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MINUTE MAN ARC 
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SECTION 1.0  INTRODUCTION 
 

The following Drainage Report is intended to demonstrate that the existing stormwater system contains 

sufficient capacity for the proposed work. The design engineer recognizes this report is not a full 

stormwater analysis; it is instead a supplement to the original stormwater report prepared for the initial 

development of this site.  

 

This report accompanies a Site Plan filing to the Concord Planning Board for a proposed sport court, 

sidewalk, and new parking for the property located at 35 Forest Ridge Road. This is a re-development of 

a previously developed site. The original site plan for this property was prepared by Hayner/Swanson, 

Inc and approved by the Concord Planning Board in 1998. The original approval included the full 

buildout of the site as it presently exists. 

 

Currently, runoff on the site is directed to a series of catch basins and pipes that drain northwest and 

eventually outlet to a detention facility. This facility primarily controls runoff through infiltration into 

the groundwater. This is accomplished by a leaching catch basin surrounded by gravel, located in the 

center of the facility. 

 

As part of the original site plan submittal in 1998, a drainage report was prepared by Hayner/Swanson, 

Inc which analyzed the pre-development and post-development conditions of the site at the time. 

Excerpts of Hayner/Swanson Inc’s report are included in Appendix A; the entire report is on file with 

Town of Concord.  

 

In summary, this report analyzes the proposed re-development and demonstrates that the existing 

detention facility, modified with a higher berm, is sufficient to control runoff. There are no proposed 

changes to the existing stormwater system other than raising the berm and the addition of two new 

landscape catch basins and pipes. The runoff generated by the re-development will not cause the existing 

system to overtop. The Massachusetts Stormwater Standards do not apply to this project as no portion of 

the project is within a wetland resource area or buffer zone. 
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SECTION 2.0    COMPARISON OF IMPERVIOUS AREAS 
 

See Table 2.1, below, for a comparison of impervious areas: 

 

 

Table 2.1  Minute Man Arc Impervious Area Analysis 

              

Total - As Constructed  
 (SF)1 

  
Total – After Re-Development  

(SF)  
  Net Increase (SF) 

          

44,922   51,963   + 7,041 

 

The project proposal will add roughly 7,041 SF of new impervious are to the site.  
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1 SF = square feet (typical) 
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SECTION 3.0  CONCLUSION 
 

 

Table 3.1  Minute Man Arc Flow Rate Comparison (Detention Basin Outflow – Pond 10P) 

              

Storm Event   
Hayner/Swanson Inc’s Design 

(cfs)  
  

Proposed Re-Development 
 (cfs) 

          

2-year (3.1 in)   0   0 

10-year (4.5 in)  0  0 

25-year (5.3 in)  0   0 

100-year (6.6 in)  0  0 

 

 

As can be seen above, the flow leaving the site will not increase as a result of the proposed re-

development. This is accomplished via the existing detention facility.  

 

It is important to note that Hayner/Swanson Inc’s model indicates that the detention basin would 

overtop in the 25-year and 100-year storms. This is based on a surveyed berm elevation of 155.6, 

which is lower than the peak elevations displayed in their model. The designer is unaware of any 

instance of this basin overtopping. However, the berm elevation of the detention facility will be 

raised as part of this re-development, in order to ensure no overtopping occurs. 
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Area Listing (all nodes)

Area  (sq-ft) CN Description (subcats)

429,937 36 Woods, Fair, HSG A  (4347POST)

17,424 39 >75% Grass cover, Good, HSG A  (4347POST)

45,302 49 50-75% Grass cover, Fair, HSG A  (4347POST)

51,836 98 Paved parking & roofs  (4347POST)

             

544,500
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Time span=1.00-24.00 hrs, dt=0.01 hrs, 2301 points

Runoff by SCS TR-20 method, UH=SCS

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.500 ac   Runoff Depth>0.01"Subcatchment 4347POST: Direct to Basin
   Tc=12.0 min   CN=43   Runoff=0.02 cfs  324 cf

Peak Elev=154.29'  Storage=0 cf   Inflow=0.02 cfs  324 cfPond P10: Detention Pond
   Outflow=0.02 cfs  324 cf

Total Runoff Area = 544,500 sf   Runoff Volume = 324 cf   Average Runoff Depth = 0.01"

90.48% Pervious Area = 492,664 sf     9.52% Impervious Area = 51,836 sf
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Subcatchment 4347POST: Direct to Basin

Runoff = 0.02 cfs @ 22.76 hrs,  Volume= 324 cf,  Depth> 0.01"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Type III 24-hr 2-Year  Rainfall=3.10", Ia/S=0.21

Area (ac) CN Description

9.870 36 Woods, Fair, HSG A
1.040 49 50-75% Grass cover, Fair, HSG A
0.400 39 >75% Grass cover, Good, HSG A
1.190 98 Paved parking & roofs

12.500 43 Weighted Average
11.310 Pervious Area
1.190 Impervious Area

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

12.0 Direct Entry, 

Subcatchment 4347POST: Direct to Basin

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr 2-Year

Rainfall=3.10"

Ia/S=0.21

Runoff Area=12.500 ac

Runoff Volume=324 cf

Runoff Depth>0.01"

Tc=12.0 min

CN=43

0.02 cfs
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Pond P10: Detention Pond

Inflow Area = 544,500 sf,  Inflow Depth > 0.01"    for  2-Year event
Inflow = 0.02 cfs @ 22.76 hrs,  Volume= 324 cf
Outflow = 0.02 cfs @ 22.74 hrs,  Volume= 324 cf,  Atten= 0%,  Lag= 0.0 min
Discarded = 0.02 cfs @ 22.74 hrs,  Volume= 324 cf

Routing by Stor-Ind method, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 154.29' @ 22.74 hrs   Surf.Area= 23 sf   Storage= 0 cf
Flood Elev= 158.00'   Surf.Area= 4,300 sf   Storage= 7,449 cf

Plug-Flow detention time= 0.5 min calculated for 324 cf (100% of inflow)
Center-of-Mass det. time= 0.2 min ( 1,259.0 - 1,258.8 )

Volume Invert Avail.Storage Storage Description

#1 154.25' 7,449 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

154.25 0 0 0
155.25 536 268 268
156.25 2,024 1,280 1,548
157.25 3,703 2,864 4,412
157.50 4,000 963 5,374
158.00 4,300 2,075 7,449

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 30.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.02 cfs @ 22.74 hrs  HW=154.29'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.02 cfs)
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Pond P10: Detention Pond

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=544,500 sf

Peak Elev=154.29'

Storage=0 cf

0.02 cfs

0.02 cfs
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Time span=1.00-24.00 hrs, dt=0.01 hrs, 2301 points

Runoff by SCS TR-20 method, UH=SCS

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.500 ac   Runoff Depth>0.20"Subcatchment 4347POST: Direct to Basin
   Tc=12.0 min   CN=43   Runoff=0.45 cfs  8,859 cf

Peak Elev=155.22'  Storage=251 cf   Inflow=0.45 cfs  8,859 cfPond P10: Detention Pond
   Outflow=0.36 cfs  8,836 cf

Total Runoff Area = 544,500 sf   Runoff Volume = 8,859 cf   Average Runoff Depth = 0.20"

90.48% Pervious Area = 492,664 sf     9.52% Impervious Area = 51,836 sf
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Subcatchment 4347POST: Direct to Basin

Runoff = 0.45 cfs @ 12.56 hrs,  Volume= 8,859 cf,  Depth> 0.20"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Type III 24-hr 10-Year  Rainfall=4.50", Ia/S=0.21

Area (ac) CN Description

9.870 36 Woods, Fair, HSG A
1.040 49 50-75% Grass cover, Fair, HSG A
0.400 39 >75% Grass cover, Good, HSG A
1.190 98 Paved parking & roofs

12.500 43 Weighted Average
11.310 Pervious Area
1.190 Impervious Area

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

12.0 Direct Entry, 

Subcatchment 4347POST: Direct to Basin

Runoff

Hydrograph

Time  (hours)
242322212019181716151413121110987654321
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Type III 24-hr 10-Year

Rainfall=4.50"

Ia/S=0.21

Runoff Area=12.500 ac

Runoff Volume=8,859 cf

Runoff Depth>0.20"

Tc=12.0 min

CN=43

0.45 cfs
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Pond P10: Detention Pond

Inflow Area = 544,500 sf,  Inflow Depth > 0.20"    for  10-Year event
Inflow = 0.45 cfs @ 12.56 hrs,  Volume= 8,859 cf
Outflow = 0.36 cfs @ 13.12 hrs,  Volume= 8,836 cf,  Atten= 20%,  Lag= 33.9 min
Discarded = 0.36 cfs @ 13.12 hrs,  Volume= 8,836 cf

Routing by Stor-Ind method, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 155.22' @ 13.12 hrs   Surf.Area= 519 sf   Storage= 251 cf
Flood Elev= 158.00'   Surf.Area= 4,300 sf   Storage= 7,449 cf

Plug-Flow detention time= 7.9 min calculated for 8,836 cf (100% of inflow)
Center-of-Mass det. time= 6.8 min ( 1,015.1 - 1,008.3 )

Volume Invert Avail.Storage Storage Description

#1 154.25' 7,449 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

154.25 0 0 0
155.25 536 268 268
156.25 2,024 1,280 1,548
157.25 3,703 2,864 4,412
157.50 4,000 963 5,374
158.00 4,300 2,075 7,449

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 30.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.36 cfs @ 13.12 hrs  HW=155.22'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.36 cfs)
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Pond P10: Detention Pond

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=544,500 sf

Peak Elev=155.22'

Storage=251 cf

0.45 cfs

0.36 cfs
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Time span=1.00-24.00 hrs, dt=0.01 hrs, 2301 points

Runoff by SCS TR-20 method, UH=SCS

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.500 ac   Runoff Depth>0.40"Subcatchment 4347POST: Direct to Basin
   Tc=12.0 min   CN=43   Runoff=1.85 cfs  18,106 cf

Peak Elev=156.07'  Storage=1,204 cf   Inflow=1.85 cfs  18,106 cfPond P10: Detention Pond
   Outflow=1.22 cfs  18,047 cf

Total Runoff Area = 544,500 sf   Runoff Volume = 18,106 cf   Average Runoff Depth = 0.40"

90.48% Pervious Area = 492,664 sf     9.52% Impervious Area = 51,836 sf
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Subcatchment 4347POST: Direct to Basin

Runoff = 1.85 cfs @ 12.44 hrs,  Volume= 18,106 cf,  Depth> 0.40"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Type III 24-hr 25-Year  Rainfall=5.30", Ia/S=0.21

Area (ac) CN Description

9.870 36 Woods, Fair, HSG A
1.040 49 50-75% Grass cover, Fair, HSG A
0.400 39 >75% Grass cover, Good, HSG A
1.190 98 Paved parking & roofs

12.500 43 Weighted Average
11.310 Pervious Area
1.190 Impervious Area

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

12.0 Direct Entry, 

Subcatchment 4347POST: Direct to Basin

Runoff

Hydrograph

Time  (hours)
242322212019181716151413121110987654321
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0

Type III 24-hr 25-Year

Rainfall=5.30"

Ia/S=0.21

Runoff Area=12.500 ac

Runoff Volume=18,106 cf

Runoff Depth>0.40"

Tc=12.0 min

CN=43

1.85 cfs
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Pond P10: Detention Pond

Inflow Area = 544,500 sf,  Inflow Depth > 0.40"    for  25-Year event
Inflow = 1.85 cfs @ 12.44 hrs,  Volume= 18,106 cf
Outflow = 1.22 cfs @ 12.67 hrs,  Volume= 18,047 cf,  Atten= 34%,  Lag= 13.8 min
Discarded = 1.22 cfs @ 12.67 hrs,  Volume= 18,047 cf

Routing by Stor-Ind method, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 156.07' @ 12.67 hrs   Surf.Area= 1,753 sf   Storage= 1,204 cf
Flood Elev= 158.00'   Surf.Area= 4,300 sf   Storage= 7,449 cf

Plug-Flow detention time= 11.5 min calculated for 18,039 cf (100% of inflow)
Center-of-Mass det. time= 9.9 min ( 973.3 - 963.4 )

Volume Invert Avail.Storage Storage Description

#1 154.25' 7,449 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

154.25 0 0 0
155.25 536 268 268
156.25 2,024 1,280 1,548
157.25 3,703 2,864 4,412
157.50 4,000 963 5,374
158.00 4,300 2,075 7,449

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 30.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=1.22 cfs @ 12.67 hrs  HW=156.07'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 1.22 cfs)
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Pond P10: Detention Pond

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=544,500 sf

Peak Elev=156.07'

Storage=1,204 cf

1.85 cfs

1.22 cfs
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Time span=1.00-24.00 hrs, dt=0.01 hrs, 2301 points

Runoff by SCS TR-20 method, UH=SCS

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.500 ac   Runoff Depth>0.85"Subcatchment 4347POST: Direct to Basin
   Tc=12.0 min   CN=43   Runoff=5.82 cfs  38,524 cf

Peak Elev=157.54'  Storage=5,535 cf   Inflow=5.82 cfs  38,524 cfPond P10: Detention Pond
   Outflow=2.79 cfs  38,352 cf

Total Runoff Area = 544,500 sf   Runoff Volume = 38,524 cf   Average Runoff Depth = 0.85"

90.48% Pervious Area = 492,664 sf     9.52% Impervious Area = 51,836 sf
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Subcatchment 4347POST: Direct to Basin

Runoff = 5.82 cfs @ 12.25 hrs,  Volume= 38,524 cf,  Depth> 0.85"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Type III 24-hr 100-Year  Rainfall=6.60", Ia/S=0.21

Area (ac) CN Description

9.870 36 Woods, Fair, HSG A
1.040 49 50-75% Grass cover, Fair, HSG A
0.400 39 >75% Grass cover, Good, HSG A
1.190 98 Paved parking & roofs

12.500 43 Weighted Average
11.310 Pervious Area
1.190 Impervious Area

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

12.0 Direct Entry, 

Subcatchment 4347POST: Direct to Basin

Runoff

Hydrograph

Time  (hours)
242322212019181716151413121110987654321
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Type III 24-hr 100-Year

Rainfall=6.60"

Ia/S=0.21

Runoff Area=12.500 ac

Runoff Volume=38,524 cf

Runoff Depth>0.85"

Tc=12.0 min

CN=43

5.82 cfs
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Pond P10: Detention Pond

Inflow Area = 544,500 sf,  Inflow Depth > 0.85"    for  100-Year event
Inflow = 5.82 cfs @ 12.25 hrs,  Volume= 38,524 cf
Outflow = 2.79 cfs @ 12.67 hrs,  Volume= 38,352 cf,  Atten= 52%,  Lag= 25.1 min
Discarded = 2.79 cfs @ 12.67 hrs,  Volume= 38,352 cf

Routing by Stor-Ind method, Time Span= 1.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 157.54' @ 12.67 hrs   Surf.Area= 4,024 sf   Storage= 5,535 cf
Flood Elev= 158.00'   Surf.Area= 4,300 sf   Storage= 7,449 cf

Plug-Flow detention time= 19.5 min calculated for 38,335 cf (100% of inflow)
Center-of-Mass det. time= 17.2 min ( 941.8 - 924.6 )

Volume Invert Avail.Storage Storage Description

#1 154.25' 7,449 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

154.25 0 0 0
155.25 536 268 268
156.25 2,024 1,280 1,548
157.25 3,703 2,864 4,412
157.50 4,000 963 5,374
158.00 4,300 2,075 7,449

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 30.000 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=2.79 cfs @ 12.67 hrs  HW=157.54'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 2.79 cfs)
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Pond P10: Detention Pond

Inflow
Discarded

Hydrograph

Time  (hours)
242322212019181716151413121110987654321

F
lo

w
  

(c
fs

)

6

5

4

3

2

1

0

Inflow Area=544,500 sf

Peak Elev=157.54'

Storage=5,535 cf

5.82 cfs

2.79 cfs
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APPENDIX A 
 

SELECTED EXCERPTS –  

HAYNER/SWANSON INC’S REPORT 
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APPENDIX B 
 

SUBCATCHMENT AREA MAPS 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 








