs  HW=70.04'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.19 cfs)

Primary OutFlow  Max=11.94 cfs @ 12.04 hrs  HW=73.23'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 11.94 cfs @ 4.35 fps)

Summary for Pond P-2: System 1-2 (Recharge)

Inflow Area = 1.790 ac, 86.59% Impervious,  Inflow Depth = 6.57"    for  100 yr Storm event
Inflow = 18.90 cfs @ 11.97 hrs,  Volume= 0.980 af
Outflow = 17.15 cfs @ 12.00 hrs,  Volume= 0.980 af,  Atten= 9%,  Lag= 2.0 min
Discarded = 0.08 cfs @ 5.88 hrs,  Volume= 0.198 af
Primary = 17.07 cfs @ 12.00 hrs,  Volume= 0.782 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 70.37' @ 12.00 hrs   Surf.Area= 3,250 sf   Storage= 7,393 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 94.6 min ( 867.9 - 773.3 )
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Volume Invert Avail.Storage Storage Description

#1 66.50' 2,942 cf 50.00'W x 65.00'L x 4.00'H Prismatoid
13,000 cf Overall - 4,595 cf Embedded = 8,405 cf  x 35.0% Voids

#2 67.00' 4,595 cf 36.0"  Round Pipe Storage (10 rows by 65lf)  Inside #1
L= 650.0'

7,536 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 68.10' 24.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 66.50' 1.020 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.08 cfs @ 5.88 hrs  HW=66.54'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.08 cfs)

Primary OutFlow  Max=17.06 cfs @ 12.00 hrs  HW=70.37'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 17.06 cfs @ 5.43 fps)

Summary for Pond P-3: System 1-3 (Detention)

Inflow Area = 3.150 ac, 64.44% Impervious,  Inflow Depth = 5.94"    for  100 yr Storm event
Inflow = 27.88 cfs @ 12.00 hrs,  Volume= 1.560 af
Outflow = 21.12 cfs @ 12.07 hrs,  Volume= 1.560 af,  Atten= 24%,  Lag= 4.1 min
Primary = 21.12 cfs @ 12.07 hrs,  Volume= 1.560 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 70.42' @ 12.07 hrs   Surf.Area= 5,500 sf   Storage= 16,685 cf

Plug-Flow detention time= 30.0 min calculated for 1.560 af (100% of inflow)
Center-of-Mass det. time= 29.9 min ( 816.6 - 786.7 )

Volume Invert Avail.Storage Storage Description

#1 66.00' 4,264 cf 100.00'W x 55.00'L x 4.50'H Prismatoid
24,750 cf Overall - 12,566 cf Embedded = 12,184 cf  x 35.0% Voids

#2 66.00' 12,566 cf 48.0"  Round Pipe Storage (10 rows x 100lf)  Inside #1
L= 1,000.0'

16,831 cf Total Available Storage

Device Routing     Invert Outlet Devices

#1 Primary 66.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 69.10' 3.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=21.12 cfs @ 12.07 hrs  HW=70.42'  TW=0.00'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 7.49 cfs @ 9.54 fps)
2=Sharp-Crested Rectangular Weir  (Weir Controls 13.63 cfs @ 3.76 fps)



 

 

  



ARE Andover Building 1

SMMA Job No. 21141

Date: 1/23/2022

Calc by: MF

Check by: WWP

Required recharge volume is calculated utilizing DEP's "static method."

Hydrologic Soil Group and Rawls Rate based on geotechnical survey of site.

Required Recharge Volume

Required Volume

sf ac HSG in cf

Existing Impervious 312,528 7.17

Proposed Impervious 395,986 9.09

Net Increase 83,458 1.92 A 0.6 4,173

Provided Recharge Volume

Recharge System

SRS 1-1

SRS 1-2

Total

*volumes calculated using HydroCAD

Drawdown Time

K (Rawls Rate) Depth Time*

in/hr ft hr

Subsurface Recharge System 1.02 1.6 18.8

*Time = Recharge Volume / K * Bottom Area

Area Target Depth Factor

Contributing Impervious Area

sf

75,485

67,592

143,077 9,951

Recharge Provided              

(volume below outlet)*

cf

7,139

2,812

1/1



 

 

  



INSTRUCTIONS: Version 1, Automated: Mar. 4, 2008

1. In BMP Column, click on Blue Cell to Activate Drop Down Menu

2. Select BMP from Drop Down Menu

3. After BMP is selected, TSS Removal and other Columns are automatically completed.

Location:                           

B C D E F

TSS Removal Starting TSS Amount Remaining

BMP
1

Rate
1

Load* Removed (C*D) Load (D-E)

Deep Sump and Hooded 

Catch Basin 0.25 1.00 0.25 0.75

Proprietary Treatment 

Practice 0.40 0.75 0.30 0.45

Subsurface Infiltration 

Structure 0.80 0.45 0.36 0.09

0.00 0.09 0.00 0.09

0.00 0.09 0.00 0.09

Total TSS Removal = 91%

Separate Form Needs to 

be Completed for Each 

Outlet or BMP Train

Project: ARE Andover Building 1

Prepared By: SMMA *Equals remaining load from previous BMP (E)

Date: 1/24/2022 which enters the BMP

Subsurface Recharge Systems
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INSTRUCTIONS: Version 1, Automated: Mar. 4, 2008

1. In BMP Column, click on Blue Cell to Activate Drop Down Menu

2. Select BMP from Drop Down Menu

3. After BMP is selected, TSS Removal and other Columns are automatically completed.

Location:                           

B C D E F

TSS Removal Starting TSS Amount Remaining

BMP
1

Rate
1

Load* Removed (C*D) Load (D-E)

Porous Pavement 0.80 1.00 0.80 0.20

0.00 0.20 0.00 0.20

0.00 0.20 0.00 0.20

0.00 0.20 0.00 0.20

0.00 0.20 0.00 0.20

Total TSS Removal = 80%

Separate Form Needs to 

be Completed for Each 

Outlet or BMP Train

Project: ARE Andover Building 1

Prepared By: SMMA *Equals remaining load from previous BMP (E)

Date: 1/24/2022 which enters the BMP

Porous Pavement Areas
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INSTRUCTIONS: Version 1, Automated: Mar. 4, 2008

1. In BMP Column, click on Blue Cell to Activate Drop Down Menu

2. Select BMP from Drop Down Menu

3. After BMP is selected, TSS Removal and other Columns are automatically completed.

Location:                           

B C D E F

TSS Removal Starting TSS Amount Remaining

BMP
1

Rate
1

Load* Removed (C*D) Load (D-E)

Proprietary Treatment 

Practice 0.80 1.00 0.80 0.20

0.00 0.20 0.00 0.20

0.00 0.20 0.00 0.20

0.00 0.20 0.00 0.20

0.00 0.20 0.00 0.20

Total TSS Removal = 80%

Separate Form Needs to 

be Completed for Each 

Outlet or BMP Train

Project: ARE Andover Building 1

Prepared By: SMMA *Equals remaining load from previous BMP (E)

Date: 1/24/2022 which enters the BMP

Water Quality Unit/Inlet Only
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Project Information

Project Name 3000 Minuteman Building 1 Option # A

Country UNITED_STATES State Massachusetts City Andover

Contact Information

First Name Marisa Last Name Fryer

Company SMMA Phone # 617-520-9244

Email mfryer@smma.com

Design Criteria

Site Designation WQU 1-1 Sizing Method Net Annual

Screening Required? No Drainage Area (ac) 1.67 Peak Flow (cfs) 7.77

Groundwater Depth (ft) 5 - 10 Pipe Invert Depth (ft) 5 - 10 Bedrock Depth (ft) >15

Multiple Inlets? Yes Grate Inlet Required? No Pipe Size (in) 18.00

Required Particle Size 
Distribution?

No 90° between two
inlets?

Yes 180° between inlet and 
outlet?

No

Runoff Coefficient 0.71 Rainfall Station 67 - Groveland, MA TC (Min) 6

Treatment Selection

Treatment Unit CASCADE SEPARATOR System Model CS-4

Target Removal 80% Particle Size Distribution 
(PSD)

110 Predicted Net Annual 
Removal

97.13%

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQU 1-1

CASCADE SEPARATOR  CS-4



CASCADE SEPARATOR ESTIMATED NET ANNUAL SOLIDS LOAD REDUCTION BASED ON THE RATIONAL RAINFALL METHOD

Rainfall 
Intensity¹ (in/hr)

%  Rainfall 
Volume¹

Cumulative 
Rainfall Volume

Rainfall 
Volume 
Treated

Total Flowrate
(cfs)

Treated Flowrate
(cfs)

Hydraulic 
Loading Rate

(%)

Removal 
Efficiency (%)

Incremental 
Removal (%)

0.0800 41.00% 41.00% 41.00% 0.0900 0.0900 3.21% 100.00% 41.04%

0.1600 23.90% 64.90% 23.90% 0.1900 0.1900 6.78% 100.00% 23.88%

0.2400 11.50% 76.40% 11.50% 0.2800 0.2800 10.00% 100.00% 11.53%

0.3200 7.40% 83.80% 7.40% 0.3800 0.3800 13.57% 99.14% 7.36%

0.4000 4.50% 88.30% 4.50% 0.4700 0.4700 16.78% 96.13% 4.28%

0.4800 2.90% 91.20% 2.90% 0.5700 0.5700 20.35% 92.77% 2.69%

0.5600 1.80% 93.00% 1.80% 0.6600 0.6600 23.57% 89.74% 1.60%

0.6400 1.20% 94.20% 1.20% 0.7600 0.7600 27.14% 86.39% 1.02%

0.7200 1.60% 95.80% 1.60% 0.8500 0.8500 30.35% 83.37% 1.33%

0.8000 0.80% 96.60% 0.80% 0.9500 0.9500 33.92% 80.02% 0.63%

1.0000 0.60% 97.20% 0.60% 1.1900 1.1900 42.49% 71.96% 0.41%

1.4000 1.40% 98.60% 1.40% 1.6600 1.6600 59.27% 56.19% 0.81%

1.8000 0.90% 99.50% 0.85% 2.1300 2.0000 71.41% 42.04% 0.38%

2.2000 0.50% 100.00% 0.38% 2.6100 2.0000 71.41% 34.31% 0.17%

97.13%

Removal Efficiency Adjustment² =

Predicted % Annual Rainfall Treated = 99.83%

Predicted Net Annual Load Removal Efficiency = 97.13%

1 - Based on 7 years of data from NCDC station #3276, Groveland, Essex County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQU 1-1

CASCADE SEPARATOR  CS-4



Project Information

Project Name 3000 Minuteman Building 1 Option # A

Country UNITED_STATES State Massachusetts City Andover

Contact Information

First Name Marisa Last Name Fryer

Company SMMA Phone # 617-520-9244

Email mfryer@smma.com

Design Criteria

Site Designation WQI 1-1 Sizing Method Net Annual

Screening Required? No Drainage Area (ac) 0.35 Peak Flow (cfs) 1.33

Groundwater Depth (ft) 0 - 5 Pipe Invert Depth (ft) 0 - 5 Bedrock Depth (ft) >15

Multiple Inlets? No Grate Inlet Required? Yes Pipe Size (in) 12.00

Required Particle Size 
Distribution?

No 90° between two
inlets?

N/A 180° between inlet and 
outlet?

No

Runoff Coefficient 0.58 Rainfall Station 67 - Groveland, MA TC (Min) 6

Treatment Selection

Treatment Unit CASCADE SEPARATOR System Model CS-4

Target Removal 80% Particle Size Distribution 
(PSD)

110 Predicted Net Annual 
Removal

99.98%

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQI 1-1

CASCADE SEPARATOR  CS-4



CASCADE SEPARATOR ESTIMATED NET ANNUAL SOLIDS LOAD REDUCTION BASED ON THE RATIONAL RAINFALL METHOD

Rainfall 
Intensity¹ (in/hr)

%  Rainfall 
Volume¹

Cumulative 
Rainfall Volume

Rainfall 
Volume 
Treated

Total Flowrate
(cfs)

Treated Flowrate
(cfs)

Hydraulic 
Loading Rate

(%)

Removal 
Efficiency (%)

Incremental 
Removal (%)

0.0800 41.00% 41.00% 41.00% 0.0200 0.0200 % 100.00% 41.04%

0.1600 23.90% 64.90% 23.90% 0.0300 0.0300 % 100.00% 23.88%

0.2400 11.50% 76.40% 11.50% 0.0500 0.0500 % 100.00% 11.53%

0.3200 7.40% 83.80% 7.40% 0.0600 0.0600 % 100.00% 7.42%

0.4000 4.50% 88.30% 4.50% 0.0800 0.0800 % 100.00% 4.45%

0.4800 2.90% 91.20% 2.90% 0.1000 0.1000 % 100.00% 2.90%

0.5600 1.80% 93.00% 1.80% 0.1100 0.1100 % 100.00% 1.78%

0.6400 1.20% 94.20% 1.20% 0.1300 0.1300 % 100.00% 1.18%

0.7200 1.60% 95.80% 1.60% 0.1500 0.1500 % 100.00% 1.60%

0.8000 0.80% 96.60% 0.80% 0.1600 0.1600 % 100.00% 0.79%

1.0000 0.60% 97.20% 0.60% 0.2000 0.2000 % 100.00% 0.57%

1.4000 1.40% 98.60% 1.40% 0.2800 0.2800 % 100.00% 1.44%

1.8000 0.90% 99.50% 0.90% 0.3700 0.3700 % 99.48% 0.91%

2.2000 0.50% 100.00% 0.50% 0.4500 0.4500 % 96.79% 0.49%

99.98%

Removal Efficiency Adjustment² =

Predicted % Annual Rainfall Treated = 100.00%

Predicted Net Annual Load Removal Efficiency = 99.98%

1 - Based on 7 years of data from NCDC station #3276, Groveland, Essex County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQI 1-1

CASCADE SEPARATOR  CS-4



Project Information

Project Name 3000 Minuteman Building 1 Option # A

Country UNITED_STATES State Massachusetts City Andover

Contact Information

First Name Marisa Last Name Fryer

Company SMMA Phone # 617-520-9244

Email mfryer@smma.com

Design Criteria

Site Designation WQU 2-1 Sizing Method Net Annual

Screening Required? No Drainage Area (ac) 2.63 Peak Flow (cfs) 10.42

Groundwater Depth (ft) 0 - 5 Pipe Invert Depth (ft) 0 - 5 Bedrock Depth (ft) >15

Multiple Inlets? Yes Grate Inlet Required? No Pipe Size (in) 24.00

Required Particle Size 
Distribution?

No 90° between two
inlets?

Yes 180° between inlet and 
outlet?

No

Runoff Coefficient 0.60 Rainfall Station 67 - Groveland, MA TC (Min) 6

Treatment Selection

Treatment Unit CASCADE SEPARATOR System Model CS-4

Target Removal 80% Particle Size Distribution 
(PSD)

110 Predicted Net Annual 
Removal

95.42%

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQU 2-1

CASCADE SEPARATOR  CS-4



CASCADE SEPARATOR ESTIMATED NET ANNUAL SOLIDS LOAD REDUCTION BASED ON THE RATIONAL RAINFALL METHOD

Rainfall 
Intensity¹ (in/hr)

%  Rainfall 
Volume¹

Cumulative 
Rainfall Volume

Rainfall 
Volume 
Treated

Total Flowrate
(cfs)

Treated Flowrate
(cfs)

Hydraulic 
Loading Rate

(%)

Removal 
Efficiency (%)

Incremental 
Removal (%)

0.0800 41.00% 41.00% 41.00% 0.1300 0.1300 % 100.00% 41.04%

0.1600 23.90% 64.90% 23.90% 0.2500 0.2500 % 100.00% 23.88%

0.2400 11.50% 76.40% 11.50% 0.3800 0.3800 % 99.14% 11.43%

0.3200 7.40% 83.80% 7.40% 0.5000 0.5000 % 95.12% 7.06%

0.4000 4.50% 88.30% 4.50% 0.6300 0.6300 % 90.75% 4.04%

0.4800 2.90% 91.20% 2.90% 0.7600 0.7600 % 86.39% 2.51%

0.5600 1.80% 93.00% 1.80% 0.8800 0.8800 % 82.37% 1.47%

0.6400 1.20% 94.20% 1.20% 1.0100 1.0100 % 78.00% 0.92%

0.7200 1.60% 95.80% 1.60% 1.1400 1.1400 % 73.63% 1.18%

0.8000 0.80% 96.60% 0.80% 1.2600 1.2600 % 69.61% 0.55%

1.0000 0.60% 97.20% 0.60% 1.5800 1.5800 % 58.87% 0.34%

1.4000 1.40% 98.60% 1.27% 2.2100 2.0000 % 40.52% 0.58%

1.8000 0.90% 99.50% 0.63% 2.8400 2.0000 % 31.53% 0.29%

2.2000 0.50% 100.00% 0.29% 3.4700 2.0000 % 25.81% 0.13%

95.42%

Removal Efficiency Adjustment² =

Predicted % Annual Rainfall Treated = 99.39%

Predicted Net Annual Load Removal Efficiency = 95.42%

1 - Based on 7 years of data from NCDC station #3276, Groveland, Essex County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQU 2-1

CASCADE SEPARATOR  CS-4



Project Information

Project Name 3000 Minuteman Building 1 Option # A

Country UNITED_STATES State Massachusetts City Andover

Contact Information

First Name Marisa Last Name Fryer

Company SMMA Phone # 617-520-9244

Email mfryer@smma.com

Design Criteria

Site Designation WQU 2-2 Sizing Method Net Annual

Screening Required? No Drainage Area (ac) 1.78 Peak Flow (cfs) 9.93

Groundwater Depth (ft) 0 - 5 Pipe Invert Depth (ft) 0 - 5 Bedrock Depth (ft) >15

Multiple Inlets? Yes Grate Inlet Required? No Pipe Size (in) 24.00

Required Particle Size 
Distribution?

No 90° between two
inlets?

Yes 180° between inlet and 
outlet?

No

Runoff Coefficient 0.84 Rainfall Station 67 - Groveland, MA TC (Min) 6

Treatment Selection

Treatment Unit CASCADE SEPARATOR System Model CS-4

Target Removal 80% Particle Size Distribution 
(PSD)

110 Predicted Net Annual 
Removal

95.78%

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQU 2-2

CASCADE SEPARATOR  CS-4



CASCADE SEPARATOR ESTIMATED NET ANNUAL SOLIDS LOAD REDUCTION BASED ON THE RATIONAL RAINFALL METHOD

Rainfall 
Intensity¹ (in/hr)

%  Rainfall 
Volume¹

Cumulative 
Rainfall Volume

Rainfall 
Volume 
Treated

Total Flowrate
(cfs)

Treated Flowrate
(cfs)

Hydraulic 
Loading Rate

(%)

Removal 
Efficiency (%)

Incremental 
Removal (%)

0.0800 41.00% 41.00% 41.00% 0.1200 0.1200 4.28% 100.00% 41.04%

0.1600 23.90% 64.90% 23.90% 0.2400 0.2400 8.57% 100.00% 23.88%

0.2400 11.50% 76.40% 11.50% 0.3600 0.3600 12.85% 99.82% 11.51%

0.3200 7.40% 83.80% 7.40% 0.4800 0.4800 17.14% 95.79% 7.11%

0.4000 4.50% 88.30% 4.50% 0.6000 0.6000 21.42% 91.77% 4.08%

0.4800 2.90% 91.20% 2.90% 0.7200 0.7200 25.71% 87.73% 2.54%

0.5600 1.80% 93.00% 1.80% 0.8400 0.8400 29.99% 83.71% 1.49%

0.6400 1.20% 94.20% 1.20% 0.9600 0.9600 34.28% 79.68% 0.94%

0.7200 1.60% 95.80% 1.60% 1.0800 1.0800 38.56% 75.65% 1.21%

0.8000 0.80% 96.60% 0.80% 1.2000 1.2000 42.85% 71.62% 0.57%

1.0000 0.60% 97.20% 0.60% 1.5000 1.5000 53.56% 61.55% 0.35%

1.4000 1.40% 98.60% 1.34% 2.0900 2.0000 71.41% 42.85% 0.62%

1.8000 0.90% 99.50% 0.67% 2.6900 2.0000 71.41% 33.29% 0.30%

2.2000 0.50% 100.00% 0.30% 3.2900 2.0000 71.41% 27.22% 0.14%

95.78%

Removal Efficiency Adjustment² =

Predicted % Annual Rainfall Treated = 99.51%

Predicted Net Annual Load Removal Efficiency = 95.78%

1 - Based on 7 years of data from NCDC station #3276, Groveland, Essex County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQU 2-2

CASCADE SEPARATOR  CS-4



Project Information

Project Name 3000 Minuteman Building 1 Option # A

Country UNITED_STATES State Massachusetts City Andover

Contact Information

First Name Marisa Last Name Fryer

Company SMMA Phone # 617-520-9244

Email mfryer@smma.com

Design Criteria

Site Designation WQI 2-1, 2-2 Sizing Method Net Annual

Screening Required? No Drainage Area (ac) 0.40 Peak Flow (cfs) 1.71

Groundwater Depth (ft) 0 - 5 Pipe Invert Depth (ft) 0 - 5 Bedrock Depth (ft) >15

Multiple Inlets? No Grate Inlet Required? Yes Pipe Size (in) 12.00

Required Particle Size 
Distribution?

No 90° between two
inlets?

N/A 180° between inlet and 
outlet?

No

Runoff Coefficient 0.65 Rainfall Station 67 - Groveland, MA TC (Min) 6

Treatment Selection

Treatment Unit CASCADE SEPARATOR System Model CS-4

Target Removal 80% Particle Size Distribution 
(PSD)

110 Predicted Net Annual 
Removal

99.92%

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQI 2-1, 2-2

CASCADE SEPARATOR  CS-4



CASCADE SEPARATOR ESTIMATED NET ANNUAL SOLIDS LOAD REDUCTION BASED ON THE RATIONAL RAINFALL METHOD

Rainfall 
Intensity¹ (in/hr)

%  Rainfall 
Volume¹

Cumulative 
Rainfall Volume

Rainfall 
Volume 
Treated

Total Flowrate
(cfs)

Treated Flowrate
(cfs)

Hydraulic 
Loading Rate

(%)

Removal 
Efficiency (%)

Incremental 
Removal (%)

0.0800 41.00% 41.00% 41.00% 0.0200 0.0200 0.71% 100.00% 41.04%

0.1600 23.90% 64.90% 23.90% 0.0400 0.0400 1.43% 100.00% 23.88%

0.2400 11.50% 76.40% 11.50% 0.0600 0.0600 2.14% 100.00% 11.53%

0.3200 7.40% 83.80% 7.40% 0.0800 0.0800 2.86% 100.00% 7.42%

0.4000 4.50% 88.30% 4.50% 0.1000 0.1000 3.57% 100.00% 4.45%

0.4800 2.90% 91.20% 2.90% 0.1200 0.1200 4.28% 100.00% 2.90%

0.5600 1.80% 93.00% 1.80% 0.1500 0.1500 5.36% 100.00% 1.78%

0.6400 1.20% 94.20% 1.20% 0.1700 0.1700 6.07% 100.00% 1.18%

0.7200 1.60% 95.80% 1.60% 0.1900 0.1900 6.78% 100.00% 1.60%

0.8000 0.80% 96.60% 0.80% 0.2100 0.2100 7.50% 100.00% 0.79%

1.0000 0.60% 97.20% 0.60% 0.2600 0.2600 9.28% 100.00% 0.57%

1.4000 1.40% 98.60% 1.40% 0.3600 0.3600 12.85% 99.82% 1.44%

1.8000 0.90% 99.50% 0.90% 0.4700 0.4700 16.78% 96.13% 0.87%

2.2000 0.50% 100.00% 0.50% 0.5700 0.5700 20.35% 92.77% 0.47%

99.92%

Removal Efficiency Adjustment² =

Predicted % Annual Rainfall Treated = 100.00%

Predicted Net Annual Load Removal Efficiency = 99.92%

1 - Based on 7 years of data from NCDC station #3276, Groveland, Essex County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

 *Treatment flow rate calculated using annualized weighted calculation.

Hydrodynamic Separation Product Calculator
3000 Minuteman Building 1

WQI 2-1, 2-2

CASCADE SEPARATOR  CS-4



 

 

  



ARE - Buildings 1 & 1A

3000 Minuteman Road, Andover, MA

SMMA Job No. 21141

Date: 1/24/2022

Calc by: MF

Check by: DCC

Phosphorus Reduction Calculations

Table 1 - Proposed Avg Annual Distinct P Load Export Rates

P Load Export 

Rate* (lb/ac/yr)

Impervious (Industrial) 1.78

Pervious (HSG A) 0.03

Pervious (HSG B) 0.12

*Load rates provided by EPA BMP Accounting and Tracking Tool (BATT)

Table 2 - Untreated Proposed Conditions Phosphorus Load by Area

Proposed Area 

(ac)*

P Load Export 

Rate (lb/ac/yr)

Untreated 

Project P Load 

(lb/yr)

Target 

Reduction (%)**

Target 

Phosphorus 

Load (lb/yr)

Impervious (Industrial) 7.5 1.78 13.4 50% 6.7

Porous Pavement 1.2 1.78 2.1 50% 1.1

Pervious (HSG A) 1.3 0.03 0.0 0% 0.0

Pervious (HSG B) 3.2 0.12 0.4 0% 0.4

Total 13.2 15.9 8.2

*Proposed area breakdown only includes areas within limit of work

**Andover Town regs require 50% phosphorus reduction from total proposed impervious area.

Table 3 - Phosphorus Reduction Credits for Selected Enhanced Non-Strucutral BMPs

Note: PRF = Phosphorus Reduction Factor from EPA BMP Accounting and Tracking Tool (BATT)

IA being swept 

(ac)
PLE (lb/yr) PRF (lb/ac/yr) Annual Freq. (%) Credit (lb/yr)

Street Sweeping 7.5 1.78 0.01 100% 0.13

IA to CBs (ac) PLE (lb/yr) PRF (lb/ac/yr) Credit (lb/yr)

Catch Basin Cleaning 13.2 1.78 0.02 0.47

Sweeping (lb/yr)
CB Cleaning 

(lb/yr)
Total (lb/yr)

Non-Structural P 

Reduction Credits
0.13 0.47 0.60

1/2



Table 4 - Phosphorus Loading to Structural Stormwater BMPs

Impervious Area 

(ac)

Pervious Area 

(ac)

P Load to BMP 

(lb/yr)

Infiltration System #1 1.73 0.00 3.1

Infiltration System #2 1.55 0.24 2.8

Porous Pavement 1.20 0.00 2.1

Total 3.28 0.24 8.0

Table 5 - Phosphorus Load Reductions per Structural Stormwater BMP

Infiltration Rate 

(in/hr)

Design Storm 

(in)*

Filter/Reservoir 

Course 

P Removal Rate 

(%)**

P Reduction 

(lb/yr)

Infiltration System #1 1.02 2.0 100% 3.1

Infiltration System #2 1.02 1.0 96% 2.7

Porous Pavement 12-16" 62% 1.3

Total 7.1

*Design storm capacities calculated using HydroCAD. See attached HydroCAD report.

**See attached BMP Performance Tables.

Table 6 - P Load Export Proposed Conditions

Untreated Project P Load 

(lb/yr)

Non-Structural P 

Reduction (lb/yr)

Structural P  

Reduction (lb/yr)

Proposed P  

Export (lb/yr)

Target 

Phosphorus 

Load (lb/yr)

Target Met?

15.9 0.60 7.1 8.2 8.2 Yes

2/2
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Table 3- 7: Infiltration Trench (IR = 1.02 in/hr) BMP Performance Table 

Infiltration Trench (IR = 1.02 in/hr) BMP Performance Table: 
Long-Term Phosphorus Load Reduction 

BMP Capacity: Depth of Runoff 
Treated from Impervious Area 

(inches) 
0.1 0.2 0.4 0.6 0.8 1.0 1.5 2.0 

Runoff Volume Reduction 26.3% 44.6% 68.2% 81.0% 88.0% 92.1% 96.5% 98.3% 

Cumulative Phosphorus Load 
Reduction 

27% 47% 73% 86% 92% 96% 99% 100% 

 
Figure 3- 4: BMP Performance Curve: Infiltration Trench (infiltration rate = 1.02 in/hr) 
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Table 3- 18: Porous Pavement BMP Performance Table 

Porous Pavement BMP Performance Table: 
Long-Term Phosphorus Load Reduction 

BMP Capacity: Depth of Filter Course 
Area (inches) 

12.0 18.0 24.0 32.0 

Cumulative Phosphorus Load 
Reduction 

62% 70% 75% 78% 

 
Figure 3- 15: BMP Performance Curve: Porous Pavement 
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ARE Building 1 - Water Quality Events
Type II 24-hr  1" Event Rainfall=1.00"ARE Andover Building 1 - PR

  Printed  1/25/2022Prepared by SMMA
Page 3HydroCAD® 10.00-20  s/n 00853  © 2017 HydroCAD Software Solutions LLC

Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1.790 ac   86.59% Impervious   Runoff Depth=0.32"Subcatchment S-1.2b: New Parking Area
   Tc=6.0 min   CN=90   Runoff=1.02 cfs  0.048 af

Runoff Area=1.730 ac   100.00% Impervious   Runoff Depth=0.79"Subcatchment S-1.4: Addition Roof
   Tc=6.0 min   CN=98   Runoff=2.26 cfs  0.114 af

Peak Elev=70.61'  Storage=1,850 cf   Inflow=2.26 cfs  0.114 afPond P-1: System 1-1 (Recharge)
   Discarded=0.19 cfs  0.114 af   Primary=0.00 cfs  0.000 af   Outflow=0.19 cfs  0.114 af

Peak Elev=67.13'  Storage=764 cf   Inflow=1.02 cfs  0.048 afPond P-2: System 1-2 (Recharge)
   Discarded=0.08 cfs  0.048 af   Primary=0.00 cfs  0.000 af   Outflow=0.08 cfs  0.048 af

Total Runoff Area = 3.520 ac   Runoff Volume = 0.162 af   Average Runoff Depth = 0.55"
6.82% Pervious = 0.240 ac     93.18% Impervious = 3.280 ac

Subsurface Recharge System 2 retains 100% runoff volume from 1" water quality event.



ARE Building 1 - Water Quality Events
Type II 24-hr  2" Event Rainfall=2.00"ARE Andover Building 1 - PR

  Printed  1/25/2022Prepared by SMMA
Page 7HydroCAD® 10.00-20  s/n 00853  © 2017 HydroCAD Software Solutions LLC

Time span=0.00-72.00 hrs, dt=0.01 hrs, 7201 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1.790 ac   86.59% Impervious   Runoff Depth=1.09"Subcatchment S-1.2b: New Parking Area
   Tc=6.0 min   CN=90   Runoff=3.48 cfs  0.163 af

Runoff Area=1.730 ac   100.00% Impervious   Runoff Depth=1.77"Subcatchment S-1.4: Addition Roof
   Tc=6.0 min   CN=98   Runoff=4.81 cfs  0.256 af

Peak Elev=71.25'  Storage=5,098 cf   Inflow=4.81 cfs  0.256 afPond P-1: System 1-1 (Recharge)
   Discarded=0.19 cfs  0.256 af   Primary=0.00 cfs  0.000 af   Outflow=0.19 cfs  0.256 af

Peak Elev=68.29'  Storage=3,273 cf   Inflow=3.48 cfs  0.163 afPond P-2: System 1-2 (Recharge)
   Discarded=0.08 cfs  0.135 af   Primary=0.23 cfs  0.028 af   Outflow=0.31 cfs  0.163 af

Total Runoff Area = 3.520 ac   Runoff Volume = 0.419 af   Average Runoff Depth = 1.43"
6.82% Pervious = 0.240 ac     93.18% Impervious = 3.280 ac

Subsurface Recharge System 1 retains 100% runoff volume from 2" water quality event.
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Special Line Features

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:15,800.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data 
as of the version date(s) listed below.

Soil Survey Area: Essex County, Massachusetts, Northern 
Part
Survey Area Data: Version 17, Sep 2, 2021

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 13, 2020—Sep 
15, 2020

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

1 Water 2.2 1.8%

38A Pipestone loamy sand, 0 
to 3 percent slopes

A 14.4 11.9%

51A Swansea muck, 0 to 1 
percent slopes

B/D 1.4 1.1%

240B Elmwood fine sandy 
loam, 3 to 8 percent 
slopes

B 1.2 1.0%

253A Hinckley loamy sand, 0 
to 3 percent slopes

A 6.9 5.7%

254B Merrimac fine sandy 
loam, 3 to 8 percent 
slopes

A 12.7 10.5%

255A Windsor loamy sand, 0 
to 3 percent slopes

A 1.1 0.9%

255B Windsor loamy sand, 3 
to 8 percent slopes

A 13.7 11.3%

256A Deerfield loamy fine 
sand, 0 to 3 percent 
slopes

A 34.5 28.4%

310A Woodbridge fine sandy 
loam, 0 to 3 percent 
slopes

C/D 3.0 2.5%

411B Sutton fine sandy loam, 
0 to 8 percent slopes, 
very stony

B/D 6.8 5.6%

420A Canton fine sandy loam, 
0 to 3 percent slopes

A 1.2 1.0%

420B Canton fine sandy loam, 
3 to 8 percent slopes

B 17.4 14.4%

715A Ridgebury and Leicester 
fine sandy loams, 0 to 
3 percent slopes, 
extremely stony

D 1.4 1.1%

720A Whately variant fine 
sandy loam, 0 to 3 
percent slopes

C/D 3.5 2.9%

Totals for Area of Interest 121.4 100.0%
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Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher
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