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                  44 Davis Road, MILLBURY MA 

 

 

EXISTING CONDITIONS:  
The site is located off  Davis Road.  Presently, ground cover is wooded. The existing site work area has 

one drainage catchment area. Area A slopes 9% +/-  easterly towards the street. The predominant soil on 

site from soil maps is Paxton fine sandy loam. However field observations and soil testing show the soil 

as Sand and Loamy Sand, hydrologic soil type B. 

 

DEVELOPED CONDITIONS: 
Development of the site will result in the creation of a single family home along with the associated 

grading. The increase of storm water run-off will be sent to an underground detention/infiltration system 

to attenuate increased run-off rates as a result of development. The detention/infiltration system is 

designed for capture the runoff from sub-catchment area A2 

 

ANALYSIS: 
The goal of the stormwater management system proposed is to ensure that there is no increase in peak 

run-off rates downstream of the site.  This goal is achieved using the proposed detention/infiltration 

system that has been carefully sized to attenuate flow rates for the 100 year storm event. 

  

CALCULATIONS: 
The storm modeling and routings were performed using HydroCAD version 9.1.   

 

SUMMARY: 

A) Runoff  Rate - cfs 
2 Year                    10 Year        25 Year  100 Year  

Table 1 

 

 

A) Runoff  Volume - af 
2 Year                    10 Year        25 Year  100 Year  

Table 2 

 

 

CONCLUSIONS: 
  

From this analysis we conclude that no significant net increase in peak run-off rates will occur as a result 

of the development of this site. The total net peak run-off rate from this site will be slightly reduced as a 

result of the development.  

 

Area Pre Post Pre Post Pre Post Pre Post 

A 0.08 0.12 0.52 .57 1.02 0.97 2.20 1.90 

         

Area Pre Post Pre Post Pre Post Pre Post 

A .014 .017 .055 .053 .094 .085 .190 .162 
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

73A Whitman fine sandy loam, 0 to 
3 percent slopes, extremely 
stony

0.2 11.0%

305B Paxton fine sandy loam, 3 to 8 
percent slopes

1.3 89.0%

Totals for Area of Interest 1.4 100.0%

Soil Map—Worcester County, Massachusetts, Southern Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/31/2022
Page 3 of 3





A

AREA A

Drainage Diagram for 21-0576 Pre
Prepared by Burke Engineering

HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



21-0576 Pre
Prepared by Burke Engineering

Page 2HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.797 55 Woods, Good, HSG B  (A)

0.797 TOTAL AREA



Type III 24-hr 2  Year Storm  Rainfall=3.20"21-0576 Pre
Prepared by Burke Engineering

Page 3HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=34,723 sf   0.00% Impervious   Runoff Depth>0.21"Subcatchment A: AREA A
   Flow Length=175'   Tc=13.7 min   CN=55   Runoff=0.08 cfs  0.014 af

Total Runoff Area = 0.797 ac   Runoff Volume = 0.014 af   Average Runoff Depth = 0.21"
100.00% Pervious = 0.797 ac     0.00% Impervious = 0.000 ac



Type III 24-hr 2  Year Storm  Rainfall=3.20"21-0576 Pre
Prepared by Burke Engineering

Page 4HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment A: AREA A

Runoff = 0.08 cfs @ 12.45 hrs,  Volume= 0.014 af,  Depth> 0.21"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 2  Year Storm  Rainfall=3.20"

Area (sf) CN Description

34,723 55 Woods, Good, HSG B

34,723 100.00% Pervious Area

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

12.3 50 0.0200 0.07 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.20"

1.4 125 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

13.7 175 Total



Type III 24-hr 10 Year Storm  Rainfall=4.90"21-0576 Pre
Prepared by Burke Engineering
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=34,723 sf   0.00% Impervious   Runoff Depth>0.82"Subcatchment A: AREA A
   Flow Length=175'   Tc=13.7 min   CN=55   Runoff=0.52 cfs  0.055 af

Total Runoff Area = 0.797 ac   Runoff Volume = 0.055 af   Average Runoff Depth = 0.82"
100.00% Pervious = 0.797 ac     0.00% Impervious = 0.000 ac



Type III 24-hr 10 Year Storm  Rainfall=4.90"21-0576 Pre
Prepared by Burke Engineering
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Summary for Subcatchment A: AREA A

Runoff = 0.52 cfs @ 12.23 hrs,  Volume= 0.055 af,  Depth> 0.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 10 Year Storm  Rainfall=4.90"

Area (sf) CN Description

34,723 55 Woods, Good, HSG B

34,723 100.00% Pervious Area

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

12.3 50 0.0200 0.07 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.20"

1.4 125 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

13.7 175 Total



Type III 24-hr 25 Year Storm  Rainfall=6.10"21-0576 Pre
Prepared by Burke Engineering
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=34,723 sf   0.00% Impervious   Runoff Depth>1.42"Subcatchment A: AREA A
   Flow Length=175'   Tc=13.7 min   CN=55   Runoff=1.02 cfs  0.094 af

Total Runoff Area = 0.797 ac   Runoff Volume = 0.094 af   Average Runoff Depth = 1.42"
100.00% Pervious = 0.797 ac     0.00% Impervious = 0.000 ac



Type III 24-hr 25 Year Storm  Rainfall=6.10"21-0576 Pre
Prepared by Burke Engineering
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Summary for Subcatchment A: AREA A

Runoff = 1.02 cfs @ 12.21 hrs,  Volume= 0.094 af,  Depth> 1.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 25 Year Storm  Rainfall=6.10"

Area (sf) CN Description

34,723 55 Woods, Good, HSG B

34,723 100.00% Pervious Area

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

12.3 50 0.0200 0.07 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.20"

1.4 125 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

13.7 175 Total



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Pre
Prepared by Burke Engineering
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=34,723 sf   0.00% Impervious   Runoff Depth>2.86"Subcatchment A: AREA A
   Flow Length=175'   Tc=13.7 min   CN=55   Runoff=2.20 cfs  0.190 af

Total Runoff Area = 0.797 ac   Runoff Volume = 0.190 af   Average Runoff Depth = 2.86"
100.00% Pervious = 0.797 ac     0.00% Impervious = 0.000 ac



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Pre
Prepared by Burke Engineering

Page 10HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment A: AREA A

Runoff = 2.20 cfs @ 12.20 hrs,  Volume= 0.190 af,  Depth> 2.86"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 100 Year Storm  Rainfall=8.50"

Area (sf) CN Description

34,723 55 Woods, Good, HSG B

34,723 100.00% Pervious Area

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

12.3 50 0.0200 0.07 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.20"

1.4 125 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

13.7 175 Total





1S

ROOF

A1

AREA A1

A2

DRIVEWAY

1R

6" HDPE

2R

6" HDPE

IS

LEACHING AREA (IS)

Drainage Diagram for 21-0576 Post-REV
Prepared by {enter your company name here},  Printed 3/10/2022
HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.196 55 Woods, Good, HSG B  (A1)

0.484 61 >75% Grass cover, Good, HSG B  (A1, A2)

0.023 98 Paved parking, HSG B  (A1)

0.034 98 Roofs, HSG B  (1S)

0.060 98 Unconnected pavement, HSG B  (A2)

0.797 TOTAL AREA



21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.797 HSG B 1S, A1, A2

0.000 HSG C

0.000 HSG D

0.000 Other

0.797 TOTAL AREA



21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Pipe Listing (all nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Fill

(inches)

1 1R 81.30 80.50 10.0 0.0800 0.012 6.0 0.0 0.0

2 2R 668.60 656.60 150.0 0.0800 0.012 6.0 0.0 0.0



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=1,480 sf   100.00% Impervious   Runoff Depth>7.60"Subcatchment 1S: ROOF
   Tc=5.0 min   CN=98   Runoff=0.29 cfs  0.022 af

Runoff Area=24,736 sf   4.04% Impervious   Runoff Depth>3.42"Subcatchment A1: AREA A1
   Flow Length=220'   Tc=13.7 min   CN=60   Runoff=1.90 cfs  0.162 af

Runoff Area=8,507 sf   30.50% Impervious   Runoff Depth>4.80"Subcatchment A2: DRIVEWAY
   Flow Length=200'   Tc=7.8 min   CN=72   Runoff=1.09 cfs  0.078 af

Avg. Flow Depth=0.29'   Max Vel=9.25 fps   Inflow=1.09 cfs  0.078 afReach 1R: 6" HDPE
6.0"  Round Pipe   n=0.012   L=10.0'   S=0.0800 '/'   Capacity=1.72 cfs   Outflow=1.09 cfs  0.078 af

Avg. Flow Depth=0.14'   Max Vel=6.42 fps   Inflow=0.29 cfs  0.022 afReach 2R: 6" HDPE
6.0"  Round Pipe   n=0.012   L=150.0'   S=0.0800 '/'   Capacity=1.72 cfs   Outflow=0.28 cfs  0.021 af

Peak Elev=80.17'  Storage=2,804 cf   Inflow=1.36 cfs  0.100 afPond IS: LEACHING AREA (IS)
   Discarded=0.06 cfs  0.045 af   Primary=0.00 cfs  0.000 af   Outflow=0.06 cfs  0.045 af

Total Runoff Area = 0.797 ac   Runoff Volume = 0.261 af   Average Runoff Depth = 3.94"
85.38% Pervious = 0.681 ac     14.62% Impervious = 0.117 ac



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}

Page 6HydroCAD® 9.10  s/n 00627  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: ROOF

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.29 cfs @ 12.07 hrs,  Volume= 0.022 af,  Depth> 7.60"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 100 Year Storm  Rainfall=8.50"

Area (sf) CN Description

1,480 98 Roofs, HSG B

1,480 100.00% Impervious Area

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

5.0 Direct Entry, ROOF

Subcatchment 1S: ROOF

Runoff

Hydrograph

Time  (hours)
201918171615141312111098765

F
lo

w
  

(c
fs

)

0.3

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Type III 24-hr 100 Year Storm

Rainfall=8.50"

Runoff Area=1,480 sf

Runoff Volume=0.022 af

Runoff Depth>7.60"

Tc=5.0 min

CN=98

0.29 cfs



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Summary for Subcatchment A1: AREA A1

Runoff = 1.90 cfs @ 12.20 hrs,  Volume= 0.162 af,  Depth> 3.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 100 Year Storm  Rainfall=8.50"

Area (sf) CN Description

8,556 55 Woods, Good, HSG B
15,180 61 >75% Grass cover, Good, HSG B
1,000 98 Paved parking, HSG B

24,736 60 Weighted Average
23,736 95.96% Pervious Area
1,000 4.04% Impervious Area

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

12.3 50 0.0200 0.07 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.20"

0.8 70 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

0.6 100 0.1700 2.89 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

13.7 220 Total

Subcatchment A1: AREA A1

Runoff

Hydrograph

Time  (hours)
201918171615141312111098765

F
lo

w
  

(c
fs

)

2

1

0

Type III 24-hr 100 Year Storm

Rainfall=8.50"

Runoff Area=24,736 sf

Runoff Volume=0.162 af

Runoff Depth>3.42"

Flow Length=220'

Tc=13.7 min

CN=60

1.90 cfs



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Summary for Subcatchment A2: DRIVEWAY

Runoff = 1.09 cfs @ 12.11 hrs,  Volume= 0.078 af,  Depth> 4.80"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 100 Year Storm  Rainfall=8.50"

Area (sf) CN Description

2,595 98 Unconnected pavement, HSG B
5,912 61 >75% Grass cover, Good, HSG B

8,507 72 Weighted Average
5,912 69.50% Pervious Area
2,595 30.50% Impervious Area
2,595 100.00% Unconnected

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

7.4 50 0.0100 0.11 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.20"

0.4 150 0.0800 5.74 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

7.8 200 Total

Subcatchment A2: DRIVEWAY

Runoff

Hydrograph

Time  (hours)
201918171615141312111098765

F
lo

w
  

(c
fs

)

1

0

Type III 24-hr 100 Year Storm

Rainfall=8.50"

Runoff Area=8,507 sf

Runoff Volume=0.078 af

Runoff Depth>4.80"

Flow Length=200'

Tc=7.8 min

CN=72

1.09 cfs



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Post-REV
  Printed  3/10/2022Prepared by {enter your company name here}
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Summary for Reach 1R: 6" HDPE

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 0.195 ac, 30.50% Impervious,  Inflow Depth > 4.80"    for  100 Year Storm event
Inflow = 1.09 cfs @ 12.11 hrs,  Volume= 0.078 af
Outflow = 1.09 cfs @ 12.11 hrs,  Volume= 0.078 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 9.25 fps,  Min. Travel Time= 0.0 min
Avg. Velocity = 3.65 fps,  Avg. Travel Time= 0.0 min

Peak Storage= 1 cf @ 12.11 hrs
Average Depth at Peak Storage= 0.29'
Bank-Full Depth= 0.50',  Capacity at Bank-Full= 1.72 cfs

6.0"  Round Pipe
n= 0.012
Length= 10.0'   Slope= 0.0800 '/'
Inlet Invert= 81.30',  Outlet Invert= 80.50'

Reach 1R: 6" HDPE

Inflow
Outflow

Hydrograph

Time  (hours)
201918171615141312111098765

F
lo

w
  

(c
fs

)

1

0

Inflow Area=0.195 ac

Avg. Flow Depth=0.29'

Max Vel=9.25 fps

6.0"

Round Pipe

n=0.012

L=10.0'

S=0.0800 '/'

Capacity=1.72 cfs

1.09 cfs

1.09 cfs



Type III 24-hr 100 Year Storm  Rainfall=8.50"21-0576 Post-REV
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Summary for Reach 2R: 6" HDPE

[52] Hint: Inlet/Outlet conditions not evaluated
[82] Warning: Early inflow requires earlier time span

Inflow Area = 0.034 ac,100.00% Impervious,  Inflow Depth > 7.60"    for  100 Year Storm event
Inflow = 0.29 cfs @ 12.07 hrs,  Volume= 0.022 af
Outflow = 0.28 cfs @ 12.08 hrs,  Volume= 0.021 af,  Atten= 2%,  Lag= 0.8 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.42 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 2.48 fps,  Avg. Travel Time= 1.0 min

Peak Storage= 7 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.14'
Bank-Full Depth= 0.50',  Capacity at Bank-Full= 1.72 cfs

6.0"  Round Pipe
n= 0.012
Length= 150.0'   Slope= 0.0800 '/'
Inlet Invert= 668.60',  Outlet Invert= 656.60'
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Reach 2R: 6" HDPE
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Summary for Pond IS: LEACHING AREA (IS)

Inflow Area = 0.229 ac, 40.80% Impervious,  Inflow Depth > 5.22"    for  100 Year Storm event
Inflow = 1.36 cfs @ 12.11 hrs,  Volume= 0.100 af
Outflow = 0.06 cfs @ 15.30 hrs,  Volume= 0.045 af,  Atten= 95%,  Lag= 191.9 min
Discarded = 0.06 cfs @ 15.30 hrs,  Volume= 0.045 af
Primary = 0.00 cfs @ 5.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev= 80.17' @ 15.30 hrs   Surf.Area= 1,097 sf   Storage= 2,804 cf

Plug-Flow detention time= 236.8 min calculated for 0.045 af (46% of inflow)
Center-of-Mass det. time= 146.8 min ( 920.9 - 774.1 )

Volume Invert Avail.Storage Storage Description

#1 75.00' 3,163 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

75.00 0 0 0
76.00 178 89 89
77.00 335 257 346
78.50 737 804 1,150
79.50 1,096 917 2,066
80.50 1,098 1,097 3,163

Device Routing     Invert Outlet Devices

#1 Discarded 75.00' 2.410 in/hr Exfiltration over Surface area   
#2 Primary 80.50' 6.0" Vert. Orifice/Grate    C= 0.600   

Discarded OutFlow  Max=0.06 cfs @ 15.30 hrs  HW=80.17'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.06 cfs)

Primary OutFlow  Max=0.00 cfs @ 5.00 hrs  HW=75.00'   (Free Discharge)
2=Orifice/Grate  ( Controls 0.00 cfs)
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Pond IS: LEACHING AREA (IS)
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