UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 550+27 RT TO 550+82 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 810.03 Outlet Invert Elevation (ft.) : 809.84 Tailwater Elevation (ft.) : 810.28 Overflow Elevation (ft.) : 812.45

Allowable Headwater Elevation (ft.) : 811.45 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 55.00 Culvert Slope (ft./ft.) : 0.0035 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 1.50 @ 10 yrs. Flood Discharge (cfs) : 1.80 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
150 1 12in. 810.78 810.79 1-A 365 059 052  0.0120 OUTLET* 0.00 D 0.00
150 1 15 in. 810.71 810.73 1-A 341 052 049  0.0120 OUTLET* 0.00 D+1 0.00
1.80 1 12in. 810.86 810.88 1-A 388 067 057  0.0120 OUTLET* 0.00 F 0.00
1.80 1 15 in. 810.78 810.80 1-A 361 058 053  0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
1.50 1 12in. 810.80 811.02 1-A 365 091 052  0.0251 OUTLET* 0.00 D 0.00
150 1 15 in. 810.73 810.89 1-A 341 081 049  0.0250 OUTLET* 0.00 D+1 0.00
1.80 1 12in. 810.90 811.30 2-F 388 100 057  0.0251 OUTLET** 0.00 F 0.00
1.80 1 15 in. 810.81 810.99 1-A 361 094 053  0.0250 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH

(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)

Diameter exceeds 1.25 HWA 150 1 36 in. 810.56 810.65 1-A 2.33 0.58 0.38 0.0281 OUTLET* 0.00 D 0.00
150 1 42 in. 810.57 810.62 1-A 2.14 0.55 0.36 0.0278 OUTLET* 0.00 D+1 0.00

1.80 1 36 in. 810.60 810.71 1-A 2.80 0.64 0.42 0.0281 OUTLET* 0.00 F 0.00

1.80 1 42 in. 810.61 810.68 1-A 2.57 0.61 0.40 0.0278 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 075 2 36 in. 810.46 810.51 1-B 1.17 0.42 0.27 0.0281 OUTLET* 0.00 D 0.00
075 2 42in. 810.49 81051 1-B 1.07 0.40 0.26 0.0278 OUTLET* 0.00 D+1 0.00

090 2 36 in. 810.48 810.53 1-A 1.40 0.45 0.29 0.0281 OUTLET* 0.00 F 0.00

090 2 42in. 810.51 81052 1-B 1.29 0.43 0.28 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 150 1 60 in. 810.67 81059 1-C 1.29 0.55 0.33 0.0332 INLET 0.00 D 0.00
150 1 66 in. 810.71 81058 1-C 1.28 0.53 0.32 0.0330 INLET 0.00 D+1 0.00
1.80 1 60 in. 810.69 810.64 1-C 1.36 0.60 0.36 0.0332 INLET 0.00 F 0.00
1.80 1 66 in. 810.72 81063 1-C 1.35 0.58 0.36 0.0330 INLET 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 075 2 60 in. 810.62 81050 1-C 1.05 0.39 0.23 0.0332 INLET 0.00 D 0.00
075 2 66 in. 810.66 81048 1-C 1.04 0.38 0.23 0.0330 INLET 0.00 D+1 0.00
090 2 60 in. 810.63 81050 1-C 1.1 0.43 0.26 0.0332 INLET 0.00 F 0.00
090 2 66 in. 810.67 810.50 1-C 1.10 0.42 0.25 0.0330 INLET 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

Diameter exceeds 1.256 HWA 150 1 60 in. 810.67 810.55 1-C 1.53 0.49 0.33 0.0260 INLET 0.00 D 0.00
150 1 66 in. 810.71 81055 1-C 1.51 0.47 0.32 0.0260 INLET 0.00 D+1 0.00
1.80 1 60 in. 810.69 81061 1-C 1.62 0.53 0.36 0.0260 INLET 0.00 F 0.00
1.80 1 66 in. 810.72 81059 1-C 1.60 0.52 0.36 0.0260 INLET 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 075 2 60 in. 810.62 81046 1-C 1.24 0.35 0.23 0.0260 INLET 0.00 D 0.00

CDSS 1.0.0.3. 2



UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft)  (ft) (fps.) (ft)  (ft) (cfs.) (ft.)
075 2 66 in. 81066 81046 1-C 122 034 023  0.0260 INLET 0.00 D+1 0.00
090 2 60 in. 81063 81050 1-C 131 038 026  0.0260 INLET 0.00 F 0.00
090 2 66 in. 81067 81049 1-C 130 037 025  0.0260 INLET 0.00 F+1 0.00

CDSS 1.0.0.3.



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH

Description : Proposed Drive Pipe - 550+89 LT TO 551+48 LT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 809.81 Outlet Invert Elevation (ft.) : 809.60 Tailwater Elevation (ft.) : 810.58 Overflow Elevation (ft.) : 812.25

Allowable Headwater Elevation (ft.) : 811.25 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 59.00 Culvert Slope (ft./ft.) : 0.0036 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 7.50 @ 10 yrs. Flood Discharge (cfs) : 9.10 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
Diameter exceeds 1.25 HWA 750 1 24 in. 81120 81123 1-A 490 1.01 097  0.0120 OUTLET* 0.00 D 0.00
750 1 21in. 81128 811.31 1-A 519 111 101  0.0120 OUTLET* 0.00 D-1 0.00
750 1 18 in. 811.42 81148 1-A 5.61 137 1.06  0.0120 OUTLET* 0.00 D-2 0.00
750 1 27 in. 811.13 811.17 1-B 451 095 094  0.0120 OUTLET* 0.00 D+1 0.00
9.10 1 24 in. 811.36 81140 1-A 528 114  1.08  0.0120 OUTLET* 0.00 F 0.00
9.10 1 21in. 811.46 81151 1-A 559 128 112  0.0120 OUTLET* 0.00 F-1 0.00
9.10 1 18 in. 811.68 81180 2-F 6.17 150 117  0.0120 OUTLET** 0.00 F-2 0.00
9.10 1 27 in. 81129 811.32 1-A 507 1.06  1.04  0.0120 OUTLET* 0.00 F+1 0.00
375 2 15in. 810.96 811.04 1-B 363 093 078  0.0120 OUTLET* 0.00 D 0.00
375 2 12in. 81121 81156 2-F 480 1.00 083  0.0120 OUTLET 0.00 D-1 0.00
375 2 18 in. 810.87 81091 1-B 307 080 074  0.0120 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH

(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)

455 2 15in. 811.11 81118 1-A 4.41 1.14 0.86 0.0120 OUTLET* 0.00 F 0.00

455 2 12in. 811.55 812.02 2-F 5.82 1.00 0.89 0.0120 OUTLET 0.00 F-1 0.00

455 2 18in. 81099 811.04 1-B 3.72 0.90 0.82 0.0120 OUTLET* 0.00 F+1 0.00

CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)

Diameter exceeds 1.25 HWA 750 1 36 in. 811.01 81123 1-A 3.74 1.22 0.86 0.0241 OUTLET* 0.00 D 0.00
750 1 33 in. 811.06 811.27 1-A 3.95 1.28 0.88 0.0241 OUTLET* 0.00 D-1 0.00

750 1 30 in. 81112 81133 1-A 4.20 1.36 0.91 0.0244 OUTLET* 0.00 D-2 0.00

750 1 42in. 81093 811.14 1-A 3.40 1.14 0.82 0.0237 OUTLET* 0.00 D+1 0.00

9.10 1 36 in. 811.16 81138 1-A 4.54 1.36 0.95 0.0241 OUTLET* 0.00 F 0.00

9.10 1 33in. 811.21 81143 1-A 4.79 1.43 0.98 0.0241 OUTLET* 0.00 F-1 0.00

9.10 1 30in. 811.27 81150 1-A 4.93 1.54 1.01 0.0244 OUTLET* 0.00 F-2 0.00

9.10 1 42in. 811.06 81129 1-A 413 1.26 0.91 0.0237 OUTLET* 0.00 F+1 0.00

3.75 2 18 in. 810.90 811.17 1-A 3.07 1.37 0.74 0.0249 OUTLET* 0.00 D 0.00

375 2 15in. 811.04 81162 2-F 3.63 1.25 0.78 0.0250 OUTLET** 0.00 D-1 0.00

275 2 12in. 811.58 81368 2-F 3.52 1.00 0.71 0.0251 OUTLET 1.00 D-2 0.00

375 2 211in. 810.83 811.05 1-A 2.71 1.14 0.71 0.0248 OUTLET* 0.00 D+1 0.00

455 2 18 in. 811.04 81134 1-A 3.72 1.37 0.82 0.0249 OUTLET* 0.00 F 0.00

455 2 15 in. 811.26 81214 2-F 4.41 1.25 0.86 0.0250 OUTLET* 0.00 F-1 0.00

275 2 12in. 812.12 81514 2-F 3.52 1.00 0.71 0.0251 OUTLET 1.80 F-2 0.00

455 2 21in. 81095 811.19 1-A 3.28 1.32 0.78 0.0248 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

Diameter exceeds 1.256 HWA 750 1 42 in. 810.93 811.18 1-A 3.40 1.23 0.82 0.0278 OUTLET* 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH

(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
750 1 36 in. 811.01 811.26 1-A 3.74 1.33 0.86 0.0281 OUTLET* 0.00 D-1 0.00
750 1 48 in. 810.88 811.12 1-A 3.14 1.17 0.80 0.0275 OUTLET* 0.00 D+1 0.00
9.10 1 42 in. 811.06 811.32 1-A 4.13 1.37 0.91 0.0278 OUTLET* 0.00 F 0.00
9.10 1 36 in. 811.16 81142 1-A 4.54 1.49 0.95 0.0281 OUTLET* 0.00 F-1 0.00
9.10 1 48 in. 810.99 81125 1-A 3.81 1.29 0.88 0.0275 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 375 2 36 in. 810.62 810.89 1-B 1.87 0.92 0.60 0.0281 OUTLET* 0.00 D 0.00
3.75 2 42in. 810.59 810.83 1-B 1.70 0.86 0.58 0.0278 OUTLET* 0.00 D+1 0.00
455 2 36 in. 810.71 810.94 1-A 2.27 1.02 0.67 0.0281 OUTLET* 0.00 F 0.00
455 2 42 in. 810.66 81092 1-B 2.06 0.95 0.64 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 750 1 60 in. 810.82 811.08 1-A 2.76 1.19 0.75 0.0332 OUTLET* 0.00 D 0.00
750 1 66 in. 810.82 811.05 1-A 2.62 1.14 0.73 0.0330 OUTLET* 0.00 D+1 0.00
9.10 1 60 in. 810.92 81120 1-A 3.35 1.31 0.83 0.0332 OUTLET* 0.00 F 0.00
9.10 1 66 in. 810.90 811.16 1-A 3.18 1.26 0.80 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 3.75 2 60 in. 810.59 810.79 1-B 1.38 0.84 0.53 0.0332 OUTLET* 0.00 D 0.00
3.75 2 66 in. 810.61 810.77 1-B 1.31 0.82 0.51 0.0330 OUTLET* 0.00 D+1 0.00
455 2 60 in. 810.64 810.87 1-B 1.68 0.92 0.58 0.0332 OUTLET* 0.00 F 0.00
455 2 66 in. 810.66 810.84 1-B 1.59 0.90 0.57 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

Diameter exceeds 1.25 HWA 750 1 60 in. 810.82 811.01 1-A 2.76 1.05 0.75 0.0260 OUTLET* 0.00 D 0.00
750 1 66 in. 810.82 810.98 1-A 2.62 1.02 0.73 0.0260 OUTLET* 0.00 D+1 0.00
9.10 1 60 in. 810.92 811.14 1-A 3.35 1.16 0.83 0.0260 OUTLET* 0.00 F 0.00
9.10 1 66 in. 810.90 811.10 1-A 3.18 1.12 0.80 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
Diameter exceeds 1.25 HWA 375 2 60 in. 810.59 810.75 1-B 1.38 0.75 0.53 0.0260 OUTLET* 0.00 D 0.00
375 2 66 in. 810.61 810.73 1-B 1.31 0.73 0.51 0.0260 OUTLET* 0.00 D+1 0.00
455 2 60 in. 810.64 810.81 1-B 1.68 0.82 0.58 0.0260 OUTLET* 0.00 F 0.00
455 2 66 in. 810.66 810.79 1-B 1.59 0.80 0.57 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 554+00 RT TO 554+40 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 808.72 Outlet Invert Elevation (ft.) : 808.58 Tailwater Elevation (ft.) : 809.81 Overflow Elevation (ft.) : 812.16

Allowable Headwater Elevation (ft.) : 811.16 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 40.00 Culvert Slope (ft./ft.) : 0.0035 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 12.40 @ 10 yrs. Flood Discharge (cfs) : 15.10 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
1240 1 21in. 810.77 810.82 2-F 6.41 175  1.31 0.0120 OUTLET* 0.00 D 0.00
1240 1 18 in. 811.29 811.38 2-F 749 150 133  0.0120 OUTLET** 0.00 D-1 0.00
10.70 1 15 in. 81271 81297 2-F 875 125 120  0.0120 OUTLET 1.70 D-2 0.00
1240 1 24 in. 810.58 810.63 1-A 5.91 142 127  0.0120 OUTLET* 0.00 D+1 0.00
1510 1 21in. 811.16 81122 2-F 714 175 144  0.0120 OUTLET** 0.00 F 0.00
1510 1 18in. 812.02 81209 2-F 877 150 141 0.0120 OUTLET** 0.00 F-1 0.00
1070 1 15 in. 814.20 81450 2-F 875 125 120  0.0120 OUTLET 4.40 F-2 0.00
1510 1 24 in. 810.83 81089 1-A 642 173 140  0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
1240 1 24 in. 810.72 811.04 1-A 5.91 1.83 1.27 0.0247 OUTLET* 0.00 D 0.00

CDSS 1.0.0.3. 554+00.xml 1



UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1240 1 21in. 811.13 811.78 2-F 6.41 1.75 1.31 0.0248 OUTLET* 0.00 D-1 0.00
990 1 18 in. 812.13 81348 2-F 6.38 1.50 1.21 0.0249 OUTLET* 2.50 D-2 0.00
1240 1 27 in. 810.55 810.84 1-A 5.58 2.05 1.22 0.0245 OUTLET* 0.00 D+1 0.00
1510 1 24 in. 811.10 81160 2-F 6.42 2.00 1.40 0.0247 OUTLET* 0.00 F 0.00
13.60 1 21in. 811.78 81265 2-F 6.73 1.75 1.37 0.0248 OUTLET* 1.50 F-1 0.00
9.90 1 18 in. 813.24 81520 2-F 6.38 1.50 1.21 0.0249 OUTLET* 5.20 F-2 0.00
1510 1 27 in. 810.81 81111 1-A 6.04 2.05 1.35 0.0245 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

1240 1 36 in. 810.33 81059 1-A 4.54 1.81 1.12 0.0281 OUTLET* 0.00 D 0.00
1240 1 42in. 810.22 81048 1-A 4.1 1.64 1.07 0.0278 OUTLET* 0.00 D+1 0.00
1510 1 36 in. 810.52 810.80 1-A 5.48 2.08 1.24 0.0281 OUTLET* 0.00 F 0.00
1510 1 42in. 810.41 810.67 1-A 5.00 1.84 1.18 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 1240 1 60 in. 810.01 810.33 1-A 3.30 1.54 0.97 0.0332 OUTLET* 0.00 D 0.00
1240 1 66 in. 809.98 810.29 1-A 3.13 1.48 0.94 0.0330 OUTLET* 0.00 D+1 0.00

1510 1 60 in. 810.16 81048 1-A 4.02 1.70 1.07 0.0332 OUTLET* 0.00 F 0.00

1510 1 66 in. 810.11 81044 1-A 3.81 1.64 1.04 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 6.20 2 60 in. 809.65 809.99 1-B 1.65 1.08 0.68 0.0332 OUTLET* 0.00 D 0.00
620 2 66 in. 809.66 809.97 1-B 1.56 1.05 0.66 0.0330 OUTLET* 0.00 D+1 0.00

755 2 60 in. 809.74 810.07 1-B 2.01 1.19 0.75 0.0332 OUTLET* 0.00 F 0.00

755 2 66 in. 809.73 810.04 1-B 1.90 1.15 0.73 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 1240 1 60 in. 810.01 81029 1-A 3.30 1.36 0.97 0.0260 OUTLET* 0.00 D 0.00
1240 1 66 in. 809.98 810.24 1-A 3.13 1.31 0.94 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1510 1 60 in. 810.16 810.44 1-A 4.02 1.50 1.07 0.0260 OUTLET* 0.00 F 0.00
1510 1 66 in. 810.11 81040 1-A 3.81 1.45 1.04 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 620 2 60 in. 809.65 809.96 1-B 1.65 0.96 0.68 0.0260 OUTLET* 0.00 D 0.00
620 2 66 in. 809.66 809.95 1-B 1.56 0.93 0.66 0.0260 OUTLET* 0.00 D+1 0.00
755 2 60 in. 809.74 810.03 1-B 2.01 1.06 0.75 0.0260 OUTLET* 0.00 F 0.00
755 2 66 in. 809.73 810.01 1-B 1.90 1.03 0.73 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 554+00.xml 3



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 554+76 RT TO 555+08 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 808.46 Outlet Invert Elevation (ft.) : 808.35 Tailwater Elevation (ft.) : 809.67 Overflow Elevation (ft.) : 812.14

Allowable Headwater Elevation (ft.) : 811.14 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 31.00 Culvert Slope (ft./ft.) : 0.0035 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 14.40 @ 10 yrs. Flood Discharge (cfs) : 17.50 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
14.40 1 21in. 810.79 810.81 2-F 6.94 175 141 0.0120 OUTLET** 0.00 D 0.00
14.40 1 18 in. 811.56 81153 2-E 815 150 139  0.0120 INLET 0.00 D-1 0.00
1150 1 15 in. 81352 81354 2-G 937 125 121 0.0120 OUTLET 2.90 D-2 0.00
14.40 1 24 in. 810.51 81057 1-A 6.30  1.61 137  0.0120 OUTLET* 0.00 D+1 0.00
1750 1 21in. 811.32 81130 2-E 728 175 153  0.0120 INLET 0.00 F 0.00
16.30 1 18in. 81252 81238 2-E 922 150 143  0.0120 INLET 1.20 F-1 0.00
1150 1 15 in. 81583 81539 2-G 937 125 121 0.0120 OUTLET 6.00 F-2 0.00
1750 1 24 in. 810.82 810.87 2-F 6.89 200 151 0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
1440 1 24 in. 810.73 81110 2-F 6.30 2.00 1.37 0.0247 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1440 1 21in. 811.34 81191 2-F 6.94 1.75 1.41 0.0248 OUTLET* 0.00 D-1 0.00
11.00 1 18 in. 812.68 813.88 2-F 6.68 1.50 1.27 0.0249 OUTLET* 3.40 D-2 0.00
1440 1 27 in. 81048 810.77 1-A 5.94 2.05 1.32 0.0245 OUTLET* 0.00 D+1 0.00
1750 1 24 in. 811.24 81168 2-F 6.89 2.00 1.51 0.0247 OUTLET* 0.00 F 0.00
1510 1 21in. 812.21 81292 2-F 714 1.75 1.44 0.0248 OUTLET* 2.40 F-1 0.00
11.00 1 18 in. 814.07 81585 2-F 6.68 1.50 1.27 0.0249 OUTLET* 6.50 F-2 0.00
1750 1 27 in. 810.80 811.10 1-A 6.40 2.05 1.46 0.0245 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

1440 1 36 in. 810.21 81048 1-A 4.81 2.00 1.21 0.0281 OUTLET* 0.00 D 0.00
1440 1 42in. 810.10 81036 1-A 4.34 1.78 1.15 0.0278 OUTLET* 0.00 D+1 0.00
1750 1 36 in. 810.42 810.71 1-A 5.74 2.34 1.34 0.0281 OUTLET* 0.00 F 0.00
1750 1 42in. 810.30 81056 1-A 5.27 2.00 1.28 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 1440 1 60 in. 809.86 810.18 1-A 3.47 1.66 1.04 0.0332 OUTLET* 0.00 D 0.00
1440 1 66 in. 809.82 810.14 1-A 3.28 1.59 1.02 0.0330 OUTLET* 0.00 D+1 0.00

1750 1 60 in. 810.02 81035 1-A 4.22 1.84 1.15 0.0332 OUTLET* 0.00 F 0.00

1750 1 66 in. 809.97 810.30 1-A 3.99 1.76 1.12 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 720 2 60 in. 809.46 809.84 1-B 1.74 1.16 0.73 0.0332 OUTLET* 0.00 D 0.00
720 2 66 in. 809.45 809.82 1-B 1.64 1.12 0.71 0.0330 OUTLET* 0.00 D+1 0.00

875 2 60 in. 809.55 809.92 1-B 2.1 1.28 0.81 0.0332 OUTLET* 0.00 F 0.00

875 2 66 in. 809.53 809.88 1-B 2.00 1.24 0.79 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 1440 1 60 in. 809.86 810.15 1-A 3.47 1.46 1.04 0.0260 OUTLET* 0.00 D 0.00
1440 1 66 in. 809.82 810.11 1-A 3.28 1.41 1.02 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1750 1 60 in. 810.02 810.31 1-A 4.22 1.61 1.156 0.0260 OUTLET* 0.00 F 0.00
1750 1 66 in. 809.97 810.26 1-A 3.99 1.56 1.12 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 720 2 60 in. 809.46 809.82 1-B 1.74 1.03 0.73 0.0260 OUTLET* 0.00 D 0.00
720 2 66 in. 809.45 809.80 1-B 1.64 1.00 0.71 0.0260 OUTLET* 0.00 D+1 0.00
875 2 60 in. 809.55 809.88 1-B 2.1 1.13 0.81 0.0260 OUTLET* 0.00 F 0.00
875 2 66 in. 809.53 809.86 1-B 2.00 1.10 0.79 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 557+16 RT TO 557+49 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 807.62 Outlet Invert Elevation (ft.) : 807.50 Tailwater Elevation (ft.) : 808.85 Overflow Elevation (ft.) : 812.25

Allowable Headwater Elevation (ft.) : 811.25 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 33.00 Culvert Slope (ft./ft.) : 0.0036 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 15.20 @ 10 yrs. Flood Discharge (cfs) : 18.60 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
1520 1 18 in. 810.95 81092 2-E 860 150  1.41 0.0120 INLET 0.00 D 0.00
13.30 1 15 in. 813.17 81326 2-G 1084 125 123  0.0120 OUTLET 1.90 D-1 0.00
8.00 1 12in. 838.76 82092 2-G 10.19  1.00 099  0.0120 OUTLET 7.20 D-2 0.00
1520 1 21in. 810.08 810.10 2-F 716 175 144  0.0120 OUTLET** 0.00 D+1 0.00
1860 1 18in. 812.06 81192 2-E 1053 150 1.46  0.0120 INLET 0.00 F 0.00
13.30 1 15 in. 816.20 81545 2-G 1084 125 123  0.0120 OUTLET 5.30 F-1 0.00
8.00 1 12in. 91374 82692 2-G 1019  1.00 099  0.0120 OUTLET 10.60 F-2 0.00
1860 1 21in. 810.69 81066 2-E 773 175 156  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
1520 1 24 in. 810.02 81043 2-F 6.44 2.00 1.41 0.0247 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1520 1 21in. 810.71 81137 2-F 7.16 1.75 1.44 0.0248 OUTLET* 0.00 D-1 0.00
1270 1 18 in. 812.19 813.66 2-F 7.58 1.50 1.34 0.0249 OUTLET* 2.50 D-2 0.00
1520 1 27 in. 809.72 810.02 1-A 6.06 2.05 1.36 0.0245 OUTLET* 0.00 D+1 0.00
1860 1 24 in. 810.61 811.11 2-F 7.1 2.00 1.55 0.0247 OUTLET* 0.00 F 0.00
17.70 1 21in. 811.71 81257 2-F 7.91 1.75 1.54 0.0248 OUTLET* 0.90 F-1 0.00
1270 1 18 in. 813.78 816.02 2-F 7.58 1.50 1.34 0.0249 OUTLET* 5.90 F-2 0.00
18.60 1 27 in. 810.09 81044 2-F 6.57 2.25 1.51 0.0245 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

1520 1 36 in. 809.43 809.70 1-A 4.93 2.06 1.24 0.0281 OUTLET* 0.00 D 0.00
1520 1 42in. 809.31 809.58 1-A 4.44 1.82 1.19 0.0278 OUTLET* 0.00 D+1 0.00
18.60 1 36 in. 809.65 809.94 1-A 5.85 2.46 1.38 0.0281 OUTLET* 0.00 F 0.00
18.60 1 42in. 809.52 809.79 1-A 5.43 2.07 1.32 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 1520 1 60 in. 809.06 809.39 1-A 3.55 1.69 1.07 0.0332 OUTLET* 0.00 D 0.00
1520 1 66 in. 809.02 809.35 1-A 3.36 1.63 1.04 0.0330 OUTLET* 0.00 D+1 0.00

18.60 1 60 in. 809.24 809.56 1-A 4.35 1.89 1.19 0.0332 OUTLET* 0.00 F 0.00

18.60 1 66 in. 809.18 809.51 1-A 4.1 1.81 1.16 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 760 2 60 in. 808.64 809.03 1-B 1.78 1.19 0.75 0.0332 OUTLET* 0.00 D 0.00
760 2 66 in. 808.63 809.01 1-B 1.68 1.15 0.73 0.0330 OUTLET* 0.00 D+1 0.00

930 2 60 in. 808.74 809.11 1-B 217 1.31 0.83 0.0332 OUTLET* 0.00 F 0.00

930 2 66 in. 808.72 809.08 1-B 2.05 1.27 0.81 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 1520 1 60 in. 809.06 809.36 1-A 3.55 1.49 1.07 0.0260 OUTLET* 0.00 D 0.00
1520 1 66 in. 809.02 809.31 1-A 3.36 1.44 1.04 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1860 1 60 in. 809.24 809.53 1-A 4.35 1.66 1.19 0.0260 OUTLET* 0.00 F 0.00
1860 1 66 in. 809.18 809.48 1-A 4.11 1.60 1.16 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 760 2 60 in. 808.64 809.01 1-B 1.78 1.05 0.75 0.0260 OUTLET* 0.00 D 0.00
760 2 66 in. 808.63 808.99 1-B 1.68 1.02 0.73 0.0260 OUTLET* 0.00 D+1 0.00
930 2 60 in. 808.74 809.07 1-B 217 1.16 0.83 0.0260 OUTLET* 0.00 F 0.00
930 2 66 in. 808.72 809.05 1-B 2.05 1.13 0.81 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 561+12 RT TO 561+46 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 806.23 Outlet Invert Elevation (ft.) : 806.11 Tailwater Elevation (ft.) : 807.56 Overflow Elevation (ft.) : 810.82

Allowable Headwater Elevation (ft.) : 809.82 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 34.00 Culvert Slope (ft./ft.) : 0.0035 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 17.80 @ 10 yrs. Flood Discharge (cfs) : 21.70 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
17.80 1 21in. 809.14 809.14 2-E 740 175 154  0.0120 INLET 0.00 D 0.00
17.80 1 18 in. 810.39 81030 2-E 1007 150 145  0.0120 INLET 0.00 D-1 0.00
13.00 1 15 in. 813.90 81367 2-G 1059 125 122  0.0120 OUTLET 4.80 D-2 0.00
17.80 1 24 in. 808.63 808.67 2-F 695 200 152  0.0120 OUTLET* 0.00 D+1 0.00
2170 1 21in. 809.96 809.86 2-E 9.02 175 163  0.0120 INLET 0.00 F 0.00
19.00 1 18in. 811.86 81164 2-E 1075 150 1.46  0.0120 INLET 2.70 F-1 0.00
13.00 1 15 in. 820.60 816.64 2-G 1059 125 122  0.0120 OUTLET 8.70 F-2 0.00
2170 1 24 in. 809.10 809.10 2-E 691 200 167  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
17.80 1 24 in. 809.07 809.57 2-F 6.95 2.00 1.52 0.0247 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
1750 1 21in. 810.07 81092 2-F 7.85 1.75 1.53 0.0248 OUTLET* 0.30 D-1 0.00
1250 1 18 in. 811.99 81414 2-F 7.15 1.50 1.33 0.0249 OUTLET 5.30 D-2 0.00
1780 1 27 in. 808.61 808.96 2-F 6.45 2.05 1.47 0.0245 OUTLET* 0.00 D+1 0.00
2170 1 24 in. 809.87 81047 2-F 7.76 2.00 1.67 0.0247 OUTLET* 0.00 F 0.00
1750 1 21in. 811.34 81251 2-F 7.85 1.75 1.53 0.0248 OUTLET* 4.20 F-1 0.00
1250 1 18 in. 81430 81734 2-F 7.15 1.50 1.33 0.0249 OUTLET 9.20 F-2 0.00
2170 1 27 in. 809.10 809.52 2-F 7.03 2.25 1.63 0.0245 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

17.80 1 36 in. 808.21 808.51 1-A 5.26 2.38 1.35 0.0281 OUTLET* 0.00 D 0.00
17.80 1 42in. 808.08 808.36 1-A 4.73 2.03 1.29 0.0278 OUTLET* 0.00 D+1 0.00
2170 1 36 in. 808.44 808.79 1-A 6.15 2.74 1.50 0.0281 OUTLET* 0.00 F 0.00
2170 1 42in. 808.31 808.60 1-A 5.76 2.32 1.43 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 1780 1 60 in. 807.81 808.16 1-A 3.77 1.86 1.16 0.0332 OUTLET* 0.00 D 0.00
1780 1 66 in. 807.75 808.10 1-A 3.56 1.78 1.13 0.0330 OUTLET* 0.00 D+1 0.00

2170 1 60 in. 808.00 808.34 1-A 4.59 2.07 1.29 0.0332 OUTLET* 0.00 F 0.00

2170 1 66 in. 807.93 808.28 1-A 4.34 1.98 1.25 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 890 2 60 in. 807.33 807.76 1-B 1.88 1.29 0.82 0.0332 OUTLET* 0.00 D 0.00
890 2 66 in. 807.31 807.73 1-B 1.78 1.25 0.80 0.0330 OUTLET* 0.00 D+1 0.00

1085 2 60 in. 807.44 80784 1-B 2.30 1.43 0.90 0.0332 OUTLET* 0.00 F 0.00

1085 2 66 in. 807.41 80781 1-B 217 1.38 0.88 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 17.80 1 60 in. 807.81 808.12 1-A 3.77 1.63 1.16 0.0260 OUTLET* 0.00 D 0.00
17.80 1 66 in. 807.75 808.07 1-A 3.56 1.57 1.13 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
2170 1 60 in. 808.00 808.30 1-A 4.59 1.81 1.29 0.0260 OUTLET* 0.00 F 0.00
2170 1 66 in. 807.93 808.24 1-A 4.34 1.74 1.25 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 890 2 60 in. 807.33 807.73 1-B 1.88 1.156 0.82 0.0260 OUTLET* 0.00 D 0.00
890 2 66 in. 807.31 807.71 1-B 1.78 1.1 0.80 0.0260 OUTLET* 0.00 D+1 0.00
1085 2 60 in. 807.44 807.80 1-B 2.30 1.27 0.90 0.0260 OUTLET* 0.00 F 0.00
1085 2 66 in. 807.41 807.78 1-B 217 1.23 0.88 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 563+32 RT TO 563+77 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 805.46 Outlet Invert Elevation (ft.) : 805.30 Tailwater Elevation (ft.) : 806.82 Overflow Elevation (ft.) : 809.92

Allowable Headwater Elevation (ft.) : 808.92 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 45.00 Culvert Slope (ft./ft.) : 0.0036 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 19.90 @ 10 yrs. Flood Discharge (cfs) : 24.10 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
19.90 1 21in. 808.80 808.85 2-F 865 175 160  0.0120 OUTLET** 0.00 D 0.00
18.10 1 18 in. 810.38 81055 2-G 1024 150 145  0.0120 OUTLET 1.80 D-1 0.00
12.00 1 15 in. 81595 81534 2-G 978 125 122  0.0120 OUTLET 7.90 D-2 0.00
19.90 1 24 in. 808.10 808.14 2-F 737 200 160  0.0120 OUTLET** 0.00 D+1 0.00
2410 1 21in. 809.78 809.76 2-E 1002 175 167  0.0120 INLET 0.00 F 0.00
18.10 1 18in. 81218 81229 2-G 1024 150 145  0.0120 OUTLET 6.00 F-1 0.00
1200 1 15 in. 82860 819.31 2-G 978 125 122  0.0120 OUTLET 12.10 F-2 0.00
2410 1 24 in. 808.68 808.70 2-F 832 200 174  0.0120 OUTLET** 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
1990 1 27 in. 808.09 808.60 2-F 6.76 2.25 1.56 0.0245 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
19.90 1 24 in. 808.71 809.54 2-F 7.37 2.00 1.60 0.0247 OUTLET* 0.00 D-1 0.00
16.10 1 21in. 809.97 81156 2-F 7.26 1.75 1.48 0.0248 OUTLET* 3.80 D-2 0.00
19.90 1 30in. 807.80 808.14 1-A 6.37 2.28 1.51 0.0244 OUTLET* 0.00 D+1 0.00
2410 1 27 in. 808.68 809.33 2-F 7.40 2.25 1.72 0.0245 OUTLET* 0.00 F 0.00
2130 1 24 in. 809.66 810.74 2-F 7.68 2.00 1.65 0.0247 OUTLET* 2.80 F-1 0.00
16.10 1 21in. 811.41 813.74 2-F 7.26 1.75 1.48 0.0248 OUTLET* 8.00 F-2 0.00
2410 1 30in. 808.19 808.64 2-F 6.91 2.50 1.67 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

1990 1 36 in. 807.57 80791 1-A 5.54 2.74 1.43 0.0281 OUTLET* 0.00 D 0.00
1990 1 42in. 807.44 807.74 1-A 4.97 2.18 1.37 0.0278 OUTLET* 0.00 D+1 0.00
2410 1 36 in. 807.82 808.19 1-A 6.37 2.74 1.58 0.0281 OUTLET* 0.00 F 0.00
2410 1 42in. 807.66 807.99 1-A 6.01 2.50 1.51 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 19.90 1 60 in. 807.14 807.52 1-A 3.94 1.97 1.23 0.0332 OUTLET* 0.00 D 0.00
19.90 1 66 in. 807.08 807.45 1-A 3.72 1.88 1.20 0.0330 OUTLET* 0.00 D+1 0.00

2410 1 60 in. 807.34 807.71 1-A 4.78 219 1.36 0.0332 OUTLET* 0.00 F 0.00

2410 1 66 in. 807.26 807.64 1-A 4.51 2.09 1.32 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 9.95 2 60 in. 806.62 807.06 1-B 1.97 1.37 0.86 0.0332 OUTLET* 0.00 D 0.00
995 2 66 in. 806.60 807.03 1-B 1.86 1.32 0.84 0.0330 OUTLET* 0.00 D+1 0.00

1205 2 60 in. 806.73 807.15 1-B 2.39 1.51 0.95 0.0332 OUTLET* 0.00 F 0.00

1205 2 66 in. 806.70 807.12 1-B 2.25 1.45 0.93 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 1990 1 60 in. 807.14 80746 1-A 3.94 1.73 1.23 0.0260 OUTLET* 0.00 D 0.00
1990 1 66 in. 807.08 807.41 1-A 3.72 1.66 1.20 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
2410 1 60 in. 807.34 807.66 1-A 4.78 1.91 1.36 0.0260 OUTLET* 0.00 F 0.00
2410 1 66 in. 807.26 807.59 1-A 4.51 1.84 1.32 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 995 2 60 in. 806.62 807.03 1-B 1.97 1.21 0.86 0.0260 OUTLET* 0.00 D 0.00
995 2 66 in. 806.60 807.01 1-B 1.86 1.17 0.84 0.0260 OUTLET* 0.00 D+1 0.00
1205 2 60 in. 806.73 807.11 1-B 2.39 1.33 0.95 0.0260 OUTLET* 0.00 F 0.00
1205 2 66 in. 806.70 807.08 1-B 2.25 1.29 0.93 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 563+32.xml 3



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 565+47 RT TO 565+85 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 804.71 Outlet Invert Elevation (ft.) : 804.58 Tailwater Elevation (ft.) : 806.16 Overflow Elevation (ft.) : 809.20

Allowable Headwater Elevation (ft.) : 808.20 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 38.00 Culvert Slope (ft./ft.) : 0.0034 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 21.60 @ 10 yrs. Flood Discharge (cfs) : 26.20 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
2160 1 24 in. 807.57 807.58 2-F 774 200 166  0.0120 OUTLET** 0.00 D 0.00
2160 1 21in. 808.42 808.37 2-E 898 175 1.63  0.0120 INLET 0.00 D-1 0.00
1840 1 18 in. 810.30 810.31 2-G 10.41 150 146  0.0120 OUTLET 3.20 D-2 0.00
2160 1 27 in. 807.20 807.26 1-A 702 205 163  0.0120 OUTLET* 0.00 D+1 0.00
2620 1 24 in. 808.26 80820 2-E 834 200 179  0.0120 INLET 0.00 F 0.00
2470 1 21in. 809.58 809.39 2-E 1027 175 1.68  0.0120 INLET 1.50 F-1 0.00
1840 1 18 in. 812.60 81226 2-G 10.41 150 146  0.0120 OUTLET 7.80 F-2 0.00
2620 1 27 in. 807.63 807.64 2-F 774 225 179  0.0120 OUTLET** 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
2160 1 27 in. 807.57 808.04 2-F 702 225 163  0.0245 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
2160 1 24 in. 808.33 809.05 2-F 7.74 2.00 1.66 0.0247 OUTLET* 0.00 D-1 0.00
16.80 1 21in. 809.78 811.21 2-F 7.35 1.75 1.50 0.0248 OUTLET* 4.80 D-2 0.00
2160 1 30in. 807.20 807.55 1-A 6.61 2.28 1.58 0.0244 OUTLET* 0.00 D+1 0.00
2620 1 27 in. 808.28 808.84 2-F 7.74 2.25 1.79 0.0245 OUTLET* 0.00 F 0.00
2210 1 24 in. 809.44 81036 2-F 7.85 2.00 1.68 0.0247 OUTLET* 4.10 F-1 0.00
16.80 1 21in. 811.44 81356 2-F 7.35 1.75 1.50 0.0248 OUTLET* 9.40 F-2 0.00
2620 1 30in. 807.66 808.09 2-F 7.16 2.50 1.74 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2160 1 36 in. 806.92 807.26 1-A 5.72 2.74 1.49 0.0281 OUTLET* 0.00 D 0.00
2160 1 42in. 806.78 807.09 1-A 512 2.34 1.42 0.0278 OUTLET* 0.00 D+1 0.00
2620 1 36 in. 807.19 807.57 1-A 6.56 2.74 1.65 0.0281 OUTLET* 0.00 F 0.00
2620 1 42in. 807.02 807.35 1-A 6.21 2.73 1.58 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2160 1 60 in. 806.47 806.83 1-A 4.06 2.08 1.28 0.0332 OUTLET* 0.00 D 0.00
2160 1 66 in. 806.40 806.78 1-A 3.83 1.99 1.25 0.0330 OUTLET* 0.00 D+1 0.00
2620 1 60 in. 806.68 807.05 1-A 4.92 2.32 1.42 0.0332 OUTLET* 0.00 F 0.00
2620 1 66 in. 806.60 806.98 1-A 4.64 2.21 1.38 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 10.80 2 60 in. 80591 806.38 1-B 2.03 1.44 0.90 0.0332 OUTLET* 0.00 D 0.00
10.80 2 66 in. 805.89 806.36 1-B 1.91 1.39 0.88 0.0330 OUTLET* 0.00 D+1 0.00
13.10 2 60 in. 806.04 806.47 1-A 2.46 1.59 0.99 0.0332 OUTLET* 0.00 F 0.00
13.10 2 66 in. 806.01 806.46 1-B 2.32 1.53 0.97 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 2160 1 60 in. 806.47 806.80 1-A 4.06 1.82 1.28 0.0260 OUTLET* 0.00 D 0.00
2160 1 66 in. 806.40 806.74 1-A 3.83 1.75 1.25 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH

(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)

2620 1 60 in. 806.68 807.00 1-A 4.92 2.02 1.42 0.0260 OUTLET* 0.00 F 0.00

2620 1 66 in. 806.60 806.94 1-A 4.64 1.94 1.38 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 10.80 2 60 in. 805.91 806.36 1-B 2.03 1.27 0.90 0.0260 OUTLET* 0.00 D 0.00
10.80 2 66 in. 805.89 806.34 1-B 1.91 1.23 0.88 0.0260 OUTLET* 0.00 D+1 0.00

1310 2 60 in. 806.04 80644 1-B 2.46 1.40 0.99 0.0260 OUTLET* 0.00 F 0.00

1310 2 66 in. 806.01 80641 1-B 2.32 1.36 0.97 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 566+15 RT TO 566+35 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 804.47 Outlet Invert Elevation (ft.) : 804.40 Tailwater Elevation (ft.) : 805.98 Overflow Elevation (ft.) : 808.58

Allowable Headwater Elevation (ft.) : 807.58 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 20.00 Culvert Slope (ft./ft.) : 0.0035 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 21.70 @ 10 yrs. Flood Discharge (cfs) : 26.40 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
2170 1 24 in. 807.34 80728 2-E 691 200 167  0.0120 INLET 0.00 D 0.00
2170 1 21in. 808.20 807.93 2-E 9.02 175 163  0.0120 INLET 0.00 D-1 0.00
1760 1 18 in. 810.10 809.51 2-H 996 150 145  0.0120 INLET 4.10 D-2 0.00
2170 1 27in. 806.97 807.02 1-A 703 205 163 00120 OUTLET* 0.00 D+1 0.00
26.40 1 24 in. 808.05 807.84 2-E 840 200 180  0.0120 INLET 0.00 F 0.00
2320 1 21in. 809.39 808.84 2-E 965 175 166  0.0120 INLET 3.20 F-1 0.00
1760 1 18in. 81248 81121 2-H 996 150 145  0.0120 INLET 8.80 F-2 0.00
26.40 1 27in. 807.41 80740 2-E 664 225 179  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
21.70 1 27 in. 807.34 80757 2-F 7.03 2.25 1.63 0.0245 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
2170 1 24 in. 808.11 808.30 2-F 7.76 2.00 1.67 0.0247 OUTLET* 0.00 D-1 0.00
1780 1 21in. 809.58 809.85 2-F 7.79 1.75 1.54 0.0248 OUTLET* 3.90 D-2 0.00
2170 1 30in. 806.97 807.25 1-A 6.62 2.28 1.58 0.0244 OUTLET* 0.00 D+1 0.00
2640 1 27 in. 808.07 808.24 2-F 7.77 2.25 1.79 0.0245 OUTLET* 0.00 F 0.00
23.00 1 24 in. 809.25 809.36 2-F 8.06 2.00 1.71 0.0247 OUTLET* 3.40 F-1 0.00
17.80 1 21in. 811.28 81168 2-F 7.79 1.75 1.54 0.0248 OUTLET* 8.60 F-2 0.00
2640 1 30in. 807.45 80766 2-F 719 2.50 1.75 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

21.70 1 36 in. 806.68 806.99 1-A 5.75 2.74 1.50 0.0281 OUTLET* 0.00 D 0.00
2170 1 42in. 806.55 806.82 1-A 5.15 2.33 1.43 0.0278 OUTLET* 0.00 D+1 0.00
2640 1 36 in. 806.97 807.31 1-A 6.58 2.74 1.66 0.0281 OUTLET* 0.00 F 0.00
2640 1 42in. 806.79 807.09 1-A 6.25 2.72 1.58 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2170 1 60 in. 806.24 806.57 1-A 4.08 2.07 1.29 0.0332 OUTLET* 0.00 D 0.00
2170 1 66 in. 806.17 806.52 1-A 3.84 1.98 1.25 0.0330 OUTLET* 0.00 D+1 0.00
2640 1 60 in. 806.45 806.78 1-A 4.96 2.31 1.42 0.0332 OUTLET* 0.00 F 0.00
2640 1 66 in. 806.37 806.71 1-A 4.68 2.20 1.39 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1085 2 60 in. 805.68 806.16 1-B 2.04 1.44 0.90 0.0332 OUTLET* 0.00 D 0.00
1085 2 66 in. 805.65 806.14 1-B 1.92 1.38 0.88 0.0330 OUTLET* 0.00 D+1 0.00
1320 2 60 in. 805.81 806.23 1-A 2.48 1.59 1.00 0.0332 OUTLET* 0.00 F 0.00
1320 2 66 in. 805.77 806.21 1-B 2.34 1.53 0.97 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
Diameter exceeds 1.25 HWA 2170 1 60 in. 806.24 806.55 1-A 4.08 1.82 1.29 0.0260 OUTLET* 0.00 D 0.00
2170 1 66 in. 806.17 806.50 1-A 3.84 1.75 1.25 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH

(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)

2640 1 60 in. 806.45 806.76 1-A 4.96 2.02 1.42 0.0260 OUTLET* 0.00 F 0.00

2640 1 66 in. 806.37 806.69 1-A 4.68 1.94 1.39 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1085 2 60 in. 805.68 806.14 1-B 2.04 1.27 0.90 0.0260 OUTLET* 0.00 D 0.00
1085 2 66 in. 805.65 806.12 1-B 1.92 1.23 0.88 0.0260 OUTLET* 0.00 D+1 0.00

13.20 2 60 in. 805.81 806.22 1-B 248 1.40 1.00 0.0260 OUTLET* 0.00 F 0.00

13.20 2 66 in. 805.77 806.19 1-B 2.34 1.35 0.97 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 568+54 RT TO 569+27 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 803.63 Outlet Invert Elevation (ft.) : 803.37 Tailwater Elevation (ft.) : 805.02 Overflow Elevation (ft.) : 809.39

Allowable Headwater Elevation (ft.) : 808.39 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 73.00 Culvert Slope (ft./ft.) : 0.0036 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 23.90 @ 10 yrs. Flood Discharge (cfs) : 29.00 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
23.90 1 21in. 807.89 808.33 2-F 10.11 175 167  0.0120 OUTLET** 0.00 D 0.00
19.40 1 18 in. 81025 81163 2-G 1098 150 146  0.0120 OUTLET 450 D-1 0.00
1260 1 15 in. 82583 82055 2-G 1027 125 122  0.0120 OUTLET 11.30 D-2 0.00
23.90 1 24 in. 806.82 807.00 2-F 827 200 173  0.0120 OUTLET** 0.00 D+1 0.00
2740 1 21in. 809.29 809.88 2-F 1149 175 170  0.0120 OUTLET** 1.60 F 0.00
19.40 1 18in. 81362 81475 2-G 1098 150 146  0.0120 OUTLET 9.60 F-1 0.00
1260 1 15 in. 869.10 827.89 2-G 1027 125 122  0.0120 OUTLET 16.40 F-2 0.00
29.00 1 24 in. 807.66 807.90 2-F 957 200 185  0.0120 OUTLET** 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
2390 1 27 in. 806.82 807.95 2-F 7.37 2.25 1.71 0.0245 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
2260 1 24 in. 807.78 809.87 2-F 7.96 2.00 1.69 0.0247 OUTLET* 1.30 D-1 0.00
16.70 1 21in. 809.51 814.00 2-F 7.10 1.75 1.50 0.0248 OUTLET 7.20 D-2 0.00
2390 1 30in. 806.34 807.02 2-F 6.89 2.50 1.66 0.0244 OUTLET* 0.00 D+1 0.00
29.00 1 27 in. 807.70 809.26 2-F 8.21 2.25 1.87 0.0245 OUTLET* 0.00 F 0.00
2260 1 24 in. 809.11 81211 2-F 7.96 2.00 1.69 0.0247 OUTLET* 6.40 F-1 0.00
16.70 1 21in. 811.53 81824 2-F 7.10 1.75 1.50 0.0248 OUTLET 12.30 F-2 0.00
29.00 1 30in. 806.91 807.85 2-F 7.50 2.50 1.84 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2390 1 36 in. 805.98 806.42 1-A 6.00 2.74 1.58 0.0281 OUTLET* 0.00 D 0.00
2390 1 42in. 805.82 806.20 1-A 5.36 248 1.50 0.0278 OUTLET* 0.00 D+1 0.00
29.00 1 36 in. 806.29 806.80 1-A 6.81 2.74 1.74 0.0281 OUTLET* 0.00 F 0.00
29.00 1 42in. 806.08 806.48 1-A 6.44 2.98 1.66 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2390 1 60 in. 805.50 80591 1-A 4.23 2.18 1.35 0.0332 OUTLET* 0.00 D 0.00
2390 1 66 in. 805.42 805.85 1-A 3.99 2.08 1.32 0.0330 OUTLET* 0.00 D+1 0.00
29.00 1 60 in. 805.73 806.14 1-A 5.13 243 1.49 0.0332 OUTLET* 0.00 F 0.00
29.00 1 66 in. 805.63 806.06 1-A 4.84 2.31 1.45 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

2390 1 60 in. 805.50 805.84 1-A 4.23 1.90 1.35 0.0260 OUTLET* 0.00 D 0.00
2390 1 66 in. 805.42 805.77 1-A 3.99 1.83 1.32 0.0260 OUTLET* 0.00 D+1 0.00
29.00 1 60 in. 805.73 806.07 1-A 5.13 212 1.49 0.0260 OUTLET* 0.00 F 0.00
29.00 1 66 in. 805.63 80599 1-A 4.84 2.03 1.45 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 570+49 RT TO 570+95 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 802.95 Outlet Invert Elevation (ft.) : 802.79 Tailwater Elevation (ft.) : 804.46 Overflow Elevation (ft.) : 809.39

Allowable Headwater Elevation (ft.) : 808.39 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 46.00 Culvert Slope (ft./ft.) : 0.0035 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 24.50 @ 10 yrs. Flood Discharge (cfs) : 29.60 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
2450 1 21in. 807.37 807.37 2-F 1034 175 1.67  0.0120 OUTLET** 0.00 D 0.00
2270 1 18 in. 809.87 810.16 2-G 1285 150 148  0.0120 OUTLET 1.80 D-1 0.00
15.00 1 15 in. 828.10 81749 2-G 1222 125 124  0.0120 OUTLET 9.50 D-2 0.00
2450 1 24 in. 806.23 806.25 2-F 841 200 175  0.0120 OUTLET** 0.00 D+1 0.00
2960 1 21in. 808.79 808.70 2-E 12.31 175 1.71 0.0120 INLET 0.00 F 0.00
2270 1 18 in. 813.50 81278 2-G 1285 150 148  0.0120 OUTLET 6.90 F-1 0.00
15.00 1 15 in. 877.14 82348 2-G 1222 125 124  0.0120 OUTLET 14.60 F-2 0.00
2960 1 24 in. 807.09 807.04 2-E 942 200 1.8  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
2450 1 27 in. 806.24 806.92 2-F 746 225 173  0.0245 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
2450 1 24 in. 807.25 808.40 2-F 8.41 2.00 1.75 0.0247 OUTLET* 0.00 D-1 0.00
2040 1 21in. 809.04 81154 2-F 8.62 1.75 1.61 0.0248 OUTLET* 4.10 D-2 0.00
2450 1 30in. 805.72 806.19 2-F 6.95 2.50 1.69 0.0244 OUTLET* 0.00 D+1 0.00
2960 1 27 in. 807.13 80798 2-F 8.32 2.25 1.89 0.0245 OUTLET* 0.00 F 0.00
2740 1 24 in. 808.59 810.16 2-F 9.14 2.00 1.82 0.0247 OUTLET* 2.20 F-1 0.00
2040 1 21in. 811.13 81480 2-F 8.62 1.75 1.61 0.0248 OUTLET* 9.20 F-2 0.00
2960 1 30in. 806.30 806.88 2-F 7.58 2.50 1.85 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2450 1 36 in. 805.33 805.72 1-A 6.06 2.74 1.60 0.0281 OUTLET* 0.00 D 0.00
2450 1 42in. 805.17 80551 1-A 5.41 2.56 1.52 0.0278 OUTLET* 0.00 D+1 0.00
2960 1 36 in. 805.64 806.07 1-A 6.86 2.74 1.76 0.0281 OUTLET* 0.00 F 0.00
2960 1 42in. 80542 80580 1-A 6.48 3.20 1.68 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2450 1 60 in. 804.85 805.23 1-A 4.26 2.22 1.37 0.0332 OUTLET* 0.00 D 0.00
2450 1 66 in. 804.77 80517 1-A 4.02 212 1.33 0.0330 OUTLET* 0.00 D+1 0.00
2960 1 60 in. 805.07 80545 1-A 5.15 2.48 1.51 0.0332 OUTLET* 0.00 F 0.00
2960 1 66 in. 804.98 80538 1-A 4.86 2.35 1.47 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

2450 1 60 in. 804.85 805.18 1-A 4.26 1.94 1.37 0.0260 OUTLET* 0.00 D 0.00
2450 1 66 in. 804.77 805.12 1-A 4.02 1.86 1.33 0.0260 OUTLET* 0.00 D+1 0.00
2960 1 60 in. 805.07 80540 1-A 5.15 2.15 1.51 0.0260 OUTLET* 0.00 F 0.00
2960 1 66 in. 804.98 80533 1-A 4.86 2.06 1.47 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 572+50 RT TO 573+00 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 802.25 Outlet Invert Elevation (ft.) : 802.12 Tailwater Elevation (ft.) : 804.29 Overflow Elevation (ft.) : 807.35

Allowable Headwater Elevation (ft.) : 806.35 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 50.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 38.10 @ 10 yrs. Flood Discharge (cfs) : 46.00 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
3810 1 30in. 805.86 805.90 2-F 842 250 209  0.0120 OUTLET** 0.00 D 0.00
3810 1 27in. 806.66 806.64 2-E 958 225 206  0.0120 INLET 0.00 D-1 0.00
3350 1 24 in. 808.15 80823 2-G 1066 200 191 0.0120 OUTLET 4.60 D-2 0.00
3810 1 33in. 80545 80554 1-A 758 251 205  0.0120 OUTLET* 0.00 D+1 0.00
46.00 1 30in. 806.71 806.66 2-E 9.37 250 224  0.0120 INLET 0.00 F 0.00
4250 1 27in. 807.94 807.75 2-E 1069 225 212  0.0120 INLET 3.50 F-1 0.00
3350 1 24 in. 810.16 810.04 2-G 1066 200 191 0.0120 OUTLET 12.50 F-2 0.00
46.00 1 33in. 806.03 806.06 2-F 886 275 225  0.0120 OUTLET** 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
38.10 1 36 in. 805.54 806.04 2-F 6.96 3.00 2.01 0.0241 OUTLET** 0.00 D 0.00

CDSS 1.0.0.3. 572+50.xml 1



UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
38.10 1 33in. 806.00 806.62 2-F 7.58 2.75 2.05 0.0241 OUTLET* 0.00 D-1 0.00
36.10 1 30in. 806.83 807.70 2-F 7.98 2.50 2.04 0.0244 OUTLET* 2.00 D-2 0.00
38.10 1 42 in. 805.13 805.56 1-A 6.08 3.20 1.92 0.0237 OUTLET* 0.00 D+1 0.00
46.00 1 36 in. 806.21 806.79 2-F 8.24 3.00 2.21 0.0241 OUTLET* 0.00 F 0.00
4360 1 33in. 806.97 807.68 2-F 8.59 2.75 219 0.0241 OUTLET* 2.40 F-1 0.00
36.10 1 30in. 808.21 809.28 2-F 7.98 2.50 2.04 0.0244 OUTLET* 9.90 F-2 0.00
46.00 1 42in. 805.52 80596 1-A 7.34 3.20 212 0.0237 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

38.10 1 36 in. 805.54 806.24 2-F 6.96 3.00 2.01 0.0281 OUTLET** 0.00 D 0.00
3810 1 42in. 805.13 805.60 1-A 6.08 3.20 1.92 0.0278 OUTLET* 0.00 D+1 0.00
46.00 1 36 in. 806.21 807.08 2-F 8.24 3.00 2.21 0.0281 OUTLET* 0.00 F 0.00
46.00 1 42in. 805.52 806.03 1-A 7.34 3.20 212 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

38.10 1 60 in. 804.71 80517 1-A 4.66 3.18 1.72 0.0332 OUTLET* 0.00 D 0.00
38.10 1 66 in. 804.60 805.09 1-A 4.37 2.96 1.67 0.0330 OUTLET* 0.00 D+1 0.00
46.00 1 60 in. 804.99 80546 1-A 5.63 3.66 1.90 0.0332 OUTLET* 0.00 F 0.00
46.00 1 66 in. 804.88 805.34 1-A 5.28 3.33 1.84 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

38.10 1 60 in. 804.71 805.10 1-A 4.66 2.72 1.72 0.0260 OUTLET* 0.00 D 0.00
38.10 1 66 in. 804.60 805.02 1-A 4.37 2.57 1.67 0.0260 OUTLET* 0.00 D+1 0.00
46.00 1 60 in. 804.99 80538 1-A 5.63 3.06 1.90 0.0260 OUTLET* 0.00 F 0.00
46.00 1 66 in. 804.88 805.28 1-A 5.28 2.87 1.84 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 575+65 RT TO 576+19 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 801.46 Outlet Invert Elevation (ft.) : 801.32 Tailwater Elevation (ft.) : 803.51 Overflow Elevation (ft.) : 808.23

Allowable Headwater Elevation (ft.) : 807.23 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 54.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 39.10 @ 10 yrs. Flood Discharge (cfs) : 47.20 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
3910 1 27in. 806.02 806.04 2-F 991 225 208  0.0120 OUTLET 0.00 D 0.00
3910 1 24 in. 807.60 807.76 2-G 1245 200 195  0.0120 OUTLET 0.00 D-1 0.00
3050 1 21in. 810.96 81122 2-G 1268 175 172  0.0120 OUTLET 8.60 D-2 0.00
3910 1 30in. 805.17 80522 2-F 858 250 211 0.0120 OUTLET** 0.00 D+1 0.00
4720 1 27in. 807.37 80721 2-E 1187 225 216  0.0120 INLET 0.00 F 0.00
4110 1 24 in. 809.72 809.71 2-G 13.08 200 196  0.0120 OUTLET 6.10 F-1 0.00
3050 1 21in. 817.29 81475 2-G 1268 175 172  0.0120 OUTLET 16.70 F-2 0.00
4720 1 30in. 806.06 806.03 2-E 962 250 226  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
39.10 1 30in. 806.20 807.22 2-F 8.58 2.50 2.1 0.0244 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
3490 1 27 in. 807.66 809.40 2-F 8.84 2.25 2.01 0.0245 OUTLET 4.20 D-1 0.00
26.30 1 24 in. 809.99 813.87 2-G 8.37 2.00 1.79 0.0247 OUTLET 12.80 D-2 0.00
39.10 1 33in. 805.32 806.02 2-F 7.71 2.75 2.08 0.0241 OUTLET* 0.00 D+1 0.00
4400 1 30in. 807.64 808.93 2-F 9.59 2.50 2.21 0.0244 OUTLET* 3.20 F 0.00
3490 1 27 in. 809.62 81211 2-F 8.84 2.25 2.01 0.0245 OUTLET 12.30 F-1 0.00
2630 1 24 in. 813.69 818.61 2-G 8.37 2.00 1.79 0.0247 OUTLET 20.90 F-2 0.00
4720 1 33in. 806.34 807.16 2-F 9.00 2.75 2.27 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

39.10 1 36 in. 804.82 80560 2-F 7.07 3.00 2.04 0.0281 OUTLET** 0.00 D 0.00
39.10 1 42in. 804.38 804.88 1-A 6.17 3.20 1.94 0.0278 OUTLET* 0.00 D+1 0.00
4720 1 36 in. 805.53 806.51 2-F 8.35 3.00 2.24 0.0281 OUTLET* 0.00 F 0.00
4720 1 42in. 804.79 80532 1-A 7.45 3.20 2.14 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

39.10 1 60 in. 803.95 804.43 1-A 4.73 3.24 1.74 0.0332 OUTLET* 0.00 D 0.00
39.10 1 66 in. 803.85 804.33 1-A 4.43 3.01 1.70 0.0330 OUTLET* 0.00 D+1 0.00
4720 1 60 in. 804.24 804.71 1-A 5.71 3.74 1.92 0.0332 OUTLET* 0.00 F 0.00
4720 1 66 in. 804.13 80458 1-A 5.35 3.39 1.87 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

39.10 1 60 in. 803.95 804.36 1-A 4.73 2.76 1.74 0.0260 OUTLET* 0.00 D 0.00
39.10 1 66 in. 803.85 804.28 1-A 4.43 2.61 1.70 0.0260 OUTLET* 0.00 D+1 0.00
4720 1 60 in. 804.24 80465 1-A 5.71 3.12 1.92 0.0260 OUTLET* 0.00 F 0.00
4720 1 66 in. 804.13 80454 1-A 5.35 2.92 1.87 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 578+05 RT TO 578+38 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 800.86 Outlet Invert Elevation (ft.) : 800.76 Tailwater Elevation (ft.) : 802.99 Overflow Elevation (ft.) : 807.95

Allowable Headwater Elevation (ft.) : 806.95 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 38.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 40.80 @ 10 yrs. Flood Discharge (cfs) : 49.30 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4080 1 27 in. 805.68 805.51 2-E 1026 225 210  0.0120 INLET 0.00 D 0.00
4080 1 24 in. 807.40 807.18 2-H 1299 200 1.96  0.0120 INLET 0.00 D-1 0.00
33.10 1 21in. 811.30 81049 2-G 1376 175 173  0.0120 OUTLET 7.70 D-2 0.00
4080 1 30 in. 804.74 80469 2-E 831 250 215  0.0120 INLET 0.00 D+1 0.00
4930 1 27 in. 807.15 806.67 2-E 1240 225 217  0.0120 INLET 0.00 F 0.00
4290 1 24 in. 809.76 809.11 2-H 1366 200 1.96  0.0120 INLET 6.40 F-1 0.00
33.10 1 21in. 819.41 81393 2-G 1376 175 173  0.0120 OUTLET 16.20 F-2 0.00
4930 1 30in. 805.72 80550 2-E 10.04 250 229  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4080 1 30in. 805.89 806.44 2-F 883 250 215  0.0244 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
38.90 1 27 in. 807.46 808.43 2-F 9.80 2.25 2.08 0.0245 OUTLET 1.90 D-1 0.00
2960 1 24 in. 810.00 81240 2-G 9.42 2.00 1.86 0.0247 OUTLET 11.20 D-2 0.00
40.80 1 33in. 804.92 805.36 2-F 7.91 2.75 212 0.0241 OUTLET* 0.00 D+1 0.00
48.70 1 30in. 807.44 808.05 2-F 10.36 2.50 2.28 0.0244 OUTLET* 0.60 F 0.00
3890 1 27 in. 809.57 81093 2-F 9.80 2.25 2.08 0.0245 OUTLET 10.40 F-1 0.00
2960 1 24 in. 81455 816.73 2-G 9.42 2.00 1.86 0.0247 OUTLET 19.70 F-2 0.00
4930 1 33in. 806.03 80645 2-F 9.25 2.75 2.31 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

40.80 1 36 in. 804.36 80494 2-F 7.24 3.00 2.08 0.0281 OUTLET** 0.00 D 0.00
40.80 1 42in. 803.87 804.34 1-A 6.31 3.20 1.99 0.0278 OUTLET* 0.00 D+1 0.00
4930 1 36 in. 805.14 80580 2-F 8.53 3.00 2.29 0.0281 OUTLET* 0.00 F 0.00
4930 1 42in. 804.30 804.77 1-A 7.62 3.20 219 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

40.80 1 60 in. 803.42 803.87 1-A 4.82 3.32 1.78 0.0332 OUTLET* 0.00 D 0.00
40.80 1 66 in. 803.31 803.76 1-A 4.52 3.07 1.73 0.0330 OUTLET* 0.00 D+1 0.00
4930 1 60 in. 803.71 804.16 1-A 5.82 3.86 1.97 0.0332 OUTLET* 0.00 F 0.00
4930 1 66 in. 803.59 804.03 1-A 5.46 3.48 1.91 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

40.80 1 60 in. 803.42 803.81 1-A 4.82 2.82 1.78 0.0260 OUTLET* 0.00 D 0.00
40.80 1 66 in. 803.31 803.72 1-A 4.52 2.66 1.73 0.0260 OUTLET* 0.00 D+1 0.00
4930 1 60 in. 803.71 804.10 1-A 5.82 3.20 1.97 0.0260 OUTLET* 0.00 F 0.00
4930 1 66 in. 803.59 803.99 1-A 5.46 2.98 1.91 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 578+60 RT TO 578+93 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 800.72 Outlet Invert Elevation (ft.) : 800.63 Tailwater Elevation (ft.) : 802.86 Overflow Elevation (ft.) : 807.47

Allowable Headwater Elevation (ft.) : 806.47 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 33.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 40.00 @ 10 yrs. Flood Discharge (cfs) : 48.40 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
40.00 1 27 in. 80542 80521 2-E 10.06 225 2,09  0.0120 INLET 0.00 D 0.00
40.00 1 24 in. 807.07 806.75 2-H 1273 200 195  0.0120 INLET 0.00 D-1 0.00
3240 1 21in. 810.70 809.80 2-H 1347 175 172  0.0120 INLET 7.60 D-2 0.00
40.00 1 30 in. 804.52 804.45 2-E 815 250 213  0.0120 INLET 0.00 D+1 0.00
4840 1 27 in. 806.84 806.30 2-E 1217 225 217  0.0120 INLET 0.00 F 0.00
4160 1 24 in. 809.34 808.56 2-H 1324 200 1.96  0.0120 INLET 6.80 F-1 0.00
3240 1 21in. 818.03 813.01 2-H 1347 175 172  0.0120 INLET 16.00 F-2 0.00
4840 1 30in. 805.47 80522 2-E 986 250 228  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
40.00 1 30in. 805.61 806.00 2-F 865 250 213  0.0244 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
38.60 1 27 in. 807.13 807.79 2-F 9.72 2.25 2.07 0.0245 OUTLET 1.40 D-1 0.00
2940 1 24 in. 809.57 81135 2-G 9.36 2.00 1.85 0.0247 OUTLET 10.60 D-2 0.00
40.00 1 33in. 804.68 805.04 2-F 7.75 2.75 2.10 0.0241 OUTLET* 0.00 D+1 0.00
4820 1 30in. 807.13 807.50 2-F 10.28 2.50 2.27 0.0244 OUTLET* 0.20 F 0.00
38.60 1 27 in. 809.19 810.08 2-F 9.72 2.25 2.07 0.0245 OUTLET 9.80 F-1 0.00
2940 1 24 in. 813.75 81528 2-G 9.36 2.00 1.85 0.0247 OUTLET 19.00 F-2 0.00
48.40 1 33in. 805.76 806.06 2-F 9.14 2.75 2.30 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

40.00 1 36 in. 804.16 804.66 2-F 7.10 3.00 2.06 0.0281 OUTLET** 0.00 D 0.00
40.00 1 42in. 803.69 804.12 1-A 6.18 3.20 1.97 0.0278 OUTLET* 0.00 D+1 0.00
48.40 1 36 in. 804.91 80545 2-F 8.45 3.00 2.27 0.0281 OUTLET* 0.00 F 0.00
48.40 1 42in. 804.12 80455 1-A 7.48 3.20 217 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

40.00 1 60 in. 803.25 803.68 1-A 4.72 3.23 1.76 0.0332 OUTLET* 0.00 D 0.00
40.00 1 66 in. 803.14 803.59 1-A 4.43 3.00 1.72 0.0330 OUTLET* 0.00 D+1 0.00
48.40 1 60 in. 803.54 803.95 1-A 5.71 3.74 1.95 0.0332 OUTLET* 0.00 F 0.00
48.40 1 66 in. 803.42 80385 1-A 5.36 3.39 1.89 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

40.00 1 60 in. 803.25 803.64 1-A 4.72 2.76 1.76 0.0260 OUTLET* 0.00 D 0.00
40.00 1 66 in. 803.14 803.55 1-A 4.43 2.61 1.72 0.0260 OUTLET* 0.00 D+1 0.00
48.40 1 60 in. 803.54 803.92 1-A 5.71 3.12 1.95 0.0260 OUTLET* 0.00 F 0.00
48.40 1 66 in. 803.42 803.81 1-A 5.36 2.92 1.89 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study
Description : Proposed Drive Pipe - 579+59 RT TO 579+93 RT

Location : Columbia Station, OH
Designer : SJD

INLET - Inlet Control.

OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.

N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

HEADWATER CONTROL CODES:

Inlet Invert Elevation (ft.) : 800.48 Outlet Invert Elevation (ft.) : 800.39 Tailwater Elevation (ft.) : 802.63 Overflow Elevation (ft.) : 806.88

or Diameter + 4 ft.

Allowable Headwater Elevation (ft.) : 805.88
Pipe Length (ft.) : 34.00

Culvert Slope (ft./ft.) : 0.0026

(whichever is less)

Design Manning 'n' : 0.0120

Design Discharge (cfs) : 41.10 @ 10 yrs. Flood Discharge (cfs) : 49.70 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4110 1 27 in. 805.35 805.13 2-E 1034 225 211 0.0120 INLET 0.00 D 0.00
4020 1 24 in. 807.10 806.77 2-H 1280 200 1.95  0.0120 INLET 0.90 D-1 0.00
3110 1 21in. 811.11 81001 2-G 1293 175 172  0.0120 OUTLET 10.00 D-2 0.00
4110 1 30 in. 804.39 804.31 2-E 837 250 215  0.0120 INLET 0.00 D+1 0.00
4970 1 27 in. 806.85 806.28 2-E 1250 225 218  0.0120 INLET 0.00 F 0.00
4020 1 24 in. 809.51 808.68 2-H 1280 200 1.95  0.0120 INLET 9.50 F-1 0.00
3110 1 21in. 819.62 81342 2-G 1293 175 172  0.0120 OUTLET 18.60 F-2 0.00
4970 1 30in. 805.39 805.12 2-E 1012 250 230  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4110 1 33in. 804.57 80495 2-F 793 275 213 0.0241 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4110 1 30in. 805.56 80598 2-F 8.86 2.50 2.15 0.0244 OUTLET* 0.00 D-1 0.00
36.90 1 27 in. 807.15 80790 2-F 9.29 2.25 2.05 0.0245 OUTLET 4.20 D-2 0.00
4110 1 36 in. 804.01 804.37 2-F 7.26 3.00 2.09 0.0241 OUTLET* 0.00 D+1 0.00
49.70 1 33in. 805.71 806.02 2-F 9.29 2.75 2.32 0.0241 OUTLET* 0.00 F 0.00
46.10 1 30in. 807.14 80756 2-F 9.93 2.50 2.24 0.0244 OUTLET* 3.60 F-1 0.00
36.90 1 27 in. 809.29 81033 2-F 9.29 2.25 2.05 0.0245 OUTLET 12.80 F-2 0.00
49.70 1 36 in. 804.80 805.14 2-F 8.57 3.00 2.29 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

4110 1 36 in. 804.01 80453 2-F 7.26 3.00 2.09 0.0281 OUTLET** 0.00 D 0.00
4110 1 42in. 803.50 803.95 1-A 6.32 3.20 2.00 0.0278 OUTLET* 0.00 D+1 0.00
49.70 1 36 in. 804.80 80537 2-F 8.57 3.00 2.29 0.0281 OUTLET* 0.00 F 0.00
4970 1 42in. 803.95 80439 1-A 7.64 3.20 2.20 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4110 1 60 in. 803.05 803.49 1-A 4.82 3.33 1.79 0.0332 OUTLET* 0.00 D 0.00
4110 1 66 in. 802.94 803.40 1-A 4.52 3.08 1.74 0.0330 OUTLET* 0.00 D+1 0.00
4970 1 60 in. 803.34 803.76 1-A 5.83 3.88 1.97 0.0332 OUTLET* 0.00 F 0.00
49.70 1 66 in. 803.23 803.66 1-A 5.47 3.49 1.92 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

4110 1 60 in. 803.05 803.44 1-A 4.82 2.83 1.79 0.0260 OUTLET* 0.00 D 0.00
4110 1 66 in. 802.94 803.35 1-A 4.52 2.67 1.74 0.0260 OUTLET* 0.00 D+1 0.00
49.70 1 60 in. 803.34 803.73 1-A 5.83 3.21 1.97 0.0260 OUTLET* 0.00 F 0.00
49.70 1 66 in. 803.23 803.61 1-A 5.47 2.99 1.92 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 581+04 RT TO 581+45 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 800.11 Outlet Invert Elevation (ft.) : 800.00 Tailwater Elevation (ft.) : 802.25 Overflow Elevation (ft.) : 806.54

Allowable Headwater Elevation (ft.) : 805.54 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 41.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 41.70 @ 10 yrs. Flood Discharge (cfs) : 50.50 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4170 1 27 in. 805.08 804.93 2-H 1049 225 211 0.0120 INLET 0.00 D 0.00
4030 1 24 in. 806.88 806.71 2-H 1283 200 1.95  0.0120 INLET 1.40 D-1 0.00
3050 1 21in. 811.12 81026 2-G 1268 175 172  0.0120 OUTLET 11.20 D-2 0.00
4170 1 30 in. 804.09 804.04 2-E 850 250 216  0.0120 INLET 0.00 D+1 0.00
50.00 1 27 in. 806.63 806.18 2-H 1258 225 218  0.0120 INLET 0.50 F 0.00
4030 1 24 in. 809.41 808.80 2-H 1283 200 1.95  0.0120 INLET 10.20 F-1 0.00
3050 1 21in. 820.52 81399 2-G 1268 175 172  0.0120 OUTLET 20.00 F-2 0.00
50.50 1 30in. 805.12 80490 2-E 1029 250  2.31 0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4170 1 33in. 804.28 80477 2-F 802 275 215  0.0241 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4170 1 30in. 805.29 80595 2-F 8.96 2.50 2.16 0.0244 OUTLET* 0.00 D-1 0.00
35.60 1 27 in. 806.92 808.12 2-G 8.95 2.25 2.02 0.0245 OUTLET 6.10 D-2 0.00
4170 1 36 in. 803.69 804.13 2-F 7.33 3.00 2.10 0.0241 OUTLET* 0.00 D+1 0.00
50.50 1 33in. 80545 80595 2-F 9.39 2.75 2.34 0.0241 OUTLET* 0.00 F 0.00
4480 1 30in. 806.93 807.70 2-F 9.63 2.50 2.22 0.0244 OUTLET* 5.70 F-1 0.00
3560 1 27 in. 809.14 810.86 2-G 8.95 2.25 2.02 0.0245 OUTLET 14.90 F-2 0.00
5050 1 36 in. 804.51 80497 2-F 8.64 3.00 2.31 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

4170 1 36 in. 803.69 80432 2-F 7.33 3.00 2.10 0.0281 OUTLET** 0.00 D 0.00
4170 1 42in. 803.16 803.63 1-A 6.38 3.20 2.01 0.0278 OUTLET* 0.00 D+1 0.00
5050 1 36 in. 804.51 80525 2-F 8.64 3.00 2.31 0.0281 OUTLET* 0.00 F 0.00
5050 1 42in. 803.62 804.10 1-A 7.73 3.20 2.22 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4170 1 60 in. 802.70 803.15 1-A 4.87 3.35 1.80 0.0332 OUTLET* 0.00 D 0.00
4170 1 66 in. 802.59 803.06 1-A 4.56 3.10 1.75 0.0330 OUTLET* 0.00 D+1 0.00
5050 1 60 in. 803.00 80344 1-A 5.89 3.91 1.99 0.0332 OUTLET* 0.00 F 0.00
5050 1 66 in. 802.88 803.33 1-A 5.52 3.51 1.94 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

4170 1 60 in. 802.70 803.10 1-A 4.87 2.84 1.80 0.0260 OUTLET* 0.00 D 0.00
4170 1 66 in. 802.59 803.01 1-A 4.56 2.68 1.75 0.0260 OUTLET* 0.00 D+1 0.00
5050 1 60 in. 803.00 803.39 1-A 5.89 3.23 1.99 0.0260 OUTLET* 0.00 F 0.00
5050 1 66 in. 802.88 803.28 1-A 5.52 3.01 1.94 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 581+99 RT TO 582+39 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 799.88 Outlet Invert Elevation (ft.) : 799.78 Tailwater Elevation (ft.) : 802.05 Overflow Elevation (ft.) : 806.08

Allowable Headwater Elevation (ft.) : 805.08 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 40.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 42.50 @ 10 yrs. Flood Discharge (cfs) : 51.30 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4250 1 27 in. 804.98 804.82 2-H 1069 225 212  0.0120 INLET 0.00 D 0.00
3930 1 24 in. 806.85 806.66 2-H 1251 200 195  0.0120 INLET 3.20 D-1 0.00
2960 1 21in. 811.43 810.31 2-G 12.31 175  1.71 0.0120 OUTLET 12.90 D-2 0.00
4250 1 30 in. 803.94 803.88 2-E 866 250 218  0.0120 INLET 0.00 D+1 0.00
4880 1 27 in. 806.55 806.08 2-H 1227 225 217  0.0120 INLET 2.50 F 0.00
3930 1 24 in. 809.46 808.76 2-H 1251 200 1.95  0.0120 INLET 12.00 F-1 0.00
2960 1 21in. 821.67 814.08 2-G 12.31 175 1.71 0.0120 OUTLET 21.70 F-2 0.00
5130 1 30in. 805.00 804.75 2-E 1045 250 232  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4250 1 33in. 804.14 80463 2-F 810 275 217  0.0241 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4250 1 30in. 805.20 805.84 2-F 9.08 2.50 2.18 0.0244 OUTLET* 0.00 D-1 0.00
3470 1 27 in. 806.88 808.08 2-G 8.73 2.25 2.01 0.0245 OUTLET 7.80 D-2 0.00
4250 1 36 in. 803.53 803.96 2-F 7.41 3.00 212 0.0241 OUTLET* 0.00 D+1 0.00
51.30 1 33in. 805.34 805.82 2-F 9.48 2.75 2.35 0.0241 OUTLET* 0.00 F 0.00
43.80 1 30in. 806.85 807.60 2-F 9.35 2.50 2.20 0.0244 OUTLET* 7.50 F-1 0.00
3470 1 27 in. 809.13 810.84 2-G 8.73 2.25 2.01 0.0245 OUTLET 16.60 F-2 0.00
5130 1 36 in. 804.37 80481 2-F 8.71 3.00 2.33 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

4250 1 36 in. 803.53 804.16 2-F 7.41 3.00 212 0.0281 OUTLET** 0.00 D 0.00
4250 1 42in. 802.97 80344 1-A 6.44 3.20 2.03 0.0278 OUTLET* 0.00 D+1 0.00
5130 1 36 in. 804.37 80510 2-F 8.71 3.00 2.33 0.0281 OUTLET* 0.00 F 0.00
5130 1 42in. 803.44 80391 1-A 7.77 3.20 2.24 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4250 1 60 in. 802.50 802.96 1-A 4.90 3.49 1.82 0.0332 OUTLET* 0.00 D 0.00
4250 1 66 in. 802.39 802.85 1-A 4.59 3.21 1.77 0.0330 OUTLET* 0.00 D+1 0.00
5130 1 60 in. 802.79 803.24 1-A 5.92 4.13 2.01 0.0332 OUTLET* 0.00 F 0.00
5130 1 66 in. 802.68 803.14 1-A 5.54 3.64 1.95 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

4250 1 60 in. 802.50 802.89 1-A 4.90 2.94 1.82 0.0260 OUTLET* 0.00 D 0.00
4250 1 66 in. 802.39 802.81 1-A 4.59 2.77 1.77 0.0260 OUTLET* 0.00 D+1 0.00
5130 1 60 in. 802.79 803.19 1-A 5.92 3.35 2.01 0.0260 OUTLET* 0.00 F 0.00
5130 1 66 in. 802.68 803.08 1-A 5.54 3.1 1.95 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 581+99.xml 2



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 582+61 RT TO 582+94 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 799.72 Outlet Invert Elevation (ft.) : 799.63 Tailwater Elevation (ft.) : 801.90 Overflow Elevation (ft.) : 805.57

Allowable Headwater Elevation (ft.) : 804.57 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 33.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 41.70 @ 10 yrs. Flood Discharge (cfs) : 50.40 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4170 1 30in. 803.70 80360 2-E 850 250 216  0.0120 INLET 0.00 D 0.00
4170 1 27in. 804.69 80446 2-H 1049 225 211 0.0120 INLET 0.00 D-1 0.00
37.80 1 24 in. 806.49 806.13 2-H 1203 200 194  0.0120 INLET 3.90 D-2 0.00
4170 1 33in. 803.17 80320 2-F 795 275 215  0.0120 OUTLET* 0.00 D+1 0.00
50.40 1 30in. 804.72 80442 2-E 1027 250 230  0.0120 INLET 0.00 F 0.00
46.80 1 27in. 806.22 805.63 2-H 1177 225 216  0.0120 INLET 3.60 F-1 0.00
37.80 1 24 in. 808.99 808.08 2-H 1203 200 194  0.0120 INLET 12.60 F-2 0.00
50.40 1 33in. 803.87 80377 2-E 849 275 233  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4170 1 33in. 803.89 80423 2-F 7.95 2.75 2.15 0.0241 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4170 1 30in. 804.90 80529 2-F 8.91 2.50 2.16 0.0244 OUTLET* 0.00 D-1 0.00
3450 1 27 in. 806.53 807.26 2-G 8.68 2.25 2.00 0.0245 OUTLET 7.20 D-2 0.00
4170 1 36 in. 803.30 803.65 2-F 7.27 3.00 2.10 0.0241 OUTLET* 0.00 D+1 0.00
50.40 1 33in. 805.05 805.32 2-F 9.38 2.75 2.33 0.0241 OUTLET* 0.00 F 0.00
4330 1 30in. 806.52 806.89 2-F 9.25 2.50 2.20 0.0244 OUTLET* 7.10 F-1 0.00
3450 1 27 in. 808.72 809.73 2-G 8.68 2.25 2.00 0.0245 OUTLET 15.90 F-2 0.00
5040 1 36 in. 804.11 80443 2-F 8.63 3.00 2.31 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

4170 1 36 in. 803.30 803.81 2-F 7.27 3.00 2.10 0.0281 OUTLET** 0.00 D 0.00
4170 1 42in. 802.77 803.22 1-A 6.31 3.20 2.01 0.0278 OUTLET* 0.00 D+1 0.00
5040 1 36 in. 804.11 80466 2-F 8.63 3.00 2.31 0.0281 OUTLET* 0.00 F 0.00
5040 1 42in. 803.23 803.67 1-A 7.63 3.20 2.22 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4170 1 60 in. 802.31 802.74 1-A 4.81 3.33 1.80 0.0332 OUTLET* 0.00 D 0.00
4170 1 66 in. 802.20 802.65 1-A 4.51 3.08 1.75 0.0330 OUTLET* 0.00 D+1 0.00
5040 1 60 in. 802.60 803.04 1-A 5.81 3.88 1.99 0.0332 OUTLET* 0.00 F 0.00
5040 1 66 in. 802.49 80292 1-A 5.45 3.49 1.93 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

4170 1 60 in. 802.31 802.71 1-A 4.81 2.83 1.80 0.0260 OUTLET* 0.00 D 0.00
4170 1 66 in. 802.20 802.62 1-A 4.51 2.67 1.75 0.0260 OUTLET* 0.00 D+1 0.00
5040 1 60 in. 802.60 80299 1-A 5.81 3.20 1.99 0.0260 OUTLET* 0.00 F 0.00
5040 1 66 in. 802.49 802.88 1-A 5.45 2.99 1.93 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 583+65 RT TO 583+86 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 799.46 Outlet Invert Elevation (ft.) : 799.40 Tailwater Elevation (ft.) : 801.71 Overflow Elevation (ft.) : 806.42

Allowable Headwater Elevation (ft.) : 805.42 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 21.00 Culvert Slope (ft./ft.) : 0.0029 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 44.50 @ 10 yrs. Flood Discharge (cfs) : 53.80 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4450 1 27in. 804.89 80441 2-H 1119 225 214  0.0120 INLET 0.00 D 0.00
4240 1 24 in. 806.95 806.14 2-H 1350 200 196  0.0120 INLET 2.10 D-1 0.00
33.00 1 21in. 81258 809.49 2-H 1372 175 173  0.0120 INLET 11.50 D-2 0.00
4450 1 30in. 803.74 80350 2-E 9.07 250 222  0.0120 INLET 0.00 D+1 0.00
5270 1 27in. 806.62 805.66 2-H 1325 225 219  0.0120 INLET 1.10 F 0.00
4240 1 24 in. 809.98 808.18 2-H 1350 200 196  0.0120 INLET 11.40 F-1 0.00
33.00 1 21in. 826.39 813.08 2-H 1372 175 173  0.0120 INLET 20.80 F-2 0.00
53.80 1 30in. 804.91 80437 2-E 1096 250 234  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4450 1 30in. 805.14 805.05 2-E 9.07 2.50 2.22 0.0244 INLET 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4220 1 27 in. 806.94 806.94 2-G 10.61 2.25 212 0.0245 OUTLET 2.30 D-1 0.00
3240 1 24 in. 810.20 810.55 2-G 10.31 2.00 1.89 0.0247 OUTLET 12.10 D-2 0.00
4450 1 33in. 803.98 804.05 2-F 8.35 2.75 2.21 0.0241 OUTLET* 0.00 D+1 0.00
51.20 1 30in. 806.93 806.63 2-E 10.43 2.50 2.31 0.0244 INLET 2.60 F 0.00
4220 1 27 in. 809.44 80935 2-G 10.61 2.25 212 0.0245 OUTLET 11.60 F-1 0.00
3240 1 24 in. 817.56 81463 2-G 10.31 2.00 1.89 0.0247 OUTLET 21.40 F-2 0.00
53.80 1 33in. 805.30 805.14 2-E 9.06 2.75 2.40 0.0241 INLET 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

4450 1 36 in. 803.28 80359 2-F 7.62 3.00 217 0.0281 OUTLET** 0.00 D 0.00
4450 1 42in. 802.65 803.07 1-A 6.61 3.20 2.08 0.0278 OUTLET* 0.00 D+1 0.00
53.80 1 36 in. 804.22 80444 2-F 8.94 3.00 2.38 0.0281 OUTLET* 0.00 F 0.00
53.80 1 42in. 803.16 803.52 1-A 7.99 3.20 2.29 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4450 1 60 in. 802.15 802.55 1-A 5.02 3.43 1.86 0.0332 OUTLET* 0.00 D 0.00
4450 1 66 in. 802.04 802.46 1-A 4.70 3.16 1.81 0.0330 OUTLET* 0.00 D+1 0.00
53.80 1 60 in. 802.45 80286 1-A 6.07 4.04 2.06 0.0332 OUTLET* 0.00 F 0.00
53.80 1 66 in. 802.33 802.74 1-A 5.68 3.59 2.00 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

4450 1 60 in. 802.15 802.53 1-A 5.02 2.91 1.86 0.0260 OUTLET* 0.00 D 0.00
4450 1 66 in. 802.04 802.44 1-A 4.70 2.74 1.81 0.0260 OUTLET* 0.00 D+1 0.00
53.80 1 60 in. 802.45 802.84 1-A 6.07 3.30 2.06 0.0260 OUTLET* 0.00 F 0.00
53.80 1 66 in. 802.33 802.72 1-A 5.68 3.07 2.00 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 584+63 RT TO 584+83 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 799.22 Outlet Invert Elevation (ft.) : 799.17 Tailwater Elevation (ft.) : 801.51 Overflow Elevation (ft.) : 806.40

Allowable Headwater Elevation (ft.) : 805.40 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 20.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 45.60 @ 10 yrs. Flood Discharge (cfs) : 55.10 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4560 1 27in. 804.84 80433 2-H 1147 225 215  0.0120 INLET 0.00 D 0.00
4330 1 24 in. 807.02 806.12 2-H 1378 200 196  0.0120 INLET 2.30 D-1 0.00
33.60 1 21in. 813.35 809.61 2-H 1397 175 173  0.0120 INLET 12.00 D-2 0.00
4560 1 30in. 803.63 803.36 2-E 929 250 224  0.0120 INLET 0.00 D+1 0.00
53.80 1 27in. 806.65 805.62 2-H 1353 225 220  0.0120 INLET 1.30 F 0.00
4330 1 24 in. 810.29 80825 2-H 1378 200 196  0.0120 INLET 11.80 F-1 0.00
33.60 1 21in. 829.41 81334 2-H 1397 175 173  0.0120 INLET 21.50 F-2 0.00
5510 1 30in. 804.85 80425 2-E 1122 250 236  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4560 1 30in. 805.10 804.95 2-E 9.29 2.50 2.24 0.0244 INLET 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4320 1 27 in. 806.97 806.92 2-H 10.86 2.25 2.13 0.0245 INLET 2.40 D-1 0.00
33.30 1 24 in. 810.52 810.64 2-G 10.60 2.00 1.90 0.0247 OUTLET 12.30 D-2 0.00
4560 1 33in. 803.88 803.91 2-F 8.47 2.75 2.24 0.0241 OUTLET* 0.00 D+1 0.00
52.30 1 30in. 806.95 806.58 2-E 10.65 2.50 2.33 0.0244 INLET 2.80 F 0.00
4320 1 27 in. 809.61 80941 2-H 10.86 2.25 213 0.0245 INLET 11.90 F-1 0.00
3330 1 24 in. 819.04 81484 2-G 10.60 2.00 1.90 0.0247 OUTLET 21.80 F-2 0.00
5510 1 33in. 805.26 805.03 2-E 9.28 2.75 242 0.0241 INLET 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

4560 1 36 in. 803.14 80343 2-F 7.71 3.00 2.20 0.0281 OUTLET** 0.00 D 0.00
4560 1 42in. 802.47 80287 1-A 6.67 3.20 2.1 0.0278 OUTLET* 0.00 D+1 0.00
5510 1 36 in. 804.12 80430 2-F 9.06 3.00 2.41 0.0281 OUTLET* 0.00 F 0.00
5510 1 42in. 803.00 803.35 1-A 8.06 3.20 2.32 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4560 1 60 in. 801.94 80235 1-A 5.06 3.69 1.89 0.0332 OUTLET* 0.00 D 0.00
4560 1 66 in. 801.83 802.27 1-A 4.73 3.36 1.84 0.0330 OUTLET* 0.00 D+1 0.00
5510 1 60 in. 802.25 802.67 1-A 6.11 4.57 2.08 0.0332 OUTLET* 0.00 F 0.00
5510 1 66 in. 802.13 80254 1-A 5.72 3.84 2.03 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

4560 1 60 in. 801.94 80233 1-A 5.06 3.08 1.89 0.0260 OUTLET* 0.00 D 0.00
4560 1 66 in. 801.83 802.24 1-A 4.73 2.89 1.84 0.0260 OUTLET* 0.00 D+1 0.00
5510 1 60 in. 802.25 802.64 1-A 6.11 3.53 2.08 0.0260 OUTLET* 0.00 F 0.00
5510 1 66 in. 802.13 80253 1-A 5.72 3.25 2.03 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 586+21 RT TO 586+82 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 798.82 Outlet Invert Elevation (ft.) : 798.66 Tailwater Elevation (ft.) : 801.01 Overflow Elevation (ft.) : 806.40

Allowable Headwater Elevation (ft.) : 805.40 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 61.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 46.00 @ 10 yrs. Flood Discharge (cfs) : 55.60 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
46.00 1 27 in. 804.51 80464 2-G 1157 225 215  0.0120 OUTLET 0.00 D 0.00
4310 1 24 in. 806.73 807.14 2-G 1372 200 1.96  0.0120 OUTLET 2.90 D-1 0.00
31.90 1 21in. 813.35 812.18 2-G 1326 175 172  0.0120 OUTLET 14.10 D-2 0.00
46.00 1 30 in. 803.28 803.32 2-F 961 250 224  0.0120 OUTLET** 0.00 D+1 0.00
55.60 1 27 in. 806.35 806.32 2-H 13.98 225 220  0.0120 INLET 0.00 F 0.00
4310 1 24 in. 810.11 809.97 2-G 1372 200 1.96  0.0120 OUTLET 12.50 F-1 0.00
31.90 1 21in. 830.38 817.33 2-G 1326 175 172  0.0120 OUTLET 23.70 F-2 0.00
55.60 1 30in. 804.52 804.43 2-E 11.33 250 236  0.0120 INLET 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
46.00 1 33in. 803.54 80450 2-F 851 275 225  0.0241 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
46.00 1 30in. 804.78 806.31 2-F 9.61 2.50 2.24 0.0244 OUTLET* 0.00 D-1 0.00
36.20 1 27 in. 806.67 809.71 2-G 9.10 2.25 2.03 0.0245 OUTLET 9.80 D-2 0.00
46.00 1 36 in. 802.78 803.51 2-F 7.74 3.00 2.21 0.0241 OUTLET* 0.00 D+1 0.00
56.60 1 33in. 804.93 806.14 2-F 10.03 2.75 2.42 0.0241 OUTLET* 0.00 F 0.00
46.30 1 30in. 806.66 808.80 2-F 9.67 2.50 2.25 0.0244 OUTLET* 9.30 F-1 0.00
36.20 1 27 in. 809.38 813.72 2-G 9.10 2.25 2.03 0.0245 OUTLET 19.40 F-2 0.00
5560 1 36 in. 803.78 804.64 2-F 9.10 3.00 242 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

46.00 1 36 in. 802.78 803.86 2-F 7.74 3.00 2.21 0.0281 OUTLET** 0.00 D 0.00
46.00 1 42in. 802.09 802.68 1-A 6.70 3.20 212 0.0278 OUTLET* 0.00 D+1 0.00
5560 1 36 in. 803.78 805.16 2-F 9.10 3.00 242 0.0281 OUTLET* 0.00 F 0.00
5560 1 42in. 802.63 80341 2-F 8.09 3.50 2.33 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

46.00 1 60 in. 801.56 802.07 1-A 5.07 3.64 1.90 0.0332 OUTLET* 0.00 D 0.00
46.00 1 66 in. 801.45 80196 1-A 4.75 3.32 1.84 0.0330 OUTLET* 0.00 D+1 0.00
5560 1 60 in. 801.87 80239 1-A 6.13 4.57 2.09 0.0332 OUTLET* 0.00 F 0.00
5560 1 66 in. 801.75 80225 1-A 5.74 3.79 2.03 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

46.00 1 60 in. 801.56 801.99 1-A 5.07 3.05 1.90 0.0260 OUTLET* 0.00 D 0.00
46.00 1 66 in. 801.45 801.89 1-A 4.75 2.86 1.84 0.0260 OUTLET* 0.00 D+1 0.00
5560 1 60 in. 801.87 80232 1-A 6.13 3.49 2.09 0.0260 OUTLET* 0.00 F 0.00
55.60 1 66 in. 801.75 802.18 1-A 5.74 3.22 2.03 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 586+21.xml 2



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 592+18 RT TO 593+49 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 797.24 Outlet Invert Elevation (ft.) : 796.85 Tailwater Elevation (ft.) : 799.17 Overflow Elevation (ft.) : 802.70

Allowable Headwater Elevation (ft.) : 801.70 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 131.00 Culvert Slope (ft./ft.) : 0.0030 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 48.90 @ 10 yrs. Flood Discharge (cfs) : 58.90 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
4890 1 33in. 801.26 80159 2-F 9.15 275  2.31 0.0120 OUTLET** 0.00 D 0.00
4890 1 30in. 802.05 80267 2-F 1029 250 228  0.0120 OUTLET** 0.00 D-1 0.00
38.80 1 27 in. 803.46 804.76 2-G 976 225 207  0.0120 OUTLET 10.10 D-2 0.00
4890 1 36 in. 800.83 800.98 2-F 834 300 228 0.0120 OUTLET** 0.00 D+1 0.00
58.90 1 33in. 802.20 80267 2-F 1047 275 247  0.0120 OUTLET** 0.00 F 0.00
49.10 1 30in. 803.42 80426 2-F 10.33 250 229  0.0120 OUTLET** 9.80 F-1 0.00
38.80 1 27 in. 805.48 80727 2-G 976 225 207  0.0120 OUTLET 20.10 F-2 0.00
58.90 1 36 in. 801.49 80175 2-F 942 300 248  0.0120 OUTLET** 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
4890 1 42in. 800.66 801.48 2-F 722 350 218  0.0237 OUTLET** 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
4510 1 36 in. 801.48 803.31 2-F 7.69 3.00 2.19 0.0241 OUTLET* 3.80 D-1 0.00
37.60 1 33in. 802.35 805.21 2-F 7.03 2.75 2.04 0.0241 OUTLET* 11.30 D-2 0.00
48.90 1 48 in. 800.36 800.90 1-A 6.47 3.65 2.10 0.0235 OUTLET* 0.00 D+1 0.00
58.90 1 42 in. 801.25 80239 2-F 8.36 3.50 2.40 0.0237 OUTLET* 0.00 F 0.00
4510 1 36 in. 802.59 80513 2-F 7.69 3.00 219 0.0241 OUTLET* 13.80 F-1 0.00
3760 1 33in. 803.88 807.92 2-F 7.03 2.75 2.04 0.0241 OUTLET* 21.30 F-2 0.00
5890 1 48 in. 800.75 801.37 1-A 7.79 3.65 2.31 0.0235 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

48.90 1 48 in. 800.36 801.02 1-A 6.47 3.65 2.10 0.0275 OUTLET* 0.00 D 0.00
4890 1 42in. 800.66 80186 2-F 7.22 3.50 2.18 0.0278 OUTLET* 0.00 D-1 0.00
41.00 1 36 in. 801.48 804.17 2-F 6.99 3.00 2.09 0.0281 OUTLET* 7.90 D-2 0.00
4890 1 54 in. 800.20 800.74 1-A 5.92 3.53 2.02 0.0273 OUTLET* 0.00 D+1 0.00
5890 1 48 in. 800.75 80153 1-A 7.79 3.65 2.31 0.0275 OUTLET* 0.00 F 0.00
56.70 1 42 in. 801.25 80295 2-F 8.23 3.50 2.36 0.0278 OUTLET* 2.20 F-1 0.00
41.00 1 36 in. 802.59 806.39 2-F 6.99 3.00 2.09 0.0281 OUTLET* 17.90 F-2 0.00
58.90 1 54 in. 800.53 801.14 1-A 7.12 4.11 2.23 0.0273 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

4890 1 60 in. 800.08 800.71 1-A 5.48 3.64 1.96 0.0332 OUTLET* 0.00 D 0.00
48.90 1 66 in. 799.96 80055 1-A 5.13 3.32 1.90 0.0330 OUTLET* 0.00 D+1 0.00
58.90 1 60 in. 800.39 801.09 1-A 6.60 4.43 2.16 0.0332 OUTLET* 0.00 F 0.00
58.90 1 66 in. 800.27 800.88 1-A 6.18 3.78 2.10 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
4890 1 60 in. 800.08 800.56 1-A 5.48 3.05 1.96 0.0260 OUTLET* 0.00 D 0.00
4890 1 66 in. 799.96 80043 1-A 5.13 2.86 1.90 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

MANNING HEADWATER OVER DESIGN BURIAL

FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft)  (ft) (fps.) (ft)  (ft) (cfs.) (ft.)
58.90 1 60 in. 800.39 800.89 1-A 6.60 347 216  0.0260 OUTLET* 0.00 F 0.00
58.90 1 66 in. 800.27 800.75 1-A 618 321 210  0.0260 OUTLET* 0.00 F+1 0.00

592+18.xml
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 594+07 RT TO 594+31 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 796.68 Outlet Invert Elevation (ft.) : 796.61 Tailwater Elevation (ft.) : 798.86 Overflow Elevation (ft.) : 801.47

Allowable Headwater Elevation (ft.) : 800.47 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 24.00 Culvert Slope (ft./ft.) : 0.0029 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 50.80 @ 10 yrs. Flood Discharge (cfs) : 61.30 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
50.80 1 36 in. 800.38 800.40 2-F 867 300 232 0.0120 OUTLET* 0.00 D 0.00
50.80 1 33in. 800.86 800.71 2-E 855 275 234  0.0120 INLET 0.00 D-1 0.00
4870 1 30 in. 801.73 801.32 2-E 9.92 250 228  0.0120 INLET 2.10 D-2 0.00
50.80 1 42in. 799.96 800.05 1-A 777 251 223  0.0120 OUTLET* 0.00 D+1 0.00
6130 1 36 in. 801.10 800.95 2-E 867 300 252  0.0120 INLET 0.00 F 0.00
5720 1 33in. 801.89 801.50 2-E 963 275 245  0.0120 INLET 4.10 F-1 0.00
4870 1 30in. 803.22 80242 2-E 992 250 228  0.0120 INLET 12.60 F-2 0.00
6130 1 42in. 800.39 800.47 1-A 851 302 245  0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
50.80 1 48 in. 799.87 80029 1-A 698 365 214  0.0235 OUTLET* 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
50.80 1 42 in. 800.21 800.57 1-A 7.77 3.20 2.23 0.0237 OUTLET* 0.00 D-1 0.00
50.80 1 36 in. 801.12 801.27 2-F 8.67 3.00 2.32 0.0241 OUTLET* 0.00 D-2 0.00
50.80 1 54 in. 799.70 800.09 1-A 6.39 3.21 2.06 0.0233 OUTLET* 0.00 D+1 0.00
61.30 1 48 in. 800.29 800.73 1-A 7.94 3.65 2.36 0.0235 OUTLET* 0.00 F 0.00
6130 1 42in. 800.85 801.11 2-F 8.51 3.50 245 0.0237 OUTLET* 0.00 F-1 0.00
53.00 1 36 in. 802.32 80228 2-F 7.50 3.00 2.36 0.0241 OUTLET* 8.30 F-2 0.00
6130 1 54 in. 800.05 80049 1-A 7.60 3.85 2.28 0.0233 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

50.80 1 48 in. 799.87 800.31 1-A 6.98 3.65 2.14 0.0275 OUTLET* 0.00 D 0.00
50.80 1 42in. 800.21 800.60 1-A 7.77 3.20 2.23 0.0278 OUTLET* 0.00 D-1 0.00
50.80 1 36 in. 801.12 80144 2-F 8.67 3.00 2.32 0.0281 OUTLET* 0.00 D-2 0.00
50.80 1 54 in. 799.70 800.11 1-A 6.39 3.71 2.06 0.0273 OUTLET* 0.00 D+1 0.00
6130 1 48 in. 800.29 800.74 1-A 7.94 3.65 2.36 0.0275 OUTLET* 0.00 F 0.00
61.30 1 42 in. 800.85 801.19 2-F 8.51 3.50 2.45 0.0278 OUTLET* 0.00 F-1 0.00
51.10 1 36 in. 802.32 802.53 2-F 8.69 3.00 2.33 0.0281 OUTLET* 10.20 F-2 0.00
61.30 1 54 in. 800.05 800.49 1-A 7.60 4.11 2.28 0.0273 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 50.80 1 60 in. 799.58 799.99 1-A 5.93 3.79 2.00 0.0332 OUTLET* 0.00 D 0.00
50.80 1 66 in. 799.46 799.87 1-A 5.56 3.43 1.94 0.0330 OUTLET* 0.00 D+1 0.00
61.30 1 60 in. 799.90 800.33 1-A 7.15 4.57 2.20 0.0332 OUTLET* 0.00 F 0.00
61.30 1 66 in. 799.78 80020 1-A 6.70 3.92 2.14 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 2540 2 60 in. 798.62 799.20 1-A 2.96 2.38 1.39 0.0332 OUTLET* 0.00 D 0.00
2540 2 66 in. 798.54 799.16 1-A 2.78 2.27 1.36 0.0330 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft)  (ft) (fps.) (ft)  (ft) (cfs.) (ft.)
3065 2 60 in. 798.84 79934 1-A 358 267 154  0.0332 OUTLET* 0.00 F 0.00
3065 2 66 in. 798.75 79928 1-A 335 252 150  0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

Diameter exceeds 1.25 HWA 50.80 1 60 in. 799.58 799.95 1-A 5.93 3.15 2.00 0.0260 OUTLET* 0.00 D 0.00
50.80 1 66 in. 799.46 799.84 1-A 5.56 2.94 1.94 0.0260 OUTLET* 0.00 D+1 0.00
6130 1 60 in. 799.90 800.31 1-A 7.15 3.61 2.20 0.0260 OUTLET* 0.00 F 0.00
61.30 1 66 in. 799.78 800.17 1-A 6.70 3.31 2.14 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 2540 2 60 in. 798.62 799.18 1-B 2.96 2.08 1.39 0.0260 OUTLET* 0.00 D 0.00
2540 2 66 in. 798.54 79914 1-B 2.78 1.99 1.36 0.0260 OUTLET* 0.00 D+1 0.00
3065 2 60 in. 798.84 799.31 1-A 3.58 2.31 1.54 0.0260 OUTLET* 0.00 F 0.00
3065 2 66 in. 798.75 79927 1-B 3.35 2.20 1.50 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 595+38 RT TO 596+13 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 796.28 Outlet Invert Elevation (ft.) : 796.05 Tailwater Elevation (ft.) : 798.41 Overflow Elevation (ft.) : 801.31

Allowable Headwater Elevation (ft.) : 800.31 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 75.00 Culvert Slope (ft./ft.) : 0.0031 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 51.00 @ 10 yrs. Flood Discharge (cfs) : 61.50 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
51.00 1 36 in. 799.99 800.06 2-F 855 300 232  0.0120 OUTLET* 0.00 D 0.00
51.00 1 33in. 800.48 800.56 2-F 940 275 235  0.0120 OUTLET** 0.00 D-1 0.00
4980 1 30 in. 801.36 80145 2-F 1037 250 230  0.0120 OUTLET** 1.20 D-2 0.00
51.00 1 42in. 799.56 799.66 1-A 739 247 223  0.0120 OUTLET* 0.00 D+1 0.00
6150 1 36 in. 800.72 800.76 2-F 968 300 253  0.0120 OUTLET** 0.00 F 0.00
59.10 1 33in. 801.51 801.54 2-F 1049 275 248  0.0120 OUTLET** 2.40 F-1 0.00
4980 1 30in. 802.85 80285 2-F 10.37 250 230  0.0120 OUTLET** 11.70 F-2 0.00
6150 1 42in. 799.99 800.09 1-A 852 293 246  0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
51.00 1 48 in. 799.48 799.96 1-A 661 365 214  0.0235 OUTLET* 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
51.00 1 42 in. 799.82 800.32 1-A 7.39 3.20 2.23 0.0237 OUTLET* 0.00 D-1 0.00
4750 1 36 in. 800.74 801.75 2-F 7.96 3.00 2.24 0.0241 OUTLET* 3.50 D-2 0.00
51.00 1 54 in. 799.31 799.75 1-A 6.04 3.16 2.07 0.0233 OUTLET* 0.00 D+1 0.00
61.50 1 48 in. 799.90 80041 1-A 7.95 3.65 2.36 0.0235 OUTLET* 0.00 F 0.00
6150 1 42in. 800.47 80116 2-F 8.52 3.50 2.46 0.0237 OUTLET* 0.00 F-1 0.00
4750 1 36 in. 801.95 80323 2-F 7.96 3.00 2.24 0.0241 OUTLET* 14.00 F-2 0.00
6150 1 54 in. 799.66 800.14 1-A 7.28 3.74 2.28 0.0233 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

51.00 1 48 in. 799.48 800.02 1-A 6.61 3.65 2.14 0.0275 OUTLET* 0.00 D 0.00
51.00 1 42in. 799.82 80062 2-F 7.39 3.50 2.23 0.0278 OUTLET* 0.00 D-1 0.00
4410 1 36 in. 800.74 80228 2-F 7.39 3.00 2.16 0.0281 OUTLET* 6.90 D-2 0.00
51.00 1 54 in. 799.31 799.78 1-A 6.04 3.62 2.07 0.0273 OUTLET* 0.00 D+1 0.00
6150 1 48 in. 799.90 800.51 1-A 7.95 3.65 2.36 0.0275 OUTLET* 0.00 F 0.00
59.20 1 42 in. 800.47 80151 2-F 8.38 3.50 2.41 0.0278 OUTLET* 2.30 F-1 0.00
4410 1 36 in. 801.95 804.01 2-F 7.39 3.00 2.16 0.0281 OUTLET* 17.40 F-2 0.00
61.50 1 54 in. 799.66 800.19 1-A 7.28 4.11 2.28 0.0273 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

51.00 1 60 in. 799.18 799.73 1-A 5.59 3.72 2.00 0.0332 OUTLET* 0.00 D 0.00
51.00 1 66 in. 799.07 799.60 1-A 5.24 3.38 1.95 0.0330 OUTLET* 0.00 D+1 0.00
61.50 1 60 in. 799.51 800.08 1-A 6.75 4.57 2.21 0.0332 OUTLET* 0.00 F 0.00
61.50 1 66 in. 799.38 79991 1-A 6.31 3.86 2.14 0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)
51.00 1 60 in. 799.18 799.62 1-A 5.59 3.10 2.00 0.0260 OUTLET* 0.00 D 0.00
51.00 1 66 in. 799.07 79950 1-A 524 291 1.95 0.0260 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

MANNING HEADWATER OVER DESIGN BURIAL

FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft)  (ft) (fps.) (ft)  (ft) (cfs.) (ft.)
6150 1 60 in. 799.51 799.97 1-A 675 355 221  0.0260 OUTLET* 0.00 F 0.00
6150 1 66 in. 799.38 799.83 1-A 631 327 214  0.0260 OUTLET* 0.00 F+1 0.00

595+38.xml
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 596+90 RT TO 597+31 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 795.83 Outlet Invert Elevation (ft.) : 795.71 Tailwater Elevation (ft.) : 798.08 Overflow Elevation (ft.) : 800.57

Allowable Headwater Elevation (ft.) : 799.57 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 41.00 Culvert Slope (ft./ft.) : 0.0029 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 51.40 @ 10 yrs. Flood Discharge (cfs) : 62.00 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI  HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
51.40 1 42in. 799.13 79923 1-A 741 253 224  0.0120 OUTLET* 0.00 D 0.00
51.40 1 36 in. 799.57 79960 2-F 858 300 233  0.0120 OUTLET* 0.00 D-1 0.00
51.40 1 33in. 800.07 799.99 2-E 865 275 235  0.0120 INLET 0.00 D-2 0.00
51.40 1 48 in. 798.93 799.01 1-B 663 226 215  0.0120 OUTLET* 0.00 D+1 0.00
62.00 1 42in. 799.57 79966 1-A 855 307 247  0.0120 OUTLET* 0.00 F 0.00
62.00 1 36 in. 800.30 800.21 2-E 877 300 254  0.0120 INLET 0.00 F-1 0.00
56.70 1 33in. 801.12 800.85 2-E 955 275 244  0.0120 INLET 5.30 F-2 0.00
62.00 1 48 in. 799.28 799.38 1-A 798 255 237  0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90
Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
5140 1 48 in. 799.05 799.49 1-A 663 365 215  0.0235 OUTLET* 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
5140 1 42 in. 799.39 799.80 1-A 7.41 3.20 2.24 0.0237 OUTLET* 0.00 D-1 0.00
4940 1 36 in. 800.33 800.77 2-F 8.25 3.00 2.29 0.0241 OUTLET* 2.00 D-2 0.00
5140 1 54 in. 798.88 799.29 1-A 6.05 3.23 2.07 0.0233 OUTLET* 0.00 D+1 0.00
62.00 1 48 in. 79947 799.92 1-A 7.98 3.65 2.37 0.0235 OUTLET* 0.00 F 0.00
62.00 1 42in. 800.05 80043 2-F 8.55 3.50 247 0.0237 OUTLET* 0.00 F-1 0.00
49.40 1 36 in. 801.56 80196 2-F 8.25 3.00 2.29 0.0241 OUTLET* 12.60 F-2 0.00
62.00 1 54 in. 799.22 799.68 1-A 7.30 3.90 2.29 0.0233 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

5140 1 48 in. 799.06 79952 1-A 6.63 3.65 2.15 0.0275 OUTLET* 0.00 D 0.00
5140 1 42in. 799.39 799.86 1-A 7.41 3.20 2.24 0.0278 OUTLET* 0.00 D-1 0.00
46.90 1 36 in. 800.33 801.07 2-F 7.83 3.00 2.23 0.0281 OUTLET* 4.50 D-2 0.00
5140 1 54 in. 798.88 799.31 1-A 6.05 3.75 2.07 0.0273 OUTLET* 0.00 D+1 0.00
62.00 1 48 in. 799.47 799.96 1-A 7.98 3.65 2.37 0.0275 OUTLET* 0.00 F 0.00
61.20 1 42 in. 800.05 800.63 2-F 8.50 3.50 2.45 0.0278 OUTLET* 0.80 F-1 0.00
46.90 1 36 in. 801.56 802.39 2-F 7.83 3.00 2.23 0.0281 OUTLET* 15.10 F-2 0.00
62.00 1 54 in. 799.22 799.70 1-A 7.30 4.11 2.29 0.0273 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 5140 1 60 in. 798.75 799.22 1-A 5.61 3.82 2.01 0.0332 OUTLET* 0.00 D 0.00
5140 1 66 in. 798.63 799.09 1-A 5.25 3.45 1.95 0.0330 OUTLET* 0.00 D+1 0.00
62.00 1 60 in. 799.07 79955 1-A 6.76 4.57 2.22 0.0332 OUTLET* 0.00 F 0.00
62.00 1 66 in. 798.95 79941 1-A 6.33 3.95 2.15 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 2570 2 60 in. 797.78 79843 1-A 2.80 2.40 1.40 0.0332 OUTLET* 0.00 D 0.00
2570 2 66 in. 797.70 79839 1-B 2.62 2.28 1.37 0.0330 OUTLET* 0.00 D+1 0.00

CDSS 1.0.0.3. 596+90.xml 2



UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft)  (ft) (fps.) (ft)  (ft) (cfs.) (ft.)
31.00 2 60 in. 798.01 79858 1-A 338 268 155  0.0332 OUTLET* 0.00 F 0.00
31.00 2 66 in. 797.91 79852 1-A 316 253 150  0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

Diameter exceeds 1.25 HWA 5140 1 60 in. 798.75 799.15 1-A 5.61 3.17 2.01 0.0260 OUTLET* 0.00 D 0.00
5140 1 66 in. 798.63 799.05 1-A 5.25 2.96 1.95 0.0260 OUTLET* 0.00 D+1 0.00
62.00 1 60 in. 799.07 79951 1-A 6.76 3.64 2.22 0.0260 OUTLET* 0.00 F 0.00
62.00 1 66 in. 798.95 79936 1-A 6.33 3.33 2.15 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 2570 2 60 in. 797.78 79840 1-B 2.80 2.09 1.40 0.0260 OUTLET* 0.00 D 0.00
2570 2 66 in. 797.70 79836 1-B 2.62 2.00 1.37 0.0260 OUTLET* 0.00 D+1 0.00
31.00 2 60 in. 798.01 79855 1-B 3.38 2.32 1.55 0.0260 OUTLET* 0.00 F 0.00
31.00 2 66 in. 79791 79848 1-B 3.16 2.21 1.50 0.0260 OUTLET* 0.00 F+1 0.00
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UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 598+16 RT TO 599+00 RT Designer : SJD

HEADWATER CONTROL CODES:  INLET - Inlet Control.
OUTLET - Outlet Control.

OUTLET* - Outlet Control with backwater curve used to compute headwater. See Figure Ill - 7E in HDS 5 for type flow.
OUTLET** - Outlet Control - See Figure Il - 7D in HDS 5 for type flow.
N/A - Flow is supercritical with low headwater and low tailwater. Control Section is at the inlet.

Inlet Invert Elevation (ft.) : 795.45 Outlet Invert Elevation (ft.) : 795.20 Tailwater Elevation (ft.) : 797.55 Overflow Elevation (ft.) : 800.33

Allowable Headwater Elevation (ft.) : 799.33 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 84.00 Culvert Slope (ft./ft.) : 0.0030 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 51.50 @ 10 yrs. Flood Discharge (cfs) : 62.10 @ 25 yrs.
FLOW PIPE  CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL
# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
CULVERT TYPE : CIRCULAR SMOOTH Entrance Type : Half Headwall Entrance Loss (Ke) :0.20
51.50 1 36 in. 799.20 79928 2-F 867 300 233  0.0120 OUTLET** 0.00 D 0.00
51.50 1 33in. 799.69 799.83 2-F 951 275 236  0.0120 OUTLET** 0.00 D-1 0.00
47.80 1 30in. 800.59 800.78 2-F 998 250 227  0.0120 OUTLET** 3.70 D-2 0.00
51.50 1 42in. 79875 798.86 1-A 750 252 224  0.0120 OUTLET* 0.00 D+1 0.00
62.10 1 36 in. 799.93 800.02 2-F 974 300 254  0.0120 OUTLET** 0.00 F 0.00
56.80 1 33in. 800.75 800.85 2-F 1019 275 244  0.0120 OUTLET** 5.30 F-1 0.00
4780 1 30in. 802.12 80227 2-F 998 250 227  0.0120 OUTLET** 14.30 F-2 0.00
62.10 1 42in. 799.19 79930 1-A 856  3.03 247  0.0120 OUTLET* 0.00 F+1 0.00
CULVERT TYPE : CIRCULAR CORRUGATED Entrance Type : Half Headwall Entrance Loss (Ke) :0.90

Corrugated Metal Pipe (2 2/3 x 1/2 in. corrugations)
5150 1 48 in. 798.67 799.16 1-A 6.71 3.65 2.16 0.0235 OUTLET* 0.00 D 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW CODE DEPTH
(cfs.) (ft.) (ft.) (fps.) (ft.) (ft.) (cfs.) (ft.)
51.50 1 42 in. 799.02 79953 1-A 7.50 3.20 2.24 0.0237 OUTLET* 0.00 D-1 0.00
4520 1 36 in. 799.96 801.14 2-F 7.61 3.00 2.19 0.0241 OUTLET* 6.30 D-2 0.00
51.50 1 54 in. 79850 798.95 1-A 6.13 3.22 2.08 0.0233 OUTLET* 0.00 D+1 0.00
62.10 1 48 in. 79910 799.63 1-A 7.98 3.65 2.38 0.0235 OUTLET* 0.00 F 0.00
60.30 1 42in. 799.68 80047 2-F 8.45 3.50 243 0.0237 OUTLET* 1.80 F-1 0.00
4520 1 36 in. 801.19 802.73 2-F 7.61 3.00 2.19 0.0241 OUTLET* 16.90 F-2 0.00
62.10 1 54 in. 798.85 799.33 1-A 7.39 3.86 2.29 0.0233 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

51.50 1 48 in. 798.67 799.26 1-A 6.71 3.65 2.16 0.0275 OUTLET* 0.00 D 0.00
5150 1 42in. 799.02 799.92 2-F 7.50 3.50 2.24 0.0278 OUTLET* 0.00 D-1 0.00
4180 1 36 in. 799.96 801.76 2-F 7.04 3.00 2.1 0.0281 OUTLET* 9.70 D-2 0.00
5150 1 54 in. 798.50 799.00 1-A 6.13 3.72 2.08 0.0273 OUTLET* 0.00 D+1 0.00
62.10 1 48 in. 799.10 799.73 1-A 7.98 3.65 2.38 0.0275 OUTLET* 0.00 F 0.00
56.20 1 42 in. 799.68 800.87 2-F 8.18 3.50 2.35 0.0278 OUTLET* 5.90 F-1 0.00
4180 1 36 in. 801.19 803.63 2-F 7.04 3.00 2.1 0.0281 OUTLET* 20.30 F-2 0.00
62.10 1 54 in. 798.85 79942 1-A 7.39 4.11 2.29 0.0273 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 5150 1 60 in. 798.37 79893 1-A 5.68 3.80 2.01 0.0332 OUTLET* 0.00 D 0.00
51.50 1 66 in. 798.25 798.80 1-A 5.32 3.43 1.96 0.0330 OUTLET* 0.00 D+1 0.00
62.10 1 60 in. 798.69 799.31 1-A 6.85 4.57 2.22 0.0332 OUTLET* 0.00 F 0.00
62.10 1 66 in. 798.57 799.14 1-A 6.41 3.93 2.15 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 2575 2 60 in. 79740 798.03 1-A 2.84 2.39 1.41 0.0332 OUTLET* 0.00 D 0.00
2575 2 66 in. 79732 79799 1-B 2.66 2.27 1.37 0.0330 OUTLET* 0.00 D+1 0.00
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UNIVERSAL CULVERT DESIGN

FLOW PIPE CULVERT SIZE HWI HWO FLOW VELOCITY DN DC MANNING HEADWATER OVER DESIGN BURIAL

# TYPE N CONTROL FLOW  CODE DEPTH
(cfs.) (ft)  (ft) (fps.) (ft)  (ft) (cfs.) (ft.)
31.05 2 60 in. 797.63 79822 1-A 342 267 155  0.0332 OUTLET* 0.00 F 0.00
31.05 2 66 in. 79754 79814 1-A 321 252 151  0.0330 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations, Field Paved Invert)

Diameter exceeds 1.25 HWA 5150 1 60 in. 798.37 798.82 1-A 5.68 3.16 2.01 0.0260 OUTLET* 0.00 D 0.00
5150 1 66 in. 798.25 798.69 1-A 5.32 2.95 1.96 0.0260 OUTLET* 0.00 D+1 0.00
62.10 1 60 in. 798.69 79917 1-A 6.85 3.62 2.22 0.0260 OUTLET* 0.00 F 0.00
62.10 1 66 in. 798.57 799.03 1-A 6.41 3.32 2.15 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 2575 2 60 in. 79740 79798 1-B 2.84 2.08 1.41 0.0260 OUTLET* 0.00 D 0.00
2575 2 66 in. 79732 79793 1-B 2.66 1.99 1.37 0.0260 OUTLET* 0.00 D+1 0.00
3105 2 60 in. 797.63 79815 1-B 3.42 2.31 1.55 0.0260 OUTLET* 0.00 F 0.00
3105 2 66 in. 797.54 798.07 1-B 3.21 2.21 1.51 0.0260 OUTLET* 0.00 F+1 0.00
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