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Table 1 - Soil Analysis Summary 

Unit Symbol – Unit Name 
Hydrologic

Soil Group 

Percent of 

Drainage

Areas 

2 – Ridgebury fine sandy loam D 2.2 

3 – Ridgebury, Leicester, and Whitman soils, extremely stony D 4.9 

34A – Merrimac sandy loam, 0 to 3 percent slopes B 0.1 

50B – Sutton fine sandy loam, 3 to 8 percent slopes B 1.2 

60C – Canton and Charlton soils, 8 to 15 percent slopes B 0.4 

73C – Charlton-Chatfield complex, 3 to 15 percent slopes, very rocky B 48.7 

75C – Hollis-Chatfield-Rock outcrop complex, 3 to 15 percent slopes D 3.5 

75E – Hollis-Chatfield-Rock Outcrop complex, 15 to 45 percent slopes D 4.6 

84B – Paxton and Montauk fine sandy loams, 3 to 8 percent slopes C 20.9 

84C – Paxton and Montauk fine sandy loams, 8 to 15 percent slopes C 6.4 

85B – Paxton and Montauk fine sandy loams, 3 to 8 percent slopes, extremely stony C 3.1 

86D – Paxton and Montauk fine sandy loams, 15 to 35 percent slopes, extremely stony C 3.9 

Design Methodology 

 
In order to design the proposed swales and culverts, peak flows (Q) for the 10-, 25-, and 50-year design 

storms were calculated using the Rational Method (Q=CIA).  Composite runoff coefficients (C) were 

developed from an analysis of existing land use and typical C-values provided in Tables 6-3 and 6-5 of 

the Connecticut Department of Transportation (ConnDOT) Drainage Manual, dated October 2000 (See 

Appendix C).  Times of concentration (Tc) were computed using standard NRCS TR-55 Methodology 

(See Appendix D). Rainfall intensities (I) were determined from Table B-2.1 of the ConnDOT Drainage 

Manual and the computed Tc values.  A frequency factor (Cf) was used to refine the calculated peak flow 

for the 25- and 50-year design storms as prescribed in Table 6-2 in Section 6.9.5 of the ConnDOT 

Drainage Manual.  

 

Proposed Condition Hydrology 

For the purposes of the proposed condition analysis, eleven (11) drainage areas (DA) were developed to 

quantify the peak stormwater runoff rates to the proposed swales. Additionally, two separate design points 

(DP) were generated to quantify the peak stormwater runoff rates to the proposed culvert locations. 
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Drainage areas were determined through review of the existing topographic survey of the site (See 

Certificate Drawing submission) and the Connecticut USGS Roxbury Quadrangle Map. 

 

A summary of the results for the proposed condition hydrologic analysis is shown in Table 2 and Table 3 

below (See Figures 3A through 3D for site drainage areas). 

Table 2 – Hydrologic Analysis Summary (Drainage Areas) 

Drainage Area/

Design Point 

Area 

(acres) 

Runoff

Coefficient

(C)

Tc

(min)
2

Rainfall Intensity (I) 

(in/hr)

Peak Discharge (Q) 

(cfs) 

10

year

25

year

50

year

10

year

25

year
1

50

year
1

DA 1 67.56 0.27 48 2.20 2.60 2.90 39.9 51.8 63.1 

DA 1.1 0.36 0.30 10 4.80 5.50 6.00 0.5 0.6 0.8 

DA 1.2 0.17 0.29 13 4.30 5.00 5.40 0.2 0.3 0.3 

DA 2 0.22 0.27 17 3.80 4.40 4.90 0.2 0.3 0.4 

DA 3 0.38 0.33 11 4.70 5.30 5.80 0.6 0.7 0.9 

DA 4 0.40 0.33 10 4.80 5.50 6.00 0.6 0.8 1.0 

DA 5 6.09 0.24 24 3.30 3.80 4.20 4.8 6.1 7.3 

DA 5.1 0.25 0.40 10 4.80 5.50 6.00 0.5 0.6 0.7 

DA 5.2 0.07 0.23 10 4.80 5.50 6.00 0.1 0.1 0.1 

DA 6 0.05 0.45 10 4.80 5.50 6.00 0.1 0.1 0.1 

DA 7 0.09 0.42 10 4.80 5.50 6.00 0.2 0.2 0.3 
1Frequency Factor for 25-year recurrence interval is 1.1. Frequency factor for 50-year recurrence interval is 1.2 

(Table 6-2 of ConnDOT Drainage Manual) 
2Per section 6.9.6 of the ConnDOT Drainage Manual, the minimum TC used for design purposes shall be 10 minutes 

for grass areas. 

 

Table 3 – Hydrologic Analysis Summary (Design Points) 

Drainage Area/

Design Point 

Area 

(acres) 

Runoff

Coefficient

(C)

Tc

(min)
4

Rainfall Intensity (I) 

(in/hr)

Peak Discharge (Q) 

(cfs) 

10

year

25

year

50

year

10

year

25

year
3

50

year
3

DP 11 68.09 0.27 48 2.20 2.60 2.90 40.25 52.35 63.65 

DP 52 6.41 0.24 24 3.30 3.80 4.20 5.25 6.55 7.95 

1DP 1 consists of DA 1, DA 1.1 and DA 1.2 
2DP5 consists of DA 5, DA 5.1 and DA 5.2 
3Frequency Factor for 25-year recurrence interval is 1.1. Frequency factor for 50-year recurrence interval is 1.2 

(Table 6-2 of ConnDOT Drainage Manual) 
4Per section 6.9.6 of the ConnDOT Drainage Manual, the minimum TC used for design purposes shall be 10 minutes 

for grass areas. 
5Due to variable Tc, the sum of individual subarea peak flow rates may not necessarily equal the overall design point 

peak flow rate
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wide x 42-foot long concrete box culvert set at a slope of approximately 2.4 percent, with an invert set 12 

inches below the streambed elevation. The culverts at DP 5 will be 24-inch RCP culverts, 35 feet in 

length, set at a slope of approximately 8.5% (to match existing channel slope), with inverts set 12 inches 

below the streambed elevation. Three culverts have been utilized at this location in an attempt to maintain 

the existing drainage channel width and flow characteristics, and to minimize impact to wetlands. These 

culverts will be backfilled with free draining material to create a french mattress as recommended by the 

Wetland Impact Assessment prepared for this project by VHB, Inc., dated 11/11/2011 (See Figure 5 for 

drainage details). 

 

See Table 4 below for a summary of the results of the culvert analysis 

Table 4 – Culvert Analysis 

Culvert 
Length

(ft)

Slope

(%)

Size

(ft)

Manning’s

n
1

(unitless) 

50-year

Peak Design 

Flow

(cfs) 

Provided

Flow

Capacity
2

(cfs) 

Computed 

HW 

(ft)

HW/D 

Ratio

(ft/ft)

DP 1 42 2.4 3 x 6 0.013 63.6 240.8 1.41 0.71 

DP 5 35 7.9 2 (3x) 0.013 7.9 99.0 0.62 0.62 
1Manning’s n referenced from CulvertMaster. 
2See Appendix E for culvert capacity calculations. 

 

Based on the analysis, a 6 foot x 3 foot box culvert at DP 1will allow for continuous passage of the 50-

year frequency design storm, with a calculated HW/D ratio less than 1.5.  Additionally, three (3) 24” 

diameter RCP culverts at DP 5 will safely convey peak flows from the 50-year frequency design storm, 

with a calculated HW/D ratio less than 1.5. 
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3.2 SWALES

 
Basis of Design 

 
In accordance with the design criteria and procedures set forth in Sections 7.3 and 7.6 of the ConnDOT 

Drainage Manual, roadway swales shall be designed: 

! To safely convey the 10-year frequency design storm peak flow without causing erosive damage.  

! With a lining that is sufficient to resist the shear forces created from the transportation of storm 

flows (The permissible or critical shear stress in a swale defines the force required to initiate 

movement of the channel bed or lining). 

  

Additionally, in accordance with Chapter 5, Section 6, Permanent Lined Waterway, of the 2002 

Connecticut Guidelines for Soil Erosion and Sediment Control by The Connecticut Council on Soil and 

Water Conservation in Cooperation with the Connecticut Department of Environmental Protection 

(CTDEP), swales shall be designed with a minimum freeboard of 0.25 feet if no out-of-bank damage 

would be expected. 

 
Design Methodology 

Flow capacity of the swales was determined from the following: 

! Velocity (V) – Equation 7.6 of the ConnDOT Drainage Manual (Manning’s Equation) 

! Flow capacity (Q) – Equation 7.5 of the ConnDOT Drainage Manual (The Continuity Equation). 

See Appendix H for swale sizing calculations. 

 

Swale lining was determined by the following: 

! Average Shear Stress (!) – Equation 7.11 of the ConnDOT Drainage Manual 

! Maximum Shear Stress (!d) – Equation 7.12 of the ConnDOT Drainage Manual 

! Lining Category (Material) and Type– Table 7-4 of the ConnDOT Drainage Manual 

See Appendix I for shear stress calculations. 

Design Summary 

  
For ease of construction, one swale type (size) was designed which meets the dimensional requirements at 

all swale locations. (See Figures 4A through 4D for proposed swale locations and Figure 5 for drainage 

details).  The swale selected is a 1-foot deep, 1-foot wide flat bottom swale with 2:1 side slopes.  

 

See Table 5 on the following page for a summary of the results of the swale analysis. 
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Table 5 – Swale Hydraulic Analysis 

Swale
Slope

(ft/ft)

Manning’s

n
1

(unitless) 

Velocity

(ft/sec) 

10-yr Peak 

Design Flow

(cfs) 

Provided

Flow

Capacity

(cfs) 

Provided Freeboard 

@ 10-yr Peak Flow 

(ft)

DA 1.1 0.20 0.078 2.24 0.51 9.11 0.82 

DA 1. 2 0.01 0.088 0.52 0.21 1.65 0.72 

DA 2 0.08 0.088 1.14 0.23 4.94 0.84 

DA 3 0.17 0.079 2.15 0.59 8.27 0.80 

DA 4 0.14 0.080 2.05 0.64 7.30 0.77 

DA 5.1 0.16 0.083 1.94 0.49 7.66 0.81 

DA 5.2 0.033 0.128 0.50 0.08 2.27 0.85 

DA 6 0.10 0.104 0.85 0.10 4.83 0.90 

DA 7 0.20 0.104 1.34 0.19 6.83 0.88 
1Manning’s n calculated using steep slope procedures in HEC-15, as prescribed in Section 7.6.9 of the ConnDOT 

Drainage Manual, as well as, the values listed in Table 7-4 of the ConnDOT Drainage Manual. 

 

To determine the type of swale lining necessary to armor the swales and protect against erosive forces 

imparted by stormwater flows, shear stresses were calculated.  Rock riprap lining was selected to armor 

the swales in order to withstand the calculated shear stresses. See Table 6 below for a summary of the 

results of the calculated shear stress and riprap sizing analysis. 

Table 6 – Shear Stress and Riprap Sizing Analysis 

Swale

Calculated

Shear Stress 

(lb/ft
2
)

Required ConnDOT Riprap
1

Permissible Shear Stress
2

(lb/ft
2
)

Classification
D50 Size

(inches)

DA 1.1 2.25 2.68 Intermediate 8 

DA 1. 2 0.15 1.68 Modified 5 

DA 2 0.75 1.68 Modified 5 

DA 3 2.11 2.68 Intermediate 8 

DA 4 1.94 2.68 Intermediate 8 

DA 5.1 1.90 2.68 Intermediate 8 

DA 5.2 0.31 1.68 Modified 5 

DA 6 0.62 1.68 Modified 5 

DA 7 1.50 1.68 Modified 5 
1Determined by selecting riprap with a higher permissible shear stress than the calculated shear stress 
2Permissible shear stress for lining materials is taken from Table 7-4 of the ConnDOT Drainage Manual 

  

Based on the analyses, each of these swales will be capable of safely conveying the 10-year peak storm 

flows calculated for their respective Drainage Area, provide the required 0.25 feet of freeboard, and 

withstand calculated shear stresses. 
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3.3 OUTLET PROTECTION 

 
Basis of Design 

 
In accordance with the design criteria and procedures set forth in Section 11.13.3 of the ConnDOT 

Drainage Manual, riprap outlet protection shall be designed to reduce the erosive potential at all discharge 

points.  

 
Design Methodology 

The type and dimensions of rip rap protection was determined by the guidelines established in Sections 

11.13.2 and 11.13.5 of the ConnDOT Drainage Manual, and the following: 

! Length (La) – Tables 11-12.1 and 11-13.1 of the ConnDOT Drainage Manual 

! Width of apron at pipe outlet (W1) and width of apron at terminus (W2) – Equation 11.33 of the 

ConnDOT Drainage Manual, as well as, Section 11.13.5 of the ConnDOT Drainage Manual. 

! Riprap Specification – Table 11.11 of the ConnDOT Drainage Manual 

See Appendix J for outlet protection calculations. 

 

Design Summary 

 

Based on recommended design procedures in Section 11.13.2 of the ConnDOT Drainage Manual, a Type 

A riprap apron shall be used at all of the swale discharge points.  The selected riprap apron shall have a 

length (La) of 10 feet, a width of apron at outlet (W1) of 5 feet, and a width of apron at terminus (W2) of 

10 feet .  Type A riprap aprons shall utilize modified riprap for erosion protection. A Type C riprap apron 

shall be used at both culvert discharge locations. The culvert at DP 1 and culverts at DP 5 shall have a La 

of 24 feet and 12 feet, respectively. The width of the Type C riprap aprons shall match the width of the 

downstream channel. Type C riprap aprons shall utilize intermediate riprap for erosion protection (See 

Figure 5 for drainage details). 

 

Table 7 on the following page summarizes the minimum outlet protection requirements. 
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Table 7 – Outlet Protection Requirements 

Design 

Point 
Structure 

Diameter 

or Span 

(ft) 

Outlet 

Velocity

(ft/sec) 

10-year 

Peak 

Discharge

(ft3/sec) 

Outlet 

Type 

Calculated Dimensions6 

La
1

(ft) 

W1
2 

(ft) 

W2
3 

(ft) 

Riprap 

Specification4 

DA 1.1 Swale5 1.00 2.24 0.5 

Type A

Riprap 

Apron 

10 3 10 Modified 

DA 1.2 Swale5 1.00 0.52 0.2 10 3 10 Modified 

DA 2 Swale5 1.00 1.14 0.2 10 3 10 Modified 

DA 3 Swale5 1.00 2.15 0.6 10 3 10 Modified 

DA 4 Swale5 1.00 2.05 0.6 10 3 10 Modified 

DA 5.1 Swale5 1.00 1.94 0.5 10 3 10 Modified 

DA 5.2 Swale5 1.00 0.50 0.1 10 3 10 Modified 

DA 6 Swale5 1.00 0.85 0.1 10 3 10 Modified 

DA 7 Swale5 1.00 1.34 0.2 10 3 10 Modified 

DP 1 Culvert 6.00 9.92 40.2 Type C 

Riprap 

Apron 

24 Match 

Downstream 

Channel 

Intermediate 

DP 5 Culverts 8.00 7.44 5.2 12 Intermediate 

1La values determined using Table 11-12.1 and 11-13.1 of the ConnDOT Drainage Manual.  
2W1 = width of apron at pipe outlet 
3W2 = width of apron at terminus 
4Riprap specification selected from Table 11.11 of the ConnDOT Drainage Manual 
5Diameter used for swales is the bottom channel width 
6Dimensions represent minimum acceptable parameters based on calculations. Actual dimensions selected for use 

may differ 

 

Based on analysis of proposed outfall locations, discharge velocities meet the ConnDOT requirements for 

use of riprap aprons (outlet velocities are less than 14 fps).  A Type A riprap aprong with dimensions of 

10’ (La) x 5’ (W1) x 10’ (W2) is sufficient to reduce the erosive potential at swale discharge points. Type 

C riprap aprons with widths matching the downstream channel and an La value of 24 feet (DP 1) and 12 

feet (DP 5) are sufficient to reduce the erosive potential at the culvert discharge points. 
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! Outlet protection for culverts shall be Type C riprap aprons with the following minimum 

parameters: 

o Length (La) – 24-feet at Culvert DP 1, 12-feet at Culvert DP 5 

o Width of apron at pipe outlet (W1) – Match width at outlet 

o Width of apron at terminus (W2) – Match downstream width 

o Utilize intermediate riprap for armoring. 

This will meet the ConnDOT requirements for use of riprap aprons (discharge velocities < 14fps) 

to provide erosion protection at outfall locations. 


