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ABSTRACT 
 

21 Century Mill Road is the site of an existing single family dwelling on a 13 acre lot fronting on Century Mill 

Road and Hudson Road.  Approximately 2 acres of the site in the vicinity of the existing dwelling is currently 

developed for single family residential uses consisting of a dwelling, driveway, lawn and gardens. The remaining 11 

acres are currently undeveloped woodlands and wetlands with a portion of the western boundary following the 

centerline of Danforth Brook to the south and then following the centerline of an abandoned railroad right of way 

to Century Mill Road.  The site is currently accessed by an existing driveway that is approximately 700 feet long 

constructed of compacted gravel and bituminous concrete pavement.  The proposed project involves improving 

450 feet of the existing driveway from Century Mill Road to the common driveway standards for gravel base, 

width, turnouts, paving, and signage for the continued access to the existing dwelling (Lot 1, a backland lot) and 3 

additional lots (Lots 2, 3 & 4, ANR lots) as shown on the submitted plans.    

 

Soils in the vicinity of the common driveway are identified by the United States Natural Resources Conservation 

Service (NRCS) as Ridgebury Fine Sandy Loam 0-3% Slopes (Soil Map Unit 71A). Ridgebury soils consist of 

nearly level to gently sloping, deep, poorly drained soils in depressions and shallow drainageways of uplands that 

formed in compact glacial till. Major limitations of Ridgebury Soils are slow permeability in the substratum, 

stoniness and wetness. Ridgebury soils are in the NRCS classified Hydrologic Soil Group C (HSG C). 

 

The development proposal for the site involves improving the existing compacted gravel driveway with suitable 

compacted base gravel material (if not already present), constructing required turnouts and roundings and paving 

the existing driveway to a width of 12 feet for a length of 450 feet from Century Mill Road.  These alterations, 

unmitigated, would increase the rate and volume of runoff from the site to the adjacent down gradient wetland 

areas.  To mitigate impacts of these driveway improvements, an open swale type drainage system is proposed to 

be installed along the common driveway shoulders.  This method was selected due to the relatively level grade of 

the driveway area and lack of site slope.  These measures will result in effectively reducing the rate and volume of 

runoff from the site following construction to rates and volumes that are similar (marginally less) than under 

current existing conditions. 

 

Erosion and sediment from construction activities will be mitigated by installation of staked straw wattle erosion 

control barriers between the limits of the proposed driveway improvements and down gradient wetland areas. 

Erosion control barriers are to be inspected regularly, maintained and replaced as necessary during construction 

until all construction activities are complete, and the site is adequately stabilized with vegetation or other suitable 

stabilizing ground cover. 

 



(C) Copyright 2016, Trimble Navigation Limited, OpenStreetMap contributors
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21 CENTURY MILL RD, BOLTON 
DRAINAGE CALCULATIONS 
 
 
Methodology:  

 

SCS TR-55 & SCS TR-20 utilizing HydroCAD software 

 

References: 

 

A Guide to Hydrologic Analysis Using SCS Methods, Richard McCuen, copyright 1982, Prentice 

Hall Inc. 

 

Natural Resources Conservation Service (NRCS), Web Soil Survey 

  

Soil Survey of Middlesex County, Massachusetts, published by NRCS 

  

Rawls Infiltration Rates, Rawls, Brakenstein & Saxton, 1982 

 

USGS Quadrangle Hudson, Massachusetts, 1987 

 

Design Criteria: 

 
Study Area: Existing and proposed common driveway (limits of common driveway construction) 
 
NRCS HSG C 
 
10-YR 24-hr Rainfall, Type III = 4.8 inches 
 
Min. time of concentration = 6 minutes 
 
Minimum required length of 2-ft wide x 1-ft deep grass swale required to mitigate driveway 
improvements = 250 linear feet = 125 linear feet per driveway side. See plan view for proposed 
swale locations. Swales effectively reduce both rate and volume of runoff to similar or lesser 
amounts of runoff for 10-yr design storm analyzed. 
 
Refer to supporting HydroCAD calculations, NRCS Soil data, and Rawls Infiltration Rates 
supporting this analysis. 



1S

PRE DRIVEWAY AND SHOULDERS

Routing Diagram for 1975 PRE
Prepared by FORESITE ENGINEERING,  Printed 7/12/2018

HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



1975 PRE
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 2HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.108 96 Gravel surface, HSG C  (1S)
0.249 76 Woods/grass comb., Fair, HSG C  (1S)

0.357 82 TOTAL AREA



1975 PRE
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Page 3HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.357 HSG C 1S
0.000 HSG D
0.000 Other

0.357 TOTAL AREA



1975 PRE
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 4HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 0.108 0.000 0.000 0.108 Gravel surface 1S
0.000 0.000 0.249 0.000 0.000 0.249 Woods/grass comb., Fair 1S

0.000 0.000 0.357 0.000 0.000 0.357 TOTAL AREA



Type III 24-hr  10-YR Rainfall=4.80"1975 PRE
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 5HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=15,561 sf   0.00% Impervious   Runoff Depth>2.90"Subcatchment 1S: PRE DRIVEWAY AND 
   Flow Length=16'   Slope=0.0300 '/'   Tc=6.0 min   CN=82   Runoff=1.21 cfs  0.086 af

Total Runoff Area = 0.357 ac   Runoff Volume = 0.086 af   Average Runoff Depth = 2.90"
100.00% Pervious = 0.357 ac     0.00% Impervious = 0.000 ac



Type III 24-hr  10-YR Rainfall=4.80"1975 PRE
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 6HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: PRE DRIVEWAY AND SHOULDERS

Runoff = 1.21 cfs @ 12.09 hrs,  Volume= 0.086 af,  Depth> 2.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-YR Rainfall=4.80"

Area (sf) CN Description
4,719 96 Gravel surface, HSG C

10,842 76 Woods/grass comb., Fair, HSG C
15,561 82 Weighted Average
15,561 100.00% Pervious Area

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

0.1 6 0.0300 0.92 Sheet Flow, TR-55 Sheet Flow
Smooth surfaces   n= 0.011   P2= 3.20"

0.1 10 0.0300 1.21 Shallow Concentrated Flow, Sh. Conc. Upland Flow
Short Grass Pasture   Kv= 7.0 fps

0.2 16 Total,  Increased to minimum Tc = 6.0 min



1S

POST DRIVEWAY &
 SHOULDERS

2P

SWALES

Routing Diagram for 1975 POST
Prepared by FORESITE ENGINEERING,  Printed 7/12/2018

HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



1975 POST
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 2HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.158 98 Paved parking, HSG C  (1S)
0.199 72 Woods/grass comb., Good, HSG C  (1S)

0.357 84 TOTAL AREA



1975 POST
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 3HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.357 HSG C 1S
0.000 HSG D
0.000 Other

0.357 TOTAL AREA



1975 POST
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 4HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 0.158 0.000 0.000 0.158 Paved parking 1S
0.000 0.000 0.199 0.000 0.000 0.199 Woods/grass comb., Good 1S

0.000 0.000 0.357 0.000 0.000 0.357 TOTAL AREA



Type III 24-hr  10-YR Rainfall=4.80"1975 POST
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 5HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=15,561 sf   44.29% Impervious   Runoff Depth>3.08"Subcatchment 1S: POST DRIVEWAY & 
   Flow Length=16'   Tc=6.0 min   CN=84   Runoff=1.29 cfs  0.092 af

Peak Elev=101.13'  Storage=1,203 cf   Inflow=1.29 cfs  0.092 afPond 2P: SWALES
   Discarded=0.01 cfs  0.011 af   Primary=1.09 cfs  0.057 af   Outflow=1.10 cfs  0.069 af

Total Runoff Area = 0.357 ac   Runoff Volume = 0.092 af   Average Runoff Depth = 3.08"
55.71% Pervious = 0.199 ac     44.29% Impervious = 0.158 ac



Type III 24-hr  10-YR Rainfall=4.80"1975 POST
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 6HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: POST DRIVEWAY & SHOULDERS

Runoff = 1.29 cfs @ 12.09 hrs,  Volume= 0.092 af,  Depth> 3.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-YR Rainfall=4.80"

Area (sf) CN Description
6,892 98 Paved parking, HSG C
8,669 72 Woods/grass comb., Good, HSG C

15,561 84 Weighted Average
8,669 55.71% Pervious Area
6,892 44.29% Impervious Area

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

0.1 6 0.0300 0.92 Sheet Flow, TR-55 Sheet Flow
Smooth surfaces   n= 0.011   P2= 3.20"

0.1 10 0.0300 1.21 Shallow Concentrated Flow, Sh. Conc. Upland Flow
Short Grass Pasture   Kv= 7.0 fps

0.2 16 Total,  Increased to minimum Tc = 6.0 min

Summary for Pond 2P: SWALES

Inflow Area = 0.357 ac, 44.29% Impervious,  Inflow Depth > 3.08"    for  10-YR event
Inflow = 1.29 cfs @ 12.09 hrs,  Volume= 0.092 af
Outflow = 1.10 cfs @ 12.14 hrs,  Volume= 0.069 af,  Atten= 14%,  Lag= 2.9 min
Discarded = 0.01 cfs @ 12.14 hrs,  Volume= 0.011 af
Primary = 1.09 cfs @ 12.14 hrs,  Volume= 0.057 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 101.13' @ 12.14 hrs   Surf.Area= 1,630 sf   Storage= 1,203 cf

Plug-Flow detention time= 134.4 min calculated for 0.069 af (75% of inflow)
Center-of-Mass det. time= 48.6 min ( 860.1 - 811.5 )

Volume Invert Avail.Storage Storage Description
#1 100.00' 1,875 cf Custom Stage Data (Prismatic) Listed below (Recalc)  x 2

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

100.00 250 0 0
100.50 500 188 188
101.00 750 313 500
101.50 1,000 438 938

Device Routing     Invert Outlet Devices
#1 Discarded 100.00' 0.140 in/hr Exfiltration X 2.00 over Surface area   
#2 Primary 101.00' 10.0' long  x 5.0' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60  1.80  2.00  
2.50  3.00  3.50  4.00  4.50  5.00  5.50   



Type III 24-hr  10-YR Rainfall=4.80"1975 POST
  Printed  7/12/2018Prepared by FORESITE ENGINEERING

Page 7HydroCAD® 10.00-21  s/n 01697  © 2018 HydroCAD Software Solutions LLC

Coef. (English)  2.34  2.50  2.70  2.68  2.68  2.66  2.65  2.65  2.65  
2.65  2.67  2.66  2.68  2.70  2.74  2.79  2.88   

Discarded OutFlow  Max=0.01 cfs @ 12.14 hrs  HW=101.13'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.01 cfs)

Primary OutFlow  Max=1.09 cfs @ 12.14 hrs  HW=101.13'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 1.09 cfs @ 0.84 fps)
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Map Unit Legend

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

1 Water 4.4 2.7%

6A Scarboro mucky fine sandy 
loam, 0 to 3 percent slopes

5.5 3.3%

51A Swansea muck, 0 to 1 percent 
slopes

2.8 1.7%

52A Freetown muck, 0 to 1 percent 
slopes

30.7 18.7%

71A Ridgebury fine sandy loam, 0 
to 3 percent slopes, 
extremely stony

4.9 3.0%

102C Chatfield-Hollis-Rock outcrop 
complex, 0 to 15 percent 
slopes

33.1 20.1%

102D Chatfield-Hollis-Rock outcrop 
complex, 15 to 35 percent 
slopes

19.5 11.9%

245B Hinckley loamy sand, 3 to 8 
percent slopes

30.4 18.5%

245C Hinckley loamy sand, 8 to 15 
percent slopes

3.4 2.1%

245E Hinckley loamy sand, 25 to 35 
percent slopes

1.6 1.0%

254B Merrimac fine sandy loam, 3 to 
8 percent slopes

21.9 13.3%

310B Woodbridge fine sandy loam, 3 
to 8 percent slopes

1.8 1.1%

422C Canton fine sandy loam, 8 to 
15 percent slopes, extremely 
stony

4.1 2.5%

Totals for Area of Interest 164.0 100.0%

Soil Map—Worcester County, Massachusetts, Northeastern Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

7/12/2018
Page 3 of 3
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