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DESIGN OF DOWNDRAINS
METHODOLOGY

For the design of the downdrains, the critical condition was identified as the downdrain with the
mildest slope (4 percent at drainage bench), receiving the highest discharge from a subarea (Subarea
202) to a downdrain.

The highest flow from a subarea to a downdrain is obtained from HydroCAD post-development
analysis for the 25-year, 24-hour storm event. The highest flow (58.20 cfs) to a downdrain is anticipated
from Subarea 202 (Attachment 2). The capacity of a 24-inch downdrain with a longitudinal slope of 4
percent is 70.47 cfs.

Qanticipated = 58.20,

Qmax = 70.47 cfs

Qanticipated < Qmax ==> Q0K
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Flow Through Circular Pipe

Diameter of pipe, D= 24 inches
Longitudinal Slope, So= 0.04 f/ft
Manning's n= 0.009

Density of flowing liquid, rho= 1.94 shugs/ft"3

0.00 0 0.0 0.000 0.00 0.0 0.00 0.0
0.25 14 0.1 0.001 0.25 0.01 1.0 0.00 0.0
0.50 29 0.4 0.010 0.50 0.02 2.5 0.03 0.1
0.75 43 0.8 0.034 0.75 0.05 42 0.14 1.2
1.00 57 1.5 0.079 1.00 0.08 6.1 0.48 5.7
1.25 72 23 0.151 1.25 0.12 8.1 1.21 19.0
1.50 86 3.2 0.251 1.50 0.17 10.1 2.53 49.3
" 1.75 100 4.3 0.383 1.75 0.22 12.0 4.60 107.3
2.00 115 55 0.545 2.00 0.27 13.9 7.59 204.9
2.25 129 6.8 0.736 2.25 0.33 15.7 11.56 352.5
2.50 143 8.2 0.951 2.50 0.38 17.4 16.52 556.8
2.75 158 9.7 1.184 | 275 0.43 18.9 2235 818.5
3.00 172 11.2 1.429 3.00 0.48 20.2 28.87 1130.9
3.25 186 12.7 1.679 3.25 0.52 21.3 35.79 1479.9
- 3.50 201 14.1 1.925 3.50 0.55 22.2 42.79 1845.1
3.75 215 15.6 2.161 3.75 0.58 229 49.53 2202.8
4.00 229 17.0 2.378 4.00 0.59 234 55.68 2528.4
4.25 244 18.3 2.572 425 0.61 23.7 60.94 2800.6
4.50 258 19.5 2.739 4.50 0.61 23.8 65.12 3003.4
4.75 272 20.6 2.875 4.75 0.61 23.7 68.09 3128.8
5.00 286 21.6 2.979 5.00 0.60 234 69.85 3176.6
5.25 301 22.4 3.054 5.25 0.58 231 | €704 131543
5.50 315 23.1 3.103 5.50 0.56 22.6 70.13 3075.0 \Q
5.75 329 23.6 3.129 5.75 0.54 22.1 69.05 2955.8
6.00 344 23.9 3.140 6.00 0.52 21.5 67.49 2814.7
6.25 358 24.0 3.142 6.25 0.50 20.9 65.75 2669.3
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‘ Client: TVA

DESIGN OF CULVERTS

TABLE 1. SURFACE WATER MANAGEMENT SYSTEM CALCULATIONS - CULVERTS
DeSigl::;on in | Diameter | Length Starting | FEnding Slope | Manning Mi;?xll(::lvum 22:—-1)1,?)?111:
HydroCAD (in) (o) Elevation | Elevation (f/fe) n Capacity | Discharge
ID Type () (9 (cfs) (cfs)
C1 | Concrete | (3) x 48” 54.2 759.39 758.31 0.020 0.013 608.3 335.25
C2 | Concrete | (1)x 36" 69.8 768.08 767.38 0.010 0.013 66.79 19.59
C3 | Concrete | (1) x 36” 69.8 810.00 808.37 0.023 0.013 101.93 43.26
C4 | Concrete | (1) x 36” 63.5 808.75 808.12 0.010 0.013 66.44 24.57
‘. Concrete | (1) x 48”7 80 829.92 829.12 0.010 0.013 143.64 86.59
C6 | Concrete | (2) x 48” 804 766.18 765.33 0.011 0.013 295.39 123.53
C7 | Concrete | (3) x48” 160 755.50 751.64 0.025 0.013 669.33 141.12
C8 | Concrete | (3) x 48” 60 749.59 748.05 0.025 0.013 690.38 140.77
o )
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METHODOLOGY

The design of culverts is analyzed for the governing hydraulic condition (i.e., inlet control versus
outlet control) using the computer program CulvertMaster, and the headwater depth (Hy,) to diameter (D)
ratio for the pipe under consideration is obtained from the output réport generated by CulvertMaster,
based on the 100-year, 24-hour peak discharge from culvert and culvert diameter (input parameters).
Based on the headwater depth to diameter ratio the headwater depth at the culvert inlet is estimated. The
headwater depths for culverts C1 to C8 are listed in table below. The CulvertMaster outputs for the
culvert C1 through C8 are presented in this attachment.

TABLE 2. SUMMARY OF RESULTS FROM CulvertMaster® OUTPUTS.

e Pipe. 5 100-year,

::;,g::g?l; " Dla(ﬁc)eter Dzi‘s‘;llll::;e Inlet Type Ke C;;:::ﬂ H,/D gt';

ID (cfs)
C1 (3) x 48” 431.12 ff/‘ll;:z:fﬁf 0.5 | Outlet | 2.10 |8.40
‘ C2 (1)x36” | 2538 ?;Z;:fflf 05 | Entrance | 0.87 |2.61
C3 (1) x 36” 56.11 if;;;ﬁfjﬁf 05 | Inlet | 149 |447
C4 (1)x36” | 31.90 S‘;l/‘]‘;;ffﬁf 0.5 | Entrance | 1.00 |3.00
cs ()x48” | 1123 i‘ﬁgzvefjf 05 | mlet | 146 |5.84
C6 (2) x 48” 165.45 ?;Z;;dﬁf 0.5 Inlet 1.16 | 4.64
c7 (3) x 48” 189.69 i‘}/‘l’;:ijvdﬁf 0.5 Inlet | 098 |3.90
c8 (3) x 48” 189.25 S;/‘I‘;‘;‘efﬁf 0.5 Inlet | 098 |3.88

o
.
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CULVERTMASTER - CULVERT CALCULATOR RESULTS
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Culvert Calculator Report
TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C1

' 7 Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 0.00 it Headwater Depth/Height 2.10
Computed Headwater Elev: 767.80 ft Discharge 431.12 cfs
inlet Control HW Elev. 767.24 ft Tailwater Elevation 764.21 ft
Outlet Control HW Elev. 767.80 ft Control Type Outlet Control
Grades
Upstream Invert 759.39 -1t Downstream invert 758.31 ft
Length 5420 ft Constructed Siope 0.019926 fift
Hydraulic Profile
Profile PressureProfile Depth, Downstream 5.90 ft
Slope Type N/A Normal Depth 249 f
Flow Regime N/A Critical Depth 3.54 ft
Velocity Downstream 11.44 ft/s Critical Slope 0.008942 ft/ft
Section
Section Shape Circular Mannings Coefficient 0.013
- Section Material Concrete Span 4.00 ft
‘ Section Size 48 inch Rise 4.00 ft
Number Sections 3
Outlet Control Properties
Outlet Control HW Elev. 767.80 ft Upstream Velocity Head 203 ft
Ke ' 0.50 Entrance Loss 1.02 ft
Inlet Controf Properties
Inlet Control HW Elev. 767.24 ft Flow Controf Submerged
Inlet Type Square edge w/headwall Area Full 37.7 f2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
Project Engineer: Sowmya Bulusu
n:\...\100y 24-hr culverts c6 c7 c8.cvm GeoSyntec Consultants CulvertMaster v3.0 [3.0003]}
12/07/06 08:10:46 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1
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TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C2

‘ Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 0.00 ft Headwater Depth/Height 0.87

Computed Headwater Elev: 770.69 ft Discharge 25.38 cfs

Inlet Control HW Elev. 77047 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 770.69 it Control Type Entrance Control

Grades

Upstream Invert 768.08 ft Downstream Invert 767.38 ft

Length 69.80 ft Constructed Slope 0.010029 fuft

Hydraulic Profile

Profile S2 Depth, Downstream 1.32 ft

Slope Type Steep Normal Depth 1.28 ft

Flow Regime Supercritical Critical Depth 1.63 ft

Velocity Downstream 8.50 fi/s Critical Slope 0.004429 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 3.00 ft
. Section Size 36 inch Rise 3.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 770.69 ft Upstream Velocity Head 0.65 ft

Ke 0.50 Entrance Loss 0.33 ft

inlet Control Properties

Inlet Control HW Elev. 770.47 ft Flow Control Unsubmerged

Inlet Type Square edge w/headwall Area Full 7.1 f2

K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

n:\..\100y 24-hr culverts ¢B c7 c8.cvim GeoSyntec Consultants

12/07/06 08:22:06 PM © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003]
Page 1 of 1
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Culvert Calculator Report

TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C3

‘ Solve For: Headwater Elevation

Culvert Summary

144/ 143

Project Engineer: Sowmya Bulusu

Allowable HW Elevation 0.00 ft Headwater Depth/Height 1.49

Computed Headwater Elev: 814.48 ft Discharge 56.11 cfs

Inlet Control HW Elev. 814.48 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 814.38 ft Control Type inlet Control

Grades

Upstream Invert 810.00 ft Downstream invert 808.37 ft

Length 69.80 ft Constructed Slope 0.023352 fuit

Hydraulic Profile

Profile S2 Depth, Downstream 1.75 ft

Slope Type Steep Normal Depth 1.59 ft

Flow Regime Supercritical Critical Depth 243 ft

Velocity Downstream 13.12 fi/s Critical Slope 0.007238 fifft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 3.00 ft
. Section Size 36 inch Rise 3.00 ft

Number Sections 1

Outlet Control Properties

Outiet Control HW Elev. 814.38 #t Upstream Velocity Head 130 ft

Ke 0.50 Entrance Loss 0.65 ft

Inlet Control Properties

Inlet Control HW Elev. 814.48 ft Flow Control Submerged

Inlet Type Square edge w/headwall Area Fult 7.1 2

K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

Ed
n:\...\100y 24-hr culverts c6 c7 c8.cvm GeoSyntec Consultants

12/07/06 08:28:37 PM © Haestad Methods, Inc.

37 Brookside Road - Waterbury, CT 06708 USA

+1-203-755-1666

CulvertMaster v3.0 [3.0003}
Page 1 of 1
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Culvert Calculator Report

\4/)49

TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C4

.” Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 0.00 ft Headwater Depth/Height 1.00
Computed Headwater Elev: 811.74 ft Discharge 31.90 cfs
inlet Control HW Elev. 811.54 ft Tailwater Elevation 0.00
Outlet Control HW Elev. 811.74 ft Control Type Entrance Control
Grades
Upstream Invert 808.75 ft Downstream Invert 808.12
Length 63.50 ft Constructed Slope 0.009921
Hydraulic Profile
Profile S2 Depth, Downstream 1.51 ft
Slope Type Steep Normal Depth 1.46 ft
Flow Regime Supercritical Critical Depth 1.83 ft
Velocity Downstream 8.92 fts Critical Slope 0.004800 fu/ft
Section
Section Shape Circular Mannings Coefficient 0.013
X Section Material Concrete Span 3.00

. Section Size 36 inch Rise 3.00
Number Sections 1
Qutlet Control Properties
Outlet Control HW Elev. 811.74 ft Upstream Velocity Head 0.77
Ke 0.50 Entrance Loss 0.39
Inlet Control Properties
iniet Control HW Elev. 811.54 ft Flow Control Unsubmerged
Inlet Type Square edge w/headwall Area Fuli 7.1 ft2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000

n:\..\100y 24-hr culverts ¢6 ¢7 ¢8.cvm

12/07/06 08:31:16 PM © Haestad Methods, Inc.

GeoSyntec Consuitants

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003}
Page 1 of 1
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Culvert Calculator Report

TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C5

."7 Soive For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 0.00 ft Headwater Depth/Height 1.46

Computed Headwater Elev: 835.76 ft Discharge 112.30 cfs

inlet Control HW Elev. 835.76 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 835.65 ft Control Type Inlet Control

Grades

Upstream Invert 829.92 ft Downstream Invert 829.12 ft

Length 80.00 ft Constructed Slope 0.010000 ft/it

Hydraulic Profile

Profile S2 Depth, Downstream 2.78 ft

Siope Type Steep Normal Depth 266 ft

Flow Regime Supercritical Critical Depth 3.20 ft

Velocity Downstream 12.07 fUs Critical Slope 0.006392 fift

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 400 ft
. Section Size 48 inch Rise 400 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 83565 ft Upstream Velocity Head 169 ft

Ke 0.50 Entrance Loss 0.84 ft

Inlet Control Properties

Intet Control HW Elev. 835.76 ft Flow Control Submerged

Inlet Type Square edge w/headwall Area Full 12.6 ft*

K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

n:\..\100y 24-hr culverts c6 c7 cB.cvim

12/07/06 08:34.09 PM © Haestad Methods, Inc.

GeoSyntec Consultants
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Culvert Calculator Report

\37)\4q

TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C6

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 0.00 ft Headwater Depth/Height 1.16
Computed Headwater Elevi 770.81 ft Discharge 165.45 cfs
Inlet Control HW Elev. 770.59 ft Tailwater Elevation 0.00 ft
Outlet Control HW Elev. 770.81 ft Control Type Entrance Control
Grades

Upstream Invert 766.18 ft Downstream invert 765.33 ft
Length 80.40 ft Constructed Slope 0.010572 ft/it
Hydraulic Profile

Profile S2 Depth, Downstream 226 f#
Slope Type Steep Normal Depth 214 ft
Fiow Regime Supercritical Criticat Depth 276 ft
Velocity Downstream- 11.30 fi/s Critical Slope 0.004933 fi/ft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 400 ft
Section Size 48 inch Rise 400 ft
Number Sections 2

Outlet Control Properties

Outiet Control HW Elev. 770.81 ft Upstream Velocity Head 1.26 ft
Ke 0.50 Entrance Loss 0.62 ft
inlet Control Properties

inlet Controt HW Elev. 770.59 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 25.1 ft
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

Cc 0.03980 Equation Form 1

Y 0.67000

n:\...\100y 24-hr cuilverts ¢6 ¢7 c8.cvim

12/07/06 08:38:23 PM © Haestad Methods, inc.

GeoSyntec Consultants

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666
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TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C7

. Solve For: Headwater Elevation

Culvert Calculator Report

Culvert Summary

Allowable HW Elevation 0.00 ft Headwater Depth/Height 0.98
Computed Headwater Elev: 759.40 ft Discharge 189.69 cfs
Inlet Control HW Elev. 759.10 ft Tailwater Elevation 0.00 ft
Outlet Control HW Elev. 759.40 ft Control Type Entrance Control
Grades

Upstream Invert 755.50 ft Downstream Invert 751.64 f
Length 160.00 ft Constructed Slope 0.024125 fuft
Hydraulic Profile

Profile S2 Depth, Downstream 161 ft
Slope Type Steep Normal Depth 146 #
Flow Regime Supercritical Critical Depth 240 ft
Velocity Downstream 14.58 ft/s Critical Slope 0.004300 ft/ft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 400 f
Section Size 48 inch Rise 4.00 ft
Number Sections 3

Outlet Control Properties

Outlet Controf HW Elev. 759.40 ft Upstream Velocity Head 1.00 fi
Ke 0.50 Entrance Loss 0.50 ft
inlet Control Properties

Inlet Control HW Elev. 759.10 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 37.7 ft2
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

n\.\100y 24-hr culverts c6 c7 c8.cvm

12/07/06 08:39:10 PM  © Haestad Methods, inc.

GeoSyntec Consultants

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003]
+1-203-755-1666
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/ Culvert Calculator Report
TVA Kinston Fossil Plant - 100-yr 24-hr storm P=6.7 C8

’ " Solve For: Headwater Elevation

e

;j Culvert Summary
S -
f Allowable HW Elevation 0.00 ft Headwater Depth/Height 0.97
Computed Headwater Elev: 753.49 ft Discharge 189.25 cfs
Inlet Control HW Elev. 753.18 ft Tailwater Elevation 0.00 ft
Outlet Control HW Elev. 753.49 ft Control Type Entrance Control
Grades
Upstream Invert 749.59 ft Downstream invert 748.05 ft
Length 60.00 ft Constructed Slope 0.025667 fuit
Hydraulic Profile
Profile S2 Depth, Downstream 164 ft
Slope Type Steep Normal Depth 1.43 ft
Flow Regime Supercritical Critical Depth 240 #
Velocity Downstream 13.01 ft/s Critical Slope 0.004296 fi/ft
Section
Section Shape Circular Mannings Coefficient 0.013
 Section Material Concrete Span 4.00 ft
‘ ¢ Section Size 48 inch Rise 400 ft
Number Sections 3
Outlet Control Properties
Outlet Control HW Elev. 753.49 ft Upstream Velocity Head 1.00 #
Ke 0.50 Entrance Loss 0.50 ft
Inlet Control Properties
Inlet Control HW Elev. 753.18 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 37.7 f*
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
(] 0.03980 Equation Form 1
Y 0.67000
Project Engineer: Sowmya Bulusu
n:\..\100y 24-hr culverts ¢6 c7 c8.cvm GeoSyntec Consultants CulvertMaster v3.0 [3.0003}
12/07/06 08:40:08 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1
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