UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 550+04 LT to 550+58 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.) : 808.84 Outlet Invert Elevation (ft.) : 808.70 Tailwater Elevation (ft.) : 809.17 Overflow Elevation (ft.) : 812.29

Allowable Headwater Elevation (ft.) : 811.29 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) : 1.30 @ 10 yrs. Flood Discharge (cfs) : 1.50 @ 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
130 1 12in. 809.53 809.55 1-A 347 059 048  0.0120 OUTLET* 0.00 D 0.00
130 1 15 in. 809.46 809.49 1-A 308 052 045  0.0120 OUTLET* 0.00 D+1 0.00
150 1 12in. 809.59 809.61 1-A 365 065 052  0.0120 OUTLET* 0.00 F 0.00
150 1 15 in. 809.52 809.54 1-A 341 057 049  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)
1.30 1 12in. 809.55 809.77 1-A 347 091 048  0.0251 OUTLET* 0.00 D 0.00
1.30 1 15 in. 809.49 809.65 1-A 308 081 045  0.0250 OUTLET* 0.00 D+1 0.00
150 1 12in. 809.61 809.83 1-A 365 091 052  0.0251 OUTLET* 0.00 F 0.00
150 1 15 in. 809.54 809.72 1-A 341 091 049  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.)
130 1 36 in. 809.34 809.44 1-A 1.84 0.58 0.35 0.0281 OUTLET* 0.00 D 0.00
130 1 42 in. 809.36 809.41 1-A 1.69 0.55 0.34 0.0278 OUTLET* 0.00 D+1 0.00
150 1 36 in. 809.37 809.49 1-A 2.12 0.63 0.38 0.0281 OUTLET* 0.00 F 0.00
150 1 42 in. 809.38 809.45 1-A 1.95 0.59 0.36 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 130 1 60 in. 809.46 80939 1-C 1.12 0.55 0.31 0.0332 INLET 0.00 D 0.00
130 1 66 in. 809.50 809.36 1-C 1.1 0.53 0.30 0.0330 INLET 0.00 D+1 0.00
150 1 60 in. 809.48 80943 1-C 1.17 0.58 0.33 0.0332 INLET 0.00 F 0.00
150 1 66 in. 809.52 80941 1-C 1.16 0.57 0.32 0.0330 INLET 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 065 2 60 in. 809.42 809.30 1-C 0.91 0.39 0.22 0.0332 INLET 0.00 D 0.00
065 2 66 in. 809.47 809.29 1-C 0.90 0.38 0.21 0.0330 INLET 0.00 D+1 0.00
075 2 60 in. 809.43 80933 1-C 0.95 0.42 0.23 0.0332 INLET 0.00 F 0.00
075 2 66 in. 809.47 80932 1-C 0.94 0.41 0.23 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 130 1 60 in. 809.46 809.36 1-C 1.33 0.49 0.31 0.0260 INLET 0.00 D 0.00
130 1 66 in. 809.50 809.36 1-C 1.31 0.47 0.30 0.0260 INLET 0.00 D+1 0.00
150 1 60 in. 809.48 809.38 1-C 1.39 0.52 0.33 0.0260 INLET 0.00 F 0.00
150 1 66 in. 809.52 809.37 1-C 1.37 0.51 0.32 0.0260 INLET 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 065 2 60 in. 809.42 809.26 1-C 1.08 0.35 0.22 0.0260 INLET 0.00 D 0.00
065 2 66 in. 809.47 809.26 1-C 1.06 0.34 0.21 0.0260 INLET 0.00 D+1 0.00
075 2 60 in. 809.43 809.29 1-C 1.12 0.37 0.23 0.0260 INLET 0.00 F 0.00
075 2 66 in. 809.47 809.28 1-C 1.1 0.36 0.23 0.0260 INLET 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 - 552+06 LT to 552+49 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.) : 809.34 Outlet Invert Elevation (ft.) : 809.23 Tailwater Elevation (ft.) : 809.83 Overflow Elevation (ft.) : 812.44

Allowable Headwater Elevation (ft.) : 811.44 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 43.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 2.00 @ 10 yrs. Flood Discharge (cfs) : 2.40 @ 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
200 1 12in. 810.22 81027 1-A 404 084 060  0.0120 OUTLET* 0.00 D 0.00
200 1 15 in. 810.14 810.16 1-A 343 067 056  0.0120 OUTLET* 0.00 D+1 0.00
240 1 12in. 810.32 810.39 1-A 434 091 066  0.0120 OUTLET* 0.00 F 0.00
240 1 15 in. 810.23 81025 1-A 396 076 062  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)
200 1 12in. 810.27 810.72 2-F 404 100 060  0.0251 OUTLET** 0.00 D 0.00
200 1 15 in. 810.17 810.36 1-A 343 114 056  0.0250 OUTLET* 0.00 D+1 0.00
240 1 12in. 81042 811.06 2-F 434 100 066  0.0251 OUTLET** 0.00 F 0.00
240 1 15 in. 810.26 81049 1-A 396 114 062  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 200 1 36 in. 809.94 810.10 1-A 1.99 0.73 0.44 0.0281 OUTLET* 0.00 D 0.00
200 1 42 in. 809.94 810.05 1-A 1.82 0.69 0.42 0.0278 OUTLET* 0.00 D+1 0.00

240 1 36 in. 809.99 810.17 1-A 2.38 0.79 0.48 0.0281 OUTLET* 0.00 F 0.00

240 1 42 in. 809.98 810.13 1-A 2.19 0.75 0.46 0.0278 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 1.00 2 36 in. 809.80 809.94 1-B 0.99 0.51 0.31 0.0281 OUTLET* 0.00 D 0.00
1.00 2 42in. 809.83 809.92 1-B 0.91 0.49 0.30 0.0278 OUTLET* 0.00 D+1 0.00

120 2 36 in. 809.83 809.99 1-B 1.19 0.56 0.34 0.0281 OUTLET* 0.00 F 0.00

120 2 42in. 809.85 809.96 1-B 1.09 0.53 0.33 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 200 1 60 in. 810.01 810.02 1-A 1.50 0.67 0.38 0.0332 OUTLET* 0.00 D 0.00
200 1 66 in. 810.05 810.00 1-C 1.26 0.65 0.37 0.0330 INLET 0.00 D+1 0.00
240 1 60 in. 810.04 810.09 1-A 1.80 0.73 0.42 0.0332 OUTLET* 0.00 F 0.00
240 1 66 in. 810.07 810.06 1-C 1.33 0.71 0.41 0.0330 INLET 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 1.00 2 60 in. 809.94 80991 1-C 1.03 0.48 0.27 0.0332 INLET 0.00 D 0.00
1.00 2 66 in. 809.99 809.90 1-C 1.02 0.47 0.26 0.0330 INLET 0.00 D+1 0.00
120 2 60 in. 809.96 809.95 1-C 1.09 0.53 0.30 0.0332 INLET 0.00 F 0.00
120 2 66 in. 810.00 809.93 1-C 1.08 0.51 0.29 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 200 1 60 in. 810.01 810.01 1-C 1.51 0.60 0.38 0.0260 INLET 0.00 D 0.00
200 1 66 in. 810.05 810.00 1-C 1.49 0.58 0.37 0.0260 INLET 0.00 D+1 0.00
240 1 60 in. 810.04 810.03 1-C 1.59 0.65 0.42 0.0260 INLET 0.00 F 0.00
240 1 66 in. 810.07 810.02 1-C 1.57 0.64 0.41 0.0260 INLET 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1.00 2 60 in. 809.94 809.89 1-C 1.22 0.43 0.27 0.0260 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.)
1.00 2 66 in. 809.99 809.89 1-C 120 042 026  0.0260 INLET 0.00 D+1 0.00
120 2 60 in. 809.96 809.91 1-C 129 047 030  0.0260 INLET 0.00 F 0.00
120 2 66 in. 810.00 809.90 1-C 127 046 029  0.0260 INLET 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+67 LT TO 558+10 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.) : 807.94 Outlet Invert Elevation (ft.) : 807.83 Tailwater Elevation (ft.) : 808.95 Overflow Elevation (ft.) : 811.76

Allowable Headwater Elevation (ft.) : 810.76 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 43.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 6.80 @ 10 yrs. Flood Discharge (cfs) : 8.30 @ 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
6.80 1 15 in. 809.76 809.95 2-F 586 125 105  0.0120 OUTLET** 0.00 D 0.00
6.80 1 12in. 810.93 81167 2-G 866 100 097  0.0120 OUTLET 0.00 D-1 0.00
6.80 1 18 in. 809.44 809.53 1-A 4.81 137 1.01 0.0120 OUTLET* 0.00 D+1 0.00
830 1 15 in. 810.23 81047 2-F 712 125 113 0.0120 OUTLET** 0.00 F 0.00
6.90 1 12in. 812.03 813.01 2-G 879 100 097  0.0120 OUTLET 1.40 F-1 0.00
830 1 18 in. 809.68 809.78 2-F 587 150 112  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)
6.80 1 18 in. 809.60 810.18 2-F 4.81 150  1.01 0.0249 OUTLET** 0.00 D 0.00
6.80 1 15 in. 810.26 81164 2-F 586 125 1.05  0.0250 OUTLET** 0.00 D-1 0.00
400 1 12in. 812.09 816.97 2-G 509 100 0.85  0.0251 OUTLET 2.80 D-2 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.)
6.80 1 21in. 809.39 809.70 1-A 4.18 1.60 0.96 0.0248 OUTLET* 0.00 D+1 0.00
830 1 18 in. 809.97 810.77 2-F 5.87 1.50 1.12 0.0249 OUTLET* 0.00 F 0.00
690 1 15in. 811.01 81298 2-F 5.95 1.25 1.05 0.0250 OUTLET* 1.40 F-1 0.00
4.00 1 12in. 813.98 82090 2-G 5.09 1.00 0.85 0.0251 OUTLET 4.30 F-2 0.00
830 1 21in. 809.60 809.90 1-A 5.11 1.60 1.07 0.0248 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

6.80 1 36 in. 809.08 809.34 1-A 2.83 1.39 0.82 0.0281 OUTLET* 0.00 D 0.00
6.80 1 42 in. 809.00 809.29 1-A 2.56 1.28 0.79 0.0278 OUTLET* 0.00 D+1 0.00
830 1 36 in. 809.22 809.48 1-A 3.45 1.56 0.91 0.0281 OUTLET* 0.00 F 0.00
830 1 42in. 809.13 80941 1-A 3.13 1.43 0.87 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 6.80 1 60 in. 808.91 809.21 1-A 2.07 1.23 0.71 0.0332 OUTLET* 0.00 D 0.00
6.80 1 66 in. 808.91 809.18 1-A 1.96 1.18 0.69 0.0330 OUTLET* 0.00 D+1 0.00
830 1 60 in. 809.00 809.31 1-A 2.53 1.36 0.79 0.0332 OUTLET* 0.00 F 0.00
830 1 66 in. 808.99 809.27 1-A 2.39 1.31 0.77 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 340 2 60 in. 808.70 809.03 1-B 1.03 0.87 0.50 0.0332 OUTLET* 0.00 D 0.00
340 2 66 in. 808.72 809.03 1-B 0.98 0.84 0.49 0.0330 OUTLET* 0.00 D+1 0.00
415 2 60 in. 808.75 809.07 1-B 1.26 0.96 0.55 0.0332 OUTLET* 0.00 F 0.00
415 2 66 in. 808.77 809.05 1-B 1.20 0.93 0.54 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 6.80 1 60 in. 808.91 809.19 1-B 2.07 1.08 0.71 0.0260 OUTLET* 0.00 D 0.00
6.80 1 66 in. 808.91 809.17 1-B 1.96 1.05 0.69 0.0260 OUTLET* 0.00 D+1 0.00
830 1 60 in. 809.00 809.26 1-A 2.53 1.20 0.79 0.0260 OUTLET* 0.00 F 0.00
830 1 66 in. 808.99 809.22 1-A 2.39 1.16 0.77 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 340 2 60 in. 808.70 809.02 1-B 1.03 0.77 0.50 0.0260 OUTLET* 0.00 D 0.00
340 2 66 in. 808.72 809.01 1-B 0.98 0.75 0.49 0.0260 OUTLET* 0.00 D+1 0.00
415 2 60 in. 808.75 809.05 1-B 1.26 0.85 0.55 0.0260 OUTLET* 0.00 F 0.00
415 2 66 in. 808.77 809.04 1-B 1.20 0.83 0.54 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 - 559+50 LT TO 559+99 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.) : 807.48 Outlet Invert Elevation (ft.) : 807.35 Tailwater Elevation (ft.) : 808.67 Overflow Elevation (ft.) : 811.12

Allowable Headwater Elevation (ft.) : 810.12 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 49.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 9.60 @ 10 yrs. Flood Discharge (cfs) : 11.60 @ 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
9.60 1 18 in. 809.44 809.59 2-F 583 150 120  0.0120 OUTLET** 0.00 D 0.00
9.60 1 15 in. 810.24 81073 2-G 782 125 147  0.0120 OUTLET 0.00 D-1 0.00
620 1 12in. 812.85 81447 2-G 789 100 096  0.0120 OUTLET 3.40 D-2 0.00
9.60 1 21in. 809.19 809.28 1-A 493 160 115  0.0120 OUTLET* 0.00 D+1 0.00
11.60 1 18in. 809.86 810.06 2-F 704 150 130  0.0120 OUTLET** 0.00 F 0.00
1040 1 15 in. 811.09 81167 2-G 847 125 119  0.0120 OUTLET 1.20 F-1 0.00
620 1 12in. 816.39 817.14 2-G 789 100 096  0.0120 OUTLET 5.40 F-2 0.00
11.60 1 21in. 809.43 809.52 1-A 596 160 127  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)
9.60 1 21in. 809.35 809.92 2-F 4.93 1.75 1.15 0.0248 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.)
9.60 1 18 in. 809.89 811.06 2-F 5.83 1.50 1.20 0.0249 OUTLET* 0.00 D-1 0.00
620 1 15in. 811.27 81446 2-G 5.05 1.25 1.01 0.0250 OUTLET 3.40 D-2 0.00
9.60 1 24 in. 809.15 809.49 1-A 4.36 1.83 1.1 0.0247 OUTLET* 0.00 D+1 0.00
1160 1 21in. 809.72 810.50 2-F 5.96 1.75 1.27 0.0248 OUTLET* 0.00 F 0.00
9.70 1 18 in. 810.58 81220 2-F 5.89 1.50 1.20 0.0249 OUTLET* 1.90 F-1 0.00
6.20 1 15in. 81249 81712 2-G 5.05 1.25 1.01 0.0250 OUTLET 5.40 F-2 0.00
11.60 1 24 in. 809.38 809.74 1-A 5.27 1.83 1.22 0.0247 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

9.60 1 36 in. 808.87 809.17 1-A 3.20 1.68 0.98 0.0281 OUTLET* 0.00 D 0.00
9.60 1 42in. 808.77 809.09 1-A 2.89 1.53 0.94 0.0278 OUTLET* 0.00 D+1 0.00
11.60 1 36 in. 809.03 809.33 1-A 3.87 1.90 1.08 0.0281 OUTLET* 0.00 F 0.00
11.60 1 42in. 808.93 809.22 1-A 3.49 1.71 1.03 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 9.60 1 60 in. 808.62 808.99 1-A 2.32 1.45 0.85 0.0332 OUTLET* 0.00 D 0.00
9.60 1 66 in. 808.60 808.95 1-A 2.19 1.39 0.83 0.0330 OUTLET* 0.00 D+1 0.00

11.60 1 60 in. 808.73 809.09 1-A 2.80 1.60 0.93 0.0332 OUTLET* 0.00 F 0.00

11.60 1 66 in. 808.70 809.06 1-A 2.65 1.54 0.91 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 480 2 60 in. 808.33 808.77 1-B 1.16 1.02 0.60 0.0332 OUTLET* 0.00 D 0.00
480 2 66 in. 808.34 808.77 1-B 1.09 0.99 0.58 0.0330 OUTLET* 0.00 D+1 0.00

580 2 60 in. 808.39 808.81 1-B 1.40 1.12 0.66 0.0332 OUTLET* 0.00 F 0.00

580 2 66 in. 808.40 808.80 1-B 1.32 1.08 0.64 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 9.60 1 60 in. 808.62 808.97 1-B 2.32 1.28 0.85 0.0260 OUTLET* 0.00 D 0.00
9.60 1 66 in. 808.60 808.93 1-B 2.19 1.24 0.83 0.0260 OUTLET* 0.00 D+1 0.00

CDSS 1.0.0.3. 559+50.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.)
1160 1 60 in. 808.73 809.05 1-A 2.80 1.41 0.93 0.0260 OUTLET* 0.00 F 0.00
1160 1 66 in. 808.70 809.00 1-A 2.65 1.36 0.91 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 480 2 60 in. 808.33 808.75 1-B 1.16 0.91 0.60 0.0260 OUTLET* 0.00 D 0.00
480 2 66 in. 808.34 808.74 1-B 1.09 0.88 0.58 0.0260 OUTLET* 0.00 D+1 0.00
580 2 60 in. 808.39 808.78 1-B 1.40 0.99 0.66 0.0260 OUTLET* 0.00 F 0.00
580 2 66 in. 808.40 808.78 1-B 1.32 0.96 0.64 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 559+50.xml 3



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 560+10 LT TO 560+53 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.) : 807.33 Outlet Invert Elevation (ft.) : 807.22 Tailwater Elevation (ft.) : 808.86 Overflow Elevation (ft.) : 811.51

Allowable Headwater Elevation (ft.) : 810.51 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 43.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 15.40 @ 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
1540 1 21in. 809.82 809.97 2-F 658 175 145  0.0120 OUTLET 0.00 D 0.00
1540 1 18 in. 810.72 811.06 2-G 8.71 150  1.41 0.0120 OUTLET 0.00 D-1 0.00
1120 1 15 in. 813.01 81386 2-G 913 125 121 0.0120 OUTLET 4.20 D-2 0.00
15.40 1 24 in. 809.47 809.59 1-A 559  1.83 142  0.0120 OUTLET* 0.00 D+1 0.00
1860 1 21in. 81040 81049 2-F 794 175 156  0.0120 OUTLET** 0.00 F 0.00
16.90 1 18in. 811.77 81207 2-G 956 150 144  0.0120 OUTLET 1.70 F-1 0.00
1120 1 15 in. 81591 816.16 2-G 913 125 121 0.0120 OUTLET 7.40 F-2 0.00
1860 1 24 in. 809.82 809.90 2-F 675 200 155  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)
1540 1 24 in. 809.76 81035 2-F 5.59 2.00 1.42 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.)
1530 1 21in. 81048 81154 2-F 6.53 1.75 1.45 0.0248 OUTLET 0.10 D-1 0.00
1050 1 18 in. 811.99 81447 2-G 5.94 1.50 1.25 0.0249 OUTLET 4.90 D-2 0.00
1540 1 27 in. 809.45 809.82 1-A 4.96 2.05 1.37 0.0245 OUTLET* 0.00 D+1 0.00
1860 1 24 in. 810.32 811.07 2-F 6.75 2.00 1.55 0.0247 OUTLET* 0.00 F 0.00
1530 1 21in. 811.42 81278 2-F 6.53 1.75 1.45 0.0248 OUTLET 3.30 F-1 0.00
1050 1 18 in. 813.49 817.05 2-G 5.94 1.50 1.25 0.0249 OUTLET 8.10 F-2 0.00
18.60 1 27 in. 809.80 81029 2-F 5.99 2.25 1.51 0.0245 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

1540 1 36 in. 809.15 809.50 1-A 3.90 242 1.25 0.0281 OUTLET* 0.00 D 0.00
1540 1 42in. 809.04 809.38 1-A 3.48 2.05 1.20 0.0278 OUTLET* 0.00 D+1 0.00
18.60 1 36 in. 809.36 809.71 1-A 4.70 2.74 1.38 0.0281 OUTLET* 0.00 F 0.00
18.60 1 42in. 809.23 809.56 1-A 4.20 2.33 1.32 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 1540 1 60 in. 808.78 809.24 1-A 2.75 1.87 1.08 0.0332 OUTLET* 0.00 D 0.00
1540 1 66 in. 808.74 809.20 1-A 2.59 1.79 1.05 0.0330 OUTLET* 0.00 D+1 0.00

18.60 1 60 in. 808.95 809.37 1-A 3.32 2.08 1.19 0.0332 OUTLET* 0.00 F 0.00

18.60 1 66 in. 808.89 809.32 1-A 3.13 1.98 1.16 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 770 2 60 in. 808.35 808.97 1-B 1.37 1.31 0.76 0.0332 OUTLET* 0.00 D 0.00
770 2 66 in. 808.35 808.96 1-B 1.30 1.26 0.74 0.0330 OUTLET* 0.00 D+1 0.00

930 2 60 in. 808.45 809.02 1-B 1.66 1.44 0.83 0.0332 OUTLET* 0.00 F 0.00

930 2 66 in. 808.43 809.00 1-B 1.56 1.39 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 1540 1 60 in. 808.78 809.19 1-A 2.75 1.64 1.08 0.0260 OUTLET* 0.00 D 0.00
1540 1 66 in. 808.74 809.17 1-B 2.59 1.59 1.05 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. 808.95 809.32 1-A 3.32 1.82 1.19 0.0260 OUTLET* 0.00 F 0.00
1860 1 66 in. 808.89 809.27 1-A 3.13 1.75 1.16 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 770 2 60 in. 808.35 808.96 1-B 1.37 1.156 0.76 0.0260 OUTLET* 0.00 D 0.00
770 2 66 in. 808.35 808.95 1-B 1.30 1.12 0.74 0.0260 OUTLET* 0.00 D+1 0.00
930 2 60 in. 808.45 809.00 1-B 1.66 1.27 0.83 0.0260 OUTLET* 0.00 F 0.00
930 2 66 in. 808.43 808.98 1-B 1.56 1.23 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 - 560+98 LT TO 561+38 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.) : 807.11 Outlet Invert Elevation (ft.) : 807.01 Tailwater Elevation (ft.) : 808.66 Overflow Elevation (ft.) : 811.27

Allowable Headwater Elevation (ft.) : 810.27 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) : 15.50 @ 10 yrs. Flood Discharge (cfs) : 18.80 @ 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
1550 1 21in. 809.62 809.76 2-F 659 175 146  0.0120 OUTLET 0.00 D 0.00
1550 1 18 in. 810.53 810.83 2-G 877 150 142  0.0120 OUTLET 0.00 D-1 0.00
1120 1 15 in. 81286 81358 2-G 913 125 121 0.0120 OUTLET 4.30 D-2 0.00
1550 1 24 in. 809.26 809.38 1-A 559  1.83 142  0.0120 OUTLET* 0.00 D+1 0.00
18.80 1 21in. 810.22 81028 2-F 800 175 157  0.0120 OUTLET** 0.00 F 0.00
16.90 1 18in. 811.62 81185 2-G 956 150 144  0.0120 OUTLET 1.90 F-1 0.00
1120 1 15 in. 81595 81590 2-G 913 125 121 0.0120 OUTLET 7.60 F-2 0.00
18.80 1 24 in. 809.62 809.69 2-F 678 200 156  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)
1550 1 24 in. 809.55 810.11 2-F 5.59 2.00 1.42 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.)
1540 1 21in. 810.28 811.27 2-F 6.55 1.75 1.45 0.0248 OUTLET 0.10 D-1 0.00
10.70 1 18 in. 811.81 81411 2-G 6.05 1.50 1.25 0.0249 OUTLET 4.80 D-2 0.00
1550 1 27 in. 809.24 809.61 1-A 4.96 2.05 1.37 0.0245 OUTLET* 0.00 D+1 0.00
18.80 1 24 in. 810.14 810.84 2-F 6.78 2.00 1.56 0.0247 OUTLET* 0.00 F 0.00
1540 1 21in. 811.26 81251 2-F 6.55 1.75 1.45 0.0248 OUTLET 3.40 F-1 0.00
10.70 1 18 in. 813.37 816.67 2-G 6.05 1.50 1.25 0.0249 OUTLET 8.10 F-2 0.00
18.80 1 27 in. 809.60 810.07 2-F 6.02 2.25 1.52 0.0245 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

1550 1 36 in. 808.94 809.28 1-A 3.89 2.47 1.26 0.0281 OUTLET* 0.00 D 0.00
1550 1 42in. 808.82 809.17 1-A 3.47 2.07 1.20 0.0278 OUTLET* 0.00 D+1 0.00
18.80 1 36 in. 809.15 809.51 1-A 4.72 2.74 1.39 0.0281 OUTLET* 0.00 F 0.00
18.80 1 42in. 809.02 809.35 1-A 4.21 2.37 1.33 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 1550 1 60 in. 808.57 809.02 1-A 2.74 1.89 1.08 0.0332 OUTLET* 0.00 D 0.00
1550 1 66 in. 808.52 808.98 1-A 2.59 1.81 1.05 0.0330 OUTLET* 0.00 D+1 0.00

18.80 1 60 in. 808.74 809.16 1-A 3.33 2.10 1.20 0.0332 OUTLET* 0.00 F 0.00

18.80 1 66 in. 808.68 809.10 1-A 3.14 2.01 1.16 0.0330 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.25 HWA 775 2 60 in. 808.14 808.77 1-B 1.37 1.32 0.76 0.0332 OUTLET* 0.00 D 0.00
775 2 66 in. 808.13 808.75 1-B 1.29 1.27 0.74 0.0330 OUTLET* 0.00 D+1 0.00

940 2 60 in. 808.23 808.81 1-B 1.66 1.45 0.84 0.0332 OUTLET* 0.00 F 0.00

940 2 66 in. 808.22 808.79 1-B 1.57 1.40 0.82 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 1550 1 60 in. 808.57 808.98 1-A 2.74 1.66 1.08 0.0260 OUTLET* 0.00 D 0.00
1550 1 66 in. 808.52 808.97 1-B 2.59 1.60 1.05 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.)
18.80 1 60 in. 808.74 809.11 1-A 3.33 1.84 1.20 0.0260 OUTLET* 0.00 F 0.00
18.80 1 66 in. 808.68 809.07 1-A 3.14 1.77 1.16 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.256 HWA 775 2 60 in. 808.14 808.75 1-B 1.37 1.17 0.76 0.0260 OUTLET* 0.00 D 0.00
775 2 66 in. 808.13 808.74 1-B 1.29 1.13 0.74 0.0260 OUTLET* 0.00 D+1 0.00
940 2 60 in. 808.23 808.79 1-B 1.66 1.28 0.84 0.0260 OUTLET* 0.00 F 0.00
940 2 66 in. 808.22 808.78 1-B 1.57 1.24 0.82 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+51 LT TO 561+95 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.) : 806.98 Outlet Invert Elevation (ft.) : 806.87 Tailwater Elevation (ft.) : 808.76 Overflow Elevation (ft.) : 810.86

Allowable Headwater Elevation (ft.) : 809.86 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 44.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 20.80 @ 10 yrs. Flood Discharge (cfs) : 25.30 @ 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
20.80 1 27 in. 809.40 809.54 1-A 583 2,05 160  0.0120 OUTLET* 0.00 D 0.00
20.80 1 24 in. 809.74 809.89 2-F 677 200 1.83  0.0120 OUTLET 0.00 D-1 0.00
20.80 1 21in. 810.51 810.80 2-G 865 175 1.62  0.0120 OUTLET 0.00 D-2 0.00
20.80 1 30 in. 809.25 809.38 1-A 522 192 155  0.0120 OUTLET* 0.00 D+1 0.00
2530 1 27 in. 809.81 809.88 2-F 710 225 176  0.0120 OUTLET** 0.00 F 0.00
2530 1 24 in. 810.38 81043 2-F 823 200 177  0.0120 OUTLET 0.00 F-1 0.00
21.10 1 21in. 811.60 811.77 2-G 877 175 1.62  0.0120 OUTLET 4.20 F-2 0.00
2530 1 30in. 809.55 809.65 1-A 6.35 228  1.71 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)
2080 1 30in. 809.40 809.82 1-A 522 228 155  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.)
2080 1 27 in. 809.73 810.30 2-F 5.83 2.25 1.60 0.0245 OUTLET* 0.00 D-1 0.00
1850 1 24 in. 81042 81139 2-F 6.02 2.00 1.55 0.0247 OUTLET 2.30 D-2 0.00
2080 1 33in. 809.24 809.63 1-A 4.78 2.51 1.50 0.0241 OUTLET* 0.00 D+1 0.00
2530 1 30in. 809.84 810.35 2-F 6.35 2.50 1.71 0.0244 OUTLET* 0.00 F 0.00
2400 1 27 in. 810.40 81111 2-F 6.73 2.25 1.71 0.0245 OUTLET* 1.30 F-1 0.00
18.50 1 24 in. 811.48 81265 2-F 6.02 2.00 1.55 0.0247 OUTLET 6.80 F-2 0.00
2530 1 33in. 809.56 809.96 1-A 5.81 2.51 1.67 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

20.80 1 36 in. 809.14 809.57 1-A 4.43 2.74 1.46 0.0281 OUTLET* 0.00 D 0.00
2080 1 42in. 809.01 809.40 1-A 3.92 2.56 1.40 0.0278 OUTLET* 0.00 D+1 0.00
2530 1 36 in. 809.41 809.85 1-A 5.39 2.74 1.62 0.0281 OUTLET* 0.00 F 0.00
2530 1 42in. 809.24 809.62 1-A 4.77 3.20 1.55 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2080 1 60 in. 808.71 809.20 1-A 3.06 2.22 1.26 0.0332 OUTLET* 0.00 D 0.00
2080 1 66 in. 808.64 809.15 1-A 2.88 212 1.23 0.0330 OUTLET* 0.00 D+1 0.00
2530 1 60 in. 808.91 809.36 1-A 3.72 2.49 1.39 0.0332 OUTLET* 0.00 F 0.00
2530 1 66 in. 808.83 809.30 1-A 3.50 2.36 1.36 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1040 2 60 in. 808.16 808.89 1-B 1.53 1.53 0.88 0.0332 OUTLET* 0.00 D 0.00
1040 2 66 in. 808.14 808.88 1-B 1.44 1.48 0.86 0.0330 OUTLET* 0.00 D+1 0.00
1265 2 60 in. 808.29 808.95 1-B 1.86 1.70 0.98 0.0332 OUTLET* 0.00 F 0.00
1265 2 66 in. 808.25 808.92 1-B 1.75 1.63 0.95 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 2080 1 60 in. 808.71 809.14 1-A 3.06 1.94 1.26 0.0260 OUTLET* 0.00 D 0.00
2080 1 66 in. 808.64 809.12 1-B 2.88 1.87 1.23 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.)

2530 1 60 in. 808.91 809.31 1-A 3.72 2.16 1.39 0.0260 OUTLET* 0.00 F 0.00

2530 1 66 in. 808.83 809.25 1-A 3.50 2.07 1.36 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1040 2 60 in. 808.16 808.87 1-B 1.53 1.35 0.88 0.0260 OUTLET* 0.00 D 0.00
1040 2 66 in. 808.14 808.86 1-B 1.44 1.31 0.86 0.0260 OUTLET* 0.00 D+1 0.00

1265 2 60 in. 808.29 808.92 1-B 1.86 1.49 0.98 0.0260 OUTLET* 0.00 F 0.00

1265 2 66 in. 808.25 80891 1-B 1.75 1.44 0.95 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+38 LT TO 563+78 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.) : 806.51 Outlet Invert Elevation (ft.) : 806.41 Tailwater Elevation (ft.) : 808.33 Overflow Elevation (ft.) : 810.92

Allowable Headwater Elevation (ft.) : 809.92 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) : 21.60 @ 10 yrs. Flood Discharge (cfs) : 26.10 @ 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
2160 1 24 in. 809.37 809.52 2-F 697 200 1.6  0.0120 OUTLET 0.00 D 0.00
2160 1 21in. 810.22 81046 2-G 898 175 1.63  0.0120 OUTLET 0.00 D-1 0.00
16.90 1 18 in. 81210 81255 2-G 956 150 144  0.0120 OUTLET 4.70 D-2 0.00
2160 1 27 in. 809.00 809.13 1-A 598 2,05 163  0.0120 OUTLET* 0.00 D+1 0.00
26.10 1 24 in. 810.04 810.07 2-F 842 200 179  0.0120 OUTLET 0.00 F 0.00
2380 1 21in. 811.35 81144 2-G 989 175 1.67  0.0120 OUTLET 2.30 F-1 0.00
16.90 1 18 in. 814.34 81449 2-G 956 150 144  0.0120 OUTLET 9.20 F-2 0.00
26.10 1 27 in. 809.42 809.47 2-F 722 225 178  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. 809.37 809.91 2-F 598 225 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.)
2110 1 24 in. 810.13 811.03 2-F 6.81 2.00 1.65 0.0247 OUTLET 0.50 D-1 0.00
1540 1 21in. 811.58 813.40 2-G 6.40 1.75 1.45 0.0248 OUTLET 6.20 D-2 0.00
2160 1 30in. 809.00 809.41 1-A 5.34 2.28 1.58 0.0244 OUTLET* 0.00 D+1 0.00
2610 1 27 in. 810.06 810.70 2-F 7.22 2.25 1.78 0.0245 OUTLET* 0.00 F 0.00
2110 1 24 in. 811.22 81228 2-F 6.81 2.00 1.65 0.0247 OUTLET 5.00 F-1 0.00
1540 1 21in. 813.20 815.73 2-G 6.40 1.75 1.45 0.0248 OUTLET 10.70 F-2 0.00
26.10 1 30in. 809.45 809.93 2-F 6.45 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. 808.72 809.13 1-A 4.52 2.74 1.49 0.0281 OUTLET* 0.00 D 0.00
2160 1 42in. 808.58 808.97 1-A 4.00 2.64 1.42 0.0278 OUTLET* 0.00 D+1 0.00
26.10 1 36 in. 808.99 80940 1-A 5.46 2.74 1.65 0.0281 OUTLET* 0.00 F 0.00
26.10 1 42in. 808.81 809.20 1-A 4.83 3.20 1.57 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. 808.27 808.76 1-A 3.1 2.27 1.28 0.0332 OUTLET* 0.00 D 0.00
2160 1 66 in. 808.20 808.72 1-A 2.93 2.16 1.25 0.0330 OUTLET* 0.00 D+1 0.00
26.10 1 60 in. 808.48 808.92 1-A 3.76 2.53 1.42 0.0332 OUTLET* 0.00 F 0.00
26.10 1 66 in. 808.40 808.86 1-A 3.53 2.40 1.38 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 10.80 2 60 in. 807.71 80846 1-B 1.56 1.56 0.90 0.0332 OUTLET* 0.00 D 0.00
10.80 2 66 in. 807.69 808.44 1-B 1.46 1.50 0.88 0.0330 OUTLET* 0.00 D+1 0.00
13.06 2 60 in. 807.84 808.51 1-B 1.88 1.73 0.99 0.0332 OUTLET* 0.00 F 0.00
13.06 2 66 in. 807.80 808.48 1-B 1.77 1.66 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. 808.27 808.72 1-A 3.1 1.98 1.28 0.0260 OUTLET* 0.00 D 0.00
2160 1 66 in. 808.20 808.69 1-B 2.93 1.90 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.)

2610 1 60 in. 808.48 808.88 1-A 3.76 2.20 1.42 0.0260 OUTLET* 0.00 F 0.00

2610 1 66 in. 808.40 808.82 1-A 3.53 2.1 1.38 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 10.80 2 60 in. 807.71 808.45 1-B 1.56 1.38 0.90 0.0260 OUTLET* 0.00 D 0.00
10.80 2 66 in. 807.69 808.43 1-B 1.46 1.33 0.88 0.0260 OUTLET* 0.00 D+1 0.00

13.05 2 60 in. 807.84 80849 1-B 1.88 1.52 0.99 0.0260 OUTLET* 0.00 F 0.00

13.05 2 66 in. 807.80 80847 1-B 1.77 1.47 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 - 564+45 LT TO 564+79 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.) : 806.24 Outlet Invert Elevation (ft.) : 806.15 Tailwater Elevation (ft.) : 808.06 Overflow Elevation (ft.) : 809.97

Allowable Headwater Elevation (ft.) : 808.97 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 34.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 21.30 @ 10 yrs. Flood Discharge (cfs) : 25.80 @ 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
2130 1 27in. 808.71 808.83 1-A 592 205 162 00120 OUTLET* 0.00 D 0.00
2130 1 24 in. 809.06 809.17 2-F 689 200 165  0.0120 OUTLET 0.00 D-1 0.00
20.90 1 21in. 809.88 810.04 2-G 869 175 162  0.0120 OUTLET 0.40 D-2 0.00
2130 1 30in. 808.54 808.67 1-A 529 191 157  0.0120 OUTLET* 0.00 D+1 0.00
2580 1 27in. 809.12 809.15 2-F 747 225 177 0.0120 OUTLET** 0.00 F 0.00
2580 1 24 in. 809.72 809.69 2-E 821 200 178  0.0120 INLET 0.00 F-1 0.00
2090 1 21in. 811.00 81097 2-G 869 175 162  0.0120 OUTLET 4.90 F-2 0.00
2580 1 30in. 808.84 808.94 1-A 641 228 173  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)
21.30 1 33in. 808.53 808.90 1-A 4.84 2.51 1.52 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.)
2130 1 30in. 808.70 809.08 1-A 5.29 2.28 1.57 0.0244 OUTLET* 0.00 D-1 0.00
2130 1 27 in. 809.05 809.50 2-F 5.92 2.25 1.62 0.0245 OUTLET* 0.00 D-2 0.00
2130 1 36 in. 808.43 808.80 1-A 4.49 2.74 1.48 0.0241 OUTLET* 0.00 D+1 0.00
2580 1 33in. 808.86 809.21 1-A 5.86 2.51 1.68 0.0241 OUTLET* 0.00 F 0.00
2580 1 30in. 809.15 809.55 2-F 6.41 2.50 1.73 0.0244 OUTLET* 0.00 F-1 0.00
2420 1 27 in. 809.74 81024 2-F 6.73 2.25 1.72 0.0245 OUTLET* 1.60 F-2 0.00
2580 1 36 in. 808.70 809.06 1-A 5.43 2.74 1.64 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2130 1 36 in. 808.43 808.83 1-A 4.49 2.74 1.48 0.0281 OUTLET* 0.00 D 0.00
2130 1 42in. 808.29 808.67 1-A 3.97 2.55 1.41 0.0278 OUTLET* 0.00 D+1 0.00
2580 1 36 in. 808.70 809.09 1-A 5.43 2.74 1.64 0.0281 OUTLET* 0.00 F 0.00
2580 1 42in. 808.53 808.89 1-A 4.80 3.20 1.56 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2130 1 60 in. 807.99 808.47 1-A 3.09 2.22 1.28 0.0332 OUTLET* 0.00 D 0.00
2130 1 66 in. 807.92 808.42 1-A 2.9 2.11 1.24 0.0330 OUTLET* 0.00 D+1 0.00
2580 1 60 in. 808.20 808.63 1-A 3.74 2.48 1.41 0.0332 OUTLET* 0.00 F 0.00
2580 1 66 in. 808.11 808.57 1-A 3.52 2.35 1.37 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1065 2 60 in. 807.44 808.18 1-B 1.54 1.53 0.89 0.0332 OUTLET* 0.00 D 0.00
1065 2 66 in. 807.41 808.16 1-B 1.45 1.47 0.87 0.0330 OUTLET* 0.00 D+1 0.00
1290 2 60 in. 807.56 808.23 1-B 1.87 1.69 0.99 0.0332 OUTLET* 0.00 F 0.00
1290 2 66 in. 807.53 808.21 1-B 1.76 1.62 0.96 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 2130 1 60 in. 807.99 80843 1-A 3.09 1.94 1.28 0.0260 OUTLET* 0.00 D 0.00
2130 1 66 in. 807.92 80841 1-B 2.91 1.86 1.24 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.)

2580 1 60 in. 808.20 808.59 1-A 3.74 2.15 1.41 0.0260 OUTLET* 0.00 F 0.00

2580 1 66 in. 808.11 808.53 1-A 3.52 2.06 1.37 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1065 2 60 in. 807.44 808.17 1-B 1.54 1.35 0.89 0.0260 OUTLET* 0.00 D 0.00
1065 2 66 in. 807.41 808.16 1-B 1.45 1.30 0.87 0.0260 OUTLET* 0.00 D+1 0.00

1290 2 60 in. 807.56 808.21 1-B 1.87 1.49 0.99 0.0260 OUTLET* 0.00 F 0.00

1290 2 66 in. 807.53 808.19 1-B 1.76 1.44 0.96 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+53 LT TO 567+02 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.) : 805.72 Outlet Invert Elevation (ft.) : 805.59 Tailwater Elevation (ft.) : 807.63 Overflow Elevation (ft.) : 809.26

Allowable Headwater Elevation (ft.) : 808.26 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 49.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 24.80 @ 10 yrs. Flood Discharge (cfs) : 30.00 @ 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
2480 1 36 in. 808.03 808.17 1-B 485 179 161 0.0120 OUTLET* 0.00 D 0.00
2480 1 33in. 808.12 80826 1-B 525 193 165  0.0120 OUTLET* 0.00 D-1 0.00
2480 1 30in. 808.25 80840 1-A 578 228 170  0.0120 OUTLET* 0.00 D-2 0.00
2480 1 42in. 807.89 808.04 1-B 426 163 153  0.0120 OUTLET* 0.00 D+1 0.00
30.00 1 36 in. 808.30 80840 1-A 586 204 177  0.0120 OUTLET* 0.00 F 0.00
30.00 1 33in. 808.42 80853 1-A 635 230 182  0.0120 OUTLET* 0.00 F-1 0.00
30.00 1 30in. 808.63 808.73 2-F 700 250 1.87  0.0120 OUTLET* 0.00 F-2 0.00
30.00 1 42in. 808.14 80823 1-B 515 182 169  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 2480 1 48 in. 807.84 808.22 1-A 3.85 2.25 1.47 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.)
2480 1 42 in. 807.96 808.34 1-A 4.26 2.53 1.53 0.0237 OUTLET* 0.00 D-1 0.00
2480 1 36 in. 808.12 808.55 1-A 4.85 2.74 1.61 0.0241 OUTLET* 0.00 D-2 0.00
2480 1 54 in. 807.73 808.12 1-A 3.54 2.09 1.42 0.0233 OUTLET* 0.00 D+1 0.00
30.00 1 48 in. 808.08 808.44 1-A 4.66 2.54 1.62 0.0235 OUTLET* 0.00 F 0.00
30.00 1 42in. 808.21 808.60 1-A 5.15 3.09 1.69 0.0237 OUTLET* 0.00 F-1 0.00
30.00 1 36 in. 808.44 808.85 1-A 5.86 2.74 1.77 0.0241 OUTLET* 0.00 F-2 0.00
30.00 1 54 in. 807.96 808.33 1-A 4.28 2.33 1.57 0.0233 OUTLET* 0.00 F+1 0.00
1240 2 27 in. 807.55 808.19 1-A 3.27 2.05 1.22 0.0245 OUTLET 0.00 D 0.00
1240 2 24 in. 807.72 808.62 2-G 3.95 2.00 1.27 0.0247 OUTLET 0.00 D-1 0.00
1150 2 21in. 808.13 809.50 2-G 4.78 1.75 1.26 0.0248 OUTLET 0.90 D-2 0.00
1240 2 30in. 807.46 807.98 1-A 2.89 2.28 1.18 0.0244 OUTLET 0.00 D+1 0.00
15.00 2 27 in. 807.80 80846 2-F 3.96 2.25 1.35 0.0245 OUTLET 0.00 F 0.00
15.00 2 24 in. 808.08 809.08 2-G 4.77 2.00 1.40 0.0247 OUTLET 0.00 F-1 0.00
11.50 2 21in. 808.76 810.37 2-G 4.78 1.75 1.26 0.0248 OUTLET 3.50 F-2 0.00
15.00 2 30in. 807.66 808.14 1-A 3.50 2.28 1.31 0.0244 OUTLET 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

Diameter exceeds 1.25 HWA 2480 1 48 in. 807.84 808.25 1-A 3.85 2.49 1.47 0.0275 OUTLET* 0.00 D 0.00
2480 1 42in. 807.96 808.38 1-A 4.26 2.95 1.53 0.0278 OUTLET* 0.00 D-1 0.00
2480 1 36 in. 808.12 808.60 1-A 4.85 2.74 1.61 0.0281 OUTLET* 0.00 D-2 0.00
2480 1 54 in. 807.73 808.16 1-A 3.54 2.29 1.42 0.0273 OUTLET* 0.00 D+1 0.00
30.00 1 48 in. 808.08 808.47 1-A 4.66 2.85 1.62 0.0275 OUTLET* 0.00 F 0.00
30.00 1 42 in. 808.21 808.65 1-A 5.15 3.20 1.69 0.0278 OUTLET* 0.00 F-1 0.00
30.00 1 36 in. 808.44 808.93 1-A 5.86 2.74 1.77 0.0281 OUTLET* 0.00 F-2 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.)
30.00 1 54 in. 807.96 808.36 1-A 4.28 2.57 1.57 0.0273 OUTLET* 0.00 F+1 0.00
1240 2 36 in. 807.33 80794 1-B 242 1.99 1.12 0.0281 OUTLET* 0.00 D 0.00
1240 2 42 in. 807.22 80786 1-B 2.13 1.77 1.07 0.0278 OUTLET* 0.00 D+1 0.00
15.00 2 36 in. 807.52 808.04 1-A 2.93 2.32 1.23 0.0281 OUTLET* 0.00 F 0.00
15.00 2 42in. 807.40 807.96 1-B 2.58 1.99 1.18 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2480 1 60 in. 807.63 808.14 1-A 3.29 2.42 1.38 0.0332 OUTLET* 0.00 D 0.00
2480 1 66 in. 807.55 808.09 1-A 3.09 2.30 1.34 0.0330 OUTLET* 0.00 D+1 0.00
30.00 1 60 in. 807.86 808.32 1-A 3.98 2.71 1.52 0.0332 OUTLET* 0.00 F 0.00
30.00 1 66 in. 807.76 80825 1-A 3.74 2.55 1.48 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1240 2 60 in. 807.01 807.79 1-B 1.65 1.65 0.97 0.0332 OUTLET* 0.00 D 0.00
1240 2 66 in. 806.98 807.76 1-B 1.55 1.59 0.94 0.0330 OUTLET* 0.00 D+1 0.00
15.00 2 60 in. 807.15 807.85 1-B 1.99 1.83 1.07 0.0332 OUTLET* 0.00 F 0.00
15.00 2 66 in. 807.11 807.82 1-B 1.87 1.75 1.04 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 2480 1 60 in. 807.63 808.09 1-A 3.29 2.1 1.38 0.0260 OUTLET* 0.00 D 0.00
2480 1 66 in. 807.55 808.05 1-B 3.09 2.02 1.34 0.0260 OUTLET* 0.00 D+1 0.00
30.00 1 60 in. 807.86 808.26 1-A 3.98 2.34 1.52 0.0260 OUTLET* 0.00 F 0.00
30.00 1 66 in. 807.76 808.20 1-A 3.74 2.24 1.48 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1240 2 60 in. 807.01 807.76 1-B 1.65 1.46 0.97 0.0260 OUTLET* 0.00 D 0.00
1240 2 66 in. 806.98 807.74 1-B 1.55 1.41 0.94 0.0260 OUTLET* 0.00 D+1 0.00
15.00 2 60 in. 807.15 807.82 1-B 1.99 1.61 1.07 0.0260 OUTLET* 0.00 F 0.00
15.00 2 66 in. 807.11 807.80 1-B 1.87 1.55 1.04 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 - 567+46 LT TO 567+86 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.) : 805.49 Outlet Invert Elevation (ft.) : 805.39 Tailwater Elevation (ft.) : 807.45 Overflow Elevation (ft.) : 809.24

Allowable Headwater Elevation (ft.) : 808.24 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) : 25.40 @ 10 yrs. Flood Discharge (cfs) : 30.80 @ 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
2540 1 30in. 808.07 808.21 1-A 587 228 172  0.0120 OUTLET* 0.00 D 0.00
2540 1 27 in. 808.33 808.44 2-F 666 225 176  0.0120 OUTLET 0.00 D-1 0.00
2540 1 24 in. 808.91 809.10 2-G 809 200 177  0.0120 OUTLET 0.00 D-2 0.00
2540 1 33in. 807.93 808.08 1-B 532  2.01 167  0.0120 OUTLET* 0.00 D+1 0.00
30.80 1 30in. 808.46 808.55 2-F 712 250 189  0.0120 OUTLET* 0.00 F 0.00
30.80 1 27 in. 808.92 80893 2-F 807 225 192  0.0120 OUTLET** 0.00 F-1 0.00
26.40 1 24 in. 809.85 809.87 2-G 840 200 1.80  0.0120 OUTLET 4.40 F-2 0.00
30.80 1 33in. 808.24 808.35 1-A 645 251 1.85  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 2540 1 42in. 807.76 808.14 1-A 431 265 155  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.)
2540 1 36 in. 807.92 808.34 1-A 4.91 2.74 1.63 0.0241 OUTLET* 0.00 D-1 0.00
2540 1 33in. 808.08 808.51 1-A 5.32 2.51 1.67 0.0241 OUTLET* 0.00 D-2 0.00
2540 1 48 in. 807.64 808.02 1-A 3.89 2.33 1.49 0.0235 OUTLET* 0.00 D+1 0.00
30.80 1 42 in. 808.02 808.40 1-A 5.23 3.20 1.71 0.0237 OUTLET* 0.00 F 0.00
30.80 1 36 in. 808.26 808.67 1-A 5.95 2.74 1.80 0.0241 OUTLET* 0.00 F-1 0.00
3080 1 33in. 808.52 808.94 2-F 6.45 2.75 1.85 0.0241 OUTLET* 0.00 F-2 0.00
30.80 1 48 in. 807.88 808.24 1-A 4.72 2.65 1.65 0.0235 OUTLET* 0.00 F+1 0.00
1270 2 27 in. 807.35 807.99 1-B 3.33 2.05 1.24 0.0245 OUTLET 0.00 D 0.00
1270 2 24 in. 807.53 808.38 2-G 4.04 2.00 1.28 0.0247 OUTLET 0.00 D-1 0.00
1270 2 21in. 807.96 809.20 2-G 5.28 1.75 1.33 0.0248 OUTLET 0.00 D-2 0.00
1270 2 30in. 807.25 807.78 1-A 2.94 2.28 1.20 0.0244 OUTLET 0.00 D+1 0.00
1540 2 27 in. 807.61 80824 2-F 4.04 2.25 1.37 0.0245 OUTLET 0.00 F 0.00
1540 2 24 in. 807.92 808.82 2-G 4.90 2.00 1.42 0.0247 OUTLET 0.00 F-1 0.00
1280 2 21in. 808.64 810.03 2-G 5.32 1.75 1.33 0.0248 OUTLET 2.60 F-2 0.00
1540 2 30in. 807.46 807.94 1-A 3.56 2.28 1.32 0.0244 OUTLET 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

Diameter exceeds 1.25 HWA 2540 1 42 in. 807.76 808.17 1-A 4.31 3.20 1.55 0.0278 OUTLET* 0.00 D 0.00
2540 1 36 in. 807.92 80839 1-A 4.91 2.74 1.63 0.0281 OUTLET* 0.00 D-1 0.00
2540 1 48 in. 807.64 808.05 1-A 3.89 2.58 1.49 0.0275 OUTLET* 0.00 D+1 0.00
3080 1 42in. 808.02 80844 1-A 5.23 3.20 1.71 0.0278 OUTLET* 0.00 F 0.00
30.80 1 36 in. 808.26 808.72 1-A 5.95 2.74 1.80 0.0281 OUTLET* 0.00 F-1 0.00
30.80 1 48 in. 807.88 808.27 1-A 4.72 2.99 1.65 0.0275 OUTLET* 0.00 F+1 0.00
1270 2 36 in. 807.12 807.73 1-A 2.45 2.07 1.13 0.0281 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.)
1270 2 42in. 807.01 807.66 1-B 216  1.83  1.08  0.0278 OUTLET* 0.00 D+1 0.00
1540 2 36 in. 807.31 807.85 1-A 298 245 125  0.0281 OUTLET* 0.00 F 0.00
1540 2 42in. 807.20 807.75 1-A 261 207 120  0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2540 1 60 in. 807.43 807.93 1-A 3.33 2.49 1.39 0.0332 OUTLET* 0.00 D 0.00
2540 1 66 in. 807.35 807.88 1-A 3.13 2.36 1.36 0.0330 OUTLET* 0.00 D+1 0.00
30.80 1 60 in. 807.66 808.11 1-A 4.04 2.80 1.54 0.0332 OUTLET* 0.00 F 0.00
30.80 1 66 in. 807.57 808.04 1-A 3.79 2.64 1.50 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1270 2 60 in. 806.80 807.59 1-B 1.66 1.70 0.98 0.0332 OUTLET* 0.00 D 0.00
1270 2 66 in. 806.77 807.57 1-B 1.56 1.63 0.95 0.0330 OUTLET* 0.00 D+1 0.00
1540 2 60 in. 806.94 807.65 1-B 2.02 1.88 1.08 0.0332 OUTLET* 0.00 F 0.00
1540 2 66 in. 806.90 807.62 1-B 1.90 1.81 1.05 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 2540 1 60 in. 807.43 807.89 1-A 3.33 2.17 1.39 0.0260 OUTLET* 0.00 D 0.00
2540 1 66 in. 807.35 807.84 1-A 3.13 2.08 1.36 0.0260 OUTLET* 0.00 D+1 0.00
3080 1 60 in. 807.66 808.07 1-A 4.04 242 1.54 0.0260 OUTLET* 0.00 F 0.00
3080 1 66 in. 807.57 808.00 1-A 3.79 2.30 1.50 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1270 2 60 in. 806.80 807.58 1-B 1.66 1.50 0.98 0.0260 OUTLET* 0.00 D 0.00
1270 2 66 in. 806.77 807.56 1-B 1.56 1.45 0.95 0.0260 OUTLET* 0.00 D+1 0.00
1540 2 60 in. 806.94 80762 1-B 2.02 1.65 1.08 0.0260 OUTLET* 0.00 F 0.00
1540 2 66 in. 806.90 807.60 1-B 1.90 1.60 1.05 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+64 LT TO 571+45 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.) : 804.69 Outlet Invert Elevation (ft.) : 804.49 Tailwater Elevation (ft.) : 806.61 Overflow Elevation (ft.) : 809.18

Allowable Headwater Elevation (ft.) : 808.18 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 81.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 26.90 @ 10 yrs. Flood Discharge (cfs) : 32.50 @ 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
26.90 1 27 in. 807.68 807.98 2-F 693 225  1.81 0.0120 OUTLET 0.00 D 0.00
26.90 1 24 in. 808.35 808.95 2-G 856 200  1.81 0.0120 OUTLET 0.00 D-1 0.00
2070 1 21in. 809.75 810.92 2-G 8.61 175  1.61 0.0120 OUTLET 6.20 D-2 0.00
26.90 1 30 in. 807.37 80755 1-A 6.06 228 177  0.0120 OUTLET* 0.00 D+1 0.00
3250 1 27 in. 808.33 808.61 2-F 837 225 196  0.0120 OUTLET 0.00 F 0.00
2820 1 24 in. 809.39 810.02 2-G 898 200 1.83  0.0120 OUTLET 4.30 F-1 0.00
2070 1 21in. 811.46 81290 2-G 8.61 175  1.61 0.0120 OUTLET 11.80 F-2 0.00
3250 1 30in. 807.80 807.96 2-F 732 250 194  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)
2690 1 33in. 807.39 808.05 2-F 547 275 172  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.)
26.90 1 30in. 807.72 808.73 2-F 6.06 2.50 1.77 0.0244 OUTLET* 0.00 D-1 0.00
23.00 1 27 in. 808.38 810.12 2-F 5.92 2.25 1.68 0.0245 OUTLET 3.90 D-2 0.00
26.90 1 36 in. 807.22 807.73 1-A 5.04 2.74 1.68 0.0241 OUTLET* 0.00 D+1 0.00
3250 1 33in. 807.87 808.74 2-F 6.61 2.75 1.90 0.0241 OUTLET* 0.00 F 0.00
2930 1 30in. 808.43 809.78 2-F 6.60 2.50 1.85 0.0244 OUTLET* 3.20 F-1 0.00
23.00 1 27 in. 809.45 81173 2-F 5.92 2.25 1.68 0.0245 OUTLET 9.50 F-2 0.00
3250 1 36 in. 807.57 808.09 1-A 6.09 2.74 1.85 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2690 1 36 in. 807.22 807.84 1-A 5.04 2.74 1.68 0.0281 OUTLET* 0.00 D 0.00
2690 1 42in. 807.03 807.55 1-A 4.41 3.20 1.60 0.0278 OUTLET* 0.00 D+1 0.00
3250 1 36 in. 807.57 80843 2-F 6.09 3.00 1.85 0.0281 OUTLET* 0.00 F 0.00
3250 1 42in. 807.30 807.82 1-A 5.33 3.20 1.76 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 26.90 1 60 in. 806.69 807.26 1-A 3.39 2.59 1.44 0.0332 OUTLET* 0.00 D 0.00
26.90 1 66 in. 806.61 807.18 1-A 3.19 2.45 1.40 0.0330 OUTLET* 0.00 D+1 0.00
3250 1 60 in. 806.93 80746 1-A 4.10 2.91 1.58 0.0332 OUTLET* 0.00 F 0.00
3250 1 66 in. 806.83 807.36 1-A 3.85 2.73 1.54 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1345 2 60 in. 806.04 806.82 1-B 1.70 1.76 1.01 0.0332 OUTLET* 0.00 D 0.00
1345 2 66 in. 806.00 806.78 1-B 1.59 1.69 0.98 0.0330 OUTLET* 0.00 D+1 0.00
16.25 2 60 in. 806.19 806.89 1-B 2.05 1.95 1.1 0.0332 OUTLET* 0.00 F 0.00
16.25 2 66 in. 806.14 806.87 1-B 1.92 1.86 1.08 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 2690 1 60 in. 806.69 807.17 1-A 3.39 225 1.44 0.0260 OUTLET* 0.00 D 0.00
2690 1 66 in. 806.61 807.10 1-A 3.19 215 1.40 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.)

3250 1 60 in. 806.93 807.37 1-A 4.10 2.51 1.58 0.0260 OUTLET* 0.00 F 0.00

3250 1 66 in. 806.83 807.29 1-A 3.85 2.38 1.54 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1345 2 60 in. 806.04 806.79 1-B 1.70 1.55 1.01 0.0260 OUTLET* 0.00 D 0.00
1345 2 66 in. 806.00 806.77 1-B 1.59 1.49 0.98 0.0260 OUTLET* 0.00 D+1 0.00

16.25 2 60 in. 806.19 806.85 1-B 2.05 1.71 1.1 0.0260 OUTLET* 0.00 F 0.00

16.25 2 66 in. 806.14 806.83 1-B 1.92 1.65 1.08 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 - 573+82 LT TO 574+17 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.) : 803.90 Outlet Invert Elevation (ft.) : 803.81 Tailwater Elevation (ft.) : 805.96 Overflow Elevation (ft.) : 808.27

Allowable Headwater Elevation (ft.) : 807.27 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 35.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 28.00 @ 10 yrs. Flood Discharge (cfs) : 33.90 @ 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
28.00 1 27 in. 807.01 807.13 2-F 715 225 184  0.0120 OUTLET 0.00 D 0.00
28.00 1 24 in. 807.75 807.89 2-G 891 200 1.83  0.0120 OUTLET 0.00 D-1 0.00
2290 1 21in. 809.27 809.41 2-G 952 175 1.65  0.0120 OUTLET 5.10 D-2 0.00
28.00 1 30 in. 806.66 806.80 1-A 623 228 1.80  0.0120 OUTLET* 0.00 D+1 0.00
33.90 1 27 in. 807.72 807.67 2-E 853 225 1.99  0.0120 INLET 0.00 F 0.00
3050 1 24 in. 808.88 808.80 2-G 971 200 1.87  0.0120 OUTLET 3.40 F-1 0.00
2290 1 21in. 811.16 811.02 2-G 952 175 1.65  0.0120 OUTLET 11.00 F-2 0.00
33.90 1 30in. 807.13 807.14 2-F 755 250 198  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)
28.00 1 33in. 806.69 807.08 1-A 562 251 1.76  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.)
28.00 1 30in. 807.06 807.49 2-F 6.23 2.50 1.80 0.0244 OUTLET* 0.00 D-1 0.00
27.00 1 27 in. 807.78 808.43 2-F 6.90 2.25 1.81 0.0245 OUTLET 1.00 D-2 0.00
28.00 1 36 in. 806.49 806.91 1-A 5.16 2.74 1.71 0.0241 OUTLET* 0.00 D+1 0.00
33.90 1 33in. 807.21 80761 2-F 6.80 2.75 1.94 0.0241 OUTLET* 0.00 F 0.00
33.70 1 30in. 807.84 80829 2-F 7.50 2.50 1.97 0.0244 OUTLET* 0.20 F-1 0.00
27.00 1 27 in. 808.95 809.59 2-F 6.90 2.25 1.81 0.0245 OUTLET 6.90 F-2 0.00
3390 1 36 in. 806.88 807.26 1-A 6.25 2.74 1.89 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.00 1 36 in. 806.49 806.95 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
28.00 1 42in. 806.30 806.72 1-A 4.52 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
3390 1 36 in. 806.88 807.32 1-A 6.25 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
3390 1 42in. 806.58 807.01 1-A 5.47 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 28.00 1 60 in. 805.95 806.45 1-A 3.47 2.62 1.47 0.0332 OUTLET* 0.00 D 0.00
28.00 1 66 in. 805.86 806.40 1-A 3.25 2.48 1.43 0.0330 OUTLET* 0.00 D+1 0.00
3390 1 60 in. 806.20 806.64 1-A 4.20 2.95 1.62 0.0332 OUTLET* 0.00 F 0.00
3390 1 66 in. 806.10 806.57 1-A 3.94 2.77 1.58 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1400 2 60 in. 805.28 806.10 1-B 1.73 1.78 1.03 0.0332 OUTLET* 0.00 D 0.00
14.00 2 66 in. 805.24 806.08 1-B 1.63 1.70 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.95 2 60 in. 80543 806.16 1-B 2.10 1.97 1.13 0.0332 OUTLET* 0.00 F 0.00
16.95 2 66 in. 805.38 806.14 1-B 1.97 1.88 1.10 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 28.00 1 60 in. 805.95 806.41 1-A 3.47 227 1.47 0.0260 OUTLET* 0.00 D 0.00
28.00 1 66 in. 805.86 806.36 1-A 3.25 217 1.43 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.)

33.90 1 60 in. 806.20 806.60 1-A 4.20 2.54 1.62 0.0260 OUTLET* 0.00 F 0.00

33.90 1 66 in. 806.10 806.53 1-A 3.94 2.41 1.58 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 14.00 2 60 in. 805.28 806.08 1-B 1.73 1.56 1.03 0.0260 OUTLET* 0.00 D 0.00
14.00 2 66 in. 805.24 806.07 1-B 1.63 1.51 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.95 2 60 in. 80543 806.14 1-B 2.10 1.73 1.13 0.0260 OUTLET* 0.00 F 0.00

16.95 2 66 in. 805.38 806.12 1-B 1.97 1.66 1.10 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 - 574+77 LT TO 575+01 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.) : 803.66 Outlet Invert Elevation (ft.) : 803.60 Tailwater Elevation (ft.) : 805.75 Overflow Elevation (ft.) : 808.06

Allowable Headwater Elevation (ft.) : 807.06 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 24.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.90 @ 10 yrs. Flood Discharge (cfs) : 33.80 @ 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
27.90 1 27in. 806.76 806.83 2-F 713 225 184  0.0120 OUTLET 0.00 D 0.00
27.90 1 24 in. 807.49 80753 2-G 888 200 183  0.0120 OUTLET 0.00 D-1 0.00
23.90 1 21in. 809.00 80889 2-G 994 175 167  0.0120 OUTLET 4.00 D-2 0.00
27.90 1 30in. 806.41 806.55 1-A 621 228 180  0.0120 OUTLET* 0.00 D+1 0.00
33.80 1 27in. 807.46 807.34 2-E 850 225 199  0.0120 INLET 0.00 F 0.00
30.90 1 24 in. 808.62 808.36 2-H 9.84 200 188  0.0120 INLET 2.90 F-1 0.00
2390 1 21in. 810.88 810.35 2-G 994 175 167  0.0120 OUTLET 9.90 F-2 0.00
33.80 1 30in. 806.88 806.86 2-E 689 250 198  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)
2790 1 33in. 806.44 806.81 1-A 5.60 2.51 1.75 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.)
2790 1 30in. 806.81 807.09 2-F 6.21 2.50 1.80 0.0244 OUTLET* 0.00 D-1 0.00
2790 1 27 in. 807.53 807.89 2-F 7.13 2.25 1.84 0.0245 OUTLET 0.00 D-2 0.00
2790 1 36 in. 806.25 806.64 1-A 5.15 2.74 1.71 0.0241 OUTLET* 0.00 D+1 0.00
33.80 1 33in. 806.96 807.23 2-F 6.78 2.75 1.94 0.0241 OUTLET* 0.00 F 0.00
33.80 1 30in. 807.58 807.81 2-F 7.53 2.50 1.98 0.0244 OUTLET* 0.00 F-1 0.00
2890 1 27 in. 808.69 808.89 2-F 7.38 2.25 1.87 0.0245 OUTLET 4.90 F-2 0.00
33.80 1 36 in. 806.63 806.98 1-A 6.23 2.74 1.89 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2790 1 36 in. 806.25 806.68 1-A 5.15 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
2790 1 42in. 806.05 80646 1-A 4.50 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
33.80 1 36 in. 806.63 807.02 1-A 6.23 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
3380 1 42in. 806.33 806.73 1-A 5.45 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2790 1 60 in. 805.71 806.20 1-A 3.46 2.64 1.46 0.0332 OUTLET* 0.00 D 0.00
2790 1 66 in. 805.62 806.15 1-A 3.24 2.49 1.43 0.0330 OUTLET* 0.00 D+1 0.00
33.80 1 60 in. 805.95 806.38 1-A 4.19 297 1.62 0.0332 OUTLET* 0.00 F 0.00
33.80 1 66 in. 805.85 806.31 1-A 3.93 2.79 1.57 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 13.95 2 60 in. 805.04 80588 1-B 1.73 1.79 1.03 0.0332 OUTLET* 0.00 D 0.00
13.95 2 66 in. 805.00 805.86 1-B 1.62 1.71 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.90 2 60 in. 805.19 80593 1-B 2.09 1.98 1.13 0.0332 OUTLET* 0.00 F 0.00
16.90 2 66 in. 805.14 80591 1-B 1.96 1.90 1.10 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 2790 1 60 in. 805.71 806.17 1-A 3.46 2.29 1.46 0.0260 OUTLET* 0.00 D 0.00
2790 1 66 in. 805.62 806.11 1-A 3.24 2.18 1.43 0.0260 OUTLET* 0.00 D+1 0.00

CDSS 1.0.0.3. 574+77 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.)

33.80 1 60 in. 805.95 806.35 1-A 4.19 2.56 1.62 0.0260 OUTLET* 0.00 F 0.00

33.80 1 66 in. 805.85 806.28 1-A 3.93 2.43 1.57 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 13.95 2 60 in. 805.04 805.87 1-B 1.73 1.57 1.03 0.0260 OUTLET* 0.00 D 0.00
13.95 2 66 in. 805.00 805.85 1-B 1.62 1.52 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.90 2 60 in. 805.19 80591 1-B 2.09 1.74 1.13 0.0260 OUTLET* 0.00 F 0.00

16.90 2 66 in. 805.14 80589 1-B 1.96 1.67 1.10 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 574+77 xml 3



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 576+29 LT TO 576+47 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.) : 803.28 Outlet Invert Elevation (ft.) : 803.23 Tailwater Elevation (ft.) : 805.39 Overflow Elevation (ft.) : 808.65

Allowable Headwater Elevation (ft.) : 807.65 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 18.00 Culvert Slope (ft./ft.) : 0.0028 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 28.10 @ 10 yrs. Flood Discharge (cfs) : 34.10 @ 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
2810 1 24 in. 807.15 807.12 2-H 894 200 183  0.0120 INLET 0.00 D 0.00
28.00 1 21in. 808.68 808.41 2-H 1164 175 170  0.0120 INLET 0.10 D-1 0.00
21.00 1 18 in. 81250 811.19 2-G 11.88 150 147  0.0120 OUTLET 7.10 D-2 0.00
2810 1 27in. 806.40 806.45 2-F 716 225 184  0.0120 OUTLET 0.00 D+1 0.00
3410 1 24 in. 808.31 807.93 2-H 1085 200 191 0.0120 INLET 0.00 F 0.00
28.00 1 21in. 810.61 809.84 2-H 1164 175 170  0.0120 INLET 6.10 F-1 0.00
21.00 1 18in. 820.26 81394 2-G 11.88 150 147  0.0120 OUTLET 13.10 F-2 0.00
3410 1 27in. 807.12 806.95 2-E 858 225 199  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)
28.10 1 27 in. 807.18 807.39 2-F 7.16 2.25 1.84 0.0245 OUTLET 0.00 D 0.00

CDSS 1.0.0.3. 576+29.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.)
2760 1 24 in. 808.51 808.75 2-G 8.79 2.00 1.82 0.0247 OUTLET 0.50 D-1 0.00
2050 1 21in. 810.78 81147 2-G 8.52 1.75 1.61 0.0248 OUTLET 7.60 D-2 0.00
2810 1 30in. 806.45 806.65 2-F 6.23 2.50 1.81 0.0244 OUTLET 0.00 D+1 0.00
3410 1 27 in. 808.37 808.33 2-E 8.58 2.25 1.99 0.0245 INLET 0.00 F 0.00
2760 1 24 in. 810.21 81033 2-G 8.79 2.00 1.82 0.0247 OUTLET 6.50 F-1 0.00
2050 1 21in. 814.22 81434 2-G 8.52 1.75 1.61 0.0248 OUTLET 13.60 F-2 0.00
3410 1 30in. 807.24 807.33 2-F 7.56 2.50 1.99 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.10 1 36 in. 805.88 806.28 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
2810 1 42in. 805.68 806.08 1-A 4.51 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
3410 1 36 in. 806.27 806.63 1-A 6.26 2.74 1.90 0.0281 OUTLET* 0.00 F 0.00
3410 1 42in. 805.97 806.35 1-A 5.47 3.20 1.81 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2810 1 60 in. 805.34 805.82 1-A 3.46 2.57 1.47 0.0332 OUTLET* 0.00 D 0.00
2810 1 66 in. 805.25 805.77 1-A 3.25 2.43 1.43 0.0330 OUTLET* 0.00 D+1 0.00
3410 1 60 in. 805.58 806.00 1-A 4.20 2.89 1.62 0.0332 OUTLET* 0.00 F 0.00
3410 1 66 in. 80548 80593 1-A 3.94 2.71 1.58 0.0330 OUTLET* 0.00 F+1 0.00

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

2810 1 60 in. 805.34 805.80 1-A 3.46 2.23 1.47 0.0260 OUTLET* 0.00 D 0.00
2810 1 66 in. 805.25 805.76 1-B 3.25 2.13 1.43 0.0260 OUTLET* 0.00 D+1 0.00
3410 1 60 in. 805.58 805.97 1-A 4.20 2.49 1.62 0.0260 OUTLET* 0.00 F 0.00
3410 1 66 in. 80548 80591 1-A 3.94 2.37 1.58 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 576+29.xml 2



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 577+06 LT TO 577+21 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.) : 803.09 Outlet Invert Elevation (ft.) : 803.05 Tailwater Elevation (ft.) : 805.21 Overflow Elevation (ft.) : 808.65

Allowable Headwater Elevation (ft.) : 807.65 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 15.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 28.10 @ 10 yrs. Flood Discharge (cfs) : 34.10 @ 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
2810 1 24 in. 806.96 806.90 2-H 894 200 183  0.0120 INLET 0.00 D 0.00
2810 1 21in. 808.49 808.15 2-H 1168 175 170  0.0120 INLET 0.00 D-1 0.00
2150 1 18 in. 812.31 81083 2-H 1217 150  1.48  0.0120 INLET 6.60 D-2 0.00
2810 1 27in. 806.21 806.25 2-F 716 225 184  0.0120 OUTLET 0.00 D+1 0.00
3410 1 24 in. 808.12 807.69 2-H 1085 200 191 0.0120 INLET 0.00 F 0.00
2860 1 21in. 810.42 809.54 2-H 1189 175 171 0.0120 INLET 5.50 F-1 0.00
2150 1 18in. 820.07 81349 2-H 1217 150 148  0.0120 INLET 12.60 F-2 0.00
3410 1 27in. 806.93 806.73 2-E 858 225 199  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)
28.10 1 27 in. 806.99 807.12 2-F 7.16 2.25 1.84 0.0245 OUTLET 0.00 D 0.00

CDSS 1.0.0.3. 577+06.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.)
2810 1 24 in. 808.32 808.40 2-G 8.94 2.00 1.83 0.0247 OUTLET 0.00 D-1 0.00
2170 1 21in. 810.59 81094 2-G 9.02 1.75 1.63 0.0248 OUTLET 6.40 D-2 0.00
2810 1 30in. 806.26 806.42 2-F 6.23 2.50 1.81 0.0244 OUTLET 0.00 D+1 0.00
3410 1 27 in. 808.18 808.02 2-E 8.58 2.25 1.99 0.0245 INLET 0.00 F 0.00
29.10 1 24 in. 810.02 80991 2-G 9.26 2.00 1.85 0.0247 OUTLET 5.00 F-1 0.00
2170 1 21in. 814.03 81365 2-G 9.02 1.75 1.63 0.0248 OUTLET 12.40 F-2 0.00
3410 1 30in. 807.05 807.08 2-F 7.56 2.50 1.99 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.10 1 36 in. 805.69 806.08 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
2810 1 42in. 805.49 80588 1-A 4.51 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
3410 1 36 in. 806.08 80643 1-A 6.26 2.74 1.90 0.0281 OUTLET* 0.00 F 0.00
3410 1 42in. 805.78 806.15 1-A 5.47 3.20 1.81 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2810 1 60 in. 805.15 805.62 1-A 3.46 2.60 1.47 0.0332 OUTLET* 0.00 D 0.00
2810 1 66 in. 805.06 805.58 1-A 3.25 2.46 1.43 0.0330 OUTLET* 0.00 D+1 0.00
3410 1 60 in. 805.39 805.80 1-A 4.20 2.93 1.62 0.0332 OUTLET* 0.00 F 0.00
3410 1 66 in. 805.29 805.73 1-A 3.94 2.75 1.58 0.0330 OUTLET* 0.00 F+1 0.00

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

2810 1 60 in. 805.15 805.61 1-A 3.46 2.25 1.47 0.0260 OUTLET* 0.00 D 0.00
2810 1 66 in. 805.06 805.56 1-B 3.25 2.15 1.43 0.0260 OUTLET* 0.00 D+1 0.00
3410 1 60 in. 805.39 805.78 1-A 4.20 2.52 1.62 0.0260 OUTLET* 0.00 F 0.00
3410 1 66 in. 805.29 805.71 1-A 3.94 2.40 1.58 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 577+06.xml 2



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 577+77 LT TO 578+00 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.) : 802.91 Outlet Invert Elevation (ft.) : 802.85 Tailwater Elevation (ft.) : 805.01 Overflow Elevation (ft.) : 808.22

Allowable Headwater Elevation (ft.) : 807.22 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 23.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 28.10 @ 10 yrs. Flood Discharge (cfs) : 34.00 @ 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
28.10 1 24 in. 806.78 806.80 2-G 894 200 1.83  0.0120 OUTLET 0.00 D 0.00
27.70 1 21in. 808.31 808.17 2-H 1152 175 170  0.0120 INLET 0.40 D-1 0.00
2030 1 18 in. 81213 811.12 2-G 1149 150 147  0.0120 OUTLET 7.80 D-2 0.00
28.10 1 27 in. 806.03 806.10 2-F 716 225 184  0.0120 OUTLET 0.00 D+1 0.00
34.00 1 24 in. 807.91 807.63 2-H 1082 200  1.91 0.0120 INLET 0.00 F 0.00
27.70 1 21in. 810.21 809.63 2-H 1152 175 170  0.0120 INLET 6.30 F-1 0.00
20.30 1 18 in. 819.70 81395 2-G 1149 150 147  0.0120 OUTLET 13.70 F-2 0.00
34.00 1 27 in. 806.74 806.61 2-E 855 225 1.99  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)
28.10 1 27 in. 806.81 807.15 2-F 716 225  1.84  0.0245 OUTLET 0.00 D 0.00

CDSS 1.0.0.3. 577+77 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.)
2640 1 24 in. 808.14 808.64 2-G 8.40 2.00 1.80 0.0247 OUTLET 1.70 D-1 0.00
1950 1 21in. 81041 81165 2-G 8.11 1.75 1.59 0.0248 OUTLET 8.60 D-2 0.00
2810 1 30in. 806.08 806.35 2-F 6.23 2.50 1.81 0.0244 OUTLET 0.00 D+1 0.00
34.00 1 27 in. 807.98 808.15 2-F 8.67 2.25 1.99 0.0245 OUTLET 0.00 F 0.00
2640 1 24 in. 809.81 81033 2-G 8.40 2.00 1.80 0.0247 OUTLET 7.60 F-1 0.00
1950 1 21in. 813.77 81474 2-G 8.11 1.75 1.59 0.0248 OUTLET 14.50 F-2 0.00
34.00 1 30in. 806.86 807.06 2-F 7.54 2.50 1.98 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.10 1 36 in. 805.51 80593 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
2810 1 42in. 805.31 805.72 1-A 4.51 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
34.00 1 36 in. 805.90 806.28 1-A 6.24 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
34.00 1 42in. 805.59 80599 1-A 5.46 3.20 1.81 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2810 1 60 in. 804.97 80546 1-A 3.46 2.62 1.47 0.0332 OUTLET* 0.00 D 0.00
2810 1 66 in. 804.88 80540 1-A 3.25 2.47 1.43 0.0330 OUTLET* 0.00 D+1 0.00
34.00 1 60 in. 805.21 805.64 1-A 4.19 2.94 1.62 0.0332 OUTLET* 0.00 F 0.00
34.00 1 66 in. 805.11 80556 1-A 3.93 2.76 1.58 0.0330 OUTLET* 0.00 F+1 0.00

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

2810 1 60 in. 804.97 80543 1-A 3.46 2.27 1.47 0.0260 OUTLET* 0.00 D 0.00
2810 1 66 in. 804.88 805.38 1-A 3.25 2.17 1.43 0.0260 OUTLET* 0.00 D+1 0.00
34.00 1 60 in. 805.21 805.61 1-A 4.19 2.53 1.62 0.0260 OUTLET* 0.00 F 0.00
34.00 1 66 in. 805.11 80554 1-A 3.93 2.41 1.58 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 577+77 xml 2



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 578+50 LT TO 578+70 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.) : 802.73 Outlet Invert Elevation (ft.) : 802.68 Tailwater Elevation (ft.) : 804.83 Overflow Elevation (ft.) : 807.97

Allowable Headwater Elevation (ft.) : 806.97 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) : 28.00 @ 10 yrs. Flood Discharge (cfs) : 33.90 @ 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
28.00 1 24 in. 806.58 806.57 2-H 891 200 183  0.0120 INLET 0.00 D 0.00
2750 1 21in. 808.10 807.88 2-H 1143 175 170  0.0120 INLET 0.50 D-1 0.00
2040 1 18 in. 811.87 81071 2-G 1154 150 147  0.0120 OUTLET 7.60 D-2 0.00
28.00 1 27in. 805.84 80589 2-F 715 225 184  0.0120 OUTLET 0.00 D+1 0.00
33.90 1 24 in. 807.71 807.38 2-H 1079 200 191 0.0120 INLET 0.00 F 0.00
2750 1 21in. 809.99 809.31 2-H 1143 175 170  0.0120 INLET 6.40 F-1 0.00
2040 1 18in. 819.32 81345 2-G 1154 150 147  0.0120 OUTLET 13.50 F-2 0.00
33.90 1 27in. 806.55 806.39 2-E 853 225 199  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)
28.00 1 27 in. 806.61 806.87 2-F 7.15 2.25 1.84 0.0245 OUTLET 0.00 D 0.00

CDSS 1.0.0.3. 578+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.)
26.70 1 24 in. 807.94 808.27 2-G 8.50 2.00 1.80 0.0247 OUTLET 1.30 D-1 0.00
19.80 1 21in. 810.19 811.09 2-G 8.23 1.75 1.59 0.0248 OUTLET 8.20 D-2 0.00
28.00 1 30in. 805.89 806.12 2-F 6.23 2.50 1.80 0.0244 OUTLET* 0.00 D+1 0.00
33.90 1 27 in. 807.78 807.82 2-F 8.66 2.25 1.99 0.0245 OUTLET 0.00 F 0.00
26.70 1 24 in. 809.60 809.88 2-G 8.50 2.00 1.80 0.0247 OUTLET 7.20 F-1 0.00
19.80 1 21in. 813.51 814.00 2-G 8.23 1.75 1.59 0.0248 OUTLET 14.10 F-2 0.00
3390 1 30in. 806.67 806.81 2-F 7.55 2.50 1.98 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.00 1 36 in. 805.32 805.73 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
28.00 1 42in. 805.13 80552 1-A 4.52 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
3390 1 36 in. 805.71 806.07 1-A 6.25 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
3390 1 42in. 805.41 80580 1-A 5.47 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

28.00 1 60 in. 804.78 805.27 1-A 3.47 2.64 1.47 0.0332 OUTLET* 0.00 D 0.00
28.00 1 66 in. 804.69 805.21 1-A 3.25 2.50 1.43 0.0330 OUTLET* 0.00 D+1 0.00
3390 1 60 in. 805.03 80544 1-A 4.20 2.98 1.62 0.0332 OUTLET* 0.00 F 0.00
3390 1 66 in. 804.93 80538 1-A 3.94 2.79 1.58 0.0330 OUTLET* 0.00 F+1 0.00

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

28.00 1 60 in. 804.78 805.24 1-A 3.47 2.29 1.47 0.0260 OUTLET* 0.00 D 0.00
28.00 1 66 in. 804.69 805.19 1-A 3.25 2.19 1.43 0.0260 OUTLET* 0.00 D+1 0.00
3390 1 60 in. 805.03 80542 1-A 4.20 2.56 1.62 0.0260 OUTLET* 0.00 F 0.00
3390 1 66 in. 804.93 80535 1-A 3.94 243 1.58 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 - 579+33 LT TO 579+58 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.) : 802.52 Outlet Invert Elevation (ft.) : 802.45 Tailwater Elevation (ft.) : 804.60 Overflow Elevation (ft.) : 807.56

Allowable Headwater Elevation (ft.) : 806.56 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 25.00 Culvert Slope (ft./ft.) : 0.0028 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 28.00 @ 10 yrs. Flood Discharge (cfs) : 33.90 @ 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
28.00 1 24 in. 806.37 806.40 2-G 891 200 1.83  0.0120 OUTLET 0.00 D 0.00
26.80 1 21in. 807.89 807.79 2-H 1114 175 170  0.0120 INLET 1.20 D-1 0.00
19.30 1 18 in. 811.66 810.78 2-G 1092 150 146  0.0120 OUTLET 8.70 D-2 0.00
28.00 1 27 in. 805.63 805.70 2-F 715 225 184  0.0120 OUTLET 0.00 D+1 0.00
33.90 1 24 in. 807.50 807.25 2-H 1079 200  1.91 0.0120 INLET 0.00 F 0.00
26.80 1 21in. 809.78 809.27 2-H 11.14 175 170  0.0120 INLET 7.10 F-1 0.00
19.30 1 18 in. 819.11 81366 2-G 1092 150 146  0.0120 OUTLET 14.60 F-2 0.00
33.90 1 27 in. 806.34 806.21 2-E 853 225 1.99  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)
28.00 1 30in. 805.68 80597 2-F 623 250 1.80  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.)
28.00 1 27 in. 806.40 806.78 2-F 7.15 2.25 1.84 0.0245 OUTLET 0.00 D-1 0.00
2490 1 24 in. 807.73 808.32 2-G 7.93 2.00 1.76 0.0247 OUTLET 3.10 D-2 0.00
28.00 1 33in. 805.31 805.68 1-A 5.62 2.51 1.76 0.0241 OUTLET* 0.00 D+1 0.00
33.90 1 30in. 806.46 806.69 2-F 7.55 2.50 1.98 0.0244 OUTLET* 0.00 F 0.00
3250 1 27 in. 807.57 807.80 2-F 8.30 2.25 1.96 0.0245 OUTLET 1.40 F-1 0.00
2490 1 24 in. 809.39 810.05 2-G 7.93 2.00 1.76 0.0247 OUTLET 9.00 F-2 0.00
3390 1 33in. 805.83 806.11 2-F 6.80 2.75 1.94 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.00 1 36 in. 805.11 80554 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
28.00 1 42in. 804.92 80533 1-A 4.52 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
3390 1 36 in. 805.50 805.88 1-A 6.25 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
3390 1 42in. 805.20 805.60 1-A 5.47 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

28.00 1 60 in. 804.57 805.06 1-A 3.47 2.56 1.47 0.0332 OUTLET* 0.00 D 0.00
28.00 1 66 in. 804.48 805.00 1-A 3.25 2.42 1.43 0.0330 OUTLET* 0.00 D+1 0.00
3390 1 60 in. 804.82 80524 1-A 4.20 2.87 1.62 0.0332 OUTLET* 0.00 F 0.00
3390 1 66 in. 804.72 805.17 1-A 3.94 2.70 1.58 0.0330 OUTLET* 0.00 F+1 0.00

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

28.00 1 60 in. 804.57 805.03 1-A 3.47 2.22 1.47 0.0260 OUTLET* 0.00 D 0.00
28.00 1 66 in. 804.48 80499 1-B 3.25 212 1.43 0.0260 OUTLET* 0.00 D+1 0.00
3390 1 60 in. 804.82 80521 1-A 4.20 2.48 1.62 0.0260 OUTLET* 0.00 F 0.00
3390 1 66 in. 804.72 805.14 1-A 3.94 2.36 1.58 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 - 579+99 LT TO 580+27 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.) : 802.36 Outlet Invert Elevation (ft.) : 802.29 Tailwater Elevation (ft.) : 804.44 Overflow Elevation (ft.) : 806.81

Allowable Headwater Elevation (ft.) : 805.81 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 28.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 28.00 @ 10 yrs. Flood Discharge (cfs) : 33.80 @ 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
28.00 1 27 in. 80547 80556 2-F 715 225 184  0.0120 OUTLET 0.00 D 0.00
28.00 1 24 in. 806.21 806.28 2-G 891 200 1.83  0.0120 OUTLET 0.00 D-1 0.00
23.80 1 21in. 807.73 807.71 2-G 989 175 1.67  0.0120 OUTLET 4.20 D-2 0.00
28.00 1 30 in. 805.12 80526 1-A 623 228 1.80  0.0120 OUTLET* 0.00 D+1 0.00
33.80 1 27 in. 806.16 806.07 2-E 850 225 1.99  0.0120 INLET 0.00 F 0.00
3120 1 24 in. 807.32 807.13 2-H 993 200 1.88  0.0120 INLET 2.60 F-1 0.00
2380 1 21in. 809.58 809.20 2-G 989 175 1.67  0.0120 OUTLET 10.00 F-2 0.00
33.80 1 30in. 805.58 805.57 2-E 689 250 1.98  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)
28.00 1 33in. 805.15 805.53 1-A 562 251 1.76  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.)
28.00 1 30in. 805.52 805.86 2-F 6.23 2.50 1.80 0.0244 OUTLET* 0.00 D-1 0.00
28.00 1 27 in. 806.24 806.71 2-F 7.15 2.25 1.84 0.0245 OUTLET 0.00 D-2 0.00
28.00 1 36 in. 804.95 805.36 1-A 5.16 2.74 1.71 0.0241 OUTLET* 0.00 D+1 0.00
33.80 1 33in. 805.66 80598 2-F 6.78 2.75 1.94 0.0241 OUTLET* 0.00 F 0.00
33.80 1 30in. 806.28 80659 2-F 7.53 2.50 1.98 0.0244 OUTLET* 0.00 F-1 0.00
28.60 1 27 in. 807.39 807.75 2-F 7.31 2.25 1.86 0.0245 OUTLET 5.20 F-2 0.00
33.80 1 36 in. 805.33 805.70 1-A 6.23 2.74 1.89 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

28.00 1 36 in. 804.95 80540 1-A 5.16 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
28.00 1 42in. 804.76 805.17 1-A 4.52 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
33.80 1 36 in. 805.33 805.74 1-A 6.23 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
3380 1 42in. 805.03 80544 1-A 5.45 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 28.00 1 60 in. 804.41 80491 1-A 3.47 2.64 1.47 0.0332 OUTLET* 0.00 D 0.00
28.00 1 66 in. 804.32 804.85 1-A 3.25 2.50 1.43 0.0330 OUTLET* 0.00 D+1 0.00
33.80 1 60 in. 804.65 805.09 1-A 4.19 297 1.62 0.0332 OUTLET* 0.00 F 0.00
33.80 1 66 in. 804.55 805.02 1-A 3.93 2.79 1.57 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1400 2 60 in. 803.74 80457 1-B 1.73 1.79 1.03 0.0332 OUTLET* 0.00 D 0.00
14.00 2 66 in. 803.70 804.55 1-B 1.63 1.72 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.90 2 60 in. 803.89 804.63 1-B 2.09 1.98 1.13 0.0332 OUTLET* 0.00 F 0.00
16.90 2 66 in. 803.84 804.60 1-B 1.96 1.90 1.10 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 28.00 1 60 in. 804.41 80487 1-A 3.47 2.29 1.47 0.0260 OUTLET* 0.00 D 0.00
28.00 1 66 in. 804.32 804.82 1-A 3.25 219 1.43 0.0260 OUTLET* 0.00 D+1 0.00

CDSS 1.0.0.3. 579+99.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.)

33.80 1 60 in. 804.65 805.05 1-A 4.19 2.56 1.62 0.0260 OUTLET* 0.00 F 0.00

33.80 1 66 in. 804.55 804.98 1-A 3.93 2.43 1.57 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 14.00 2 60 in. 803.74 804.55 1-B 1.73 1.57 1.03 0.0260 OUTLET* 0.00 D 0.00
14.00 2 66 in. 803.70 804.54 1-B 1.63 1.52 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.90 2 60 in. 803.89 80461 1-B 2.09 1.74 1.13 0.0260 OUTLET* 0.00 F 0.00

16.90 2 66 in. 803.84 80459 1-B 1.96 1.67 1.10 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 - 580+79 LT TO 581+09 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.) : 802.16 Outlet Invert Elevation (ft.) : 802.08 Tailwater Elevation (ft.) : 804.23 Overflow Elevation (ft.) : 807.20

Allowable Headwater Elevation (ft.) : 806.20 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 30.00 Culvert Slope (ft./ft.) : 0.0027 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.90 @ 10 yrs. Flood Discharge (cfs) : 33.80 @ 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
27.90 1 24 in. 805.99 806.09 2-G 888 200 1.83  0.0120 OUTLET 0.00 D 0.00
26.40 1 21in. 807.50 807.53 2-G 1098 175 1.69  0.0120 OUTLET 1.50 D-1 0.00
18.90 1 18 in. 811.23 81067 2-G 1070 150 146  0.0120 OUTLET 9.00 D-2 0.00
27.90 1 27 in. 805.26 805.35 2-F 713 225 184  0.0120 OUTLET 0.00 D+1 0.00
33.80 1 24 in. 807.12 806.95 2-H 1076 2.00  1.91 0.0120 INLET 0.00 F 0.00
26.40 1 21in. 809.38 809.07 2-G 1098 175 1.69  0.0120 OUTLET 7.40 F-1 0.00
18.90 1 18 in. 818.56 81368 2-G 1070 150 146  0.0120 OUTLET 14.90 F-2 0.00
33.80 1 27 in. 805.96 805.88 2-E 850 225 1.99  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)
2790 1 30in. 805.31 805.67 2-F 621 250 1.80  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.)
2790 1 27 in. 806.03 806.54 2-F 7.13 2.25 1.84 0.0245 OUTLET 0.00 D-1 0.00
2410 1 24 in. 807.34 808.19 2-G 7.67 2.00 1.74 0.0247 OUTLET 3.80 D-2 0.00
2790 1 33in. 804.94 80533 1-A 5.60 2.51 1.75 0.0241 OUTLET* 0.00 D+1 0.00
33.80 1 30in. 806.08 806.43 2-F 7.53 2.50 1.98 0.0244 OUTLET* 0.00 F 0.00
3160 1 27 in. 807.19 80762 2-F 8.07 2.25 1.94 0.0245 OUTLET 2.20 F-1 0.00
2410 1 24 in. 809.00 810.05 2-G 7.67 2.00 1.74 0.0247 OUTLET 9.70 F-2 0.00
33.80 1 33in. 80546 80580 2-F 6.78 2.75 1.94 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2790 1 36 in. 804.75 80519 1-A 5.15 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
2790 1 42in. 804.55 804.97 1-A 4.50 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
33.80 1 36 in. 805.13 80554 1-A 6.23 2.74 1.89 0.0281 OUTLET* 0.00 F 0.00
3380 1 42in. 804.83 80524 1-A 5.45 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2790 1 60 in. 804.21 804.70 1-A 3.46 2.59 1.46 0.0332 OUTLET* 0.00 D 0.00
2790 1 66 in. 804.12 804.65 1-A 3.24 2.45 1.43 0.0330 OUTLET* 0.00 D+1 0.00
33.80 1 60 in. 804.45 80489 1-A 4.19 2.91 1.62 0.0332 OUTLET* 0.00 F 0.00
33.80 1 66 in. 804.35 804.82 1-A 3.93 2.73 1.57 0.0330 OUTLET* 0.00 F+1 0.00

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

2790 1 60 in. 804.21 804.67 1-A 3.46 2.25 1.46 0.0260 OUTLET* 0.00 D 0.00
2790 1 66 in. 804.12 804.62 1-B 3.24 2.15 1.43 0.0260 OUTLET* 0.00 D+1 0.00
33.80 1 60 in. 804.45 80485 1-A 4.19 2.51 1.62 0.0260 OUTLET* 0.00 F 0.00
33.80 1 66 in. 804.35 804.78 1-A 3.93 2.38 1.57 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 - 581+62 LT TO 582+18 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.) : 801.95 Outlet Invert Elevation (ft.) : 801.81 Tailwater Elevation (ft.) : 803.96 Overflow Elevation (ft.) : 806.25

Allowable Headwater Elevation (ft.) : 805.25 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 56.00 Culvert Slope (ft./ft.) : 0.0025 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.90 @ 10 yrs. Flood Discharge (cfs) : 33.70 @ 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
27.90 1 30in. 804.70 804.86 1-A 621 228 1.80  0.0120 OUTLET* 0.00 D 0.00
27.90 1 27 in. 805.05 80526 2-F 713 225 184  0.0120 OUTLET 0.00 D-1 0.00
27.90 1 24 in. 805.78 806.15 2-G 888 200 1.83  0.0120 OUTLET 0.00 D-2 0.00
27.90 1 33in. 804.53 804.68 1-A 560 219 175  0.0120 OUTLET* 0.00 D+1 0.00
3370 1 30in. 805.16 80525 2-F 750 250 197  0.0120 OUTLET** 0.00 F 0.00
3370 1 27 in. 805.74 80586 2-F 861 225 1.98  0.0120 OUTLET 0.00 F-1 0.00
2850 1 24 in. 806.89 807.16 2-G 9.07 200 1.84  0.0120 OUTLET 5.20 F-2 0.00
3370 1 33in. 804.87 804.99 1-A 6.76  2.51 1.93  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)
2790 1 33in. 804.73 80525 1-A 560 251 175  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.)
2790 1 30in. 805.10 805.82 2-F 6.21 2.50 1.80 0.0244 OUTLET* 0.00 D-1 0.00
2410 1 27 in. 805.82 807.02 2-F 6.16 2.25 1.72 0.0245 OUTLET 3.80 D-2 0.00
2790 1 36 in. 804.54 805.01 1-A 5.15 2.74 1.71 0.0241 OUTLET* 0.00 D+1 0.00
33.70 1 33in. 805.24 805.88 2-F 6.76 2.75 1.93 0.0241 OUTLET* 0.00 F 0.00
3060 1 30in. 805.86 806.76 2-F 6.81 2.50 1.89 0.0244 OUTLET* 3.10 F-1 0.00
2410 1 27 in. 806.96 80842 2-F 6.16 2.25 1.72 0.0245 OUTLET 9.60 F-2 0.00
33.70 1 36 in. 804.91 80539 1-A 6.22 2.74 1.88 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2790 1 36 in. 804.54 805.08 1-A 5.15 2.74 1.71 0.0281 OUTLET* 0.00 D 0.00
2790 1 42in. 804.34 80481 1-A 4.50 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
33.70 1 36 in. 804.91 80559 2-F 6.22 3.00 1.88 0.0281 OUTLET* 0.00 F 0.00
33.70 1 42in. 804.62 805.11 1-A 5.44 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2790 1 60 in. 804.00 804.54 1-A 3.46 2.64 1.46 0.0332 OUTLET* 0.00 D 0.00
2790 1 66 in. 803.91 804.46 1-A 3.24 2.49 1.43 0.0330 OUTLET* 0.00 D+1 0.00
33.70 1 60 in. 804.24 804.73 1-A 4.17 297 1.61 0.0332 OUTLET* 0.00 F 0.00
33.70 1 66 in. 804.14 80465 1-A 3.92 2.78 1.57 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 13.95 2 60 in. 803.33 804.13 1-B 1.73 1.79 1.03 0.0332 OUTLET* 0.00 D 0.00
13.95 2 66 in. 803.29 804.11 1-B 1.62 1.71 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.85 2 60 in. 803.48 804.20 1-B 2.09 1.98 1.13 0.0332 OUTLET* 0.00 F 0.00
16.85 2 66 in. 803.43 804.17 1-B 1.96 1.89 1.10 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 2790 1 60 in. 804.00 80447 1-A 3.46 2.29 1.46 0.0260 OUTLET* 0.00 D 0.00
2790 1 66 in. 803.91 80440 1-A 3.24 2.18 1.43 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.)

33.70 1 60 in. 804.24 804.66 1-A 4.17 2.55 1.61 0.0260 OUTLET* 0.00 F 0.00

33.70 1 66 in. 804.14 804.58 1-A 3.92 2.42 1.57 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 13.95 2 60 in. 803.33 804.11 1-B 1.73 1.57 1.03 0.0260 OUTLET* 0.00 D 0.00
13.95 2 66 in. 803.29 804.09 1-B 1.62 1.52 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.85 2 60 in. 803.48 804.17 1-B 2.09 1.74 1.13 0.0260 OUTLET* 0.00 F 0.00

16.85 2 66 in. 803.43 804.14 1-B 1.96 1.67 1.10 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 581+62.xml 3



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 583+91 LT TO 584+25 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.) : 801.38 Outlet Invert Elevation (ft.) : 801.29 Tailwater Elevation (ft.) : 803.44 Overflow Elevation (ft.) : 806.27

Allowable Headwater Elevation (ft.) : 805.27 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 34.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.80 @ 10 yrs. Flood Discharge (cfs) : 33.60 @ 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
27.80 1 27 in. 804.47 80458 2-F 710 225 184  0.0120 OUTLET 0.00 D 0.00
27.80 1 24 in. 805.20 805.33 2-G 885 200 1.83  0.0120 OUTLET 0.00 D-1 0.00
2540 1 21in. 806.69 806.82 2-G 1056 175 1.68  0.0120 OUTLET 2.40 D-2 0.00
27.80 1 30 in. 804.13 804.17 1-A 619 228 1.80  0.0120 OUTLET 0.00 D+1 0.00
3360 1 27 in. 805.16 805.11 2-E 845 225 1.98  0.0120 INLET 0.00 F 0.00
3340 1 24 in. 806.30 806.21 2-H 1063 200  1.91 0.0120 INLET 0.20 F-1 0.00
2540 1 21in. 808.53 808.37 2-G 1056 175 1.68  0.0120 OUTLET 8.20 F-2 0.00
3360 1 30in. 804.58 80459 2-F 748 250 197  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)
2780 1 30in. 804.52 80493 2-F 619 250 1.80  0.0244 OUTLET 0.00 D 0.00

CDSS 1.0.0.3. 583+91.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.)
2780 1 27 in. 805.23 805.85 2-F 7.10 2.25 1.84 0.0245 OUTLET 0.00 D-1 0.00
2290 1 24 in. 806.53 807.59 2-G 7.29 2.00 1.70 0.0247 OUTLET 4.90 D-2 0.00
2780 1 33in. 804.15 804.55 1-A 5.58 2.51 1.75 0.0241 OUTLET* 0.00 D+1 0.00
33.60 1 30in. 805.27 805.71 2-F 7.48 2.50 1.97 0.0244 OUTLET* 0.00 F 0.00
3010 1 27 in. 806.37 80696 2-F 7.69 2.25 1.90 0.0245 OUTLET 3.50 F-1 0.00
2290 1 24 in. 808.16 809.51 2-G 7.29 2.00 1.70 0.0247 OUTLET 10.70 F-2 0.00
3360 1 33in. 804.66 805.04 2-F 6.74 2.75 1.93 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2780 1 36 in. 803.96 80442 1-A 5.13 2.74 1.70 0.0281 OUTLET* 0.00 D 0.00
2780 1 42in. 803.77 804.19 1-A 4.49 3.20 1.63 0.0278 OUTLET* 0.00 D+1 0.00
3360 1 36 in. 804.34 804.78 1-A 6.20 2.74 1.88 0.0281 OUTLET* 0.00 F 0.00
3360 1 42in. 804.04 80447 1-A 5.42 3.20 1.80 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2780 1 60 in. 803.42 803.92 1-A 3.44 2.59 1.46 0.0332 OUTLET* 0.00 D 0.00
2780 1 66 in. 803.34 803.87 1-A 3.23 2.45 1.42 0.0330 OUTLET* 0.00 D+1 0.00
3360 1 60 in. 803.66 804.10 1-A 4.16 2.91 1.61 0.0332 OUTLET* 0.00 F 0.00
3360 1 66 in. 803.57 804.04 1-A 3.90 2.73 1.57 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 13.90 2 60 in. 802.76 80358 1-B 1.72 1.76 1.02 0.0332 OUTLET* 0.00 D 0.00
13.90 2 66 in. 802.71 803.56 1-B 1.62 1.69 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.80 2 60 in. 802.91 803.64 1-B 2.08 1.95 1.13 0.0332 OUTLET* 0.00 F 0.00
16.80 2 66 in. 802.85 803.61 1-B 1.95 1.86 1.10 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 2780 1 60 in. 803.42 803.89 1-A 3.44 225 1.46 0.0260 OUTLET* 0.00 D 0.00
2780 1 66 in. 803.34 803.84 1-B 3.23 215 1.42 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.)

33.60 1 60 in. 803.66 804.07 1-A 4.16 2.50 1.61 0.0260 OUTLET* 0.00 F 0.00

33.60 1 66 in. 803.57 804.00 1-A 3.90 2.38 1.57 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 13.90 2 60 in. 802.76 803.56 1-B 1.72 1.55 1.02 0.0260 OUTLET* 0.00 D 0.00
13.90 2 66 in. 802.71 803.55 1-B 1.62 1.49 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.80 2 60 in. 802.91 80362 1-B 2.08 1.71 1.13 0.0260 OUTLET* 0.00 F 0.00

16.80 2 66 in. 802.85 80359 1-B 1.95 1.64 1.10 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 - 587+46 LT TO 587+80 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.) : 800.49 Outlet Invert Elevation (ft.) : 800.40 Tailwater Elevation (ft.) : 802.54 Overflow Elevation (ft.) : 805.05

Allowable Headwater Elevation (ft.) : 804.05 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 34.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.70 @ 10 yrs. Flood Discharge (cfs) : 33.50 @ 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
27.70 1 27 in. 803.57 803.67 2-F 709 225 183  0.0120 OUTLET 0.00 D 0.00
27.70 1 24 in. 804.29 80442 2-G 882 200 1.82  0.0120 OUTLET 0.00 D-1 0.00
2390 1 21in. 805.77 80589 2-G 994 175 1.67  0.0120 OUTLET 3.80 D-2 0.00
2770 1 30 in. 803.23 803.37 1-A 619 228 179  0.0120 OUTLET* 0.00 D+1 0.00
3350 1 27 in. 804.25 80420 2-E 843 225 1.98  0.0120 INLET 0.00 F 0.00
31.80 1 24 in. 805.39 80529 2-H 1012 200 1.89  0.0120 INLET 1.70 F-1 0.00
2390 1 21in. 807.61 807.44 2-G 994 175 1.67  0.0120 OUTLET 9.60 F-2 0.00
3350 1 30in. 803.68 80369 2-F 749 250 197  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)
27.70 1 30in. 803.61 804.03 2-F 619 250 1.79  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.)
2770 1 27 in. 804.32 80493 2-F 7.09 2.25 1.83 0.0245 OUTLET 0.00 D-1 0.00
2160 1 24 in. 805.62 806.66 2-G 6.88 2.00 1.66 0.0247 OUTLET 6.10 D-2 0.00
2770 1 33in. 803.25 803.65 1-A 5.59 2.51 1.75 0.0241 OUTLET* 0.00 D+1 0.00
33.50 1 30in. 804.37 804.80 2-F 7.49 2.50 1.97 0.0244 OUTLET* 0.00 F 0.00
2830 1 27 in. 80546 806.04 2-F 7.25 2.25 1.85 0.0245 OUTLET 5.20 F-1 0.00
2160 1 24 in. 807.24 80857 2-G 6.88 2.00 1.66 0.0247 OUTLET 11.90 F-2 0.00
3350 1 33in. 803.76 804.14 2-F 6.75 2.75 1.93 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2770 1 36 in. 803.06 803.52 1-A 5.14 2.74 1.70 0.0281 OUTLET* 0.00 D 0.00
2770 1 42in. 802.87 803.30 1-A 4.49 3.20 1.62 0.0278 OUTLET* 0.00 D+1 0.00
3350 1 36 in. 803.44 803.88 1-A 6.21 2.74 1.88 0.0281 OUTLET* 0.00 F 0.00
3350 1 42in. 803.15 80357 1-A 5.43 3.20 1.79 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2770 1 60 in. 802.53 803.03 1-A 3.45 2.58 1.46 0.0332 OUTLET* 0.00 D 0.00
2770 1 66 in. 802.44 80297 1-A 3.24 2.44 1.42 0.0330 OUTLET* 0.00 D+1 0.00
3350 1 60 in. 802.77 803.22 1-A 4.18 2.90 1.61 0.0332 OUTLET* 0.00 F 0.00
3350 1 66 in. 802.67 803.14 1-A 3.92 2.73 1.57 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 13.85 2 60 in. 801.86 802.68 1-B 1.73 1.75 1.02 0.0332 OUTLET* 0.00 D 0.00
1385 2 66 in. 801.82 802.66 1-B 1.62 1.68 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.75 2 60 in. 802.01 802.74 1-B 2.09 1.94 1.13 0.0332 OUTLET* 0.00 F 0.00
16.75 2 66 in. 801.96 802.71 1-B 1.96 1.86 1.10 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 2770 1 60 in. 802.53 80299 1-A 3.45 2.24 1.46 0.0260 OUTLET* 0.00 D 0.00
2770 1 66 in. 802.44 80294 1-A 3.24 2.14 1.42 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.)

33.50 1 60 in. 802.77 803.17 1-A 4.18 2.50 1.61 0.0260 OUTLET* 0.00 F 0.00

33.50 1 66 in. 802.67 803.10 1-A 3.92 2.38 1.57 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1385 2 60 in. 801.86 802.66 1-B 1.73 1.54 1.02 0.0260 OUTLET* 0.00 D 0.00
1385 2 66 in. 801.82 80265 1-B 1.62 1.49 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.75 2 60 in. 802.01 802.72 1-B 2.09 1.70 1.13 0.0260 OUTLET* 0.00 F 0.00

16.75 2 66 in. 801.96 802.70 1-B 1.96 1.64 1.10 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 - 588+36 LT TO 588+61 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.) : 800.26 Outlet Invert Elevation (ft.) : 800.19 Tailwater Elevation (ft.) : 802.33 Overflow Elevation (ft.) : 804.76

Allowable Headwater Elevation (ft.) : 803.76 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 25.00 Culvert Slope (ft./ft.) : 0.0028 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.70 @ 10 yrs. Flood Discharge (cfs) : 33.50 @ 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
27.70 1 27 in. 803.34 80340 2-F 709 225 183  0.0120 OUTLET 0.00 D 0.00
27.70 1 24 in. 804.06 804.10 2-G 882 200 1.82  0.0120 OUTLET 0.00 D-1 0.00
2440 1 21in. 805.54 80545 2-G 1014 175 1.67  0.0120 OUTLET 3.30 D-2 0.00
2770 1 30 in. 803.00 803.13 1-A 619 228 179  0.0120 OUTLET* 0.00 D+1 0.00
3350 1 27 in. 804.02 803.90 2-E 843 225 1.98  0.0120 INLET 0.00 F 0.00
3150 1 24 in. 805.16 804.91 2-H 10.03 200 1.88  0.0120 INLET 2.00 F-1 0.00
2440 1 21in. 807.38 806.89 2-G 1014 175 1.67  0.0120 OUTLET 9.10 F-2 0.00
3350 1 30in. 803.45 80348 2-F 749 250 197  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)
27.70 1 30in. 803.38 80368 2-F 619 250 1.79  0.0244 OUTLET** 0.00 D 0.00

CDSS 1.0.0.3. 588+36.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.)
2770 1 27 in. 804.09 804.47 2-F 7.09 2.25 1.83 0.0245 OUTLET 0.00 D-1 0.00
2260 1 24 in. 805.39 805.97 2-G 7.19 2.00 1.69 0.0247 OUTLET 5.10 D-2 0.00
2770 1 33in. 803.02 803.40 1-A 5.59 2.51 1.75 0.0241 OUTLET* 0.00 D+1 0.00
33.50 1 30in. 804.14 804.38 2-F 7.49 2.50 1.97 0.0244 OUTLET* 0.00 F 0.00
2950 1 27 in. 805.23 80546 2-F 7.56 2.25 1.88 0.0245 OUTLET 4.00 F-1 0.00
2260 1 24 in. 807.01 807.65 2-G 719 2.00 1.69 0.0247 OUTLET 10.90 F-2 0.00
3350 1 33in. 803.53 803.81 2-F 6.75 2.75 1.93 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2770 1 36 in. 802.83 80325 1-A 5.14 2.74 1.70 0.0281 OUTLET* 0.00 D 0.00
2770 1 42in. 802.64 803.04 1-A 4.49 3.20 1.62 0.0278 OUTLET* 0.00 D+1 0.00
3350 1 36 in. 803.21 803.60 1-A 6.21 2.74 1.88 0.0281 OUTLET* 0.00 F 0.00
3350 1 42in. 802.92 803.32 1-A 5.43 3.20 1.79 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2770 1 60 in. 802.30 802.79 1-A 3.45 2.54 1.46 0.0332 OUTLET* 0.00 D 0.00
2770 1 66 in. 802.21 802.73 1-A 3.24 2.40 1.42 0.0330 OUTLET* 0.00 D+1 0.00
3350 1 60 in. 802.54 80297 1-A 4.18 2.85 1.61 0.0332 OUTLET* 0.00 F 0.00
3350 1 66 in. 802.44 80290 1-A 3.92 2.68 1.57 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 13.85 2 60 in. 801.63 80245 1-B 1.73 1.73 1.02 0.0332 OUTLET* 0.00 D 0.00
1385 2 66 in. 801.59 80244 1-B 1.62 1.66 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.75 2 60 in. 801.78 80251 1-B 2.09 1.91 1.13 0.0332 OUTLET* 0.00 F 0.00
16.75 2 66 in. 801.73 80249 1-B 1.96 1.83 1.10 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 2770 1 60 in. 802.30 802.75 1-A 3.45 2.21 1.46 0.0260 OUTLET* 0.00 D 0.00
2770 1 66 in. 802.21 802.72 1-B 3.24 2.1 1.42 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.)

33.50 1 60 in. 802.54 80293 1-A 4.18 2.46 1.61 0.0260 OUTLET* 0.00 F 0.00

33.50 1 66 in. 802.44 80287 1-A 3.92 2.34 1.57 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1385 2 60 in. 801.63 802.44 1-B 1.73 1.52 1.02 0.0260 OUTLET* 0.00 D 0.00
1385 2 66 in. 801.59 80243 1-B 1.62 1.47 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.75 2 60 in. 801.78 80249 1-B 2.09 1.68 1.13 0.0260 OUTLET* 0.00 F 0.00

16.75 2 66 in. 801.73 80248 1-B 1.96 1.62 1.10 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 - 589+32 LT TO 589+66 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.) : 800.02 Outlet Invert Elevation (ft.) : 799.93 Tailwater Elevation (ft.) : 802.07 Overflow Elevation (ft.) : 804.32

Allowable Headwater Elevation (ft.) : 803.32 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 34.00 Culvert Slope (ft./ft.) : 0.0026 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 27.70 @ 10 yrs. Flood Discharge (cfs) : 33.40 @ 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
27.70 1 27 in. 803.10 80320 2-F 709 225 183  0.0120 OUTLET 0.00 D 0.00
27.70 1 24 in. 803.82 80395 2-G 882 200 1.82  0.0120 OUTLET 0.00 D-1 0.00
2260 1 21in. 80530 80542 2-G 940 175 1.85  0.0120 OUTLET 5.10 D-2 0.00
2770 1 30 in. 802.76 80290 1-A 619 228 179  0.0120 OUTLET* 0.00 D+1 0.00
3340 1 27 in. 803.77 803.72 2-E 840 225 1.98  0.0120 INLET 0.00 F 0.00
3020 1 24 in. 804.90 80480 2-G 961 200 1.87  0.0120 OUTLET 3.20 F-1 0.00
2260 1 21in. 807.10 806.94 2-G 940 175 1.65  0.0120 OUTLET 10.80 F-2 0.00
3340 1 30in. 803.20 80322 2-F 747 250 197  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)
27.70 1 33in. 802.78 803.18 1-A 559 251 175  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.)
2770 1 30in. 803.14 803.56 2-F 6.19 2.50 1.79 0.0244 OUTLET* 0.00 D-1 0.00
26.80 1 27 in. 803.85 804.46 2-F 6.86 2.25 1.81 0.0245 OUTLET 0.90 D-2 0.00
2770 1 36 in. 802.59 803.01 1-A 5.14 2.74 1.70 0.0241 OUTLET* 0.00 D+1 0.00
33.40 1 33in. 803.28 803.66 2-F 6.73 2.75 1.92 0.0241 OUTLET* 0.00 F 0.00
3340 1 30in. 803.88 80432 2-F 7.47 2.50 1.97 0.0244 OUTLET* 0.00 F-1 0.00
26.80 1 27 in. 804.97 80555 2-F 6.86 2.25 1.81 0.0245 OUTLET 6.60 F-2 0.00
3340 1 36 in. 802.96 803.33 1-A 6.19 2.74 1.88 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2770 1 36 in. 802.59 803.05 1-A 5.14 2.74 1.70 0.0281 OUTLET* 0.00 D 0.00
2770 1 42in. 802.40 802.83 1-A 4.49 3.20 1.62 0.0278 OUTLET* 0.00 D+1 0.00
3340 1 36 in. 802.96 80341 1-A 6.19 2.74 1.88 0.0281 OUTLET* 0.00 F 0.00
3340 1 42in. 802.67 803.10 1-A 5.42 3.20 1.79 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2770 1 60 in. 802.06 802.56 1-A 3.45 2.58 1.46 0.0332 OUTLET* 0.00 D 0.00
2770 1 66 in. 801.97 80250 1-A 3.24 2.44 1.42 0.0330 OUTLET* 0.00 D+1 0.00
3340 1 60 in. 802.30 802.75 1-A 4.16 2.90 1.61 0.0332 OUTLET* 0.00 F 0.00
3340 1 66 in. 802.20 802.67 1-A 3.91 2.72 1.56 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 13.85 2 60 in. 801.39 80221 1-B 1.73 1.75 1.02 0.0332 OUTLET* 0.00 D 0.00
1385 2 66 in. 801.35 802.19 1-B 1.62 1.68 1.00 0.0330 OUTLET* 0.00 D+1 0.00
16.70 2 60 in. 801.54 802.27 1-B 2.08 1.94 1.12 0.0332 OUTLET* 0.00 F 0.00
16.70 2 66 in. 80149 80224 1-B 1.95 1.86 1.10 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 2770 1 60 in. 802.06 80252 1-A 3.45 2.24 1.46 0.0260 OUTLET* 0.00 D 0.00
2770 1 66 in. 801.97 80247 1-A 3.24 2.14 1.42 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.)

33.40 1 60 in. 802.30 802.70 1-A 4.16 2.50 1.61 0.0260 OUTLET* 0.00 F 0.00

33.40 1 66 in. 802.20 802.63 1-A 3.91 2.37 1.56 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1385 2 60 in. 801.39 802.19 1-B 1.73 1.54 1.02 0.0260 OUTLET* 0.00 D 0.00
1385 2 66 in. 801.35 802.18 1-B 1.62 1.49 1.00 0.0260 OUTLET* 0.00 D+1 0.00

16.70 2 60 in. 801.54 80225 1-B 2.08 1.70 1.12 0.0260 OUTLET* 0.00 F 0.00

16.70 2 66 in. 801.49 80223 1-B 1.95 1.64 1.10 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 - 593+72 LT TO 594+15 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.) : 797.89 Outlet Invert Elevation (ft.) : 797.64 Tailwater Elevation (ft.) : 799.46 Overflow Elevation (ft.) : 801.60

Allowable Headwater Elevation (ft.) : 800.60 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 43.00 Culvert Slope (ft./ft.) : 0.0058 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 29.00 @ 10 yrs. Flood Discharge (cfs) : 35.00 @ 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
29.00 1 33in. 800.53 NA 1-C 786 164 179  0.0120 INLET 0.00 D 0.00
29.00 1 30in. 800.72 NA 1-C 776 178 184  0.0120 INLET 0.00 D-1 0.00
29.00 1 27 in. 801.11 801.02 2-E 729 225 187  0.0120 INLET 0.00 D-2 0.00
29.00 1 36 in. 800.42 NA 1-C 790 155 174  0.0120 INLET 0.00 D+1 0.00
35.00 1 33in. 800.89 NA 1-C 817 186  1.97  0.0120 INLET 0.00 F 0.00
35.00 1 30in. 801.21 801.16 2-E 785 213 201 0.0120 INLET 0.00 F-1 0.00
33.00 1 27 in. 801.85 801.68 2-E 830 225 197  0.0120 INLET 2.00 F-2 0.00
35.00 1 36 in. 800.72 NA 1-C 825 174 192  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)
Diameter exceeds 1.25 HWA 29.00 1 48 in. 800.20 800.49 1-A 5.21 195 160  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.)
29.00 1 42 in. 800.34 800.65 1-A 5.74 2.14 1.66 0.0237 OUTLET* 0.00 D-1 0.00
29.00 1 36 in. 800.55 800.88 1-A 6.46 2.65 1.74 0.0241 OUTLET* 0.00 D-2 0.00
29.00 1 54 in. 800.09 800.39 1-A 4.81 1.83 1.54 0.0233 OUTLET* 0.00 D+1 0.00
35.00 1 48 in. 800.46 800.79 1-A 6.29 2.18 1.76 0.0235 OUTLET* 0.00 F 0.00
35.00 1 42in. 800.62 800.98 1-A 6.85 2.44 1.83 0.0237 OUTLET* 0.00 F-1 0.00
35.00 1 36 in. 800.95 80129 1-A 7.31 2.74 1.92 0.0241 OUTLET* 0.00 F-2 0.00
35.00 1 54 in. 800.34 800.66 1-A 5.81 2.03 1.70 0.0233 OUTLET* 0.00 F+1 0.00
1450 2 27 in. 799.92 800.19 1-A 4.21 2.05 1.33 0.0245 OUTLET 0.00 D 0.00
1450 2 24 in. 800.18 800.72 2-F 4.83 2.00 1.37 0.0247 OUTLET 0.00 D-1 0.00
13.70 2 21in. 800.80 801.84 2-G 5.70 1.75 1.38 0.0248 OUTLET 0.80 D-2 0.00
1450 2 30in. 799.79 800.14 1-B 3.79 1.80 1.28 0.0244 OUTLET* 0.00 D+1 0.00
1750 2 27 in. 800.23 800.55 1-A 5.08 2.05 1.46 0.0245 OUTLET* 0.00 F 0.00
1750 2 24 in. 800.67 80130 2-F 5.83 2.00 1.51 0.0247 OUTLET 0.00 F-1 0.00
13.70 2 21in. 801.64 80292 2-G 5.70 1.75 1.38 0.0248 OUTLET 3.80 F-2 0.00
1750 2 30in. 800.03 800.36 1-A 4.57 2.19 1.42 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

Diameter exceeds 1.25 HWA 29.00 1 48 in. 800.20 800.52 1-A 5.21 2.14 1.60 0.0275 OUTLET* 0.00 D 0.00
29.00 1 42in. 800.34 800.68 1-A 5.74 2.39 1.66 0.0278 OUTLET* 0.00 D-1 0.00
29.00 1 36 in. 800.55 800.93 1-A 6.46 2.74 1.74 0.0281 OUTLET* 0.00 D-2 0.00
29.00 1 54 in. 800.09 80040 1-A 4.81 2.00 1.54 0.0273 OUTLET* 0.00 D+1 0.00
35.00 1 48 in. 800.46 800.80 1-A 6.29 2.41 1.76 0.0275 OUTLET* 0.00 F 0.00
35.00 1 42 in. 800.62 801.00 1-A 6.85 2.80 1.83 0.0278 OUTLET* 0.00 F-1 0.00
35.00 1 36 in. 800.95 801.34 1-A 7.31 2.74 1.92 0.0281 OUTLET* 0.00 F-2 0.00

CDSS 1.0.0.3. 593+72.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.)
35.00 1 54 in. 800.34 800.66 1-A 5.81 2.22 1.70 0.0273 OUTLET* 0.00 F+1 0.00
1450 2 36 in. 799.65 799.99 1-B 3.23 1.70 1.21 0.0281 OUTLET* 0.00 D 0.00
1450 2 42 in. 799.54 79989 1-B 2.87 1.55 1.16 0.0278 OUTLET* 0.00 D+1 0.00
1750 2 36 in. 799.85 800.18 1-A 3.90 1.93 1.34 0.0281 OUTLET* 0.00 F 0.00
1750 2 42in. 799.73 800.04 1-B 3.46 1.73 1.28 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 29.00 1 60 in. 799.99 800.34 1-A 4.49 2.1 1.49 0.0332 OUTLET* 0.00 D 0.00
29.00 1 66 in. 799.89 800.27 1-A 4.23 2.02 1.45 0.0330 OUTLET* 0.00 D+1 0.00
35.00 1 60 in. 800.23 800.58 1-A 5.42 2.35 1.65 0.0332 OUTLET* 0.00 F 0.00
35.00 1 66 in. 800.13 800.50 1-A 5.10 2.24 1.60 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1450 2 60 in. 799.30 799.76 1-B 2.24 1.46 1.05 0.0332 OUTLET* 0.00 D 0.00
1450 2 66 in. 799.25 799.73 1-B 2.1 1.41 1.02 0.0330 OUTLET* 0.00 D+1 0.00
1750 2 60 in. 799.45 79987 1-B 2.71 1.61 1.15 0.0332 OUTLET* 0.00 F 0.00
1750 2 66 in. 79940 79983 1-B 2.55 1.55 1.12 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 29.00 1 60 in. 799.99 800.29 1-A 4.49 1.85 1.49 0.0260 OUTLET* 0.00 D 0.00
29.00 1 66 in. 799.89 80025 1-B 4.23 1.78 1.45 0.0260 OUTLET* 0.00 D+1 0.00
35.00 1 60 in. 800.23 800.55 1-A 5.42 2.05 1.65 0.0260 OUTLET* 0.00 F 0.00
35.00 1 66 in. 800.13 800.47 1-A 5.10 1.97 1.60 0.0260 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1450 2 60 in. 799.30 799.73 1-B 2.24 1.29 1.05 0.0260 OUTLET* 0.00 D 0.00
1450 2 66 in. 799.25 799.70 1-B 2.1 1.25 1.02 0.0260 OUTLET* 0.00 D+1 0.00
1750 2 60 in. 79945 79984 1-B 2.7 1.42 1.15 0.0260 OUTLET* 0.00 F 0.00
1750 2 66 in. 799.40 799.79 1-B 2.55 1.37 1.12 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 - 594+67 LT TO 595+09 LT

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.) : 797.34 Outlet Invert Elevation (ft.) : 797.09 Tailwater Elevation (ft.) : 798.91 Overflow Elevation (ft.) : 801.80

Allowable Headwater Elevation (ft.) : 800.80 or Diameter + 4 ft.
Pipe Length (ft.) : 42.00 Culvert Slope (ft./ft.) : 0.0060

(whichever is less)

Design Manning 'n' : 0.0120

Design Discharge (cfs) : 29.40 @ 10 yrs. Flood Discharge (cfs) : 35.60 @ 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
2940 1 27 in. 800.60 800.49 2-E 739 225 188  0.0120 INLET 0.00 D 0.00
2940 1 24 in. 801.44 80125 2-E 936 200 1.85  0.0120 INLET 0.00 D-1 0.00
2460 1 21in. 803.12 802.92 2-H 1023 175 1.68  0.0120 INLET 4.80 D-2 0.00
2940 1 30 in. 800.20 NA 1-C 785 178 185  0.0120 INLET 0.00 D+1 0.00
3560 1 27 in. 801.39 801.19 2-E 895 225 202 0.0120 INLET 0.00 F 0.00
3130 1 24 in. 802.68 802.33 2-E 996 200 1.88  0.0120 INLET 4.30 F-1 0.00
2460 1 21in. 805.25 804.79 2-H 1023 175 1.68  0.0120 INLET 11.00 F-2 0.00
3560 1 30in. 800.72 800.65 2-E 793 215 202  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)
2940 1 33in. 800.24 800.54 1-A 7.05 251 1.80  0.0241 OUTLET* 0.00 D 0.00
CDSS 1.0.0.3. 594+67.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.)
2940 1 30in. 800.67 801.08 2-F 7.55 2.50 1.85 0.0244 OUTLET* 0.00 D-1 0.00
2790 1 27 in. 801.48 802.10 2-F 8.02 2.25 1.84 0.0245 OUTLET* 1.50 D-2 0.00
2940 1 36 in. 800.02 800.36 1-A 6.55 2.66 1.76 0.0241 OUTLET* 0.00 D+1 0.00
35.60 1 33in. 800.82 801.17 2-F 7.75 2.75 1.99 0.0241 OUTLET* 0.00 F 0.00
3420 1 30in. 801.53 802.01 2-F 8.17 2.50 1.99 0.0244 OUTLET* 1.40 F-1 0.00
2790 1 27 in. 802.76 80355 2-F 8.02 2.25 1.84 0.0245 OUTLET* 7.70 F-2 0.00
3560 1 36 in. 800.44 800.77 1-A 7.37 2.74 1.94 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

29.40 1 36 in. 800.02 800.40 1-A 6.55 2.74 1.76 0.0281 OUTLET* 0.00 D 0.00
2940 1 42in. 799.80 800.14 1-A 5.82 2.39 1.67 0.0278 OUTLET* 0.00 D+1 0.00
3560 1 36 in. 800.44 800.83 1-A 7.37 2.74 1.94 0.0281 OUTLET* 0.00 F 0.00
3560 1 42in. 800.10 800.48 1-A 6.90 2.81 1.85 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2940 1 60 in. 79945 799.80 1-A 4.55 212 1.50 0.0332 OUTLET* 0.00 D 0.00
2940 1 66 in. 799.36 799.73 1-A 4.28 2.02 1.46 0.0330 OUTLET* 0.00 D+1 0.00
3560 1 60 in. 799.70 800.05 1-A 5.51 2.36 1.66 0.0332 OUTLET* 0.00 F 0.00
3560 1 66 in. 799.60 799.97 1-A 5.19 2.24 1.62 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1470 2 60 in. 798.76 79921 1-B 2.28 1.46 1.05 0.0332 OUTLET* 0.00 D 0.00
1470 2 66 in. 798.71 799.19 1-B 2.14 1.41 1.03 0.0330 OUTLET* 0.00 D+1 0.00
1780 2 60 in. 798.92 79933 1-B 2.76 1.62 1.16 0.0332 OUTLET* 0.00 F 0.00
1780 2 66 in. 798.86 799.29 1-B 2.59 1.55 1.13 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 2940 1 60 in. 799.45 799.76 1-A 4.55 1.85 1.50 0.0260 OUTLET* 0.00 D 0.00
2940 1 66 in. 799.36 799.72 1-B 4.28 1.78 1.46 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.)

35.60 1 60 in. 799.70 800.03 1-A 5.51 2.06 1.66 0.0260 OUTLET* 0.00 F 0.00

35.60 1 66 in. 799.60 799.94 1-A 5.19 1.97 1.62 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1470 2 60 in. 798.76 799.19 1-B 2.28 1.29 1.05 0.0260 OUTLET* 0.00 D 0.00
1470 2 66 in. 798.71 799.15 1-B 2.14 1.25 1.03 0.0260 OUTLET* 0.00 D+1 0.00

1780 2 60 in. 798.92 79930 1-B 2.76 1.43 1.16 0.0260 OUTLET* 0.00 F 0.00

1780 2 66 in. 798.86 799.25 1-B 2.59 1.38 1.13 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 - 596+37 LT TO 596+70 LT

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.) : 796.34 Outlet Invert Elevation (ft.) : 796.15 Tailwater Elevation (ft.) : 797.97 Overflow Elevation (ft.) : 800.94

Allowable Headwater Elevation (ft.) : 799.94 or Diameter + 4 ft.
Pipe Length (ft.) : 33.00 Culvert Slope (ft./ft.) : 0.0058

(whichever is less)

Design Manning 'n' : 0.0120

Design Discharge (cfs) : 29.60 @ 10 yrs. Flood Discharge (cfs) : 35.80 @ 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
2960 1 27 in. 799.63 79951 2-E 744 225 189  0.0120 INLET 0.00 D 0.00
2960 1 24 in. 800.48 800.21 2-E 942 200 1.86  0.0120 INLET 0.00 D-1 0.00
2520 1 21in. 802.18 801.77 2-H 1048 175 1.68  0.0120 INLET 4.40 D-2 0.00
2960 1 30 in. 799.22 NA 1-C 775 182 185  0.0120 INLET 0.00 D+1 0.00
3580 1 27 in. 800.42 800.17 2-E 9.00 225 203 0.0120 INLET 0.00 F 0.00
32.00 1 24 in. 801.73 80123 2-E 1019 200 1.89  0.0120 INLET 3.80 F-1 0.00
2520 1 21in. 804.33 803.53 2-H 1048 175 1.68  0.0120 INLET 10.60 F-2 0.00
3580 1 30in. 799.74 799.67 2-E 774 223 203  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)
2960 1 33in. 799.26 79956 1-A 710 251 1.81 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.)
2960 1 30in. 799.69 800.00 2-F 7.58 2.50 1.85 0.0244 OUTLET* 0.00 D-1 0.00
2960 1 27 in. 800.52 800.92 2-F 8.32 2.25 1.89 0.0245 OUTLET* 0.00 D-2 0.00
2960 1 36 in. 799.03 799.37 1-A 6.60 2.74 1.76 0.0241 OUTLET* 0.00 D+1 0.00
35.80 1 33in. 799.84 800.11 2-F 7.77 2.75 1.99 0.0241 OUTLET* 0.00 F 0.00
3580 1 30in. 800.56 800.86 2-F 8.39 2.50 2.03 0.0244 OUTLET* 0.00 F-1 0.00
29.70 1 27 in. 801.80 80224 2-F 8.33 2.25 1.89 0.0245 OUTLET* 6.10 F-2 0.00
3580 1 36 in. 799.45 799.77 1-A 7.38 2.74 1.94 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

29.60 1 36 in. 799.03 799.40 1-A 6.60 2.74 1.76 0.0281 OUTLET* 0.00 D 0.00
2960 1 42in. 798.81 799.15 1-A 5.86 243 1.68 0.0278 OUTLET* 0.00 D+1 0.00
3580 1 36 in. 799.45 799.82 1-A 7.38 2.74 1.94 0.0281 OUTLET* 0.00 F 0.00
3580 1 42in. 799.11 799.48 1-A 6.91 2.88 1.86 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

Diameter exceeds 1.25 HWA 2960 1 60 in. 798.46 798.81 1-A 4.58 2.15 1.51 0.0332 OUTLET* 0.00 D 0.00
2960 1 66 in. 798.37 798.73 1-A 4.31 2.05 1.47 0.0330 OUTLET* 0.00 D+1 0.00
3580 1 60 in. 798.71 799.05 1-A 5.54 2.39 1.67 0.0332 OUTLET* 0.00 F 0.00
3580 1 66 in. 798.61 79897 1-A 5.22 2.27 1.62 0.0330 OUTLET* 0.00 F+1 0.00
Diameter exceeds 1.25 HWA 1480 2 60 in. 797.76 79824 1-B 2.29 1.48 1.06 0.0332 OUTLET* 0.00 D 0.00
1480 2 66 in. 797.72 79821 1-B 2.16 1.43 1.03 0.0330 OUTLET* 0.00 D+1 0.00
1790 2 60 in. 79792 79835 1-B 2.77 1.64 1.17 0.0332 OUTLET* 0.00 F 0.00
1790 2 66 in. 79786 79831 1-B 2.61 1.57 1.14 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 2960 1 60 in. 798.46 79876 1-A 4.58 1.88 1.51 0.0260 OUTLET* 0.00 D 0.00
2960 1 66 in. 798.37 798.72 1-B 4.31 1.80 1.47 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.)

35.80 1 60 in. 798.71 799.04 1-A 5.54 2.08 1.67 0.0260 OUTLET* 0.00 F 0.00

35.80 1 66 in. 798.61 79895 1-A 5.22 1.99 1.62 0.0260 OUTLET* 0.00 F+1 0.00

Diameter exceeds 1.256 HWA 1480 2 60 in. 797.76 79823 1-B 2.29 1.31 1.06 0.0260 OUTLET* 0.00 D 0.00
1480 2 66 in. 797.72 798.19 1-B 2.16 1.27 1.03 0.0260 OUTLET* 0.00 D+1 0.00

1790 2 60 in. 79792 79831 1-B 277 1.44 1.17 0.0260 OUTLET* 0.00 F 0.00

1790 2 66 in. 797.86 79828 1-B 2.61 1.39 1.14 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+26 LT TO 598+94 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.) : 795.23 Outlet Invert Elevation (ft.) : 794.83 Tailwater Elevation (ft.) : 796.65 Overflow Elevation (ft.) : 800.34

Allowable Headwater Elevation (ft.) : 799.34 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 68.00 Culvert Slope (ft./ft.) : 0.0059 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 29.60 @ 10 yrs. Flood Discharge (cfs) : 35.70 @ 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
29.60 1 27in. 79852 79846 2-E 744 225 189  0.0120 INLET 0.00 D 0.00
29.60 1 24 in. 799.37 79940 2-F 973 200 186  0.0120 OUTLET** 0.00 D-1 0.00
2580 1 21in. 801.07 80148 2-G 1073 175 169  0.0120 OUTLET 3.80 D-2 0.00
29.60 1 30in. 798.11 NA 1-C 782 180 185  0.0120 INLET 0.00 D+1 0.00
3570 1 27in. 79929 79923 2-E 898 225 202  0.0120 INLET 0.00 F 0.00
3430 1 24 in. 800.60 800.63 2-F 11.09 200 191 0.0120 OUTLET** 1.40 F-1 0.00
2580 1 21in. 803.18 803.68 2-G 1073 175 169  0.0120 OUTLET 9.90 F-2 0.00
3570 1 30in. 79862 79855 2-E 787 218 203  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)
29.60 1 30in. 798.58 799.32 2-F 7.58 2.50 1.85 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.)
2810 1 27 in. 799.41 800.73 2-F 8.06 2.25 1.84 0.0245 OUTLET* 1.50 D-1 0.00
2170 1 24 in. 800.87 803.56 2-F 7.23 2.00 1.67 0.0247 OUTLET* 7.90 D-2 0.00
2960 1 33in. 798.15 798.57 2-F 7.10 2.51 1.81 0.0241 OUTLET* 0.00 D+1 0.00
35.10 1 30in. 79943 80046 2-F 8.29 2.50 2.01 0.0244 OUTLET* 0.60 F 0.00
2810 1 27 in. 800.67 80254 2-F 8.06 2.25 1.84 0.0245 OUTLET* 7.60 F-1 0.00
2170 1 24 in. 802.65 806.68 2-F 7.23 2.00 1.67 0.0247 OUTLET* 14.00 F-2 0.00
3570 1 33in. 798.72 799.32 2-F 7.76 2.75 1.99 0.0241 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

29.60 1 36 in. 79792 798.36 1-A 6.60 2.74 1.76 0.0281 OUTLET* 0.00 D 0.00
2960 1 42in. 797.70 798.07 1-A 5.86 2.41 1.68 0.0278 OUTLET* 0.00 D+1 0.00
3570 1 36 in. 798.34 79896 2-F 7.38 3.00 1.94 0.0281 OUTLET* 0.00 F 0.00
3570 1 42in. 79799 79841 1-A 6.90 2.84 1.85 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2960 1 60 in. 79735 797.72 1-A 4.58 2.13 1.51 0.0332 OUTLET* 0.00 D 0.00
2960 1 66 in. 79726 79764 1-A 4.31 2.03 1.47 0.0330 OUTLET* 0.00 D+1 0.00
3570 1 60 in. 797.60 79797 1-A 5.53 2.37 1.66 0.0332 OUTLET* 0.00 F 0.00
3570 1 66 in. 797.49 79788 1-A 5.20 2.25 1.62 0.0330 OUTLET* 0.00 F+1 0.00

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

2960 1 60 in. 79735 79765 1-A 4.58 1.87 1.51 0.0260 OUTLET* 0.00 D 0.00
2960 1 66 in. 79726 79761 1-B 4.31 1.79 1.47 0.0260 OUTLET* 0.00 D+1 0.00
3570 1 60 in. 79760 79791 1-A 5.53 2.07 1.66 0.0260 OUTLET* 0.00 F 0.00
3570 1 66 in. 797.49 79782 1-A 5.20 1.98 1.62 0.0260 OUTLET* 0.00 F+1 0.00

CDSS 1.0.0.3. 598+26.xml 2



UNIVERSAL CULVERT DESIGN

PID : 95358 Date : 01/20/2016  Project : LOR-82-Drainage Study Location : Columbia Station, OH
Description : Proposed Drive Pipe - 599+67 LT TO 600+12 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.) : 794.39 Outlet Invert Elevation (ft.) : 794.12 Tailwater Elevation (ft.) : 795.94 Overflow Elevation (ft.) : 800.43

Allowable Headwater Elevation (ft.) : 799.43 or Diameter + 4 ft. (whichever is less)
Pipe Length (ft.) : 45.00 Culvert Slope (ft./ft.) : 0.0060 Design Manning 'n’: 0.0120
Design Discharge (cfs) : 29.50 @ 10 yrs. Flood Discharge (cfs) : 35.60 @ 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
2950 1 24 in. 79851 798.34 2-E 939 200 1.85  0.0120 INLET 0.00 D 0.00
2950 1 21in. 800.20 800.06 2-H 1226 175  1.71 0.0120 INLET 0.00 D-1 0.00
21.80 1 18 in. 804.84 804.14 2-G 1234 150 148  0.0120 OUTLET 7.70 D-2 0.00
2950 1 27 in. 797.66 79756 2-E 742 225 188  0.0120 INLET 0.00 D+1 0.00
3560 1 24 in. 799.73 799.42 2-E 11.33 200 1.92  0.0120 INLET 0.00 F 0.00
3020 1 21in. 802.30 801.95 2-H 1256 175  1.71 0.0120 INLET 5.40 F-1 0.00
2180 1 18 in. 814.75 807.88 2-G 1234 150 148  0.0120 OUTLET 13.80 F-2 0.00
3560 1 27 in. 798.44 79825 2-E 895 225 202 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)
2950 1 27 in. 79855 79925 2-F 830 225 1.88  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.)
26.70 1 24 in. 800.01 80140 2-F 8.90 2.00 1.80 0.0247 OUTLET* 2.80 D-1 0.00
1960 1 21in. 802.52 806.02 2-G 8.15 1.75 1.59 0.0248 OUTLET 9.90 D-2 0.00
2050 1 30in. 797.73 798.18 2-F 7.57 2.50 1.85 0.0244 OUTLET* 0.00 D+1 0.00
3440 1 27 in. 799.81 800.72 2-F 9.21 2.25 2.00 0.0245 OUTLET* 1.20 F 0.00
26.70 1 24 in. 801.78 803.87 2-F 8.90 2.00 1.80 0.0247 OUTLET* 8.90 F-1 0.00
19.60 1 21in. 806.65 810.62 2-G 8.15 1.75 1.59 0.0248 OUTLET 16.00 F-2 0.00
3560 1 30in. 798.58 799.12 2-F 8.36 2.50 2.02 0.0244 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (3 x 1 in. corrugations)

2950 1 36 in. 797.08 79747 1-A 6.57 2.74 1.76 0.0281 OUTLET* 0.00 D 0.00
2950 1 42in. 796.86 797.20 1-A 5.84 2.39 1.68 0.0278 OUTLET* 0.00 D+1 0.00
3560 1 36 in. 797.49 79791 1-A 7.37 2.74 1.94 0.0281 OUTLET* 0.00 F 0.00
3560 1 42in. 79715 79753 1-A 6.90 2.80 1.85 0.0278 OUTLET* 0.00 F+1 0.00

Corrugated Metal Pipe (6 x 2 in. corrugations)

2050 1 60 in. 796.51 796.86 1-A 4.57 212 1.51 0.0332 OUTLET* 0.00 D 0.00
2050 1 66 in. 796.41 796.78 1-A 4.30 2.02 1.47 0.0330 OUTLET* 0.00 D+1 0.00
3560 1 60 in. 796.75 79711 1-A 5.51 2.35 1.66 0.0332 OUTLET* 0.00 F 0.00
3560 1 66 in. 796.65 797.02 1-A 5.19 2.24 1.62 0.0330 OUTLET* 0.00 F+1 0.00

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

2950 1 60 in. 796.51 796.81 1-A 4.57 1.85 1.51 0.0260 OUTLET* 0.00 D 0.00
2950 1 66 in. 796.41 796.77 1-B 4.30 1.78 1.47 0.0260 OUTLET* 0.00 D+1 0.00
3560 1 60 in. 796.75 797.08 1-A 5.51 2.05 1.66 0.0260 OUTLET* 0.00 F 0.00
3560 1 66 in. 796.65 796.98 1-A 5.19 1.97 1.62 0.0260 OUTLET* 0.00 F+1 0.00
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