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Appendix F 
Existing Conditions Drainage Map 
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Appendix G 
Drainage and Utility Plan 
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Appendix H 
RCB Sizing Calculations 



Culvert Report
Hydraflow Express Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. Tuesday, Mar 19 2013

Future Woodspring Rd.

Invert Elev Dn (ft) =  1376.00
Pipe Length (ft) =  100.00
Slope (%) =  0.32
Invert Elev Up (ft) =  1376.32
Rise (in) =  36.0
Shape =  Box
Span (in) =  72.0
No. Barrels =  2
n-Value =  0.013
Inlet Edge =  Projecting
Coeff. K,M,c,Y,k =  0.0145, 1.75, 0.0419, 0.64, 0.5

Embankment
Top Elevation (ft) =  1382.00
Top Width (ft) =  80.00
Crest Width (ft) =  80.00

Calculations
Qmin (cfs) =  200.00
Qmax (cfs) =  200.00
Tailwater Elev (ft) =  (dc+D)/2

Highlighted
Qtotal (cfs) =  200.00
Qpipe (cfs) =  200.00
Qovertop (cfs) =  0.00
Veloc Dn (ft/s) =  6.60
Veloc Up (ft/s) =  7.13
HGL Dn (ft) =  1378.53
HGL Up (ft) =  1378.66
Hw Elev (ft) =  1379.73
Hw/D (ft) =  1.14
Flow Regime =  Inlet Control
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Appendix I 
Open Channel Calculations 

  



Compound Channel Sizing Spreadsheet

S Channel Slope (ft/ft) 0.005
FB Freeboard (ft) 1

Bottom Elevation 1380

BA Auxiliary Channel Bottom Width (ft)] 10
SA Auxiliary Channel Side Slope :1 6
QA Auxiliary Channel Flow Rate (cfs) 80 *Estimated
nA Auxiliary Channel Manning's n 0.03
Qn/(1.49S1/2) Auxiliary Channel Qn/(1.49S1/2) 22.78
DA Auxiliary Channel Minimum Depth (ft.) 1.34
AA Auxiliary Channel Area (sq. ft.) 24.12
WPA Auxiliary Channel Wetted Permieter (ft) 26.28
RA Auxiliary Radius 0.92
AR2/3A Auxiliary AR2/3 22.78
WA Auxiliary Channel Top Width 26.05
VA Auxiliary Velocity (ft/s) 3.32
SA Auxiliary Shear (lb/ft2) 0.42

BP Primary Channel Bottom Width (ft)] 10
SP Primary Channel Side Slope :1 6
Q Total Flow Rate (cfs) 280
nP Primary Channel Manning's n 0.03
Qn/(1.49S1/2) Aux. Channel Qn/(1.49S1/2) 79.73
DP Primary Channel Depth (ft.) 1.51
AP Primary Channel Area (sq. ft.) 28.78
WPP Primary Channel Wetted Permieter (ft) 2.32
AT Total Area 52.90
WPT Total Wetted Perimeter 28.59 Total Width (ft) 66.2
RT Total R 1.85 Total Depth (ft) 3.85
AR2/3T Total AR2/3 79.73
DT Total Depth 2.85
VP Primary Velocity (ft/s) 5.29
SP Primary Shear (lb/ft2) 0.89

Auxiliary Channel Sizing for the 1‐year Storm using Manning's Equation

Primary Channel Sizing using Manning's Equation

1379.50

1380.00

1380.50

1381.00

1381.50

1382.00

1382.50

1383.00

1383.50

1384.00

1384.50

0 10 20 30 40 50 60 70

Ground

1‐Year Water Surface

Design Storm Water Surface

J:\Projects\2012\1201010283 K‐96 & Greenwich\11‐Project Management\Permits & Reports\Drainage Report\Compound Channel Sizing East PL.xlsCompound Channel Sizing East PL.xls
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Appendix J 
Pipe Sizing Calculations 
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Project File:  Pipe Sizing.stm Number of lines: 16 Date:  04-05-2013

Hydraflow Storm Sewers Extension v6.066



Structure Report Page  1 

Struct Structure ID Junction Rim Line Out Line InStructure
No. Type Elev.

Size Shape Invert Size Shape InvertShape Length Width
(ft) (in) (ft) (in) (ft)(ft) (ft)

1 Manhole 1373.70 Cir 4.00 4.00 42 Cir 1366.42 42 Cir 1366.42

2 Curb-Horiz 1374.00 Cir 4.00 4.00 42 Cir 1366.54 36 Cir 1367.04

3 Curb-Horiz 1377.00 Cir 4.00 4.00 36 Cir 1367.45 24 Cir 1368.45

4 Curb-Horiz 1378.00 Cir 4.00 4.00 24 Cir 1368.81

5 Curb-Horiz 1374.70 Cir 4.00 4.00 42 Cir 1366.06 42 Cir 1367.06
24 Cir 1367.56

6 Curb-Horiz 1384.10 Cir 4.00 4.00 42 Cir 1367.69 36 Cir 1368.19
15 Cir 1369.69

7 Curb-Horiz 1392.50 Cir 4.00 4.00 36 Cir 1368.60 30 Cir 1369.10

8 Curb-Horiz 1392.50 Cir 4.00 4.00 30 Cir 1369.17

9 Curb-Horiz 1374.70 Cir 4.00 4.00 24 Cir 1367.66

10 Curb-Horiz 1384.10 Cir 4.00 4.00 15 Cir 1369.83

11 Curb-Horiz 1378.20 Cir 4.00 4.00 30 Cir 1372.04 30 Cir 1372.54

12 Curb-Horiz 1386.90 Cir 4.00 4.00 30 Cir 1372.85 30 Cir 1373.35
15 Cir 1373.85

13 Curb-Horiz 1395.10 Cir 4.00 4.00 30 Cir 1373.70 24 Cir 1374.20

14 Curb-Horiz 1395.10 Cir 4.00 4.00 24 Cir 1374.27

15 Curb-Horiz 1386.90 Cir 4.00 4.00 15 Cir 1374.00

16 Curb-Horiz 1387.00 Cir 4.00 4.00 24 Cir 1375.08

Project File:  Pipe Sizing.stm Number of Structures: 16 Run Date:  04-05-2013

Hydraflow Storm Sewers Extension v6.066



Storm Sewer Inventory Report Page  1 

Line Alignment Flow Data Physical Data Line ID
No.

Dnstr Line Defl Junc Known Drng Runoff Inlet Invert Line Invert Line Line N J-loss Inlet/
line length angle type Q area coeff time El Dn slope El Up size shape value coeff Rim El
No. (ft) (deg) (cfs) (ac) (C) (min) (ft) (%) (ft) (in) (n) (K) (ft)

1 End 417.303 -175.773 MH 0.00 0.00 0.87 15.0 1366.00 0.10 1366.42 42 Cir 0.013 1.00 1373.70 42 Inch 5-yr

2 1 123.709 85.773 Curb 0.00 1.80 0.87 15.0 1366.42 0.10 1366.54 42 Cir 0.013 0.50 1374.00 42 Inch 5-yr

3 2 405.954 0.000 Curb 0.00 2.90 0.87 15.0 1367.04 0.10 1367.45 36 Cir 0.013 0.50 1377.00 36 Inch 5-yr

4 3 296.524 0.000 Curb 0.00 2.00 0.87 15.0 1368.45 0.12 1368.81 24 Cir 0.013 1.00 1378.00 24 Inch 5-yr

5 End 63.708 -38.398 Curb 0.00 2.80 0.87 15.0 1366.00 0.09 1366.06 42 Cir 0.013 1.25 1374.70 42 Inch 5-yr

6 5 630.729 37.774 Curb 0.00 1.80 0.87 15.0 1367.06 0.10 1367.69 42 Cir 0.013 1.50 1384.10 42 Inch 5-yr

7 6 400.086 -0.092 Curb 0.00 2.20 0.87 15.0 1368.19 0.10 1368.60 36 Cir 0.013 1.50 1392.50 36 Inch 5-yr

8 7 75.434 -87.755 Curb 0.00 8.50 0.87 15.0 1369.10 0.09 1369.17 30 Cir 0.013 1.00 1392.50 30 Inch 5-yr

9 5 79.989 -53.216 Curb 0.00 2.10 0.87 15.0 1367.56 0.12 1367.66 24 Cir 0.013 1.00 1374.70 24 Inch 5-yr

10 6 76.986 -89.576 Curb 0.00 1.40 0.87 15.0 1369.69 0.18 1369.83 15 Cir 0.013 1.00 1384.10 15 Inch 5-yr

11 End 43.066 -124.202 Curb 0.00 2.30 0.87 15.0 1372.00 0.09 1372.04 30 Cir 0.013 0.50 1378.20 30 Inch 5-yr

12 11 301.515 0.077 Curb 0.00 1.80 0.87 15.0 1372.54 0.10 1372.85 30 Cir 0.013 1.48 1386.90 30 Inch 5-yr

13 12 352.990 -19.608 Curb 0.00 2.30 0.87 15.0 1373.35 0.10 1373.70 30 Cir 0.013 1.50 1395.10 30 Inch 5-yr

14 13 75.394 86.213 Curb 0.00 4.50 0.87 15.0 1374.20 0.09 1374.27 24 Cir 0.013 1.00 1395.10 24 Inch 5-yr

15 12 88.406 80.828 Curb 0.00 1.20 0.87 15.0 1373.85 0.17 1374.00 15 Cir 0.013 1.00 1386.90 15 Inch 5-yr

16 End 75.160 -114.988 Curb 0.00 5.30 0.87 15.0 1375.00 0.11 1375.08 24 Cir 0.013 1.00 1387.00 24 Inch 5-yr

Project File:  Pipe Sizing.stm Number of lines: 16 Date:  04-05-2013

Hydraflow Storm Sewers Extension v6.066



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 417.303 0.00 6.70 0.87 0.00 5.83 15.0 20.2 4.0 26.52 31.92 4.88 42 0.10 1366.00 1366.42 1367.58 1369.01 0.00 1373.70 42 Inch 5-yr

2 1 123.709 1.80 6.70 0.87 1.57 5.83 15.0 19.4 4.0 26.52 31.33 2.76 42 0.10 1366.42 1366.54 1369.92 1370.00 1373.70 1374.00 42 Inch 5-yr

3 2 405.954 2.90 4.90 0.87 2.52 4.26 15.0 17.0 4.3 19.39 21.19 2.75 36 0.10 1367.04 1367.45 1370.06 1370.39 1374.00 1377.00 36 Inch 5-yr

4 3 296.524 2.00 2.00 0.87 1.74 1.74 15.0 15.0 4.5 7.92 7.88 2.52 24 0.12 1368.45 1368.81 1370.45 1370.81 1377.00 1378.00 24 Inch 5-yr

5 End 63.708 2.80 18.80 0.87 2.44 16.36 15.0 18.1 4.2 74.41 30.89 8.66 42 0.09 1366.00 1366.06 1368.64 1369.48 0.00 1374.70 42 Inch 5-yr

6 5 630.729 1.80 13.90 0.87 1.57 12.09 15.0 16.3 4.4 55.01 31.79 5.72 42 0.10 1367.06 1367.69 1370.66 1372.54 1374.70 1384.10 42 Inch 5-yr

7 6 400.086 2.20 10.70 0.87 1.91 9.31 15.0 15.2 4.5 42.35 21.35 5.99 36 0.10 1368.19 1368.60 1373.31 1374.92 1384.10 1392.50 36 Inch 5-yr

8 7 75.434 8.50 8.50 0.87 7.40 7.40 15.0 15.0 4.5 33.64 12.50 6.85 30 0.09 1369.10 1369.17 1375.76 1376.26 1392.50 1392.50 30 Inch 5-yr

9 5 79.989 2.10 2.10 0.87 1.83 1.83 15.0 15.0 4.5 8.31 8.00 2.65 24 0.12 1367.56 1367.66 1370.66 1370.77 1374.70 1374.70 24 Inch 5-yr

10 6 76.986 1.40 1.40 0.87 1.22 1.22 15.0 15.0 4.5 5.54 2.75 4.52 15 0.18 1369.69 1369.83 1373.31 1373.87 1384.10 1384.10 15 Inch 5-yr

11 End 43.066 2.30 12.10 0.87 2.00 10.53 15.0 16.9 4.3 47.89 12.50 9.99 30 0.09 1372.00 1372.04 1374.27 1374.97 0.00 1378.20 30 Inch 5-yr

12 11 301.515 1.80 9.80 0.87 1.57 8.53 15.0 16.3 4.4 38.79 13.15 7.90 30 0.10 1372.54 1372.85 1375.71 1378.40 1378.20 1386.90 30 Inch 5-yr

13 12 352.990 2.30 6.80 0.87 2.00 5.92 15.0 15.2 4.5 26.91 12.91 5.48 30 0.10 1373.35 1373.70 1379.84 1381.36 1386.90 1395.10 30 Inch 5-yr

14 13 75.394 4.50 4.50 0.87 3.92 3.92 15.0 15.0 4.5 17.81 6.90 5.67 24 0.09 1374.20 1374.27 1382.06 1382.53 1395.10 1395.10 24 Inch 5-yr

15 12 88.406 1.20 1.20 0.87 1.04 1.04 15.0 15.0 4.5 4.75 2.66 3.87 15 0.17 1373.85 1374.00 1379.84 1380.32 1386.90 1386.90 15 Inch 5-yr

16 End 75.160 5.30 5.30 0.87 4.61 4.61 15.0 15.0 4.5 20.98 7.38 7.18 24 0.11 1375.00 1375.08 1376.62 1377.50 0.00 1387.00 24 Inch 5-yr

Project File:  Pipe Sizing.stm Number of lines: 16 Run Date:  04-05-2013

NOTES: Intensity = 52.62 / (Inlet time + 11.20) ^ 0.75;  Return period =  5  Yrs.   ;  Total flows limited to inlet captured flows.  ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers Extension v6.066



Storm Sewer Summary Report Page  1 

Line Line ID Flow Line Line Line Invert Invert Line HGL HGL Minor HGL Dns Junction
No. rate size shape length EL Dn EL Up slope down up loss Junct line Type

(cfs) (in) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) No.

1 42 Inch 5-yr 26.52 42 Cir 417.303 1366.00 1366.42 0.101 1367.58 1369.01 0.19 1369.20 End Manhole

2 42 Inch 5-yr 26.52 42 Cir 123.709 1366.42 1366.54 0.097 1369.92 1370.00 0.06 1370.06 1 Curb-Horiz

3 36 Inch 5-yr 19.39 36 Cir 405.954 1367.04 1367.45 0.101 1370.06 1370.39 0.06 1370.44 2 Curb-Horiz

4 24 Inch 5-yr 7.92 24 Cir 296.524 1368.45 1368.81 0.121 1370.45 1370.81 0.10 1370.91 3 Curb-Horiz

5 42 Inch 5-yr 74.41 42 Cir 63.708 1366.00 1366.06 0.094 1368.64 1369.48 1.18 1370.66 End Curb-Horiz

6 42 Inch 5-yr 55.01 42 Cir 630.729 1367.06 1367.69 0.100 1370.66* 1372.54* 0.76 1373.31 5 Curb-Horiz

7 36 Inch 5-yr 42.35 36 Cir 400.086 1368.19 1368.60 0.102 1373.31* 1374.92* 0.84 1375.76 6 Curb-Horiz

8 30 Inch 5-yr 33.64 30 Cir 75.434 1369.10 1369.17 0.093 1375.76* 1376.26* 0.73 1377.00 7 Curb-Horiz

9 24 Inch 5-yr 8.31 24 Cir 79.989 1367.56 1367.66 0.125 1370.66* 1370.77* 0.11 1370.87 5 Curb-Horiz

10 15 Inch 5-yr 5.54 15 Cir 76.986 1369.69 1369.83 0.182 1373.31* 1373.87* 0.32 1374.19 6 Curb-Horiz

11 30 Inch 5-yr 47.89 30 Cir 43.066 1372.00 1372.04 0.093 1374.27* 1374.97* 0.74 1375.71 End Curb-Horiz

12 30 Inch 5-yr 38.79 30 Cir 301.515 1372.54 1372.85 0.103 1375.71* 1378.40* 1.44 1379.84 11 Curb-Horiz

13 30 Inch 5-yr 26.91 30 Cir 352.990 1373.35 1373.70 0.099 1379.84* 1381.36* 0.70 1382.06 12 Curb-Horiz

14 24 Inch 5-yr 17.81 24 Cir 75.394 1374.20 1374.27 0.093 1382.06* 1382.53* 0.50 1383.03 13 Curb-Horiz

15 15 Inch 5-yr 4.75 15 Cir 88.406 1373.85 1374.00 0.170 1379.84* 1380.32* 0.23 1380.55 12 Curb-Horiz

16 24 Inch 5-yr 20.98 24 Cir 75.160 1375.00 1375.08 0.106 1376.62* 1377.50* 0.69 1378.19 End Curb-Horiz

Project File:  Pipe Sizing.stm Number of lines: 16 Run Date: 04-05-2013

NOTES:  Return period = 5 Yrs.  ; *Surcharged (HGL above crown).

Hydraflow Storm Sewers Extension v6.066
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Appendix K 
Water Quality Calculations 

  



Land Use Area (ac) RV Area (ac) RV Area (ac) RV Area (ac) RV

Undisturbed 0.02 0.03 0.04 0.05 0
Disturbed Pervious 0.15 0.20 0.22 15.84 0.25 15.84
Impervious Cover 0.95 0.95 0.95 89.76 0.95 89.76
Total Area (ac) 0.00 0.00 0.00 105.6 105.6
Volumetric Runoff Coefficient (RV) 0.00 0.00 0.00 0.85 0.85

1.2
8.92
1.01
No

2.68

K-96 and Greenwich
Water Quality Volume Calculations

Redevelopment

Total 
Area (ac)

Volumentric Runoff Coefficients by Land Use and Hydraulic Soil Group

Rainfall Depth (P) (in)
Water Quality Protection Volume (WQV) (ac-ft)

Hydrologic Soil Group

Redevelopment Water Quality Protection Volume (WQV) (ac-ft)

Water Quality Protection Volume (QWV) (in)

A B C D

J:\Projects\2012\1201010283 K-96 & Greenwich\11-Project Management\Permits & Reports\Drainage Report\WaterQuality Calculations.xls - Sheet: WQv 3/19/2013 2:14 PM
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Appendix L 
Channel Protection Volume Calculations 

  



Rainfall Depth (P) (in) 2.80
Volumetric Runoff Coefficient (RV) 0.85
Total Area (A) (ac) 105.60
Pond and Swamp Areas (% of Drainage Area) 0.00
Pond & Swamp Adjustment Factors (FP) 1.00
Water Quality Protection Volume (Qwv) (in) 2.37
Curve Number (CN) 96.5
Potential Maximum Abstraction (S) 0.36
Initial Abstraction (Ia) 0.07
Initial Abstraction/Rainfall Depth (Ia/P) 0.03
Time of Concentration (Tc) (min) 25.10
Time of Concentration (Tc) (hr) 0.42
Unit Peak Discharge (qu) (csm/in) (Figure 4-6) 700.00
Water Quality Peak Flow (Qwq)(cfs) 273.27
Rainfall Excess (Q) (in) 2.41
Peak Discharge (Qp) 278.05
Ratio of Outflow to Inflow (q0/qi) (Figure 4-17) 0.03
Ratio of Storage Volume to Runoff Volume (Vs/Vr) 0.64
Channel Protection Volume (CPv) (ac-ft) 13.57
Redevelopment No
Redevelopment Channel Protection Volume (CPv) (ac-ft) 4.07

Water Quality Volume Calculations
K-96 and Greenwich

J:\Projects\2012\1201010283 K-96 & Greenwich\11-Project Management\Permits & Reports\Drainage Report\WaterQuality Calculations.xls - Sheet: CPv 3/19/2013 2:13 PM
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Appendix M 
Army Corps of Engineers Correspondence 
















