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Toyota Arizona Proving Grounds

Drainage Calculations

- •
Culvert Number / Concentration Point Listing

Listed by Culvert Number

"'. CUlvert ... . ',.", , ..'

",')"', ) Concentration
Number Roadway .... ,'•••..'. Pof~t'» .>' «~ Size ' ,r

1 Oval Track 70 E (5) 10x5
2 Oval Track 70C (1) 24' RCP
3 Oval Track 69 (3) 10 x 4
4 Oval TraG..k 67 E (1)10x4
5 Oval Track 67 F (1) 36' RCP
6 Oval Track 67 A (5) 10 x 4
7 Oval Track 678 (1)10x4
8 Oval Track 67C (2) 10 x 5
9 Oval Track 67 D (2) 10 x 4
10 Oval Track 60C (1) 24' RCP
11 Oval Track 608 (1) 24' RCP
12 Oval Track 60A (5) 10x4
13 Oval Track 60 F (1)10x4
14 Oval Track 60G (1) 10x4
15 Oval Track 60 E (1) 24' RCP

16A Oval Track 50 D-6 (1) 10x4
168 Oval Track 60D-5 (1) 10x4
16C Oval Track 60D-4 (1) 10x4
16D Oval Track 60D-3 (1) 10x4
16E Oval Track 60D-2 (1) 10x4
15F Oval Track 60D-1 (1) 10x4
17 Loop Road A 60 J-1 (1) 6 x 4
18 Oval Track 60 J-2 (1) 10x4
19 Loop Road A 67 H-1 (7)10 x 4
20 Oval Track 67 H-2 (8) 10 x 4
21 Loop Road A 671-1 (1) 10x4

File: e\40477\qcfiles\DRNCALC2.XLS

/CUlve~) J!~vil Concentration~~' L/""/
Number .' "·'P» .,.(POiht><> .".>:":'Size ','

22 Oval Track 671-2 (1)10X4
23 Loop Road A 67 J-1 (1)10x4
24 Oval Track 67 J-2 (1) 10 x 4
25 Loop Road A 67 L-1 (1) 24' RCP
26 Oval Track 67 L-2 (1) 24' RCP
27 Loop Road A 700-1 (2) 10 x 5
28 Oval Track 700-2 (2) 10 x 6
29 Loop Road A 70 P-1 (5) 10 x 6
30 Oval Track 70 P-2 (4) 10x6
31 Oval Track 700 (2) 10 x 4
32 Rampway A 70 M-1 (1) 24' RCP
33 Rampway 8 70 M-2 (1) 6 x 4
34 Oval Track 76J (6)10 X4
35 Cornering Course 70A (3) 10 x 5
36 Cornering Course 76 F (5) 10x6

37 Cornering Course 708 (3) 10 x 5
38 Cornering Course 76G (4) 10 x 5
39 Access Rd A-1 76E (2) 10 x 5
40 Access Rd A-1 76 F (1) 10x4
41 Access Rd G-1 N/A (1) 49' x 33' CMP Arch

42 Access Rd G-1 N/A (2) 49' x 33' CMP Arch
43 Access Rd E-1 N/A (2) 49' x 33' CMP Arch
44 Access Rd E-1 N/A (2) 49' x 33' CMP Arch

45 Access Rd A-2 N/A (1) 49' x 33' CMP Arch
46 Access Rd A-2 N/A (2) 49' x 33' CMP Arch
47 Access Rd A-2 N/A (2) 49' x 33' CMP Arch



•

Listed by Concentration Point

e -

Concentration I :>::.. ".,:?\\.:::: .•.. Culvert' i.\ '·Culvert <. ,';-........

Point Roadway Number .:" Size
60A Oval Track 12 (5) 10x4
60 B Oval Track 11 (1) 24" RCP
60C Oval Track 10 (1) 24" RCP

60 D-1 Oval Track 16F (1) 10x4
60 D-2 Oval Track 16E (1) 10 x 4
60 D-3 Oval Track 16D (1)10x4
60 D-4 Oval Track 16C (1) 10x4
60 D-5 Oval Track 16B (1) 10x4
60 D-6 Oval Track 16A (1) 10x4
60 E Oval Track 15 (1) 24" RCP
60F Oval Track 13 (1) 10 x 4
60G Oval Track 14 (1) 10x4

60 J-1 Loop Road A 17 (1) 6 x 4
60 J-2 Oval Track 18 (1) 10x4
67 A Oval Track 6 (5) 10 x 4
67 B Oval Track 7 (1) 10x4
67 C Oval Track 8 (2) 10 x 5
67 D Oval Track 9 (2) 10 x 4
67 E Oval Track 4 (1) 10x4
67 F Oval Track 5 (1) 36" RCP

67 H-1 Loop Road A 19 (7)10 x 4
67 H-2 Oval Track 20 (8) 10x4
671-1 Loop Road A 21 (1) 10x4
671-2 Oval Track 22 (1) 10x4
67 J-1 Loop Road A 23 (1) 10x4
67 J-2 Oval Track 24 (1) 10x4

Concentration ••••,.:.:....~..;:',. l~~.;~j:;· ••·:····· ••• •••• ••••
Cull/ert ::. ..:'.'.:.:' ;.,,::: \':..• Culverr':':::;::"· :......

. .... ·p6irit/ Nurhb~r ·.SiZe

67 L-1 Loop Road A 25 (1) 24' RCP
67 L-2 Oval Track 26 (1) 24' RCP

69 Oval Track 3 (3) 10 x 4
70A Cornering Course 35 (3) 10 x 5
70 B Cornering Course 37 (3) 10 x 5
70C Oval Track 2 (1) 24' RCP
70 E Oval Track 1 (5) 10 x 5

70 M-1 Rampway A 32 (1) 24' RCP
70 M-2 Rampway B 33 (1) 6 x 4
700 Oval Track 31 (2) 10 x 4

70 P-1 Loop Road A 29 (5) 10 x 6
70 P-2 Oval Track 30 (4) 10x 6
700-1 Loop Road A 27 (2) 10 x 5
700-2 Oval Track 28 (2) 10 x 6
76 E Access Rd A-1 39 (2) 10 x 5
76 F Cornering Course 36 (5) 10 x 6

76 F Access Rd A-1 40 (1) 10x4
76G Cornering Course 38 (4) 10x 5
76 J Oval Track 34 (6)10 X 4

N/A Access Rd G-1 41 (1) 49' x 33' CMP Arch

N/A Access Rd G-1 42 (2) 49' x 33" CMP Arch

N/A Access Rd E-1 43 (2) 49" x 33' CMP Arch

N/A Access Rd E-1 44 (2) 49' x 33" CMP Arch

N/A Access Rd A-2 45 (1) 49' x 33' CMP Arch

N/A Access Rd A-2 46 (2) 49' x 33" CMP Arch

N/A Access Rd A-2 47 (2) 49' x 33' CMP Arch
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• • •SECTION NUMBEfl T'JV70[ 6/24/91

Channel Slope: 0.0091 ft./ft.

CROSS SECTION DATA:
OFFSET -400 -240 -120 0 79.2 171.2 175.2 179.9 182.1 199.2 204.8 209.4 277.3 310 400
ELEV. 37 35 36.5 35.8 36.01 35.65 33.86 34.31 35.54 35.51 _33 ..91 35.14 35.83 36.5 35
N N/A 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 33.95
WET PER. 0.0 0.0 0.0 0.0 0.0 0.2 1.2 0.0 0.0 0.2 0.3 0.0 0.0 0.0
r.REA 0.0 0.0 0.0 0.0 0.0 o 0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 34.2
WET PER. 0.0 0.0 0.0 0.0 0.0 0.8 4.4 0.0 0.0 1.1 2.2 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.1 0.7 0.0 0.0 0.1 0.3 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.1 0.1 0.0 0.0 0.0
Q 0 0 0 0 0 0 1 0 0 0 0 0 0 0

STAGE: 34.45
WET PER. 0.0 0.0 0.0 0.0 0.0 1.4 6.2 6.5 0.0 2.0 4.1 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.4 2.1 2.1 0.0 0.5 1.1 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.0 0.3 0.3 0.0 0.0 0.0
Q 0 a 0 0 a 0 a 4 0 0 2 0 a 0

STAGE: 34.7
WET PER. 0.0 0.0 0.0 0.0 0.0 2.1 6.8 7.6 0.0 2.9 5.9 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.8 3.7 3.8 0.0 1.1 2.3 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.4 0.5 0.5 0.0 0.4 0.4 0.0 0.0 0.0
Q 0 0 0 0 0 0 a 10 0 0 5 0 0 0

STAGE: 34.95
WET PER. 0.0 0.0 0.0 0.0 0.0 2.7 7.4 8.7 0.0 3.8 7.8 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 1.3 5.4 5.8 0.0 1.9 3.9 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 C.5 0.7 0.7 0.0 0.5 0.5 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 18 0 0 10 0 0 0

STAGE: 35.2
WET PER. 16.0 32.0 0.0 0.0 0.0 3.3 8.0 9.8 0.0 4.7 9.5 15.4 0.0 12.0
AREA 1.6 3.2 0.0 0.0 0.0 2.0 7.2 8.0 0.0 2.9 6.0 6.2 0.0 1.2
HYD.RAD. 0.1 0.1 0.0 0.0 0.0 0.6 0.9 0.8 0.0 0.6 0.6 0.4 0.0 0.1
Q 0 3 0 a 0 c 0 28 0 0 0 14 0 a

f"



• • •SECTION NUMBER TW70E 6/24/91

STAGE: 35.45
WET PER. 36.0 72.0 0.0 0.0 0.0 3.9 8.6 11.0 0.0 5.6 10.4 40.9 0.0 27.0
AREA 8.1 16.2 0.0 0.0 0.0 2.8 9.2 10.4 0.0 4.2 8.4 13.1 0.0 6.1
HYD.RAD. 0.2 0.2 0.0 0.0 0.0 0.7 1.1 0.9 0.0 0.7 0.8 0.3 0.0 0.2
Q 0 24 0 0 0 0 0 41 0 0 0 25 0 0

STAGE: 35.7
WET PER. 56.0 112.0 0.0 0.0 12.8 17.2 21. 9 24.4 41.5 47.3 52.1 107.2 0.0 42.0
AREA 19.6 39.2 0.0 0.0 0.3 4.1 11.7 13.4 16.4 21.9 27.3 42.8 0.0 14.7
HYD.RAD. 0.4 0.4 0.0 0.0 0.0 0.2 0.5 O.S 0.4 O.S 0.5 0.4 0.0 0.3
Q 0 79 0 0 0 0 0 0 0 0 0 94 0 0

STAGE: 35.95
WET PER. 76.0 152.0 25.7 56.6 76.7 81.1 85.8 88.3 105.4 111. 2 116.0 183.9 189.7 57.0
AREA 36.1 72.2 1.9 4.2 1L.5 16.3 25.0 27.3 34.6 41.5 48.1 79.6 80.0 27.1
HYD.RAD. 0.5 0.5 0.1 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5
Q 0 178 1 4 0 0 0 0 0 0 0 0 182 0

STAGE: 36.2
WET PER. 96.0 192.0 68.6 79.2 92.0 96.4 101.1 103.6 120.7 126.5 131. 3 199.2 217.3 72.0
AREA 57.6 115.2 13.7 23.4 34.0 39.8 49.8 52.6 64.1 72.5 80.2 128.7 132.0 43.2
HYD.RAD. 0.6 0.6 0.2 0.3 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6
Q 0 332 19 59 0 0 0 0 0 0 0 0 384 0

STAGE: 36.45
WET PER. 116.0 232.0 111.4 79.2 92.0 96.4 101.1 103.6 120.7 126.5 131.3 199.2 229.5 87.0
AREA 84.1 168.2 36.2 43.2 57.0 63.8 74.9 78.3 94.1 103.9 112.7 178.2 187.6 63.1
HYD.RAD. 0.7 0.7 0.3 0.5 0.6 0.7 0.7 0.8 0.8 0.8 0.9 0.9 0.8 0.7
Q 0 550 69 163 0 0 0 0 0 0 0 0 665 0

1".5. Ele'L 33.95 34.2 34.45 34.7 34.95 35.2 35.45 35.7 35.95 36.2 36.45
Q 0 1 6 15 28 51 148 362 794 1592 2770
A 0.1 1.0 3.2 6.1 9.7 25.0 78.7 176.2 332.0 561.3 839.6
V 0.5 1.2 1.8 2.4 2.9 2.0 1.9 2.1 ~.4 2.8 3.3

--~----------------- ._------_._------------
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CULVERT BRINK
DESIGN DISCHARGE - Q

Vave = WETTED AREA AT BRINK OF CULVERT

•

3

Ye = EQUIVALENT BRINK DEPTH

= BRINK DEPTH FOR BOX CULVERT
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SECTION NUMBER TW70C 6/10/91

Channel Slope: 0.0126 ft./ft.

CROSS SECTION DATA:
OFFSET 15.9 21.8 57.3 77 .1 79.7 82.4 '84 88.4 120.9
ELEV. 33.21 34.37 34.24 30.17 29.16 29.38 30.5'2 31. 92 33.2
N N/A 0.035 0.035 0.035 0.04 0.025 0.04 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 29.2
WET PER. 0.0 0.0 0.0. 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 o. a . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 .0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a a a a a a a a a

STAGE: 29.45
WET PER. 0.0 0.0 0.0 0.8 2.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a 1 a a a a a a a

STAGE: 29.7
WET PER. 0.0 0.0 0.0 1.5 2.7 0.6

"
0.0 0.0 0.0 0.0 0.0 0.0

AREA 0.0 0.0 0.0 0.4 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.3 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a 1 4 a a a a a a a

STAGE: 29.95
WET PER. 0.0 0.0 0.0 2.2 2.7 1.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.8 1.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.4 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q a 0 a 2 9 a a a a a a a

STAGE: 30.2
"JET PER. 0.0 0.0 0.2 2.8 2.7 1.4 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 1.4 2.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.5 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a 4 16 1 a a a a a a

STAGE: 30.45
I-JET PER. 0.0 0.0 1.4 2.8 2.7 1.8 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 2.0 3.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0·1 0.7 1.2 0.4 0.0 O.p 0.0 q.p q.o 0.0
0 a Q Q 7 24 2 a 0 q P. R 9..

-
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S[CTION Nutv10EIl TV'{70C 6/10/91

STAGE: 30.7
WET PER. 0.0 0.0 2.6 2.8 2.7 2.0 0.6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.7 2.7 3.9 1.2 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 1.0 1.4 0.6 0.1 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 11 33 4 0 0 0 0 0 0

STAGE: 30.95
WET PER. 0.0 0.0 3.9 2.8 2.7 2.0 1.4 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.5 3.3 4.5 1.6 0.3 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.4 1.2 1.7 0.8 0.2 0.0 0.0 0.0 0.0 0.0
Q 0 0 4 16 43 6 0 0 0 0 0 0

STAGE: 31.2
WET PER. 0.0 0.0 5.1 2.8 2.7 2.0 2.2 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 2.6 4.0 5.2 2.0 0.7 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.4 1.9 1.0 0.3 0.0 0.0 0.0 0.0 0.0
Q 0 0 8 21 54 8 2 0 0 0 0 0

STAGE: 31.45
WET PER. 0.0 0.0 6.4 2.8 2.7 2.0 3.1 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 4.0 4.6 5.9 2.4 1.4 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.6 1.7 2.2 1.2 0.4 0.0 0.0 0.0 0.0 0.0
Q 0 0 14 27 66 11 4 0 0 0 0 0

STAGE: 31.7
viET PER. 0.0 0.0 7.6 2.8 2.7 2.0 3.9 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 5.7 5.3 6.6 2.8 2.2 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.7 1.9 2.4 1.4 0.6 0.0 0.0 0.0 0.0 0.0
Q 0 0 22 34 79 15 7 0 0 0 0 0

----

W.S. Elev. 29.2 29.45 29.7 29.95 30.2 30.45 30.7 30.95 31.2 31.45 31. 7
Q 0 1 5 12 21 33 49 68 93 122 157
A 0.0 0.6 1.6 2.9 4.4 6.2 8.5 11.2 14.5 18.3 22.5
V 0.5 1.9 3.2 4.0 4.7 5.3 5.7 6.1 6.4 6.7 7.0

~
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SVERDR'

JOB 101. ToVdl-o.
I

COMPUTATIONS FOR P;"(;),V?p<:::f'd c,;...!~rf (.'/1 1-iJ

SHEET NO.A- OF _

DATE c:rrv'1/
BY 8pC) CHKD k;r:;- •

CULVERT COMPUTATION SHEET

PROJECT: DESIGNER:

STATION: :~~J-ft:lol Or/e:../ Tvr... rk. DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR '\ I 7 42 ,S"O

DRAINAGE AREA 3.g1 ~1' "-1;~ EL.174?,7 \ .E:\

01· 170fecf-s ·TWI· q,t-/' A]" (o:s-/7 \ .1//-- ITW.~w
02 • TWt • .. j --

- r~ ~l

EL. /73'2,0 / EL.I73/,~J..! EL. 1731.S"/jt

?-f"o.k oiA+(~i Dis c ~4Y?J~

(
0, I DESIGN DISCHARGE. SAY ~) QIOO So. O,OQSa/., L. 98'" L/IOO So •

02 I CHECK DISCHARGE. SAY Q~O MEAN STREAM. VELOCITV. it 21; ~

CULVERT HEADWATER COMPUTATION -J .... >-
CAP. 0 ILl t:.... ;,;

DESCRIPTION Q CHART INLET CONT. OUTLET CONTROL HW -H+ho -LSo :: ~ -J 0 CI) ~ IIJ CO~"EHn
t----r---t----r---,r__-T""-::---'"T"--~-....:.,r__--:..r___iz:I: .... 0 0 a -J

SIZE ENTR. HW HW HW K. H d de + D T W Ii LS HW 0 J ~ U ILl
TYPE 0 • e 2 0 0 0 0 >

~o=~~~~~+- 17;r;~ l.SS ;0.7.. 0,2.- 4,(.,/ 4.o~ 4,0/ 41~/1.bl 0.41 &,1 10,l. 14.7 /742.Z0 I'1~fCo~iro

SU~~ARY aREcO....ENDATIONS

.....



•• - __ ,0 •

.. '

,'.

CHART I
12

600 (I) (2) (3)\I
500

EXAMPLE 98 \0

10 5',2' Bo' 0,75cl. 8
400 7

O/B , 15 cfs/II. 7 8
6

9 300 I n Ie t
HW HW 6 7
0 feel

5 6
(I) 1.15 1.5 5

8 (2) 1.90 3. B 5
200 4

(3) 2.05 4. I 4
4

7 3
:3

r-
3

6 0 100
0
u. 80 2

2
2

5 /f-
/ ~ 1.5

z 40 / w 1.5

"'/
I 1.5

lD u........ 30
~

0
£ ~~

",i- (J) .

I / .<
r-
0 20/

1..:.-
:.J - ·1.0

~ ,/
i-

./ z
0..-
r- .9 1.0 1.0

:3 ..-/w '"""'~
I
r-

/ l.!l Wingwoll -- Q..
a: 10 Flore ----+- W .9 .9

,/ <t 0 - .8
/' I

/ (,) 8 a::

/"
(J) w .8
0

r- .7 -~ .
<t

/ u. 6 ~

0 0

/ 5
H W SCALE WINGWALL

<l: .7
0 w .7

~ I- 4 D FLARE :I: .6
<l:
a: (I) 30· 10 75·

3 (2) 90·ond IS- .6 .6

13) O· (etlension~ ,5

2
of sides)

,5 .5
To use scole (2) or (3) project

horizontally to seal, (I), th,n
use slroiqht inclined hnt throu9h .4
o and a scoles, or flyerse as

illus Ito led .

r
w
w
u.
z

x
o
lD

U.
o
l
I
l.!l

W
:I:

".. "." :~- ...
,,: •• _".t

, .~

.." ~."

. "....

~......... ~ .:~ .;,'
.~>f~::~~~~5

~~~8~W::ti
.)' :......:.;...,~: .

•l

BUREAU OF PUBLIC ROAOS JAN. 19'33

. 8 .4 .4

.6

l ,5
.35 .3~

,30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH I NLET CONTROL

5-21
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......• :'.

.... :' 5000

CHART 8

4

8

5

6

3

10

..4

.5

.6

.8

1.0
~
w
w
u.
Z

:I: 2

,f..
.f q.;> Ir)0..

o

For oullet crown not lubmerQtd, computt HW by
",,'hod, dltcribtd i" II... dUiQn procedure

-H~T 1 -. "\ - H =- -

-~..-L -+ 3":-
SlOp. so-~

SUBMERGED OUTLET CULVERT FLOWING FULL

HW· H+ ho-LSo

E.XAMPL[ _----~.3-------

20
ex:
<l:
...J
::J
t'
Z
<l:
~
t)
W

10 ex:

30 ~
lD

100~
w

80 ~

4X4

6X6

2X2.

5X5

\0 XIO

9 X9

z
~ 3.5X3.5
(/)

z
w 3X3
~

o

1000
12XI2

400

X
300 '0

lD

W
ex:

200 4
::J
a
(/)

lJ...
0

80

800

30

60

100

2000

3000

4000

a

W
t'
ex:
<l:
:I:
t)
(/)

o

'. -.... : .. :.
.....

. "

. :' ..

.. ' ~.;.'

_.~.-:::
.....

. :..'
.~'.' .....

.:<:.

~~~~

20
'"z
-"
<.>
z
z
ex:
:>....

20

10

8

6

5

• BUREAU OF PUBLIC ROAOS JAt;. 196~

HEAD FOR
CONCRETE BOX CULVERTS

FLOWING FULL
n=O.OI2
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~ CRITICAL DEPTH -
./ I I

/ RECTM GULAR 51 CTION

./'

Jc..= 4. 7 1'/ b::- 1.0/
/,~ ~ot'

..;'-:::'. . ,... '. ..':. .~ ......:.. '.,

C~/ve.r+
CHART /5

C
'~"

'. ~~':"~'

60

350

50

300

40

250

30

Q;s
2010

100 150

de CANNOT EXCEED 0

V
/

V

V
/

V

V
1/

V
/v

l/
.....1/

l/
I7

CRITICAL DEPTH-.....v I--

I

/ RECTANGULAR SECTION

/ I I I

V UV

~ 1*-81
/ BIN FT.

/ Q IN C.F.S.

/ I I 2J 2

J
d:=.315 (0;8)

I I I

o
o

16

15

4
50

14

12

13

r- I I
~
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0
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5
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COM PUTATIONS FOR ~..=:..c--=Ct-.:..:.:!...:::..~.:::....!.-!.t_=t-:.....J-__

SHEET NO. ~ OF·---

~cJ~ bpih of Flaw U5/J 1?1&1"I'JI'~ 4~rh~J1

Q /00 ~ 170ft:; ck:
o/ba.~1 :: 5' c. Cf eM

VI ~ 0,0 I ~

~I
4/

So :0 0, DoSO // =

YYl -- ~,85" ", J~ ;}
/6'-

A== 5,eS->\ 10::: gs, S- +-I"L.
~p:: 2(5 .~S' ') + 10 :: 17,70

• K:.h ~ A/w ? =. >g,~/17//0 ::. 'Z,/7S-/

(AQ-e.k.

:; /4, 73
V)rz,2-

4

( ?,~S") -:.

Uv:.t;fr~ I
p~~

QID::: 5/7 c+s ~> 172 c.~ Ib(A('jI"~1
Y., ~ /,08" V~/. : /0, 'Z. -Pps ~

•
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JOB 404 77 TQp-ie. _
COMPUTATIONS FOR -.Bax.~j~i._._- (,9--.--

SHEET NO. ~ OF_- _. _

DATE _- '-/s~/_t:j/ .
BY-.!3>bo-----.CHKD R'JL-

•

!--- r - -r-

I

)

I,s_ .....-YO
1,0

• Le'l Jth C)£ 13 as'li]

/0 its 10 (I,f-gf) - I~,.e/- -
~ '30 I'uY'

3(~) ~ :5 (/0/) ~o /'::.. < >
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C~Ive.,--r
,I

CULVERT BRINK Vave
DESIGN DISCHARGE - Q
WETTED AREA AT BRINK OF CULVERT

V ave

Vi32.2)(Ye)

3

"'I Ql.I;. >-

w

• -l 2
0
I
a:
~

0
U
C/)

Ll..

0
I
f-
a..
w
0
w
>-
f-
<!.
-l
W
a:

•

~ SECTION

hs
NOTE: 2 < -- < 4

- d50 -

TW
IF Y > 0.75

o

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

FROUDE NUMBER

2

d50 = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye = EQUIVALENT BRINK DEPTH

= BRINK DEPTH FOR BOX CULVERT

=(6) 1/2 FOR NON-RECTANGULAR
2 SECTIONS

3

•

FIGURE Xl-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE

XI-14

~k~·~.', _ . -' --_: • '-
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. JOB 40'1 77 70Yo~hL-....:o.",*, _

COMPUT~ONS FOR-l5~X-~~---~'~~___

SHEET NO. 8 OF_

DATE c:>1-~o/9/__
BY @a CHKD -R..-J:r:

L
i i
i :_---1-' .... _

i_.. __-'J.Q_..J.. ... _._
I . I

i
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:)S-

/30
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4S- Ice~ -f2~W7 f1,e
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• • •SECTION NUMOr::n TW68 6/10/91

Channel Slope: 0.011 ft./ft.

CROSS SECTION DATA:
OFFSET 11 253.5 271.4 299 310.5 322.4 338.3 341.2 347.4 348.9 436.3 475 500 525 550
ELEV. 36 34.15 32.56 34.77 33.06 34.55 33.85 30.55 30.42 33.61 34.34 35 34 35 34
N N/A 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 30.5
loJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.8 0.1 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a a () a a a a a a a a

STAGE: 31
ItJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.6 6.2 0.6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.1 3.2 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5 0.1 0.0 0.0 0.0 0.0 0.0
Q 0 a a a a a a 13 a a a a 0 a

STAGE: 31.5
ItJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.3 6.2 1.2 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.4 6.3 0.3 a. a 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 G.O 0.0 0.0 0.0 0.0 0.3 1.0 0.2 o. a 0.0 0.0 0.0 0.0
Q a a a a a a 1 40 a a a a a a

STAGE: 32
1t·IET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.9 6.2 1.8 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.9 9.4 0.6 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.5 0.3 0.0 0.0 0.0 0.0 0.0
Q a a a a a a 3 77 1 a a a a a

STAGE: 32.5
ItJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 2.6 6.2 2.3 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 1.7 12.5 1.0 0.0 0.0 0.0 0.0 0.0
HYD.::\AD. 0.0 0.0 0.0 0.0 0.0 0.0 0.6 2.0 C .·1 0.0 0.0 0.0 0.0 0.0
Q a a a a a a 6 124 3 a a a a a

STAGE: 33
;'IET PER. 0.0 5.0 10.5 0.0 0.0 0.0 3.3 6.2 2.9 0.0 0.0 0.0 0.0 0.0
AREA 0.0 1.1 2.3 0.0 0.0 0.0 2.6 15.6 1.6 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.2 0.0 0.0 0.0 0.8 2.5 0.5 0.0 0.0 0.0 0.0 0.0
Q a a 4 a a a 10 180 5 a a a a a



•SECTION NUMEJErl TVVE.i~' •6/10/91 •
STAGE:
WET PER.
AREA
HYD.RAD.
Q

STAGE:
WET PER.
AREA
HYD RAD.
Q

STAGE:
i'JET PER.
AREA
HYD.RAD.
Q

STAGe::
i'JET PER.
AREA
HYD.RAD.
Q

STAGE:
vIET PER.
AREA
HYD.RAD.
Q

33.5

34

34.5

35

35.5

0.0
0.0
0.0

o

0.0
0.0
0.0

o

45.9
8.0
0.2

o

111. 4
47.4
0.4

o

177.0
119.4

0.7
o

10.6
5.0
0.5

a

16.3
11.7
0.7

C

63.9
28.5
0.4

a

129.4
76.8
0.6

o

194.9
157.8

0.8
a

22.4
10.5

0.5
28

34.3
24.6

0.7
88

88.2
52.0

0.6
163

157.1
113.6

0.7
a

222.6
208.5

0.9
a

3.0
0.7
0.2

a

6.4
3.0
0.5

a

9.8
7.0
0.7

a

168.7
126.1

0.7
o

234.2
226.7

1.0
a

6.5
1.4
0.2

2

14.0
6.5
0.5

17

21.4
15.3
0.7

54

180.7
140.3

0.8
a

246.2
246.9

1.0
a

0.0
0.0
0.0

o

3.4
0.3
0.1

o

14.8
4.8
0.3

o

196.6
153.1

0.8
o

262.2
267.6

1.0
o

3.9
3.8
1.0

17

7.8
5.5
0.7

19

19.2
11.5
0.6

36

201.0
161.2

0.8
619

266.5
277.1

1.0
1266

6.2
18.7
3.0
243

6.2
21.8
3.5
314

6.2
24.9
4.0
392

6.2
28.0
4.5
477

6.2
31.1
5.0
568

3.4
2.2
0.7

7

3.5
3.0
0.8

o

3.5
3.7
1.1

o

3.5
4.5
1.3

a

3.5
5.2
1.5

a

0.0
0.0
0.0

a

50.2
12.1
0.2

21

90.9
49.6
0.5

a

90.9
94.1
1.0

a

90.9
138.5

1.5
a

0.0
0.0
0.0

a

0.0
0.0
0.0

o

100.3
50.4

0.5
142

129.6
106.8

0.8
418

129.6
170.6

1.3
o

0.0
0.0
0.0

o

0.0
0.0
0.0

o

12.5
3.1
0.2

a

25.0
12.5
0.5

o

154.7
195.6

1.3
o

0.0
0.0
0.0

a

0.0
0.0
0.0

o

25.0
6.3
0.2

11

50.0
25.0
0.5

70

179.7
220.6

1.2
o

0.0
0.0
0.0

a

0.0
0.0
0.0

o

12.5
3.1
0.2

o

25.0
12.5

0.5
a

204.7
245.6

J .2
a

vI.S. E1ev.
Q
A

V

._---

30.5
o

0.2
0.7

.,--------_.._--_.,-_ ..
___ .._. . 0_- ._._.__. .

31 31.5 32 32.5 33 33.5 34 34.5 35 35.5
13 41 81 132 198 298 467 839 1739 3341

3.4 7.0 10.9 15.2 22.1 36.9 74.0 177.5 369.5 623.0
3.9 5.9 7.4 8.7 9.0 8.1 5.3 4.7 4.7 5.4
--- -----------_.- _._--------------- -_.- -----_.----_.- --_.- -_._-- ._---------_.-

t
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• • •SECTION NUMBER TWf,7F 6/13/91

Channel Slope: 0.0125 ft./ft.

CROSS SECTION DATA:
OFFSET -30 0 34 49.9 121.6 123.8 129.8 154.4 159.4 164.4 222.7 320
ELEV. 38.8 38.1 37.92 37.39 37.39 35.84 36.94 36.84 36.01 36.99 37.37 37.8
N l-l/A 0.035 0.035 0.035 0.035 0.4 0.4 0.035 0.4 0.4 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 36.25
WET PER. 0.0 0.0 0.0 0.0 1.2 2 .., 0.0 1.5 2.7 0.0 0.0 0.0. ,
AREA 0.0 0.0 O,·Q. 0.0 0.2 0.5 0.0 0.2 0.3 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0' 0.0 0.2 0.2 0.0 0.1 0.1 0.0 0.0 0.0,
Q a a a a a a a a a a 0 0

STAGE: 36.375
vJET PER. 0.0 0.0 0.0 0.0 1.6 3.6 0.0 2.2 4.1 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.4 0.9 0.0 0.4 0.7 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.2 0.2 0.0 0.0 0.0
Q a a 0 a 0 a 0 a a a a a

STAGE: 36.5
WET PER. 0.0 0.0 0.0 0.0 1.9 4.4 0.0 3.0 5.5 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.6 1.4 0.0 0.7 1.3 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.2 0.2 0.0 0.0 0.0
Q a a a a a a a a a a a a

STAGE: 36.625
\'/ET PER. 0.0 0.0 0.0 0.0 2.3 5.2 0.0 3.8 7.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.8 2.0 0.0 1.1 2.1 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.3 0.3 0.0 0.0 0.0
Q a a a a a a 0 a a a a a

STAGE: 35.75
WET PER. 0.0 0.0 0.0 0.0 2.6 6.1 0.0 4.5 8.4 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 1.1 2.6 0.0 1.6 3.0 0.0 0.0 0.0
HYD. P-I,D. 0.0 0.0 0.0 0.0 0.4 0.4 0.0 G.4 0.4 0.0 0.0 0.0
Q a a a a a 1 a a 1 a a a

STAGE: 36.875
vJET PER. 0.0 0.0 0.0 0.0 3.0 6.9 8.G 5.1 9.6 0.0 0.0 0.0
AREA .0.0 0.0 0.0 0.0 1.5 3.4 0.2 2.3 4.2 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.4 0.4 0,0 0.0 0.0
q 0 a a a a 1 a 0 t 9 Q ~

-w



(

• • •SECTION NUMBER TWG7F 6/13/91

STAGE: 37
WET PER. 0.0 0.0 0.0 0.0 3.4 7.5 24.6 5.1 10.2 1.5 0.0 0.0
AREA 0.0 0.0 0.0 0.0 1.8 4.3 2.7 2.9 5.4 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.5 0.6 0.1 0.6 0.5 0.0 0.0 0.0
Q a a 0 a a 1 3 a 1 a a a

STAGE: 37.125
\oJET PER. 0.0 0.0 0.0 0.0 3.7 7.9 24.6 5.1 10.2 20.7 0.0 0.0
AREA 0.0 0.0 0.0 0.0 2.2 5.2 5.8 3.5 6.6 1.4 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.6 0.7 0.2 0.7 0.7 0.1 0.0 0.0
Q 0 a a a 0 2 10 a 2 1 a a

STAGE: 37.25
WET PER. 0.0 0.0 0.0 0.0 4.1 8.2 24.6 5.1 10.2 39.9 0.0 0.0
AREA 0.0 0.0 0.0 0.0 2.7 6.1 8.9 4.1 7.9 5.2 0.0 0.0
HYD. RF.D. 0.0 0.0 0.0 0.0 0.7 0.7 0.4 0.8 0.8 0.1 0.0 0.0
Q a 0 0 a a 2 21 a 3 6 a a

STAGE: 37.375
WET PER. 0.0 0.0 0.0 0.0 4.4 8.6 24.6 5.1 10.2 58.3 59.4 0.0
AREA 0.0 0.0 0.0 0.0 3.2 7.1 11. 9 4.8 9.1 11.4 11.4 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.7 0.8 0.5 0.9 0.9 0.2 0.2 0.0
Q a a a a 0 3 35 a 4 a 18 a

STAGE: 37.5
WET PER. 0.0 0.0 3.3 75.0 4.5 8.6 24.6 5.1 10.2 58.3 87.7 0.0
AREA 0.0 0.0 0.2 8.1 3.7 8.2 15.0 5.4 10.4 18.7 20.6 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.8 0.9 0.6 1.1 1.0 0.3 0.2 0.0
Q a a 0 9 a 3 51 a 4 a 37 a

c=-.-------. ._---------_.
W.S. E1ev. 36.25 36.375 36.5 36.625 36.75 36.875 37 37.125 37.25 37.375 37.5
Q a a a 1 1 2 6 15 32 59 105
A 0.9 1.6 2.7 4.1 5.7 7.7 12.4 19.0 28.1 39.6 62.2

.'i.._______ 0.1 0.2 0.2 0.2 0.2 0.2 0.5 0.8 1.2 1.5 1.7-----

'1
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Elevation vs, Storage - Node 67 F

•

1748

1747

1746

1745

1744
c:

.9
~ 1743
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L...J

1742

45.0040.0030.00 35.0025.0015.00 20.0010.005.00
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COMPUTATIONS FOR l!O/JO c; ~(-P «A, ItJi'.c':'!
I

SHEET N0ft OF

c::.7 A [fJ DATE ~!91
BY Rho ,fCHKD n= •

CULVERT COMPUTATION SHEfiT

to

s

PROJECT: DESIGNER:

STATION: Z6-8-+ r;~) OV4! Tv.!\ c I::- DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH

SHLDR,:~ ~ 174z.S-
DRAINAGE AREA 7.5(, s" M1',&,J EL. 174",

-;/
:\

0, 2,B Cll c::ts TWI • ~tt';"f.c(,c.II" ( 1 \ ---.eO" 4. ~" /'- AHW. IZ.6

°1 • TW
2

• , ". ,·.)('~v (' {,""-U( j [ ~ ~J

EL. 17 "jo, ~""O/ EL. '30. '30 EL. 7..'t.1~J+

"PetIt.- Oe"'{ /.~ 1 ':b,s:~t"'~J'o.
I OOSo % ",.

( 01 I DESIGN DISCHARGE, SAY ~) ~ 100 So- L - 10 6 LIIOO SO •

02 I CHECK DISCHARGE, SAY Q ~O MEAN STREAl( VELOCITY. </. ~-.f;."

CULVERT HEADWATER COMPUTATION ..J >-
CAP. 0 1-1- .>w- I-DESCRIPTION Q CHART INLET CONT, OUTLET CONTROL HW -H+ho -LSo a:: ~ ..Jo II) :I: ILl COIolMENH~:I: I- 0 0 0..J

ENTR. HW HW dc+ D :::J ..J 0 w
SIZE HW K. H de TW Ho LSo HW 0 OW

TYPE 0 2 0 >
5' eA,r~( DY~"r: ?::;qVs- </.7 4,0 e.J.o 1-.5~ 4,)'(, .';1- 8.1z. /4,€> /741. '<? L ... le-r J
'O'Xq I Tv!.. rt'~ ~7f-1 z.~~ lo,t" C),c. IO,~ CD~~

SUUUARY a RECOWMENDATIONS
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CHART I

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

Ab7
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II
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500 EXAMPLE 98 10
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400 0'75cl. 7

O/B 15 cts/tt, 7 8
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HW
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CHART /5
5

'-1,7

4

~

LL. :3

z
u 2

"0

- ------- -----L..--'
.....,.,~

~~

CRITICAL DEPTH I"-

~ I I I

./ RECTA~ GULAR Sf CTION

,,/

Co'.-....

de ~ 4, 7 I >' b = <1,0 /
~;, ~ 10 I'

60

350

50

300

40

250

20

150

10

100

V
./

V

V
V
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• • •SECTION NUMBER TW67fJ 6111/91

Channel Slope: 0.0097 ft./ft.

CROSS SECTION DATA:
OFFSET 35 73 160.8 163.5 172.4 177.7 271.2 310
ELEV. 37.5 35.37 35.87 33.92 33.57 35.92 36.11 36.5
N N/A 0.035 0.035 0.035 0.025 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 34
WET PER. 0.0 0.0 0.1 8.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
}\REA 0.0 0.0 0.0 2.3 0.2 l'.O 0.0 0.0 0.0 0.0 0.0 0.0
HYD.Rl\.D. 0.0 0.0 0.0 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 5 0 0 0 0 0 a 0 0

STl\GE: 34.25
WET PER. 0.0 0.0 0.6 8.9 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 4.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 17 1 0 0 0 0 a 0 0

STAGE: 34.5
\oJET PER. 0.0 0.0 1.0 8.9 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 6.7 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.8 0.4 l'.O 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 33 2 0 0 0 0 a 0 0

STAGE: 34.75
WET PER. 0.0 0.0 1.4 8.9 2.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.5 8.9 1.6 p.o 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 53 4 0 0 0 0 a 0 0

STAGE: 35
WET PER. 0.0 0.0 1.8 8.9 3.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.8 11.2 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD. RFD. 0.0 0.0 0.4 1.3 0. 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 2 76 7 0 0 0 0 a 0 0

STAGE: 35.25
WET PER. 0.0 0.0 2.3 8.9 " .1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.2 13.4 3.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 3 103 11 0 0 0 0 a 0 0

rJ



• • •SECTION NUMBER nV67H 6/11/91

STAGE: 35.5
WET PER. 2.3 25.2 2.7 8.9 -l.8 :).0 G.O 0.0 0.0 0.0 0.0 0.0
AREA 0.2 1.6 1.7 15.6 .1. 2 n " 0.0 0.0 0.0 0.0 0.0 0.0J • l;

HYD.RAD. 0.1 0.1 0.6 1.8 0.9 C.O 0.0 0.0 0.0 0.0 0.0 0.0
Q a 1 5 133 16 a a a a a a a

STAGE: 35.75
WET PER. 6.8 73.5 3.1 8.9 5.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 1.3 14.0 2.3 17.8 5.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.2 0.7 2.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 19 8 166 22 a a a a a a a

STAGE: 36
KET PER. 11.3 99.1 102.4 8.9 5.8 45.2 0.0 0.0 0.0 0.0 0.0 0.0
AREA 3.5 36.9 39.9 20.1 6.7 8.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.4 0.4 2.3 1.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 89 202 0 11 a a 0 0 0 0

STf..GE: 36.25
I'JET PER. 15.7 103.5 106.9 8.9 5.8 99.3' 113.2 0.0 0.0 0.0 0.0 0.0
ARS,I'I 6.9 62.2 65.9 22.3 8.0 29.9 30.9 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.4 0.6 0.6 2.5 1.4 0.3 0.3 0.0 0.0 0.0 0.0 0.0
Q a 0 200 241 0 0 54 0 0 a 0 0

STAGE: 36.5
~vET PER. 20.2 108.0 111.3 8.9 5.8 99.3 138.1 0.0 0.0 0.0 0.0 0.0
AREA 11.4 88.7 93.0 24.5 9.3 54.6 62.2 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.6 0.8 0.8 2.8 1.6 0.6 0.5 0.0 0.0 0.0 0.0 0.0
Q 0 0 345 282 a a 153 0 0 a a a

------

I==---=---==-~:-=---- ._------------------~._- ---_._-_._--_.
IIV.S. Elev. 34 34.25 34.5 34.75 35 35.25 35.5 35.75 36 36.25 36.51
Q 6 18 35 58 85 117 156 216 302 495 780

~___ . _______ . ______.. ___ ;: ~ __.___ .~_:.~._____~:~___ 1~ ;~._.__~:.:~. ____~.:~_______ ~t_;____~: ~_ 68.2 119.1 179.71
4.4 4.2 4.3

v
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J08 1-0 1~ TO '/0 Fe, SHEET NOe-,- OF _

. . DATE (,:> .I z <::;,. /1'/
COMPUTATIONS FOR ?Y7;?pCn;,fC~ Ce..~ IJc:y..t ~ 7 C. ~ BY /3})O r CHK~ !i?lrl- •

CULVERT COMPUTATION SHEET

PROJECT: __~ ~ DESIGNER:

STATION: Z7z + t- 0 I UVt:A I r'a:< C f:.. DATE:

SKETCH

El.. I 742", S-o

1
AHWs /0,0/

j - r---=:-
EL. 17~2.S'1> ~ ~W.~

~_ EL. 3~,~2-'- +

. _I /'
TWI • ...,,0
TW2, • ~ ___

/2-07 cts

HYDROLOGIC AND CHANNEL INFORMATION
fl :: \.,. (C<l .... f:.,~I"(\. ~c-J<!' \

DRAINAGE AREA S,Cf9 51' rnl~ rM..O\ 1':/13~401

0, •
02, •

1(,,97 r\OJ
I

. ,.
~ (IU" ~

12-0'7 c..f :;

CULVERT

DESCRIPTION

7.) t'.c,flYf'b' Y-v@
(0", ~. I 7./ 7e of 1,86 I 9.0010,2.-1'.311,90 I 1,9S 14. 0 1{9~-lo,18I7,771 CfJD

-J ... ~ I0

~~
UJ- t- I

;;
-JU

:z: :I: t- 0
CI) ·kJ

HlJ( 10
::>-J

0 :I: -J ICOMMENTS

U oUJ
U Ow

>
L:;7c.'f

1741,<';01 cl1Y1fulIS:o

L • 9 t:, / LlIOO So •

MEAN STREAI( VELOCITY.~S
I I

,OO~-O ~So·

COMPUTATION
CAP.

CHART CONT. OUTLET CONTROL HW -H+ho -LSo

HW HW K. de + 0 I T W I 110 I LSo2

°
I Z.o 71t,
.: (,04

p~ tA. k ()~1-(L f DI~ c./,(A r7-~e

(
01 • DESIGN DISCHARGE, SAY ~) Q (DO
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TYPE
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CHART I

.30

HEADWATE'R DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

~7 c..

5-21

2-1 .
r- 600

-\1 ( I ) (2) (3)
t- 500

EXAMPLE ,.-9 ,.- 10,-8
f..- \0

; 1-8
f- 400 5',2' 60' 0,75cf. t=-7

I-- -- 0/6 15 cts/ft. 1-7 I- 8
1-6

~9 t- 300 Inlet
HW HW 1-6 I- 7
0 feet

~5 ~6
(I) 1.75 3.5 ~5

~8 (2) 1.90 3.8 t-4 ~5
t- 200

(3) 2.05 4. I ~4

1-4
~7 f- f-3

1-3

~
f- 3

'-6 0 f- 100
0 -
L.L.

- 80
Cl -

/.BO ....... =-2 -_.
a:: f- ~. 1-2w

~ -- --~ 2

~. <fl '. vV (,0.1 /1-
lJ.. t- 50 /' Gf- 1.5(.) -Z t- 40 / w ~ 1.5
- I ~ 1.5
~ \-./CD . L.L.

'-4 "- f- 30 P 0
Q. ~'"\-1- VI .
I - /' .<
~

Cl - 20/
l.:-

- :L1 1.0
~ //

r-

Z
~/- - .9 I- 1.0 ~I.O·

"'''''~
-

1-3 //w
I
~

/ t:) WinQlwol1 0...
a:: f-IO Flore ~ W I- .9 I- .9

/' « 0 - .8
/ I f-

/ (.) t-8 <J::

<fl W
~ .8 ~~

/ 0 t- I- =--.7«

/ L.L.
- 6 ~

0 Cl

./ - 5
HW SCALE WINGWALL « I- .7 '- .70 w

~
- FLARE - .6
I- - 4 D I

«
a:: (/) 30" 10 75"

- 3
f- .6 ~ .6(2) 90· and 15·

(3) O· (extensions f- .5

'f,- 2
of sides)

- .5 I- .5
- To use scale (2) or (3) project

horizonlally to scole (I), then

use slraight inclined lin. throu9~ -.4

-I
o and 0 scoles lor re\,ust as

- i1lustra led.

- .8 - .4 f..-A

-
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-1 l,5
.35 .35
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~

w
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x
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CULVERT BRINK
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IF ~W > 0.75
o

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTREAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

-c·

Vave
DESIGN DISCHARGE - Q
WETTED AREA AT BRINK OF CULVERT

d50 = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
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channel Slope: 0.0094 ft./ft.

(:HO:::;:::; ScCtlUN lJhTA:
OFFSE:T -1:' L::-I.b ~U4."I :n~.H <;L:, "2.2."1.-1 JU"I.L J'/U
cL£V. .3 7,5 35.95 35.14 32.6';; 32.36 35.09 36.03 37.3
N N/A V.UJ:' U.UJ:' U.UJ:' U.UL:' U.UJ:' U.Uj:, U.UJ:'

STAGE:-DlSCHhRGE DATA:
StAG~: 32 ..j
WET PER. U.V v.U U.U 1.:' U.l U.U ll.U U.U U.U U.O U.U U.U
Al-:f:l. 0.0 U.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD. Ri\D. V.V U.U U.U U.U U.U U.~ U.U U.U U.U U.O U.U U.U
Q 0 a 0 a a 0 a 0 a 0 a 0

s'rAGS: 32.8
WET PER. U.U U.U V.4 U.L U.b U.U U.U U.U U.U U.O U.U U.U
ill-:I::A 0.0 0.0 0.0 3.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYU. RP.D. U.U U.U U.l U.J U.l U.U U.U U.U U.U U.U U.U U.U
Q a 0 0 8 0 0 a a 0 0 a 0

StAGS: 33.2
~JET PER. U.U U.U I.H 12. L 1.1 U.U U.U U.U U.U U.U U.O U.U
AHEA 0.0 0.0 0.4 8.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. O.U U.U U.L U."I U.J U.U U.l! U.U U.U U.O O.U U.U
Q 0 0 1 37 1 0 0 0 a 0 0 0

STAGE;: j3.6
WET nER. U.U U.U J.l lL.L 1. 'I U.U U.U U.U U.U U.U O.U U.U
AREA 0.0 0.0 1.4 13 .1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 U.U U.4 1.1 0.4 O.U U.U U.U U.U 0.0 U.O U.U
Q 0 0 .3 79 2 0 0 0 0 0 a 0

S'l'iIGS: 34
\vET PER. U.U U.U -1. :; lL.2 2.L U.U U.U O.U O.U O.U U.U U.U
AHEA 0.0 O.U 2.8 18.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. U.l! U.U U.b 1.5 U.:' ll. U U.U U.U U.U O.U O.U U.U
Q 0 0 9 134 3 0 0 a 0 0 0 a
StAG!::: 34.4
\vET PER. U.U U.U 5. Si lL. L 2."1 U.O U.U U.U U.U O.U U.U U.U
AREA 0.0 0.0 4.8 22.9 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. U.U U.U U.H LSi U."I U.U U.U U.U U.U O.U U.U U.U
Q 0 0 17 200 6 0 0 0 0 0 0 0

I"
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STAG;:;: 34.8
\~ET PER. O.U U.U ).J L::: . L J.J U.U U.U O.U U.U U.U U.U U.U
AREA 0.0 0.0 7.4 27.8 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WiD.HAD. U.U U.U loU L.J O.t! U.U U.U U.U U.U U.O U.U U.U
Q 0 0 30 2'17 9 0 u 0 0 0 0 0

stAG;:;: 35.2
vJET PER. U.U '::>.) 14.L lL.L J.b l~.'::> U.U U.U U.U U.U U.U U.U
AHEf\. 0.0 0.2 10.6 32.6 3.5 4.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD. RI'l.D. U '\ U.U U.) L. '1 1.U U.J U .1.1 U.U U.U O.U U.U U.U.\.

V 0 0 36 362 0 a 0 0 a 0 0 0

STAGE;: 35.6
WET PER. U.U 4J.Cl 5L.J 1.L.L J.b '1 '1. '1 U.U U.O U.U O.U U.U U.U
AHEA 0.0 10.1 23.7 37.5 4.5 15.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. O.U O.L 0.'::> 3.1 1.L U.J U.U O.U U.U O.U U.U U.O
Q 0 0 58 457 0 30 a 0 0 a a a

STA(';;:;: 36
WET PER. L. '1 '1 Y. Cl ClCl.L lL.L 3.b '1"/ • U U.U U.U U.U U.O U.U O.U
AH;:;A 0.1 3~.1 52.0 42.4 5.5 38.8 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. U.U 0.4 U.b J.'::> 1.'::> U.5 U.U U.U U.O O.U O.U U.U
Q 0 0 151 560 0 101 U 0 0 (\ 0 a

S'TAG£ : 36.1
WET PER. L4.0 lUl.l lUY.'::> LL. L J.b ClJ.4 YY.';; U.O U.U O.U U.U O.U
AHt:A S.4 71.3 91.4 47.3 6.4 71.5 74.1 0.0 u.O 0.0 0.0 0.0
HYD.RAD. U.L 0.) U.Cl J.Y 1.Cl U.Y U. OJ U.O U.U O.P U.U U.U
Q 0 0 334 672 0 0 250 0 0 0 0 a
r-------...

1I· '-" --.-._.. - ... _. -- --_.._-- --_._._--------.._-_...._------_ .. _-------_._--------,
IW'S' Elev. JL.4 JL.Cl JJ.L JJ.b 34 34.4 34.Cl 3'::>.L J'::>.b Jb Jb.41
I- 0 8 38 84 146 224 316 406 544 812 12561,U

U.U 3.5 Y.U l'::>.L LL'U LY.'::> J'I . '1 4'1. L ·Ib. L IJJ.J LlL.ClIjA
O. ·1 2.4 4.2 5.5 6.6 7.6 8.4. 8.6 7.1 6.1 r .1IV ;)·'::11

-LN



•
oo

-
C

")

Itt-

II!iI
0

+
ltl
C\J

I

\
,,,

iii
I

/
iII

~

Ii

-~

(
)

0
a;

0

r-.

C\J
~

~

i

(5
I

<3

•

I

I

I

3:

II

f-

!

I

/

I

•
c

/
i

0'"6

II

iJ)

/
I

0

en

,
l,()

-+
-

I
~

U
l

U
l

0...(
)

/I

I
II

0
i

0
,..

~

•
L..'l
C

")

U
0!tD

t,;!)

+
&5

!I!IIL
0

C
\J

C
")



• . ' •
3000 -----,-

Stage Dischmge - 'TW Cui 57 C

•

1------1-------·----I-------I-----·--··j-· I

I I-- I f- I I I I-~'----·2500

2000 1 •.-----~----.----

II

~-,

~

..:::'-

1000 "'---'-

.. ,._-.._.-. ----... - ,-_.....- -.-----1---.----.....- '1--- --··..--f---·---·---..-I-------..-·J·------"-'
t?' 1500
o

..c:
c.>v,

i:S

_. . __ --·-1 ._. "

- - __1·_· •. _

/
/.

_____• __ -I . , _500 -~- .... - "-

o -1---. --11-

-----~

.,cO,,_ ,-"",-=._:::=r-=-~--· --~_.----r------.----
_-. _ . __I. _. _ _...--. --I --.---- -.----- I

-_#~_#.#--

~.

32 325 33 33.5 34 34.5 35 35.5 36 36.5 37 3l.~

Sta.ge (ft.)

V)



J~

••

Elevation vs. Storage - Node 67 C

1748

•
1746

1744

c
..g
§; 1742

...3<
L.W

80.0070.0060.0050.0040.0030.0020.0010.00

1740 I
1738 1
1736 •.,----+----+-----j------+---_+-__---+ -+-__--j

0.00

Cumulative Storage (acre ft)

•



•

•

•



SVERDF' •

JOB 40477 TDyo&

COMPUTATIONS FOR u1/u-<,\('t to 7 b I1J
SHEET NO.__OF-----

DATE {p /28 leur /
BY 1:£10 CHKD ;fIL;--

•
CULVERT COMPUTATION SHEET

PROJECT: DESIGNER:

STATION: ZL;7 f 00 I 01/0.' Ti/?'o. r:k DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH -
SHLDA,~ ~ 1743. 3~

DRAINAGE AREA 0,40 St, 1';1,'45- EL. 1145. 2.1-

174>.SO/ :\

°1 510 ck T W • '3.4. '3 IIJM C/AClJlll~.J 1 8 r
\ L'W'2

41• AHW. ,0

°t • TW~ • 'g:9 IE[i.;lt.C~1l1"ll-1 J L~ ~I

EL. 11'34,50 EL.1::L3:...c:,/ EL. 33.187+

( 01 • DESIGN DISCHARGE, SAY 025 ) So· ,ooSQ?, L •
/01/

LIIOO SO •

02' CHECK DISCHAROE, SAY 050 MEAN STREAM. VELOCITY • ?B·~

CULVERT HEADWATER COMPUTATION -J >-
CAP. 0 1-1- '>w - I-DESCRIPTION Q CHART INLET CONT, OUTLET CONTROL HW -H+ho -L5 0 a: ~ .J U III Jt IoJ

COJ.lMENH~I I- 0 0 I..J

ENTR. HW HW dc + D :> .J u Ow
SIZE HW K•. H de TW 110 LSo H'N 0 OW

TYPE 0 2 u >
(2)£.. ... ,'1'1 ~~p 5'CfO!l..

J1'2 I 1,~1- o. z //lS '5, I '3,5"5 ?A3 3. S$" ;48/ 4,37- 4.<01 12.'Z.. J 739.~4-. I.,~~lell< ~ I .7., I 'f' J ~'2.9S" C0f000'1

.

SUI.o.IARY a RECOJ.lMENDATIOH5 t..e&- ~. ~"'r. ...(~Q CCH'-~hd' (" l'\.ov~Vl:.(j &.') wY1 ~fre~ rt1 i ~ ()'-o.yrf- .-fo (-C-c-eJI.e.o- cnJ-LJ-
wJDC I 1"-(.-:1 l' ,{ tvL.e)a ct.,,-; c;' I.J- (' I (.) h"'-~ ,

tJj

......
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.- 12

I- II

I- 10

1-9

1-8

1-7

,
~ 600

I- 500
;

- - 400

I- 300

200

-

CHART I

(I) (2) (3)

EXAMPLE .-8 ~9 .- 10

5',2' Bo, 0' 75 cf. f=..7
1-8 I-

O/B , 15 cts/It.
-

1-7 I- 8

HW HW
1-6

In I, t
I- 7

0- feef
1-6

1-5 1-6
(I) 1.75 3.5 1-5

(2) 1.90 3.B -4 I- 5

(3) 2.05 4. I 1-4
..-4

1-3
-3

I- 3

5-21

1-3

I- 2

I-

1-1
l-
I- .8
~

-I

E.6

.5
.35

I- 1.5

1-.41-.4

1-2
--I- 2

- .30

- 1.5

.. -_..
.9 I- 1.0 - 1.0

- .8
I- .9 I- .9

f=-.7
I- .8 f-:...Jl.

I- .7 - .7
I- .6

I- .6 .6

I- .5

I- .5 I- .5

1-.4

I
t
CL
w
o

o'- = 2 --+---~
3:
~

30" 10 75"

O· (extensions

of sides)

WINGWALL
FLARE

(I)

(3)

z

~~~:o~: --{~-
Flore ~

LC
w
t
<X
3:
o
<X
w
I

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

(2) 90" ond 15"

W(/ SCALE

To use scolt (2) or (3) project

nor1lon1olly 10 scole (I), then

use slrOlqhl inclined lint Ihrouqh

o and 0 scoles ,or reverse as

illus I fa led.

I- 10
l-

I- 8
I-

t- I- 4
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X
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lL.
o
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w
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SHEET NO. __

DATE ----f...,~I-L=---__

BY Bbo

-

C0.d::: ~M of .(3/0W C-tS/'-;; 111:tW7/~S 4--fz~'1

Q/CJO :: 510 ctS o/barre-I ~ 'Zq5c-~/~rVe-1

t/::: O/O/z.
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!'" """'- 2.Lf3 /

A - 21. 3 .pi-~
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SECTIONNU. TW67D 6/1Ztt •
Channel Slope: 0.0105 ft./ft.

CROSS SECTION DATA:
OFFSET -87 31.9 116.8 119.1 122.9 124.9 217.3 240
ELEV. 40 38.36 37.98 35.95 36.02 38.11 38.18 38.9
N N/A 0.035 0.035 0.04 0.025 0.04 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 36
WET PER. 0.0 0.0 0.1 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 36.29
WET PER. 0.0 0.0 0.5 3.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 3 0 0 0 0 0 0 0 0 0 0

STAGE: 36.58
WET PER. 0.0 0.0 1.0 3.8 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 2.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 10 0 0 0 0 0 0 0 0 0 0

STAGE: 36.87
WET PER. 0.0 0.0 1.4 3.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.5 3.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 19 1 0 0 0 0 0 0 0 0 0

STAGE: 37.16
WET PER. 0.0 0.0 1.8 3.8 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.8 4.5 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0,.0 0.0 0.5 1.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 2 30 1 0 0 0 0 0 0 0 0 0

STAGE: 37.45
WET PER. 0.0 0.0 2.3 3.8 2.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
AREA 0.0 0.0 1.3 5.6 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.6 1.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 3 44 2 0 0 0 0 0 0 0 0 0

6"



( ,

SECTIONNU.It TW67D 6/1 2/tt •
STAGE: 37.74
WET PER. 0.0 0.0 2.7 3.8 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.8 6.7 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.7 1.8 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 5 59 4 a a a a a a a a a

STAGE: 38.03
WET PER. 0.0 11.2 3.1 3.8 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.3 2.4 7.8 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.8 2.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 8 76 6 a a a a 0 a a a 0

STAGE: 38.32
WET PER. 0.0 76.0 3.1 3.8 2.9 92.4 96.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 12.9 3.1 8.9 2.5 16.2 16.5 0.0 0:0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 1.0 2.3 0.9 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 17 12 95 9 a 22 0 a a a 0 a a

STAGE: 38.61
WET PER. 18.1 103.0 3.1 3.8 2.9 92.4 106.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 2.3 39.6 3.8 10.0 3.1 43.0 45.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.4 1.2 2.6 1.1 0.5 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 91 17 115 12 0 114 0 a 0 0 0 a 0

STAGE: 38.9
WET PER. 39.2 124.1 3.1 3.8 2.9 92.4 115.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 10.6 72 .5 4.5 11.1 3.7 69.8 77.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.6 1.5 2.9 1.3 0.8 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 220 22 137 16 a 261 0 0 0 a 0 0 0

W.S. E1ev. 36 36.29 36.58 36.87 37.16 37.45 37.74 38.03 38.32 38.61 38.9
Q a 3 10 20 33 49 68 90 155 349 657
A 0.1 1.3 2.6 4.2 5.9 7.8 9.9 12.4 43.9 102.4 169.7
V 0.5 2.6 3.9 4.9 5.6 6.3 6.9 7.2 3.5 3.4 3.9
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SVERDR! •

JOB 10477 Toyofu
COMPUTATIONS FOR C,-,./ucrf &,0 c.. <~

SHEET NO.

DATE 7
BY Bba

,

•
CULVERT COMPUTATION SHEET

tJj

PROJECT: DESIGNER:

STATION: z.4ft, 1= 70 DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLOR~\ ,- 4z. ,7()

0,(1 Sf' W11'~ EL. 47.~~DRAINAGE AREA
~

\~W.~0, • 40ct;. TW, • }. I / Ex::s+' cltM , '"/ J._ /°2 · TW
t

• L,2, / NeiU CJ-.Hfl/ll.
~I j I ~

~I

EL. 1131.5"0/ EL.~'!I EL. 233:LJ+
"PeAK ()(..(fle f- bl~cj,4r:J.e

So· ,0050 &
L •

1/(;;, LIIOO SO •( 01 I DESIGN DISCHARGE, SAY ~) ~ ICb°2 • CHECK DISCHARGE, SAY Q~o MEAN STREAM. VELOCITY. 2"$ V>
CULVERT HEADWATER COMPUTATION J >-

CAP. 0 1-1-
~>w- I-DESCRIPTION Q CHART INLET CONT. OUTLET CONTROL HW - H + ho - L ~o 0: ): JU V) x ...,

CO~"EHT!~ x 1- 0 0 a ..J
ENTR.' HW HW

de de + D HW 0 ::::>..J U w
SIZE HW K, H TW Ho LSo OW

TYPE D 2 U >
0) ?...4'/ b ....;,.p 40 'Z,Cf~ 5:CJO ~L. &../D 2,0 Z,O I, z.1 2,,0 o.Q3 1.':-z. 7,~2. 12.7 1742..0<. C)k~f~~

I(CP r...lcr COt? m I

-

SU...... ARY a RECO....ENDATIONS
USC- ?(1:) u. +ceQ '("IP'('(').,'f p/u ~d-o bo-sil1 ~ dr-t-f~t- e-m~ r~ CCIY1tv?rf ,

>--'



84

(2) (3)
6.

6.

5.
5.

4.
4.

CHART 2

6.

5.

( I )

0 HW
D SCALE

ENTRANCE
TYPE

(I) Squofl edOt: with
heodwoll .

(2) Gr.oov. end .. it h

headwoll

P) Groove end
proj«elinQ

400

10 ,000

B,OOO EXAMPLE

6,000 0- 42 ;nc~" (3.~ ft.l)

5,000
0-120 ct.

4,000 HW' HW
0 fHI

3,000
(I) 2. ~ 6.6

2,000
(2) 2.1 7.4

(3) 2.2 7.7

• 0 in f ttl

200

300

\,000

800

600
500

Ul
l.L
o

.Z

72

54

60

30

108

120

96

144

156

180

168

132

Ul
w
:r:
o
z
z

0'
~
cr
W·
>
...J
:::>
o

•

•
24

21

18

15

10

8

6

5

4

3

2

To tHe scol, (2)"or (3) project

horizontally 10 Hole II) Ihen
Ull slroi9hl inclined lin: fhrouqh
o and 0 Holes, Of reverie OJ

i lIust tOr ed. .6
.6 .6

5-22

HEADWATER DEPTH FOR

CONCRETE PIPE CULVERTS

WITH INLET CONTROL,.
I,

12

BUREAU OF PUBLIC ROAOS ~AN. 1963

1.0
.5

.5 .5
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CHART 9

..~ .....-".

r:",'-'"\..:.. ~ -

.... ,

·~~.·~.~t{f4~
.:... '~'J':::'.

'.-;. "",

.,. ~'.

"

•••••
. :.

- .:'"
:,: .. ,

2000

SlOp.

SUBMERGEO OUTLET CULVERT FLOWING FULL
HW. H + ho-LSo

For outl.t crown lIot ~bmero.d. compute HW by
rMthod, ,,"cribtd .,. Iht dni9" procidurl

L ·IKT
-- - --k

l
·O.5

I
w
W
ll.

Z

o
<l:
w
:I:

,4

..5

.6

,8

1.0

2

4

5

.. -:.- : ..

20

10

8

6

5

21

18

15

12

":JOO -I'
-I' ".
". 0o .~

'~

8

10

20

•\
4

BUl'lEAU OF PUBLIC ROADS JAN. 1963

5-32

HEAD FOR
CONCRETE PIPE CULVERTS

FLOWING FULL
n=O.OI2

C'
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100

..J
<l:

1000 ~
t-

o::
U

4000

90

900

CHART 16

80

800

3000

70

700

CRITICAL DE PTH
CIRCULAR PIPE

bOG

5-39

40 50 60

DISGHARGE- Q - GFS

400 500 600

DISGHARGE-Q -GFS

2000
DISGHARGE- Q - GFS

30

300

20

200

10

100

J~~ V

~V;;V 0 /

~ f- ,/~~ ~
~

~

~~V ~
~~, - ~~

,

~~
Vg. ~/ '7''i

~Vr 8'
de CANNOT EXCEED TOP OF PIPE

~
VL 7' I

1-6'

~5'
4' DIA.

I---

l.--l---
.--

~
~

~

~~
V

.....

~V V

/'

~V V
./

~~
V

l«~ . de CANNOT EXCEED TOP OF PIPE
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J!-f-II' I9' 01

3
,

) ~~V-~

2

~~
~
~

..-.:;~ ~
,

l~~ ~ee::-3.5'

h ~< ' .3. de CANNOT EXCEED TOP OF PIPE
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SVERDRUP

JOB ---L~--L..<l-.._~,L..loLJ.-=->-- _

COMPUTATIONS FOR --==:"'::"=~.l-...-.L.---'--= _

SHEET NO.~_

DATE 7 /
BY-~

CJv.c..k Ouflef dOC-I'ft +br

Qruo ~ </.0 (::.:~ Y1-::. O. 01 ~

/. I c:::>

\/::: Q/A -=- 40c~ /'5,14 t1~ "= /2.73 ffs

/2,;3jl:: _ V----
~ -

V d ' f~

~ .~,(7T",JeA r~~ pl,-,iY ba,s;'7
eV'O~ CJh c:.ovz~ ,

•



SVERDRUP

JOB 40 eJ 72 To¥-ok..>.-__
COMPUTATIONS FOR tiQ'X ~/tJ-.vr- t __ ~() C

SHEET NO.--.i,p_OF _

DATE _ 7 Itlj--lS'-I-I---
By-bP_C CHKD~ i./J __

7- z. z. - q /

No. /1)
; __ 0- • _

r--- -

•
__.....l_

. . -p::. =. 1,:;-1
/

~s
-' /,0- -

Yo

C-kck ~s
~

o(~

•
Le'.VL<)+11 o~ f3o-..s I V7

v

/0 h5 - /0 (t .O~") ':: '20/-
err

? (tJ \ ~ '3 ( Zi) - te./
~ ".I -
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•
"

CULVERT BRINK V ave
DESIGN DISCHARGE - Q
INETTED AREA AT BRINK OF CULVERT

FROUDE NUMBER

•

3

d50 = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye = EQUIVALENT BRINK DEPTH

= BRINK DEPTH FOR BOX CULVERT

=(6) 1/2 FOR NON-RECTANGULAR
2 SECTIONS

2

V ave

\!(32.2)(Y e )

<t. SECTION

hs
NOTE: 2 < < 4

- d
50

-

TW
IF Y > 0.75

o

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

3

2

I
f
a..
UJ
o
UJ

> /0
f- 1 I --:-~+---+-~

~ ~ ~
...J
UJ
0:

•

UJ

.~
.0:

:::>
o
u
U)

u.
o

FIGURE X1-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE

XI-14
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SVERDRUP

COMPUTATIONS FOR C/'v,l/)n ()~'Sf~C(
of w~t- ~O,<?..=~__

DATE _--L/-.L+-..j..-.L.l----

BY g'!)O

C_AuJ: cfLfth o.p FlOW us/~U1c,i'1m7r !:f~t~i1

Q/o c) ~ c/-u cfs
YJ ~ 0, 0 S (£0.. r{-~ c.J....u.h'?e I)s: ~ 0,0040 /:

•

In "'t.. /,/9/

4:: ! "$, BI t+.~

wP ~ 2C·s.1G:.') + 8 ::.

2,'1 / ~ps

C-4cj~

d( ~ vA = 2,'1/ (1),51) ~ 40 ch (Jfi2;J

•

cj\.(..cl:: r:~ AJ~~

1F-=- ;Z /'1 (
0,47-...... ... - - I

~!t.?.KI,lcr



COMPUTATIONS FOR BY•
SVERDRUP

JOB _---'4_0_4'--7'--7__Tc_CJ....L.)_<1_~ _

Cv. (v~ 0tJ C "t1!C7~ ()/ec.;

fI ;) ~_ >~ 246 +70 _~

SH EET NO. _Cf--.:..-_OF _

DATE 7-.2d- '1'1
j)F~ CHKD (TT

7- 22-9 /

•

•

24/;¢ ;(c~ I CIt:/fsS OL _
O14..f/~+ $-i"O> 0hf fk~cf.,.x..(1

Abo r G-/4, /0
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~

SECTIONNU. TW60C 7/13'- •Channel Slope: 0.0081 ft. 1ft.

CROSS SECTION DATA:
OFFSET 11.9 102.8 104.5 108.4 110.3
ELEV. 37.18 37.61 36.46 36.43 37.62
N N/A 0.035 0.04 0.025 0.04

STAGE-DISCHARGE DATA:
STAGE: 36.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

.-
STAGE: 36.52
WET PER. 0.0 0.1 3.9 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 36.64
WET PER. 0.0 0.3 3.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 _ 0.0 0.0
HYD.RAD. 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 0 0 0 0 0 0 0 0 0

STAGE: 36.76
I-JET PER. 0.0 0.5 3.9 0.6 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0
AREA 0.0 0.1 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 3 0 0 0 0 0 0 0 0 0

STAGE: 36.38
WET PER. 0.0 0.8 3.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.1 1.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 5 0 0 0 0 0 0 0 0 0

STAGE: 37
\tJET PER. 0.0 1.0 3.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 0.2 2.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.6 0.2 0.0 0.0 0.0 0.0 0.0 G·O 0.0 0.0
~ 0 0 8 0 0 0 0 0 g ? ~ p

"-



/

SECTI~N .ER T'N60C 7/. •STAGE: 37.12
WET PER. 0.0 1.2 3.9 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.3 2.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.3 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 11 1 0 0 0 0 0 0 0 0

STAGE: 37.2~

WET PER. 12.7 1.4 3.9 1.5 Cl.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.4 0.4 3.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.3 0.8 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 1 14 1 0 0 0 0 0 0 0 0

STAGE: 37.36
WET PER. 38.1 1.6 3.9 1..8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 3.4 0.6 3.6 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.4 0.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 3 1 18 1 0 0 0 0 0 0 0 0

STAGE: 37.48
WET PER. 63.4 1.8 3.9 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 9.5 0.8 4.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.4 1.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 10 1 22 2 0 0 0 0 0 0 0 0

STAGE: 37.6
,<JET PER. 88.8 2.0 3.9 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 18.6 1.0 4.5 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.5 1.2 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 25 2 26 2 0 0 0 0 0 0 0 0r--tS. Elev. 36.4 36.52 36.64 36.76 36.88 37 37.12 37.24 37.36 37.48 37.6

0 0 1 3 6 8 12 16 23 35 56
0.0 0.3 0.8 1.4 2.0 2.6 3.3 4.5 8.3 15.2 25.2Iv 0.0 0.9 1.7 2.3 2.8 3.2 3.5 3.6 2.8 2.3 2.2

--
~



.
~-...:

':;S

i
~

I
\

,

\
II

.-
-
-
-

•
a

!

/
I

,
i

..
I

~
I

\
I

0
,

\

T
0

\\

I
\\

I
,\

I
\

I
\

I
\\

I
\\\\\\

T
0co

\\,
u

\
\

0
\,

~
,\

~
\

U
\

~
\I

,
\

~
r-

\
I

,
i

\
+

0
Qi

<D

•
...

\
,

l
~

C
\

~
'';;

\
U

\
0

0:,
\

01
\

(
~

\
C,I:
0

\
0

\\\\
i\,

i
\

0
-
,-

'C
J

\
I

\
I

\

I
"I\\\

I
i

!
\\\\\\'.\\\\

T
0

\
N

\\\\\
I!

iz
III

•
,

"-

0

co
(
0

'C
J

N
f'-.

o
J

(()
'C

J
f'-.

f'-.
r-..:

r-..:
(")

(,0
<D

(!)
(")

(")
("

)
n

C',
(")

(")

L
C
!
I
O
A
~
i
3



I II
Nr---:

I
C'?

!II!III
I'-

1
("0

IiII
::::.

I
Il!

I
....~.~

I
(;'";

IIII
co

!
(;)

I
Cry

\I\
\\\iI\;

I
ii\

-

\I\1III'II,\1!,iiI,
N<.0("0

1I
~
r

iD
-

(.6C
:)

iI;,

\\\\
II\\

I!\1/\\\

•
j

IIIIIII,
I

Ii

I

IIIIiI
I

II
I

I
I

IIiiII

I!

i
I

'---+
-

-
-

III
_

_
I
-
I

_
_0

-
I

-
iIIiI

-
~
-
.
J
-
-
.
.

J
-
-
-
-
-

;I
~

.
--.,

:
-.:-

-
-
-
-
-
-

........,
~

-
-
~
-
i
·
-

,I
I

"
-

i

~
I
'

I
"'0

"
I

"
I

'
"

!
~

I
~
,

I
•

i

I i
\

i \1

I
"',

i
\

:
II

I

I
I

\
~!--

i
\1

I
~

IIII

,
-

j!
--r-'-I

:
I

I
I

I
I

/-----------/----
!

I
,-----,

:
'

i
:

:
I

!
I

i

•••
oC-.i

c



•

Elevation vs. Storage - Node 60 C

ICS"'

1748

1747

1746

1745

• 1744
c::

.2
-0 1743>
Q)

w
1742

1741

1740

1739

1738

0.00 10.00 20.00 30.00 40,00 50.00 60.00 70.00

•

Cumulative Storage (acre ft)



•

•

•



SVERD '.

JOB 4oc../W TovCJ~
I

COMPUTATIONS FOR c...1LJ:Lrt (('I) 0 ~ llLL-

SHE~T NO.a- OF _

DATE 7 !.) ! 9/
r) t ,:;.==

BY I3b,) CHKD e,- /
•

CULVERT COMPUTATION SHEET

lJj

PROJECT: DESIGNER:

STATION: 7....-4-/ +- ~-S-, CJUo..J. 7'rt.-.c), DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR~~ ~ 17;~,fe

DRAINAGE AREA O. (z,. <;? mfU.> EL. /744.1

AJ._ -:/

:\

\ ~W. 1.2.4"°1 • 1~c~ 'TWI • I .24"NU,", c'1J;n~ I

°2 • TWt • I, gr rYI;1. C/tA,1I ,,,,(
j I~

~I

EL. 171;/.ooj El. ~O.(P7 EL. l7~o.~'1Jt

p~< o..:tM bls...~ I ?. "'2./
.

( 0 I I DESIGN DISCHARGE, SAY 'Q~ Q 10D So· IOO,t;;;"O L • LlIOO So •

0 2 1 CHECK DISCHARGE, SAY Q 50 MEAN STREAM. VELOCITY. ~,5r~..

CULVERT HEADWATER COMPUTATION J >-
CAP, 0 ..........

>=w- .....DESCRIPTION Q CHART INLET CONT. OUTLET CONTROL HW -H+ho -L50 a:~ JO CI)
~ ...,

COMMENT!~:I: ..... 0 0 :I: J

ENTR. HW HW
de dc + 0 HW 0 =>J 0 Ow

SIZE HW K. H TW Ho LSo OW
TYPE 0 2 0 >

1!'L<f'" b ;'~t: 13 3'~j5 (..,7 0.< 7.r~ z.o z.o 1,24 't ,0 , &> I 8.r1 8.CJQ 1'3.1 /7 ~9, 91 ~~1Cc.-p .7111' ,~ c.&-to1
~ft1.)fl II 5~ r ,

<:(;7....- ,>, [) ': .J ) ~.A{../ t ( IL1' ~,':> SJJ ~

,5

.

SUl.l.oU.RY a RECOMMENDATIONS ~ ( f ~ ..
plt.tI1.J e IoQ $;/'#'f ou.t~f- ~ (o"J;.-t 7J r-tjl.( cr~c V f P~ (0 N~_.{.

1.

>-'---



..... .
~.~ ..... - . " .

.' .. :.
.::':: .. .: " .

. ... '. '..

:... :-: ..
. ..~-.....

.'2-

1.5

.6

.5 .5

1.5

.6

CHART 2

2.

1.0 1.0

1.0 Q..-'..9 .9 ..

.9

.8 .8

.8

.7 .7

.7

.5

5.

6.

1.5

3.

.6

( I )

Cl

~
~

(J)

O:::-t-----f'----~
w
I
LlJ
~
<t
o
z
J:+---I-----+-
1-"
c..
w
o
0:::
W
I
<t

~+_....:..::.--40~--+-
<t
w
J:

--~ --~

~-F---~=- 2.

ENTRANCE
TYPE

Gr.oo"a end with

hlodw.1I

Groov, end
projtctinQ

Square adVt with
hlodwoll .

(I)

(2)

(3)

To use scol, (2) or (3) project

horizontolly 10 Hoi. (I), It'len

us. stroiCjJhl inclined line throu9h
o and 0 scot,,_ or rev.,se 0$

illustraled.

H; SCALE

2

\.0

1,000

800

600
500

400

10

8

6

5

4

1°,000

8,000 EXAMPLE

6,000
0.42 inches (3.5 IHI)

5,000
g-120cfs

4,000 HW· HW
0' het

3,000
(I) 2.5 8.8

(2) 2.1 7.4
2,000 (3) 2.2

1 0 in faet

180

168

156

144

\32

120

108

96

84

72
(J)

LlJ
J:
(.) --Z (J)

0
I.L

Z
(.)

Z
2) 54 £
I-
0::: ..,/w
W _ 48

/' ~>
...J ..,/ <t
::>
(.)

---42
J:
(.)

u.. (J)

0 0
0:::
w 36I-
w
~
<t
0

2

24

2\

18

15

.. :.

..:.::._.~:: ;.

:;;;-::..:

:'~::~0;~~J~~~

\2

BURE AU or PUBLIC ROADS JAN. 1963

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

WITH INLET CONTROL

5-22

\

\.



~~:, ..-_., ;>

....:..,.
. :.:.:..•..,....

...... '.

:~

CHART 9
( :...
\'"

2

1.0

.4

.6

.a

..5

:I: :3

0
«
ILl 4
:I:

5

6
~.

~ 7~ /
10

z

I
ILl
ILl
U.

-f'
l' ...

". 0o .~

'\1'

~. ~
SlOp. SO"'" ~

OUTLET CULVERT FLDWING FULL
HW· H. ho-LSo

For outl.t crown not .ubmtrQ.d, comp.ul. HW by
m.thods d.scribed in 1M dlli9" proc.d",.

SUBMERGED

21

36

54

0·48
46-
~

~
42

«
o

a::
ILl
I
w

20

30

40

60

'"Z ....
1000

z z
a: :::;:>...

aoo 120

600 loa

96

64

(f)
ILl
:I:
(,)

100 z
1° /'-

60~ ~
/' 0'

200

200Q

(/l

u.
(,).

z

o

ILl
~

a::
«
:I:
(,)
(/l

o I 50

.....

/ ..:

.....

." .'

~

16 20

10 15

a

6

5

12

•
4

BUREAU OF PU6L IC ROADS JAN. 1963

HEAD FOR
CONCRETE PIPE CULVERTS

FLOWING FULL
n=O.OI2

5-32

·~~t~
. ~ l

~~:~
:i:



::..~.'..

.'. -
:: -

....... : ."

......
. / :". ". .' . £J

:· ..·1

10090

CHART 16

BO7040 4?> 50 60

DISCHARGE - Q - CFS
302010

I
l.--
~ ~- ~I:'-~v-

~~
~
~

-
~..--;:; 4 .

~
~~.c-3.5'

A- ' 3.6' de CANNOT EXCEED TOP OF PIPE

;I.~2.C
1.5'

1--l.o·bIA.

I

Z.'2'
2

o o

:3

. ,'.
. .. , .

.......::

.h~ ---
~~V k:?~

~f-- ~8/ ~
~

:/ ~

~~V ~
~~, - ~::

,

~~
~,

./"/ 7''i
.~Vr 8'

de CANNOT EXCEED TOP OF PIPE

av~ 7'
f-6'

~5'
'DIA.

-----~--
b=~~

~~
[....7

./

~V V

./'

~~
V

/.

~~
v

~~1< de CANNOT EXCEE D TOP OF PI PE

I~ j2;3'

~
~II'
9' DI

BUREAU OF PUBLIC ROADS

JAN. 1964

7

8

f
w

6 ~
I

U
"0,
I

5 f
el.
W
o
...J
<1

1000 ~
f-

a::
U

4000

900800

3000

700

CRITICAL DE PTH
CIRCULAR PIPE

5-39

400 500 600

DISCHARGE - Q -'CFS

2000

DISCHARGE - Q - CFS

300

1000

200100

14

12

10

8

6

4 o

-
a::
u

5

6

f
w
w·
u.
'u 4

"0,
I
f
el. :3
w
o
...J
<1
·u 2
f- 0

... ',

. ~ . . '

•

'. -.
..... .,:;

~...•..,...
..:.::'"

... .. (:>
.. :.....: :::.: "...

'~If~
"':::'-::':.\.

' ;.":...:,

~'~

;:s:t~~~t.!'
~~'

¥' • i



•
SVERDRUP

JOB ---L-=-..J.-.-L-!-_~~~ _

COM PUTATIONS FO R ----=C<..J:.....:..=~u-vr-_=....:_-:...f_~o=__.:.B=___

SHEET NO.--=,---

DATE / /

r~/
BY ISba CHKD~~--

~ck Du+I-ei- V.dO C/7 {b.,---z.¢." f',~

Q fr)O ~ </; c...fs n ::: .0, d / ~ of: 2,0/ s: 0 ... OQS(:) %

I
1,70I 3 . 'f;,Cj

'"::: - - . ---..

o$~"l ; "

~~v
d,'(YJi

U---"- 'D~~ V'IP~P plu'1de.. b~~'7· {b,..
e vO $ I' 0Yl c.. ''Y? +--~ I

•



SVERDRUP

JOB 40477 .:Ib-yok- _
COMPUTATIONS FOR J50X ~/~i. C:>o B _

SHEET NO, (0_ _OF . __ .__

DATE 7/3/91 _
BY BDO CHKD. ~VL-

•
- .

~l:::: K!pck. 5';~-e (F~rn, Fi (}lAN... X(- 2 I HE C tVo /4 ')

Co v- \~ ':: 7/0 / t..,. a'''- r.A,.. (:; /7 '
f " lc O{5'o c..; '"'1 ' r..o

)

J,s
- :: /./7

Ye)

~.49 <: 1 e-d >'? (,:.O·~
..........---------

U-eck ~ - 2.,34- --.. -
d-:,v 0. fc7

• Lelf Jth {l
(5aS'/jC) \1

/D ~ ::.. 10(2.31')
uY'

:5 (~) ~ 3 ( '2 I') t, I
< >



7

,e.
CULVERT BRINK Vave

DESIGN DISCHARGE - Q
WETTED AREA AT BRINK OF CULVERT

3
<t SECTION

d50 = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye EQUIVALENT BRINK DEPTH

BRINK DEPTH FOR BOX CULVERT

=(6.) 1/2 FOR NON-RECTANGULAR
2 SECTIONS

•

32"70

hs
NOTE: 2 < < 4

- d
50

-

IF :W > 0.75
o

o'

RIPRAP'MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

2

'"c'
V/\.\11--------c5~f---_;_-r)

"'I QJ.r:. >-

w

e!
::>
o
u
C/)

LL

o
I
f
a..
w
o
w
>
f
«
.-J
W
a:

e
FROUDE NUMBER

V,we

Vi322)(Ye)

FIGURE X1-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE

XI-14



•
SVERDRUP

JOB 40477 !Ovek
7

COMPUTATIONS FOR C~tli'\....tl bow,,~:fl"'t!o..~ ~
c:~(~t- boB-- ." - - ---=--

SHEET NO. OF·---

DATE 7' .f.9-!---
Bv-lSM CHKD ATJ

~ I () 0:. 43· d's

t1 ~ o~ 03 (E~...J-h Ch~l1l1.e I)
.3'0:: 0. 00 90 1',..

111 "- /I '2.-4 /

4:: /4. 5"3 #~

• W~ ::. '2- (3.'t Z.'') + 8 - I~ ~4 f+-

r(j.. -.:.. Aj~r J4.'73/15".64 ":: O.9/1~
,/

::

V~ /,41 ( 'Gcc( )'::;- 2.'1& 7$O.'1li~)· ,ooC; ~,D3

~ek

Q ~ vA ~ (Z,9~ ') (/4.53) ~ «3 cfs C~:J

C0-ck IFV'O~ ;J'-t-~

/



-.

•

•

SVERDRUP

- - -;
f\/

5eo fe : ! ": 5 tJ .

21/1;f Jttej::J I CleH;S if
OIA-flef- 5frM" Itf rka.JWQ fI
Abo! C -14.1~

SHEET NO. _CJ-I-_OF _

DATE 7 - /0'- c:r(
~ r;--...-

BY~.!)O-CHKD ....-I..:J.,.......l<:-J-__

,

Pial/) Vt'f v
c-vJ ()-ert & 0 13



S
V

E
R

D
R

U
P

S
H

E
E

T
N

O
,

0
O

F

•
2

/3
/

P,..o.gle
D

A
T

E

n
G

I.{{V
-W

+
r

(
C

O
M

P
U

T
A

T
IO

N
S

F
O

R
B

Y
.!SU

o
C

H
K

D

()
I./)

til
'"7:f-

(\f)
rJ

r-
r
-

e
-

E
l

;--!'

J
4

.:
~

o-S

~
~

Ii
;-.:
,

V
'

3
~

~
-...1

~
.j.J.

~
~

VJ
N

'f-
r--

~

"
t"-

{
r

"
r<'

~N
\

«
)

~
,

I.;)

~
r--

c-

•
r-

(\I\.
"-

r-
n

]
'

~
~

~
-

"
,q

.

'J
~

-
w
1
.
:
J
~

\tl
w:,.,

+.
I
~

J

'"
:
>

-

-;1
~'"1-

V1
\J

-
\'\j'

t;)

A
.

+
C

1/
\

A
-

'-
,

"-
_

t

I
::t:

\J

,
l'~

I
'J

-
\'~

~'"
<,'

I
"

/1
-$

(
~r-

~
~

"
(1

\
v

"
~

~
~

I
~

V
\1

I
{
~

~
~

I
";;I-
-;;:.

" r--

0
-

J
(
!
-

•
~

I
r--~
V

l
j

.93
cr

(l

/II



SECTiON l'ilH. IV"'/r,uB "'J9. •U I J. I .L.

Channel Slope: 0.0093 ft./ft.

CROSS SECTION DriTA:
OFFSET -::, 21.4 ID.l:! 118.9 1Ll.6 123.1 156.3 159.1 161.4 218
ELEV. 34 33.67 33.32 31.29 31.42 33.53 33.39 33.1 33.5 34.14
N N/A U.035 0.035 0.04 0.U25 0.04 0.0]:' 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 31.3
WET PER. 0.0 0.0 0.0 o ., 0.0 0.0 0.0 0.0 0.0 0.0 U.O 0.0."-
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 O.U 0.0 0.0 0.0 0.0 O.U 0.0 0.0 0.0 0.0 0.0
Q (; 0 0 0 0 0 0 0 0 a 0 0

STAGE: 31.55
'NET PER. 0.0 U.O 0.3 2 ..; 0> 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 Q.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 1 0 0 0 0 0 0 0 0

STAGE: 31.3
WET PER. 0.0 O.U 0.6 2.7 O.S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 4 0 0 0 0 0 0 0 0

STAGE: 32.05
WET PER. 0.0 0.0 0.9 2.7 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 1.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 8 0 0 0 0 0 0 0 0

STAGE: 32.3
WET PER. 0.0 0.0 1.2 2.7 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.3 2.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 14 0 0 0 0 0 0 0 0

STAGE: 32.55
WET PER. 0.0 0.0 1.4 2.7 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.4 3.2 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 1.2 0.3 O.U 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 21 1 0 0 0 0 0 0 0

--



/(..
6/13/9. •SECTION I\JUt" H\I!>u8

STAGE: 32.8
WET PER. O.U 0.0 1.7 2.7 1.7 U.O U.O 0.0 0.0 0.0 0.0 0.0AREA 0.0 0.0 0.6 3.9 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.0 0.4 1.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 29 1 0 0 0 0 0 0 0

STAGE: 33.05
WET PER. 0.0 0.0 2.0 2. -/ 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 0.0 0.8 4.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 O.U 0.4 1.7 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 2 37 2 0 0 0 0 0 0 0

STAGE: 33.3
WET PER. 0.0 0.0 2.3 2.7 2.3 0.0 1.') 3.1 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.1 5.3 1.3 0.0 0.2 0.3 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.9 0.5 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Q 0 0 2 47 3 0 0 0 0 a 0 0

STAGE: 33.55
WET PER. 0.0 63.4 2.3 2 ../ 2.6 33.2 36.0 38.3 42.8 0.0 0.0 0.0
AREA 0.0 7.3 1.4 5.9 1.6 3.0 3.8 4.4 4.5 0.0 0.0 0.0HYD.RAD. 0.0 0.1 0.6 2.2 0.6 0.1 0.1 0.1 0.1 0.0 0.0 0.0
Q 0 7 3 57 4 0 0 0 4 0 0 0

STI\.GE: 33.8
WET PER. 10.4 106.8 2.3 2.7 2.6 33.2 36.0 38.3 64~9 0.0 0.0 0.0AREA 0.7 30.1 1.6 6.6 2.0 11.3 12.8 14.0 18.0 0.0 0.0 0.0HYD.RAD. 0.1 0.3 0.7 2.4 0.8 0.3 0.4 0.4 0.3 0.0 0.0 0.0
Q 0 53 5 69 6 0 0 0 31 0 0 0
_.- - -_. ----- _.- -_. - - "- .- -- ----- - --- --- -- -- --_."- _. ---- ---_._--

W.S. E1ev. 31.3 31.SS 31.8 32.05 32.3 32.S5 32.8 33.05 33.3 33.55 33.8
Q 0 1 4 9 15 22 31 41 52 76 163A 0.0 0.6 1.3 2.2 3.1 4.1 5.2 6.4 7.9 20.7 58.3
V 0.2 1.9 3.1 4.0 4.8 5.4 6.0 6.4 6.6 3.7 2.8

("
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SECTION r~.R TW60A 7/1. '.
Channel Slope: 0.0129 ft./ft.

CROSS SECTION DATA:
OFFSET -100 48 86.8 90 92.7 163.5 166.6 17C.7 173.7 201.2 206.3 210.2 269.3 340
ELEV. 27.5 25.86 26.02 25.15 26.11 26.34 24.09 24.16 25.54 26.2 24.94 25.89 26.33 27.5
N N/A 0.035 0.035 0.035 0.035 0.035 0.04 0.'J25 0.04 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 24.5
WET PER. 0.0 0.0 0.0 0.0 0.0 0.7 4.1 0.8 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.1 1.5 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0:0 0.2 0.4 0.2 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 (1 5 0 0 0 0 0 0

STAGE: 24.8
WET PER. 0.0 0.0 0.0 0.0 0.0 1.2 4.1 1.5 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.3 2.8 0.4 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.3 0.7 0.3 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 1 14 1 0 0 0 0 0

STAGE: 25.1
WET PER. 0.0 0.0 0.0 0.0 0.0 1.7 4.1 2.3 0.0 0.7 1.4 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.7 4.0 1. 0 . 0.0 0.1 0.1 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.4 1.0 0.4 0.0 0.1 0.1 0.0 0.0
Q 0 0 0 0 0 2 27 2 0 0 0 0 0

STAGE: 25.4
WET PER. 0.0 0.0 1.0 1.7 0.0 2.2 4.1 3.0 0.0 1.9 3.9 0.0 0.0
AREA 0.0 0.0 0.1 0.2 0.0 1.2 5.2 1.7 0.0 0.4 0.9 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.0 0.5 1.3 0.6 0.0 0.2 0.2 0.0 0.0
Q 0 0 0 0 0 3 41 5 0 0 2 0 0

STAGE: 25.7
WET PER. 0.0 0.0 2.1 3 . .7 0.0 2.7 4.1 3.3 6.7 3.2 6.4 0.0 0.0
AREA 0.0 0.0 0.6 1.0 0.0 1.8 6.5 2.6 0.5 1.2 2.4 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 0.3 0.0 0.7 1.,6 0.8 0.1 0.4 0.4 0.0 0.0
Q 0 0 0 2 0 6 59 9 0 0 6 0 0

STAGE: 26
WET PER. 12.6 46.6 3.2 5.8 0.0 3.3 4.1 3.3 19.2 4.4 8.4 23.2 0.0
AREA 0.9 3.3 1.3 2.3 0.0 2.5 7.7 3.5 4.4 2.3 4.6 5.4 0.0
HYD.RAD. 0.1 0.1 0.4 0.4 0.0 0.8 1.9 1.0 0.2 0.5 0.5 0.2 0.0
Q 0 3 0 6 0 9 79 15 8 0 0 10 0



SECTIONNa T'N60A 7/10. •
STAGE: 26.3
viET PER. 39.7 78.5 81.8 84.7 143.2 3.8 4.1 3.3 27.5 32.8 36.8 91.8 0.0
AREA 8.7 22.7 25.0 26.8 32.4 3.4 8.9 4.4 11. 8 15.5 19.0 30.3 0.0
HYD.RAD. 0.2 0.3 0.3 0.3 0.2 0.9 2.2 1.3 0.4 0.5 0.5 0.3 0.0
Q 0 0 0 0 58 13 101 22 0 0 0 70 0

STAGE: 26.6
WET PER. 66.8 105.6 108.9 111.8 182.6 3.8 4.1 3.3 27.5 32.8 36.8 95.9 112.2
AREA 24.7 50.3 53.6 56.2 82.7 4.3 10.1 5.3 20.1 25.3 29.9 58.9 61.1
HYD.RAD. 0.4 0.5 0.5 0.5 0.5 1.1 2.5 1.6 0.7 0.8 0.8 0.6 0.5
Q 0 0 0 0 235 20 125 30 0 0 0 0 197

STAGE: 26.9
WET PER. 93.9 132.7 136.0 138.8 209.6 3.8 4.1 3.3 27.5 32.8 36.8 95.9 130.3
AREA 48.8 86.1 90.3 93.7 141.5 5.2 11.4 6.2 28.3 35.1 40.9 87.6 97.4
HYD.RAD. 0.5 0.6 0.7 0.7 0.7 1.4 2.8 1.9 1.0 1.1 1.1 0.9 0.7
Q 0 0 0 0 525 27 152 39 0 0 0 0 387

STAGE: 27.2
vJET PER. 120.9 159.7 163.0 165.9 236.7 3.8 4.1 3.3 27.5 32.8 36.8 95.9 148.5
AREA 81.0 129.9. 135.1 139.3 208.3 6.2 12.6 7.1 36.6 44.9 51.8 116.3 139.1
HYD.RAD. 0.7 0.8 0.8 0.8 0.9 1.6 3.1 2.1 1.3 1.4 1.4 1.2 0.9
Q 0 0 0 0 923 36 180 49 0 0 0 0 643

STAGE: 27.5
WET PER. 148.0 186.8 190.1 193.0 263.8 3.8 4.1 3.3 27.5 32.8 36.8 95.9 166.6
AREA 121.4 181. 9 188.0 193.1 283.3 7.1 13.8 8.0 44.8 54.7 62.8 144.9 186.3
HYD.RAD. 0.8 1.0 1.0 1.0 1.1 1.8 3.4 2.4 1.6 1.7 1.7 1.5 1.1
Q 0 0 0 0 1433 45 210 60 0 0 0 0 968

W.S. E1ev. 24.5 24.8 25.1 25.4 25.7 26 26.3 26.6 26.9 27.2 27.5
Q 6 16 31 51 82 129 264 607 1130 1830 2716
A 1.8 3.6 5.8 9.1 14.7 29.0 79.3 163.5 261. 6 373.3 498.5
V 3.2 4.4 5.3 5.6 5.6 4.5 3.3 3.7 4.3 4.9 5.4

-o
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Elevation vs. Storage - Node 60 A
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SVERDR -,

JOB 404. Tovo{--q
I

COMPUTATIONS FOR Le\.![)CA'''+ 60 E ~

SHEETNO~OF
DATE 7 /9 1

BY 81:> Q CHKD 1\Tr
7-2..2.-'1;

'.
CULVERT COMPUTATION SHEET

PROJECT: __~ ~ DESIGNER:

STATION: /94+20 DATE:

HYDROLOGIC AND CHANNEL INFORMATION

°1 •
°2 •

DRAINAGE AREA

212 d~

0.11 st~

TWI • 1.</ /ex/~f. ('~11'1.I.1
TWz • ?/j7"Nt-tu cf...aw;,.d

SKETCH

1 (A1·-- ~W.~7

EL. Ib4'8. $""0 . EL.'L8.0~ . t
'P~k OCA.1ki- b/S~ha~

(
0, I DESIGN DISCHARGE, SAY ~) QIOO
02 I CHECK DISCHARGE, SAY Q!50

So· ,ocS":'o ~ L • J~c I' LIIOO SO •

MEAN STREAM. VELOCITY. b.il~S'

I ) e,AJrt(1 b,:.o;(7
lo'x4 I 1-'1 tl.'!1- I 212.

CULVERT

DESCRIPTION

I, 'Z I 4.BO IO.lOI JI~sl3.tJ I 3 .$"O I20/171 ~.501QBoI1.orI1.soIJ2../ 1
..1 '11~t

1703.1~ Co~frol

-I
>- :: I°f=): w- ... I ">
-1 0

z::r: .... 0
II) .1lJ

HW 10
:::>-1 °

::r:-I IcO.....E"ns

0 OW
U Ow

>
LSo110TW

COMPUTATIONHEADWATER
CAP.

CHART CONT. OUTLET CONTROL HW -H+ho -L50

HW HW K.. de + D
2

°ENTR.
TYPE

SIZE

SU .....UAY a-RECOMMENDATIONS ~.-e. So·(.Q C (' I "<?A~ ,- Iv:. "oN.. ( ~ fc 'l.·U'1 ::}r'('r"}~ 1 <::I t OV'-r"-1f -In cOo (J Itj ~f C.J..c..hJVl.../,

tD, ,
...- -



CHART I

.30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL
BUREAU or PUBLIC ROADS JAN 19'»

..-- 12

~ II
,.-- 600

f- 500

(I) (2) (3)

~ 10
EXAMPLE ..--8 ..--9 ~ \0

I- 400 5'12' BOl o ' 75 ch -l=-7
1-8 I-

0/8 , 15 cIs/fl.

~9

1-6
1-7 I- 8

I- 300 I n I. t ~ Hili I- 7
0 feet

1-6

(I)

i-5 -6

~8

1.15 3.5 1-5

f- 200
(2) 1.90 3.6 1-4 I- 5

(3) 2.05 4. I
f-4

1-7 l-

\-4

I- 3
I- 3

l-
I- 100

I- 3

1-6
0
0 f-
lL. a

f- 80

~I-
"- ~2
;t

-- .

c.. I- 60
:x:

1-2

1-5

~ -- --I- 2

<Il-
lL. ~ 50

/1-

I-

U / ~ I- 1.5

-
w ~ ~ 40 /'

-
w

w - 1.5

lL.
~

",,"- /
:x: I- 1.5

CD

z
......... L..- .......

lL.

1:2-
- ~ /1>/a :x:

en

x
I-

.<

0
0 I- 20/

l.:

CD ~

:J ·1.0
//

r-

u..
0

~/1-
Z .-- -_...

I- 1-3 //w

.9 I- 1.0 I- 1.0

I '"""'~
I

<:J /' <:J WinQlwoll --
I-

- a: I- 10
!J..

W
...- <l:

Flore -+ W I- .9 f- .9

I
/ I I-

a - .8

/ u 1-8
;:r:

/'
en I-

w

0
I- f=..-.7

I- .8 f-:~

/
I- 6

<1

lL.
~

/
0

I- 5
0

0 HW WINGWALL <l:

~
- SCALE w I- .7 f- .7

l- I- 4 D FLARE I I- .6

<l:
a: (II 30' 10 7~'

1-3
(2) 90· and l~·

I- .6 f- .6

(3) O· (tltensions. -_ .5

I- 2
of sides)

l- To "'u Hole (2) or (3) project

I- .5 f- .5

horilontally 10 scolt (I), then

use slroiqhl inclined lin. Ihrou9h - .4

1-1
o and 0 scolts. or revuse 0\

f-
illustr at cd.

I- .8
I- .4 I- A

l-

I- .6

-I L .5
.35

'--
.35

•

•

•

5-21



&>D F

". CHART 8

......

5000

4000

20

SUB"ERGED OUTLET CULVERT FLOWING FULL
HW· H + ho-LSo

. .4

.~

.6

.8

1.0

I. ~5' I

2

3

4

5

6

f-
lJ.J

LI..

Z

:x:

0
<l:
UJ
:x:

00
':i

For outltl crown not lubmuOfd. compute HW by
""thod' d.scribed il'l th. duion proc.duff

'"z
-"
C>
Z

z
a:
:>....

3000

2000

12XI2
1000

800 10 XIO 100 ::;

600
9 X9 BO ~

f-
UJ 8X8 UJ

500 UJ 60 ex:
LI.. <l:

400 7X7 50 :::>
z 0

If)

X
If)

LI.. lD
a 30 x

UJ 0

'. z ex:
5X5

lD

200 <l:
:::> ex:

0 0 20 <l:
If) -'

UJ :::>
<.:l

LI.. 4X4 <.:l
ex: 0 z
<l: Z <l:
J: o 3.5X3.~

f-

a 100 a
If) If) UJ

Z 10 0::
0 80 UJ 3X3 LI..

~ 8 0

60
0 <l:

2.5X2.5 lJ.J

50 6 0::

0. 40 -
<l:

40--- s?/(01-
2X2 /4

30

20

10

8

•f\
6

5

BUREAU or PUBLIC ROADS JA". 196~

HEAD FOR
CONCRETE BOX CULVERTS

FLOWING FULL
n =0.012
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CHART /5
~

~--~- -----l....---

-----
~

~
~

CRITICAL DEPTH -
./ I I I

./ RECTA~ GULAR SE:CTION

/

o
o 10 20 30

Q/S

40 50 60

BUREAU OF PUBLIC ROADS JAN 1963

"NOTE de CANNOT EXCEED 0

350300250200

Q/S

150100

V
/

V

V
./

V

V
l/

l/
./

V
/V

l/
V

CRITICAL DEPTH-'-/v I

l/ R ECTi\NG ULAR SECT ION

'/ I I I

V UV

/ l*-B1
/ B IN FT.

/ q IN C.F.S.

/ • ~ I 1 ~ 2

/
dc =·315 (0;8)

I I I I

16

15
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50

14
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LL.
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JOB _4.!.....:.O=--1-1-7...L-!....7_Ts,I~04y~()~f-=-q.1.-- _

COMPUTATIONS FOR _~C~..JJ~J~tJ~e..,,::::!..r_t,,--~~~O~LF _

SHEET NO, ~ OF _

DATE 7/11-,('1/--10 ...... - D'J '}
BY....t;)4J..LJ CHKD -~ - ,---- ,

7-22-1/
. ;-,..-,

~-~! - -~ ---+ -----_ ..._-----
_,«s /~(JJ~ J22~!2b /~fJ- ~9'1.-

i I! I /
! I

I

/2./4

.-r- ~ .... . ~-::- ":,_-. :-.;.-=:::::...-:_-

!
: I! ;

~~-_- _-_}~A ~_~_f: -'. -~Ih -~~, -F/;,~

_b-/oo ~-i~z ods

•

•I

'"
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JOB Oc./·77

COMPUTATIONS FOR ~ I/il1d DO(J)l7St~ In Or!
GJI)-~f ~~ t:' __

SHEET NO.--,-_

DATE -, //7/
I •

BY 8 b 0 C H K D ----'--'--''---'--_

7-2?--11

C4ck ~fi., o.{J .JrC0 ....JlJdoc;7

q!OO =. -z.-~2. ~~

J1 '::. 0,0"2.

S ... O,OOZ()~

4:: ~9 , 0 -P-I'2--
WP =- 2-(IZ..,2¢j -4- 8 :- "3Z.5 -ff.

• leA ~ Ajwp = s-q, 0 /3 a. . S- :: I. 8/ ~4 t!-

5.5r I

I

u~c-k:

G : VA " ({<'/(.)(51,o) : 2.q~ <.~ @k'7)
C-~ ck Fr-ou..4 }j""~£uv.

rr- ::. 4.9 Ce> 0 r-
IT I ':;...~ I

V ~2.2.~ z,Cf7

•



COMPUTATIONS FOR•
SVERDRUP

JOB _-4J-'O",---,--f-<.7-]L--L..J-.!LV7L<h:L-'>f!....!'1::L.- _

~.(~t,T () r !/,.n. (h'-r'W

H~T S~, I ~ft2~ /3

SHEET NO, 7 OF _

7-1/~-'f(
DATE --'---------

BY-B..bn-CHKD ---'--':=--"------!...-.:--

GrOd I..,/ +A, c-\

fu h1o.h~ E;t/~f
/~ z"::;;-/

II I
5uJ-e. I:. 5"0

A DoT s-k.( IS - 0(" I'D

O",..:{J-eT w/7s
'4007 "Sid e-04,~
5D" ~I/(}·~'?t I

t 50J C~'rJet2t .~
Chc. 11ne./ ~
77C;:' L F .
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SECTIONr...Lir. TIV60F 7/10/. •
Channel Slope: 0.0079 f~./ft.

CROSS SECTION D~TA:

OFFSET -260 -170 -80. 57.1 116.5 118.9 121.4 123.7 151.2 152.8 154.5 157.2 195.2 196.6 198.4
ELEV. 4 4.9 4 4.44 4.48 3.96 3.9 4.39 3.91 3.22 3.12 4 3.49 2.98 3.33
N NIA 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0-:035 0.035

STAGE-DISCHARGE DATA:
STAGE: 3
vJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 3.15
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1 0.0 0.5 1.4
AREA 0.0 C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 3.3
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.7 0.6 0.0 0.9 2.6
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.1 0.4
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.2 0.2
Q 0 0 0 0 0 0 0 0 ') 0 0 0 0 0

STAGE: 3.45
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.7 1.1 0.0 1.4 3.2
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5 0.2 0.0 0.3 0.8
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.l 0.3 0.2 0.0 0.2 0.3
Q 0 0 0 0 0 0 0 0 a 1 0 0 0 0

STAGE: 3.6
\<JET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.7 1.6 8.2 9.7 11.5
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.7 0.4 0.5 1.0 1.8
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.2 0.1 0.1 0.2
Q a 0 0 0 a 0 0 a 0 2 0 0 0 a

STAGE: 3.75
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 1.7 2.0 19.4 20.9 22.7
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.0 0.6 2.5 3.2 4.3
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.6 0.3 0.1 0.2 0.2
Q 0 0 0 a 0 a 0 a 0 4 1 0 0 0

-1)



SECTIONN.R TWf.;OF 7/l0~ '.
STAGE: 3.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.7 2.5 30.6 32.0 33.9AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.2 0.9 6.3 7.2 8.5HYD.RAD. 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.7 0.4 0.2 0.2 0.3
Q 0 a 0 a a a a a 1 5 2 a a a
STAGE: 4.05
WET PER. 5.0 5.0 20.6 0.0 0.4 2.9 3.7 8.0 9.8 1.7 2.8 40.8 42.3 44.2AREA 0.1 0.1 0.5 0.0 0.0 0.3 0.4 0.6 1.3 1.5 1.3 12.9 14.1 15.7HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.9 0.5 0.3 0.3 0.4
Q a a a 0 0 0 a 0 1 7 0 0 a a
STAGE: 4.2
WET PER. 20.0 20.0 82.3 0.0 1.1 3.6 5.1 16.6 18.4 1.7 2.8 40.8 42.3 .44.2AREA 2.0 2.0 8.2 0.0 0.1 0.8 1.0 2.4 3.4 1.8 1.7 19.0 20.4 22.3HYD.RAD. 0.1 0.1 0.1 0.0 0.1 0.2 0.2 0.1 0.2 1.0 0.6 0.5 0.5 0.5
Q 2 0 7 0 0 0 1 0 4 9 0 a 0 0

STAGE: 4.35
WET PER. 35.0 35.0 144.1 0.0 1.8 4.3 6.5 25.2 27.0 1.7 2.8 40.8 42.3 44.2AREA 6.1 6.1 25.2 0.0 0.4 1.4 1.9 5.5 6.8 2.0 2.1 25.1 26.7 28.8HYD.RAD. 0.2 0.2 0.2 0.0 0.2 0.3 0.3 0.2 0.3 1.2 0.8 0.6 0.6 0.7
Q 7 0 30 a a 0 3 0 10 12 a 0 a 0

STAGE: 4.5
WET PER. 50.0 50.0 187.1 246.5 249.0 251.5 253.8 281. 3 283.1 1.7 2.8 40.8 42.3 44.2AREA 12.5 12.5 50.9 53.3 53.9 55.4 56.2 65.8 67.3 2.3 2.5 31.2 33.0 35.4HYD.RAD. 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 1.3 0.9 0.8 0.8 0.8
Q 19 a 0 a a 0 0 a 97 14 0 0 a 0

I
W.S. E1ev. 3 3.15 3.3 3.45 3.6 3.75 3.9 4.05 4.2 4.35 4.5
Q 0 a 1 4 9 23 46 80 139 232 363A 0.0 0.1 0.7 3.9 6.8 14.3 24.0 37.3 61. 9 99.9 152.8
V 0.2 0.7 1.1 1.0 1.3 1.6 1.9 2.1 2.2 2.3 2.4

~
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SVERDR'

JOB 1017. TQyo-/",
l

COMPUTATIONS FOR c«/{}--U"t &:'0 6 Ji1L
SHEET NO~OF -

DATE -.:;;:;;;:./11
BY 810 CHKD 3v~'~)-,/

•
CULVERT COMPUTATION SHEET

PROJECT: __~ ~ DESIGNER:

STATION: 14'-+s-o I L)IJ4(Tt?:Aci-, DATE:

HYDROLOGIC AND CHANNEL INFORMATION

CULVERT

DESCRIPTION

I )G-~rtrlj i{(JC"rVl."~1'(J

lot;< </ /
r..,/et (

l~c,5.o<? I co".,frtJ

/

L • 2:Zo L/IOO So •

MEAN STREAM. VELOCITY • ~I"
I I

..J

.. :: I0

~~
w- ..... I '>
..JU

z:I: ..... 0
en ~ ILl

HW 1 0
:::;) ...J

0 :I: ...J ICOlol"VHS

U OW
U Ow

>

TWI • 0.8 ~
TWt •~

,
O. 30 s~. h-I4

/.00 I 4/G\0lo,'Z.. IO,9/lz.S'sl ~"zB IC'/~t"I~.z~l/./oI5.cRI4,oolll.'?.

CAP.
CHART CONT. OUTLET CONTROL HW -H+ho -LSo

HW HW K. ' de + D I T W I Ho I lSo
2

Q

~Z9

SHLDR. SKETCH

EL. 1(.,7 ~. 'if.::, I c", -, 7 ,8 S-

l~

AHW-j-

'P~k O'-LTIT,} D~. EL. 1~r..1 00 ~ - --=--
( ~ I • DESIGN DISCHARGE: " 11-<- . ,--'- EL. I{,~c, 51

2 I CHECK DISCHARGE: S~YY ~2K \) (q I 00 I -- t00 ... ,60$:0~

HEADWATER C IOMPUTATION

DRAINAGE AREA

1.-2H ('-G-°1 •
Qt •

ENTR.
TYPE

SIZE

SUIolloURY a RECO ....ENDATIONS
~ Y'1o;t+ fluffY- be:ts/';tf ~

.f, ,.. .. (U-co I <..-<0". I

C roS'/Oy1 C(Nt~rf '~'S"tI"'C.q I-~

to
\ I

......



,e

~

w
w
u.

z

0"
x

e 0
CD

U.
0

~

:r:
~-w
:r:

12

II

10

9

8

7

6

5

CU/UC-rf c,o G
CHART' I

600

500

(I) (2) (3)

EXAMPLE 8 9 10

400 ~'. 2' Bo. 0,75 cr. 7 8

O/B • I~cfs/tt. 7 8

300
HIII' HIII'

6
Int, t 6 7

0 r.. ,

(I) 1.7~

5 6
3.~ 5

200
(2) 1.90 3. B 4 5

(3) 2.0~ 4.1
4

4

3

~ 1000
0
u. 80

0"
a:

....... 2

w
~

c.. 60
:t:

2

(/)"

2

u. 50
/~

<..) ,/ G 1.5

z 40 /' w 1.5

CD ~/
:r: 1.5

........ 30
u.

£ v-V 0
i-~

\.. (f)

1.0

z
.9 1.0 1.0

,,,,,.,~ :r:
Winqwoll -- .

t-

10 Flore ~

c...
w .9 .9
0 - .8

8
;r:
W
t- -.7

.8 -~

6
q

~

5
0

HW WINGWALL
~

SCALE w .7 .7

4 D FLARE :r: .6

(II 30' 10 75'
3

12) 90· and IS- .6 .6

(3) O· (t1lensions .5

2
of side s)

To "'It scale (2) or (3) project

.5 .5

horizontally to scole (I), Ihen

Vir stroiQhf iflclined lin. throuqh .4
Done! 0 Icol", or ".,HIe 010

illustro ted .

e eU~£AU or PuBLIC ROADS JAN. 19'D

. 8

l .6

.5

5-21

.4 .4

.35
.30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL



• CHART 8

5000

4000

3000

2000

SUBMERc.£O OUTLET CULvERT FLOWING FULL

HW· H. ho-LSo

0.'1'/
.8

.5

.6

20

10

. .4

""
f-
w

"<.1 w
u..

/1- z
""~~ I 2

/-

0
4:
w 3
I

For QUO.' cro." nol lubmtrQtd, compult HW by
methods d.. crib4d in Ihe duiVn procedure

w
z
-'

12XI2
1000

800 10XI0 100 f-
w

9X9 80 w
600 u..

f-
w 8X8 W

500 w 60 c:::
u.. 4:

400 7X7 50 =>z 0
(/)

X
(/) 300 0 6X6
u.. ED
<.)

• Z c:::
5X5

200 4:
=> c:::

0 0 4:
(/) ...J

W =>
e:> u.. 4X4 e:>
c::: 0 Z
4: Z 4:
I o 3.5X3.5 f-
<.) 100 <.)

(/) en w

80 z 10 0::
0 w 3X3 u..

::!:
8 0

60 0
4:

2.5X2.5 w
50 6 1l::

0. 40 -
_4:

40--- 5 i-'l.
3::ci-~o

2X2 /4
30

20

'"Z
z
a:
::>
>-

10

8

•
6

5

BUREAU OF PUBLIC ROAOS JAN. 1963

HEAD FOR
CONCRETE BOX CULVERTS

FLOWING FULL
n=O.OI2

5-31
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CHART 15
- ---.....----- ------L.--'

~

~
.....

./ CRITICAL DEPTH -
I I I

./ RECTA~ GULAR S~ eTION

/

.,~

o
o 10 20 U,q 30

Q/s
40 50 60

BUREAU Of' PUBliC ROADS JAN 1963

5-38

V
./

V

V
./

V
l/

V
./

l/
.... v

l/
V

CRITICAL DEPTH -....v l-

I I

1/ RECTANGULAR SECTION

V I I I

V UV

r-B1
/ B IN FT.

/ q IN e.F.s.
I ~ I I I ~ 2

/
dc =·315 (0;8)

I I I I
350300250100 150

de CANNOT EXCEED 0
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50

"NOTE
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SVERDRUP

JOB 40 9-7 7-I9~Vr...::,o~f~q~--------:--

COMPUTATIONS FOR Cv..../Ue-r-t &o....--G--_

SH EET NO. 0= OF _

DATE '7/7..7 I crtr I
BY Es'1:Jo CHKD -RTr

= ===""--I~T-' .' =.- , -'=--:" -- ,- T '.'~"" .. --.-'-~-': I I
ii, . .' ...! , . I I
. . ~--: ... -- : - __-4_. 1.~ - .~ .__.•_-~ - -------·~'l·-·----t-·-·----------·- ...__ . -_.- --- -

___ .:Zhec-k:_~_#t6_ .O--t~ F/k.~. __~S ;;Z~" -W-+~~J~-9 '-£74-~+-. . -~,.
'I J.' U .

. . ,- _. ~- ..._' - - . ~' '" . - ~- ----'_.-

d!(QQ--~- !Z~q.C~~_ .----_: - ~---J-ri---
; I I

. ..._ _~..L_.-L.-+ --,

_ •• __•• _~. - __ ._, I _: '_.,. __ .__ I I _. _
I I I' I I IJ. =- ~/ P42..··--- /J - -~-.. -- ..-- - -- vtt· ; -= I 4 ~--

. . :::Jo - ~_ .....o~ ,,-S"~_./~ - .....j- .'- --,--.7fil- -- -'''- --_. -;- ---·i----
---~'-: _'--- _J,! ..--- ------:.. . _.- .! -f--

=- ~---: in .~-==~ j:.7. -1..1 _i. _-~ __.-=-~~~=l. I0

~~j-:-r:-m _~.
._.. -4.. ~ ~o, f 42+ ~_.I _---.:- .. _... .. _-- i- 1_' _;._~.. . _; _

I /// / • I '.
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TI j j! I _ ',;
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SVERDRUP

JOB 40 973. L£!¥O.<....Lk~__

COMPUTATIONS FOR _ _ t3CJX C1../V·or t .._~O Ci:t_..._

•

f!.!j2 ('(A,p ?/~'if<-

1-- fi

f .. .~.--=---:.. ~-._ ~
~Jc J<:oek ~(Cie... (FrDY"h Suf-rL

Fo~ . y~- ~ /,31". ~ _ :. ofso ~ 0.4 (~--; .._- _.
,

O. 2.Cj - .

/,62.

I. <Ie? ' "2
--- ::. ~,S-O
0,10/

•.,
---_I:: r;_~o--t0 QF ~as/~

j 0 h5 : /0 (1,40;\) ':
c-~r

5 (tJ o ') - ~ ( 10)

/

/4,0



I

••

FROUDE I\IUMl3ER

3

.,~

3

dSO = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye EQUIVALENT BRINK DEPTH

BR INK DEPTH FOR BOX CUL VERT

=(6.) 1/2 FOR NON-R ECTANGULAR
2 SECTIONS

2

DESIGN DISCHARGE - Q

WETTED AREA AT BRINK OF CULVERT

V ave

V(J22)(Y e )

Vave

TW

hs
NOTE: 2 < < 4

- d
50

CULVERT BRI7

TW
IF Y > 0':75

o

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

2

~ SECTION

ill
-l

o
I
a:
::J
o
U
(J)

LL

o
I
I
Cl..
w
o
ill

>
I- l{g---------~--+----_<b« Q

uj It {)
a:

""I QJ..c >-

•

•
FIGURE Xl-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF

CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE

XI -14



COMPUTATIONS FOR
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SHEET NO. B OF _

7- ?0-9/
DATE ------'------

BY DOcH K D ...4-1-~_I____

I"le-l- W;., 5

JOB __~..:.-()_41--7.L-....J-2__7d.!..-()~?,---,O,-,-~----=-- _

CCtluevf 60 G I/~u/~
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Av(rt- Sf), B- 06,fO
O!t'-fC W""j.(
/_]<1 Si("1 £- O~L c;,)

G~ fo ~<+c..~
E 'f /";;,t. /y, 7--S'"



S
V

E
R

D
R

U
P

~
'

'::'l
,,'-'

A..
~

I.,..,.
.Q

....
"-

c;
,--

.;
:r:

~

-<>
~

-
~

,
-

-!
(
'

.
,
~

\ i
'-'\

I
0..'-

v
~

<C'-'
~

~
.

<
1-

Ci
"
-

'"
r-<

i
2-

II
I
.
~

J
Cf\

'-i '-..J

.,

'..

~
,

""-
'0

~
---.......

.
~

~
-

\,
','

V
\

"-
I

"
"

'-"'-
----z.

'>;J
.r-

:
I

I'
,

I,-I'i

I
'J

_
.JI

I1
-

!

--r--··
:.

I!1

--'--':"'----r
-
~
--T--.-

!
II,

I;
-

,

..
',I

!
i

,
I

-".,-----
1

---.'-
,.~

I
I

:
I

'

.-i
'-,--

-1
,

,
I

_
_

'
I

:
:....-.--.--'!

IiII

,-====r-
I

'
I

I
.

,

-e



SECTION.R TWGOG 711. •Channel Slope: 0.009 ft./ft.

CROSS SECTION DATA:
OFFSET 10 128 301.5 399.4 465.5 467.4 471. 4 473.1 502.9 540 740
ELEV. 60.9 60 60.18 59.81 59.86 59.45 59.49 59.81 59.85 60 62
N N/A 0.035 0.035 0.035 0.035 0.035 0: 025 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 59.5
WET PER. 0.0 0.0 0.0 0.0 0.2 4.0 0.1 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 0 a a a 0 a a a a a

STAGE: 59.6
WET PER. 0.0 0.0 0.0 0.0 0.7 4.0 0.6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Q 0 0 a a a 1 a a 0 a a a

STAGE: 59.7
WET PER. 0.0 0.0 0.0 0.0 1.2 4.0 1.1 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.1 0.9 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0
Q a 0 a 0 a 2 a a a a 0 0

STAGE: 59.8
WET PER. 0.0 0.0 0.0 0.0 1.7 4.0 1.7 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.3 1.3 0.3 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.2 0.3 0.2 0.0 0.0 0.0 0.0 0.0
Q a a a a 0 4 a a 0 0 a a

STAGE: 59.9
WET PER. 0.0 0.0 23.8 89.9 91.9 4.0 1.7 31.5 43.9 0.0 0.0 0.0
AREA 0.0 0.0 1.1 5.4 5.8 1.7 0.4 2.5 2.8 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.1 0.1 0.4 0.2 0.1 0.1 0.0 0.0 0.0
Q a 0 0 a 4 6 a 0 2 0 0 a

STAGE: 60
WET PER. 0.0 0.0 50.3 116.4 118.3 4.0 1.7 31. 5 68.6 0.0 0.0 0.0
AREA 0.0 0.0 4.8 15.7 16.3 2.1 0.6 5.7 8.4 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.1 0.5 0.3 0.2 0.1 0.0 0.0 0.0
Q a a 0 0 18 8 a a 8 a 0 a

(



~" ...-....,

SECTIONN. TvV60G 7/1. •STAGE: 60.1
"

WET PER. 13.1 109.5 76.7 142.8 144.8 4.0 1.7 31. 5 68.6 78.6 0.0 0.0
AREA 0.7 5.5 11.1 28.6 29.5 2.5 0.8 8.8 15.3 15.8 0.0 0.0
HYD.RAD. 0.1 0.1 0.1 0.2 0.2 0.6 0.4 0.3 0.2 0.2 0.0 0.0
Q a 3 a a 41 10 a a a 22 a a

STAGE: 60.2
WET PER. 26.2 199.7 297.6 363.7 365.7 4.0 1.7 31.5 68.6 88.6 0.0 0.0
AREA 2.6 21.7 41.8 65.9 66.9 2.9 0.9 12.0 22.2 24.2 0.0 0.0
HYD.RAD. 0.1 0.1 0.1 0.2 0.2 0.7 0.5 0.4 0.3 0.3 0.0 0.0
Q 0 0 0 0 87 13 0 0 0 41 0 0

STAGE: 60.3
WET PER. 39.3 212.8 310.7 376.8 378.8 4.0 1.7 31.5 68.6 98.6 0.0 0.0
AREA 5.9 42.3 72.2 102.9 104.2 3.3 1.1 15.1 29.0 33.5 0.0 0.0
HYD.RAD. 0.2 0.2 0.2 0.3 0.3 0.8 0.6 0.5 0.4 0.3 0.0 0.0
Q 0 0 0 0 178 17 0 0 0 66 0 0

STAGE: 60.4
WET PER. 52.5 226.0 323.9 390.0 391.9 4.0 1.7 31.5 68.6 108.6 0.0 0.0
AREA 10.5 64.3 103.9 141. 3 142.7 3.7 1.3 18.3 35.9 43.9 0.0 0.0
HYD.RAD. 0.2 0.3 0.3 0.4 0.4 0.9 0.7 0.6 0.5 0.4 0.0 0.0
Q 0 0 0 0 294 20 0 0 0 97 0 0

STAGE: 60.5
WET PER. 65.6 239.1 337.0 403.1 405.0 4.0 1.7 31.5 68.6 118.6 0.0 0.0
AREA 16.4 87.5 137.0 180.9 182.5 4.1 1.4 21.4 42.7 55.2 0.0 0.0
HYD.RAD. 0.2 0.4 0.4 0.4 0.5 1.0 0.8 0.7 0.6 0.5 0.0 0.0
Q 0 0 0 0 433 24 0 0 0 134 0 0

---_... I
VJ.S. E1ev. 59.5 59.6 59.7 59.8 59.9 60 60.1 60.2 60.3 60.4 60.5
Q 0 1 2 4 11 34 77 141 260 410 591
A 0.1 0.6 1.2 1.9 10.4 26.9 53.3 94.0 141.0 190.3 241. 9
V 0.5 1.3 1.9 2.3 1.1 1.3 1.4 1.5 1.8 2.2 2.4
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COMPUTATIONS FOR ~ IU-:<rf 00 E D?L
SHEET NO.

OAT E "':"';f-J~l...-j.--l..L

i)r-j----
BY CHKO I> Ii I

•
CULVERT COMPUTATION SHEET

PROJECT: __~ ~ DESIGNER:

STATION: 13<atb7, Ov~.1 T~ck DATE:

SKETCH

Ii. 7/ .<f 7

1 /
AHW" __ TW- O,7~

J I-
EL. EL.!I"O t

0,7S= ,;'TW, •

TWt • -----

DRAINAGE AREA

13 crs-

HYDROLOGIC AND CHANNEL INFORMATION

0, 1.5 ::l7. n-v..~
I

0 1 •
O2 •

CULVERT

DESCRIPTION

/1\ 2/1_IfI~~11
'"KZ'cp

O~ftet
IfaS'~,1o. I Co~{-~/

/
L • 'Z c:;,. 0 L/IOO S •o

MEAN STREAM. VELOCITY. B....fp.
o,o~o /"1So·

J,BS 1c>'7S-I',8s-1 I.3oI3.Cfo 13','1017.'3

COMPUTATION

I~ ~
>-

~ ~ I I
:>

HW - H + hn - L 5n
w- ~ ~ ItJCONTROL ...JU \I)

:X:...J ICO ..... ENH

Is :x:
~O 0 Owde; DI I I LSo I :::l ...J UTW Ho HW OW

>deHK.HWHW
D

1.5z I '5.011 a Z 1'5.1~1 /:7

CAP. I HEADWATER

CHH~T INLE; CONT·I " OU:TLET, f , -, -, IQ

23

PCC\~ ()("l.-! /e f b;sch c; "i.~

(
01 • DESIGN DISCHARGE, SAY~) QIOO
O2 I CHECK DISCHARGE, SAY Q!50

ENTR.
TYPE

SIZE

SU ...... ARy a
RECOMMENDATIONS ~ AIkp-erQ Yl1O~r) l Jo(' <;" Iv CC!A1-1ra (~ -r-f'y'('a h1 .Yb~/oJ"'],

lJj
, I

......



G<.Jver'f ~o E CHART 2I'. 160 10 ,000

166 8,000 EXAMPLE (I) (2) (3)

156 Oa42 inches (3.~ 'ul)
6.

6,000
Q. 120 cis

6.

144 5,000 5.

4,000 H'N' HW
6. 5.

132 0 II tl

3,000 5. 4.
(I) 2.5 B.B 4.

120 (2) 2.1 7.4
2,000

(3) 2.2 7.7 4.
106 3.

·0 in f ttl
3.

96 1,000
3.

800
84

--~ ---....

600 ./'
2 . 2 ~.

500
/"

/'" 2.
72 400 / I.)~

l/l \l-Y"VLLJ 300
I ~~ 1.5 1.5
L)

z l/l /
60

l.i.. 200 /z L) 1.5

z /
a 54 /'"
t-

~

cr /w 100
w· 46 /'" ~

z
> 60

• ....J / <t
:r:

~ :r:
t-"

L) ~2 L)
60 Cl.. \.0 1.0

w'
l.L.. (f) 50 HW ENTRANCE 0
0 0 SCALE \.0
cr 40 TYPE cr

w
w

~ .9

.9
36 t- .9

t- (I) Square ed9t wifh <!
W ~

~
heedwoll .

33
0

« (2)
<!

0
Gr.oov. tnd with W .6

30
headwoll :r: .6

(3) Groov' end .8

27
projtCling

10
.7 .7

24 6 .7

6 To ust seal. (2) or (3) project

21
5 horizontally 10 scolt (I). Hun

4
usa slroiqhl inclined lint Ihrouqh
o and 0 loColes, or tHeriot as .6 .6

3
illust rol ed. .6

18

2

•

15

12

BUREAU or PUBLIC ROADS JAN 1963

1.0

5-22

.5 .5
.5

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

WITH INLET CONTROL
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CULVERT BRINK Vave
DESIGN DISCHARGE - Q

WETTED AREA AT BRINK OF CULVERT

3

<t SECTION

d50 = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye EQUIVALENT BRINK DEPTH

BRINK DEPTH FOR BOX CULVERT

=(6) 1/2 FOR NON-RECTANGULAR
2 SECTIONS

•

hs
NOTE: 2 < -- < 4

- d
50

IF ~W > 0.75
o

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTREAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

2

"'/ OJ.J::. >-
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.!
:::>
o
u
U'J

u.
o
I
f
Cl..
UJ
o
UJ

>
f
«
....J
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a: 0.$0 I----------e

.eft 1 2 3

FROUDE NUMBER

•
V ave

Vi322HYe)

FIGURE Xl-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE

XI-14
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SECTION NU. TW60E 7/10_ •
Channel Slope: 0.0061 ft./ft.

CROSS SECTION DATA:
OFFSET 22.5 70.6 73.4 74.8 121.9 122.2 123.9 124.5 162.4 164.1 170.8 172.9 176.6 179.6 183.6
ELEV. 52.31 51.41 50.99 51.35 51.55 50.78 2Q2l. 51.53 51.29 51.06 51. 04 51.63 51. 62 50.86 50.99
N N/A 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025

STAGE-DISCHARGE DATA:
STAGE: 50.8
viET PER. 0.0 0.0 0.0 0.0 0.0 1.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a a a a a a a a a a a

STAGE: 50.87
WET PER. 0.0 0.0 0.0 0.0 0.1 1.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.3
AREA 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. .0. a 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a a a a a a a a a a a

STAGE: 50.94
WET PER. 0.0 0.0 0.0 0.0 0.2 1.7 0.3 0.0 0.0 0.0 0.0 0.0 0.3 2.5
AREA 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a a 1 a a a a a a a a

STAGE: 51. 01
WET PER. 0.0 0.1 0.2 0.0 0.3 1.7 0.4 0.0 0.0 0.0 0.0 0.0 0.6 4.0
AREA 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1
Q a a a a a 1 a a a a a a a a

STAGE: 51. C'3
WET PER. 0.0 0.6 1.0 0.0 0.3 1.7 0.5 0.0 0.2 6.7 0.2 0.0 0.9 4.0
AREA 0.0 0.0 0.0 0.0 0.0 0.6 0.1 0.0 0.0 0.2 0.0 0.0 0.1 0.6
HYD.RAD. 0.0 0.0 0.0 0.0 0.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2
Q a a a a a 1 a a a a a a a 1

STAGE: 51.15
WET PER. 0.0 1.1 1.7 0.0 0.4 1.7 0.6 0.0 0.7 6.7 0.4 0.0 1.2 4.0
AREA 0.0 0.1 0.1 0.0 0.0 0.7 0.1 0.0 0.0 0.7 0.0 0.0 0.2 0.9
HYD.RAD. 0.0 0.1 0.1 0.0 0.1 0.4 0.1 0.0 0.0 0.1 O·t 0.0 0.1 0.2

R a a Q a a 2 a q q t ? 9 8 r

-(



SECTIONN.R 1WGOE
7/,_ •

STAGE: 51.22
vJET PER. 0.0 1.6 2.5 0.0 0.5 1.7 0.6 0.0 1.2 6.7 0.7 0.0 1.5 4.0
AREA 0.0 0.2 0.3 0.0 0.0 0.8 0.1 0.0 0.1 1.1 0.1 0.0 0.3 1.2
HYD.RAD. 0.0 0_1 0.1 0.0 0.1 0.5 0.2 0.0 0.1 0.2 0.1 0.0 0.2 0.3
Q 0 0 0 0 0 2 0 0 0 2 0 0 0 2

STAGE: 51.29
WET PER. 0.0 2.0 3.2 0.0 0.6 1.7 0.7 0.0 1.7 6.7 0.9 0.0 1.8 4.0
AREA 0.0 0.3 0.5 0.0 0.1 0.9 0.1 0.0 0.2 1.6 0.1 0.0 0.4 1.5
HYD.RAD. 0.0 0.1 0.1 0.0 0.1 0.5 0.2 0.0 0.1 0.2 0.1 0.0 0.2 0.4
Q 0 0 0 0 0 3 0 0 0 3 0 0 0 3

STAGE: 51.36
WET PER. 0.0 2.5 3.9 6.3 0.6 1.7 0.8 11.1 12.8 6.7 1.2 0.0 2.0 4.0
AREA 0.0 0.5 0.7 0.7 0.1 1.0 0.2 0.4 0.7 2.1 0.2 0.0 0.5 1.7
HYD.RAD. 0.0 0.2 0.2 0.1 0.1 0.6 0.2 0.0 0.1 0.3 0.2 0.0 0.2 0.4
Q 0 0 0 1 0 4 0 0 0 4 0 0 1 5

STAGE: 51.43
WET PER. 1.1 3.9 5.3 24.2 0.7 1.7 0.9 22.1 23.13 6.7 1.4 0.0 2.3 4.0
AREA 0.0 0.7 1.0 1.8 0.1 1.2 0.2 1.5 2.0 2.5 0.3 0.0 0.6 2.0
HYD.RAD. 0.0 0.2 0.2 0.1 0.1 0.7 0.2 0.1 0.1 0.4 0.2 0.0 0.3 0.5
Q 0 0 0 1 0 4 0 0 1 6 0 0 1 6

STAGE: 51.5
WET PER. 4.8 7.6 9.1 44.4 0.8 1.7 1.0 33.2 34.9 6.7 1.7 0.0 2.6 4.0
AREA 0.2 1.1 1.5 4.2 0.1 1.3 0.2 3.5 4.0 3.0 0.4 0.0 0.8 2.3
HYD.RAD. 0.0 0.1 0.2 0.1 0.1 0.8 0.2 0.1 0.1 0.4 0.2 0.0 0.3 0.6
Q 0 0 0 3 0 5 0 0 3 8 0 0 1 7

W.S. E1ev_ 50.8 50.87 50.94 51. 01 51. 08 51.15 51. 22 51. 29 51. 36 51.43 51.5
Q 0 0 1 1 2 4 7 11 16 22 33
A 0.1 0.2 0.5 0.9 1.7 2.9 4.2 6.1 8.7 13.2 20.2
V 0.7 1.1 1.3 1.4 1.4 1.5 1.7 1.8 1.8 1.7 1.6
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COMPUTATIONS FOR CM!()'!...rt too b - (., ~

SHE~T NO._.OF-----

DATE 7/ 1 3 fezl
I I R .-r-

BY BhD CHKD ::T~ •
CULVERT COMPUTATION SHEET

s

lJj

PROJECT: OESIGNER:

STATION: / /6 f- ;;-J I (-;J vet I Tri!t.ck DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH

'2 0 3f.i> 3'39 crs SHLDR.~

10,98 ~ / I'Y;,(r..s EL /~~3, /3
.,- 1(,.5"7,7L-

I DRAINAGE AREA

AJ·-·7

"\

\ .-CWO 3./0 I°1 • '33'1' ct:.s TWI • -zA / Ex'"st. Ct."'M#'/C

°2 • TWt • '5,/l1' AJ(,I.() Ck,..,,-u
j I~

~J

EL. 1~3Cf.5o/ EL. '39, /0/ EL. 1G.3~,~Z.Jt

Pec,.k:. O~fl-e f D/s('h~/~
So· 0, o0S"D ~ L •

17~ / LIIOO SO •( 0 I • DESIGN DISCHARGE, SAY 02~ ) U:( / DO
O2 • CHECK OISCHARGE, SAY Q~o MEAN STREAM. VELOCITY. 1, ~ ~.

CULVERT HEADWATER COMPUTATION ..J >-
CAP. 0 1-1- ;,:

DESCRIPTION INLET CONT. OUnET CONTROL HW • H + ho - L 50 0:: ~
w- I- • !oJ

Q CHART ..Jo I/) COlolMENT!~ x 1- 0 0 X ..J

ENTR. HW HW de dc+ 0 LSo H'N 0 ::> ..J 0 Ow
SIZE HW K. H TW "0 OW

TYPE 0 2 0 >
I)&m 'br",p

3'3~ 1.?<1' S:~t- 0,2, 1.7~ 3:~D 3.L.5" ~./O 5,C>S' ,-/.)z. ~S-~ /2·7 1{..4~-,o6
T.,(e+ (

/t);'J<,4{" l'¥drd' O,~8 C'00014rv

SUM ..URY a RECO....ENDATlON! t.-4- k c1. ' P ILA J'\ ':' (" foCi s;/~ ~'Sf~qh11 c.uJ~t fer.e. s-. fU r'F""'"P
GV'OS: I~ f:n"-e")*c fl .; 11 .

() .

I-J
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CHART I

.30

HEADWATER DEPTH
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WITH INLET CONTROL
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~ 600
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(I) (2) (3)
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EXAMPLE
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-8 -10
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- 300 I n I, t
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1-

- e -SECTION NUMBER TW60D6 7/10/91

Channel Slope: O. 0086 ft. /ft.

CROSS SECTION DATA:
OFFSET a 85.6 136.6 139 139_8 141 172.9 174.8 176 177.4 187.3 188.9 189.7 191. 2 266
ELEV. 44 42.64 42.49 42.03 41.93 42.44 42.41 40.74 iQ.:2 42.86 42.43 41. 88 41.72 42.6 43.11
N N/A 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 40.7
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a 0 a a a a a a a a a 0

STl\GE: 40.95
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.2 0.3 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0
Q a a a a a a a 1 0 a a 0 a 0

STAGE: 41.2
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.2 0.6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.1 0.0 0.0 0.0 0.0 0.0
Q 0 a a 0 a 0 0 2 0 0 a a a (.

STAGE: 41.45
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.1 1.2 0.9 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.9 0.2 0.0 0.0 0.0 0.0 0.0
HYD.RA"J. 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.7 0.2 0.0 0.0 0.0 0.0 O.C
Q a a a a a 0 a 4 0 0 a 0 0 0

STAGE: 41.7
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.2 1.2 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.2 0.3 0.0 0.0 0.0 0.0 0.0
HYD.RAC'. 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.0 0.3 0.0 0.0 0.0 0.0 0.0
Q a 0 a 0 0 a 1 6 1 a a a 0 a

STAGE: 41.95
vi!::T PER. 0.0 0.0 0.0 0.2 0.1 D.:! 1.8 1.2 1.5 0.0 0.2 0.8 0.5 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.5 0.5 0.0 0.0 0.1 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.2 0.3 OrO 0,0 0,1 q.+ 9. 0
Q 0 o~ 0 a a a 2 9 :I- 0 ? ~ H ?f ,

>J



e e' -SECTION NUMBER 1W60D6 7/10/91

STAGE: 42.2
WET PER. 0.0 0.0 0.9 0.8 0.7 0.0 2.2 1.2 1.8 0.0 1.0 0.8 1.0 0.0
AREA 0.0 0.0 0.1 0.2 0.1 0.0 1.2 1.8 0.7 0.0 0.1 0.3 0.2 0.0
HYD.RAD. 0.0 0.0 0.1 0.2 0.1 0.0 0.5 1.5 0.4 0.0 0.2 0.4 0.2 0.0
Q 0 0 0 0 0 0 3 13 2 0 0 1 0 0

STAGE: 42.45
vJET PER. 0.0 0.0 2.2 0.8 1.3 33.2 35.7 1.2 2.1 0.5 2.2 0.8 1.4 0.0
AREA 0.0 0.0 0.5 0.4 0.3 1.1 2.8 2.1 1.0 0.0 0.5 0.5 0.5 0.0
HYD.RAD. 0.0 0.0 0.2 0.5 0.2 0.0 0.1 1.7 0.5 0.0 0.2 0.6 0.3 0.0
Q 0 0 1 1 0 0 2 16 2 0 1 2 1 0

STAGE: 42.7
WET PER. 3.8 54.8 57.2 0.8 1.3 33.2 35.7 1.2 2.4 6.2 7.9 0.8 1.7 16.4
AREA 0.1 7.0 8.1 0.6 0.6 9.4 11.5 2.4 1.3 0.8 1.7 0.7 0.8 1.5
HYD.RAD. 0.0 0.1 0.1 0.7 0.5 0.3 0.3 2.0 0.5 0.1 0.2 0.9 0.5 0.1
Q 0 0 9 3 0 .0 21 21 3 0 2 4 0 1

STAGE: 42.95
WET PER. 19.5 70.5 73.0 0.8 1.3 33.2 35.7 1.2 2.6 12.5 14.2 0.8 1.7 53.1
AREA 3.0 22.7 24.3 0.8 0.9 17.7 20.3 2.7 1.6 4.7 5.9 0.9 1.2 10.2
HYD.RAD. 0.2 0.3 0.3 1.0 0.7 0.5 0.6 2.2 0.6 0.4 0.4 1.1 0.7 0.2
Q 0 0 46 4 0 0 55 25 0 0 13 5 0 13

STAGE: 43.2
WET PER. 35.3 86.3 88.7 0.8 1.3 33.2 35.7 1.2 2.6 12.5 14.2 0.8 1.7 76.5
AREA 9.9 42.3 44.5 1.0 1.2 25.9 29.0 3.0 2.0 7.5 9.2 1.1 1.6 27.4
HYD.RAD. 0.3 0.5 0.5 1.2 0.9 0.8 0.8 2.5 0.8 0.6 0.6 1.4 0.9 0.4
Q 0 0 111 6 0 0 99 30 0 0 27 8 0 0

W.S. E1ev. 40.7 40.95 41.2 41. 45 41.7 41.95 42.2 42.45 42.7 42.95 43.2
Q 0 1 2 5 8 12 19 26 64 162 387
A 0.0 0.3 0.8 1.3 2.0 3.0 4.7 8.1 27.8 65.1 142.9
V 0.0 1.9 2.8 3.4 3.9 4.2 4.1 3.2 2.3 2.5 2.7

w
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SVERDRi •

JOB 1047", To YC)f.

COMPUTATIONS FOR' Cu../Vc:..-rt ~O D-s~

SHEET NO ~o~ OF _

DATE 7/13/9 1

BY t3bo k~CHKD I., \... I

•
CULVERT COMPUTATION SHEET

PROJECT: DESIGNER:

STATION: Ill,... ~t? I CJV4 .f TY-Q ck DATE:
I

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLOR:~ ~ 1~S-~-./9203tC//c.,. :: s39 cG

10. 98 ~9'~ EL. '" S-0.bDRAINAGE AREA
:--\

\ LW'~'O( • ~)q ctS °TWI • t,ol f)(/~'f C~AJ1f1tt -1/AHW- __
01 • TWt • ~.(6/!Va..) C~')I1-c.(

j l~
~I

EL. 1{P~~. SJ/ EL.J!1J.1 EL. 1~3B,700ft

~t'-\l:: Oe.-tl /~ f 'b/~Ct,ctrtj~
So· o,oo~o '%.

L •
/6"0./ L/IOO So •( a, • DESIGN DISCHARGE, SAY ~~) qtoO

O2 ' CHECK DISCHAROE, SAY Q~O MEAN STREAM. VELOCITY. 3,' .c_~

CULVERT HEADWATER COMPUTATION oJ >-
CAP. 0 ........ '>w- ....DESCRIPTION Q CHART INLET CONT. OUTLET CON TROL HW - H + "0 - L So o::~ ...Jo I/)

....,
COMMENT!~ :x: .... 0 0 :x: ...J

ENTR. HW HW dc+ D :::>...J u Ow
SIZE HW K. H de TW "0 LSo HW 0 OW

TYPE 0 2 u >
I) !SCi,re( ~.

3~Cj O.e. 1.76>- 3,,0 '3.~5" 3./0 5.(,5 0<00 1.t;o 5.52. Il.r J(P 15". DCe:.. r~+~1/)'x'!l' :J.,It:f- l. '$1 5'.5/~ °,

0

{

SU ...... ARY " RECO....ENDATIONS ~ J cC r 1frt:lfl rlCAJ1? Q IoCl);r'i1 -ttY" Ou.ikt C(bS/~ rYD~c1-,'ar1_(<\h-,p-e

tJ;
I.....

-



2

CHART I

.30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

.5

2,-1

,- 600 ( I ) (2) (3)
f- II

f- 500
EXAMPLE ,8 ,-9 ,- 10

f- 10 5'12' Boa 0' 75 cis
1-8 f-

f- 400 - F-7
O/B . 15 cts/tt. 1-7 f-8

f-6

f-9 f- 300
HW HW

~6
f- 7

I n I, t
0 feet f-5 1-6

(I) 1.75 1.5 ~5

1-8 (2) 1.90 1. B f-4 f- 5
f- 200

(1) 2.05 4.1 1-4

1-4

1-7 I- f-3
~3

l-

i- 3

f-6
0 ~ 100
0 ~
lL.

I- 80
0
"- f=.-2 -- .

a:: f- ~ 1-2
w
Cl.

I -__o_ --I- 2
I- 60 -

~5 r.fl' /1-
lL. ~ 50
<.) /' ; I- 1.5

-z ~ 40
/. ::..., \, 1."39 - 1.5

~

"'/
I - 1.5

~ I- 30
lL.

~
0-- a ~+

"'~ r.n
I /' .~

I-
0 I- 20/

l.:.

- :J 1.0
~ /'

r-
./ z

o/~ - .- -_...

I-
0 .9 f- 1.0 ~ 1.0

~3 //w ",,,.,~
I
I-

/ <.:> Winqwoll !i.
a:: f- 10 Flort ~ W ~ .9 f- .9

/' <[ 0
- .8

/ I f-

/ <.) <-8 or
r.n w

I- .8 f-:~

/ 0 - I- ="'-.7
<[

/ lL.
~ 6 :;;

0
0

/
~ 5

HW SCALE WINGWALL
<[ f- .7 ~

0 w .7

~
- FLARE >-
l- I- 4 0 I .6
<[

a:: (I) 30' 10 75'

~3
(2) ~ .6 f- .690' ond 15'

(3) O· (tltensio"s. ~ .5

<- 2
of ,ides)

I- .5 f- .5
l- To Ult ,colt (2) or (3) project

horilorllolly to scole (I), then

UU: lltoiqh' inclined hn. lhrouqt'l l- .4

f-I
o Dnd 0 ,colts, or r'YUH 0\

f-
ilius 1'0 I.d..

f- .8 I- .4 f-.4

l-

I- .6

'-I '-
, .35 .35

I
W
W
lL.

z

o
X
o
CD

lL.
o
l
I
<.:>
W
I

BUQ(AU OF PUBLIC ROADS JAN. /9')3

•

•

• 5-21



•
ClA.,[t/e.-r-+

CHART 8

5000

4000

3000

2000

-+-·3~
Slope So-~

SUBMERGED OUTLET CULVERT FLOWING FULL

HW' H. ho-LSo

. .4

.5

.6

.6

1.0
f-
ILl
ILl
lL..

z 1,75/
~ 2:I:

a
<{

ILl 3
:I:

4

12XI2
1000

600 IOXIO IOO~

9 X9 60 ~
600 f-

w 6X6 w
500 w 60 a::

lL.. <{

7X7 50 ::>
400 z 0

3'39 (J)

(J) 300 0 6X6
lL.. II)
a 30 x

w 0

• z a::
5X5

II)

200 <{

::> a::
0 0 20

<{
(J) ...J

ILl ::>
c..? lL.. 4X4 c..?
II: 0 Z
<{ Z <{

:I: o 3.5X3.5 f-
a 100 a
(/) (/) w

Z 10 II:
0 60 w 3X3 lL..

~
6 0

60 0 <{

2.5X2.5 w
50 6 a::

0. 40 -
-<{

40--- 5 'l.i-'l.
~i-

2X2 /4
30

20

10

6

C>
Z

z
a:
:>....

For oulltl crown nol lubmtrQtd, compult HW by
mel hods described in 1M dtlign pfocfdure

PLE ---~.~-_E~_----

5

6

6

10

20

•
6

5

BUREAU OF PUBLIC ROADS JAN. 196J

HEAD FOR
CONCRETE BOX CULVERTS

FLOWING FULL
n = 0.012

5-31



Cl.I)l/er+ roo b - s-

•
5

I 4
3.30~

t-
u. 3

z
u 2

"0

.. I

CHART /5
~ -----~- I -----...-

...-V--
~ .....

CRITICAL DEPTH -
./ I I

./ RECTA~ GULAR SECTION

/'

o
o 10 20 50 60

BUREAU OF PUBLIC ROADS JAN 1963

V
./

V

V
./

V

V-
I /'

V-
/

V I
....V

l/
V

CRITICAL DEPTH - f--

....V I

1/ RECTANGULAR SECTION

V I I

V UV
II' /f-B-;~

/ BIN FT.

/ q IN C.F.S.

/ .. I I 2J 2

/
de = .315 (O;B)

I I I

13

• 12

t-= I I
u.

z 10

u
"0 9

8

7

6

5

300250

5- 33

100 150

de CANNOT EXCEED 0

16

15

14

4
50

"NOTE

•
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SVERDRUP

JOB 10'1-77 ToyairA
COMPUTATIONS FOR Cb..lv'(.c± ~ 0 b - 6

SHEET NO, ~ OF' _

DATE 7/13/91
BY 1S6o r C:KD 1<0

•

•

,
--":---~I- --.~--

I I.__.......:------'- .....,-- --l.- .2- , . -l- __

--~-----J.- l.. ---... , ~ .__ .1 .J
i , I: i:, i : i

---~'--:-I~,~ _. ' I: :_ ; I _J __. --f-.-----.---- 1- -

~_~lO:~ :188/~ ~_.e!_c~ j -:---l~------- .__1 i i ! ' : : ! j
i----;-- -- ~-J L~ A_.: --1--'-., ,I lli_.-; -nn:~ in -! i. : W,

fn~~ ..~~3 ! 'r!-jJ4~.L~ (../ jL i '=-J..7,.a8~~fs.1--t£i-1 ,-37 +---<D~ .._. uA ~ l\t.~~
1,/ 1111'1

1
! II:~II

: ' I I I J I I • : '_J I I ! I
: I • I l-=-r:: I-..~··---t -: - j . ~ ..---- -; -_.: .. - ._.- -ri ; 'I ! I I

~_i\b:bLr'lfY1:f-?~~ ~~I~t-~· If! lteJ ' ,I, .;
~-~! :P~__ ._~_ .1.. .. _+__ _ I.__.-l.i--J.~:~I_r--'----t---1

, : I I i I: I! I I I ! I
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JOB 40 b-.l7__(~D=::..jYQh. . ._. __. . _

COMPUTATIONS FOR _~t3=.C)>i.-- ~!()'C~ t _!p.O b-:s:-

SH EET NO. (; OF__

DATE ----ZIJ~/5_L_...-..-------
By._Bj~_Q.---CHKD __&'IT". ..__

.. - - -

CFrDY?1 Ft{j '-\-~ XI -= 2. / ~&... No, / 4.)

I
, I

---f'""--1- - -. -.

~'r- --l'..- -+--+-----}L--

. J __.~ ,__ _ _
~c.lc __~_.&ek ... ~ (c. €-• - -~---~ ---.-.-.

For Yo .-:=._j,P3:> / .: . dso ~ 4 t? dY" 0, '53'/

J!;>"?Jt1 .,= oJ g./ ~ 0, ~ '2 - j:F:. - /, ~7.
- ~ /~~' /

.-.-- _...._.-.,

-=.. 0,72-

•
Lc..nJf4 o-P eo.£ /J1

• /0 h5 = 10 (0,7"2. \,)

"3 ( 10) '30 /

--,:.:::=-:-._...~.-......._.-..-----



I

•
CULVERT BRINK Vave

DESIGN DISCHARGE - Q

WETTED AREA AT BRINK OF CULVERT

3

d50 = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye EQUIVALENT BRINK DEPTH

BRINK DEPTH FOR BOX CULVERT

=(6.) 1/2 FOR NON-R ECTANGULAR
2 SECTIONS

2

V~ve

V(32.2)(Y e )
FROUDE I\,UMBER

3

<t SECTION

h s
NOTE: 2 ( < 4- d

SO

TW
~I OJ IF y > 0:75L >-

0

w
RIPRAP MAY BE REQUIRED--l 2

0 ON BANKS AND CHANNEL

• I
BOTTOM DOWNSTREAMa:
FROM BASIN - SEE OESIGN:J

0 EXAMPLE IN TEXT.u
VJ

u..
0
I
l-
e..
w
0
w
>-
I-
<l: 0
--l
W
a:

0.17-

• FIGURE Xl-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF

CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE

XI-H
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Box 4v.(u-(£t ~o 1-:;

SHEET NO. <6 OF _

DATE I Irs-Itt!, r ~
BY eno CHKD!< \f I

•

•
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JOB_*-i77 7Oyoica
COM PUT A T IONS FO R J:Jv;. J1;y;) 'b~QA:::L---oL

&I~t (PO b - S-

SHEET NO. _.LOF _

DATE 7/ /~1-'iL- .-
~'>- 7 D;:-T

By-.D.IlJ~CHKD-~ -----

•

•

C4e-/c £;of~' ~~

Q 10 ~ 8/ Js

Q /() 0 "=". ~ 3 :1 ~~

(:= .~" I 0 ~ I ;V~{o~:~ ~
. 1 ' I I I

- -_..- - --',-- --. ;.. - ~. - I- ; - j ! I

~_.._--;- ~----'--;-'+--i--'i---:- 1-----;
, ,

..

I---- ._-;
i
I
I

():~'-, f

·1

- i
,

,

-- ._... ~
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JOB __..Lt...:..~_4:"'-/"':"'-)=----J~~e;~a~h--~=--______ SHEET NO. () OF _

/" DATE 7-21J-C((

COMPUTATIONS FOR _-"=C-~'''1-=-/~()~w:....:...-.~O...:::cJ~/)~-~s--.!...-A...:..:'(d~.,~Ui~ 1310 ~I.LJ BY C H K D -+-->~-----!...---

H 0 r S"'h-.. / /21- 'f> It.B

J &r-o.e4 r., Ie- ~ Arco.. to
//((A{cJ, Ex;d.;,., 2:.-~'"

••

•

//2.-1-6.0 VI/ex!- ~-~~~~-=-=-.../

Olle (jCiUe( /(/1IJ){4IH~ )&O':L
80x (v. (vrrf ft'r Ai)OT S-I./..

~-02.IO

OIA+/e-{ (tJ'r'..

AOol >1',), B- Ob'/V

Oe.t. J leT WIt\Jf so'

,4 )0''''' ~':-.,l, b· 04.tO

Sc/ C,hcil1 'ie ( -
Trc::l/'?sl"n~

rrJ~f.c.t, £x;sf
et:.-A 11 i1 c. I

1---

P/t~{I/l V; -e' q)

Culv~rt 00 b-5
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SECTION ~.R TW6iJiJ5 7/,. It
STAGE: 41
WET PER. 0.0 30.2 33.0 2.6 1.'7 1.9 1.8 1.6 2.0 0.0 0.0 0.0
AREA 0.0 3.9 5.7 2.6 0.7 0.7 0.8 2.0 1.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.2 1.0 0.4 0.4 0.4 1.3 0.5 0.0 0.0 0.0
Q a a 8 16 a 1 2 15 3 a a a

STAGE: 41.2
WET PER. 0.0 53.5 56.2 2.6 1.7 3.6 5.6 1.6 2.4 0.0 0.0 0.0
AREA 0.0 12.3 14.6 3.1 0.9 1.2 2.2 2.3 1.4 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.3 1.2 0.6 0.3 0.4 1.5 0.6 0.0 0.0 0.0
Q a a 27 22 a a 6 19 4 a a a

STAGE: 41.4
WET PER. 0.0 76.8 79.5 2.6 1.7 3.6 5.6 1.6 2.7 60.7 62.3 0.0
AREA 0.0 25.3 28.1 3.6 1.2 1.8 3.2 2.6 1.7 3.9 4.1 0.0
HYD.RAD. 0.0 0.7 0.4 1.4 0.7 0.5 0.6 1.7 0.7 0.1 0.1 0.0
Q a a 63 29 a a 10 23 6 a 3 a

STAGE: 41.6
WET PER. 1.2 95.4 98.1 2.6 1.7 3.6 5.6 1.6 2.7 86.8 90.9 0.0
AREA 0.0 42.9 46.2 4.2 1.5 2.5 4.2 3.0 2.2 22.3 23.0 0.0
HYD.RAD. 0.0 0.4 0.5 1.6 0.9 0.7 0.7 1.9 0.8 0.3 0.3 0.0
Q a a 126 36 a a 15 28 a a 42 a

STAGE: 41.8
WET PER. 5.9 100.1 102.8 2.6 1.7 3.6 5.6 1.6 2.7 86.8 93.3 0.0
AREA 0.7 62.4 66.3 4.7 1.8 3.2 5.1 3.3 2.6 39.6 41. 3 0.0
HYD.RAD. 0.1 0.6 0.6 1.8 1.1 0.9 0.9 2.1 0.9 0.5 0.4 0.0
Q a a 223 44 a a 22 33 0 a 108 a

._---
I

W.S. Elev. 39.8 40 40.2 40.4 40.6 40.8 41 41.2 41.4 41.6 41.8
Q a 1 4 10 18 28 46 78 134 247 430
A 0.1 0.5 1.6 3.0 4.7 6.9 12.8 23.6 43.4 80.5 120.6
V 0.9 2.1 2.7 3.3 3.9 4.1 3.6 3.3 3.1 3.1 3.6

---\JJ
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SHE;:ET NO.

OAT E ~.....;....z:::....-I-.L-J"-

BY CHKO~~~-L

•
CULVERT COMPUTATION SHEET

('

tJ:l

PROJECT: DESIGNER:

STATION: /0 B -/');0 lOVed Tv;.., ck.. DATE:
i

HYDROLOGIC AND CHANNEL INFORMATION SKETCH

2031/" ", 339 cr~
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02 I CHECK DISCHARGE, SAY Q~O MEAN STAEAM. VELOCITY. Z,(6,rloq
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CHART I

,30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

(PO t - 4

5-21

BUREAU OF pu8L1C ROADS JAN 191:),}

,.- 12

I-- 11
.- 600

~ 500

(I) (2) (3)

~ 10
EXAMPLE ,.-8 .-9 .- 10

- 400 5',2' Bo. 0' 75 cis -F=..-7
1-8 ~

O/B 15 cls/I t, ~7 ~ 8

1--9

~6

'- 300 I n It t
HW HW ~ 7
0 feet

~6

~5 1-6

1--8

(I) 1.75 '.5 -5

- 200
(2) 1.90 3. B ~4

~ 5

(3) 2.05 4.1 -4

~7 '-
~ 4

~3

I- 3

I- - 100

~ 3

1-6
0
0 -
u... ...... 80

0-
a:: -

....... ~2 -- .

w
;t ~2

a.. ~ 60
I -- --

1-5
- I- 2

<fl-
u... ~ 50

/1-
<..) // ~

~ 1.5

I- -
w

z ~ 40 '., '3Cf I- 1.5

w
u.. <../

I ~ 1.5

z -.,
c~

~ 30
u..

- ~ .j/ 0....
~\>

0- I ./
(f)

-
X

I-
.<

a ~20/
l.:.

0 - 'J

CD
;t //

r- I.O

u..
0

0;I-
Z ..

I-
- I- 1.0

-_ ..

-3 //w

..9 ~ 1.0

'"""'~
I

/ c.:> Winq'llfoll --
I-

a:: ~ 10
a...

/ ~

Flore ~ W .9 I- .9

/ ~
0 - .8

I

/ <..) I- 8 'l:

/
<fl

I-
W

0
I- ~,7

~ .8 f-: .....e.

/
I- 6

~

u.. 3

/
0

I- 5
a

0 HW WINGWALL
~ '- .7

~
- SCALE w

I- .7

l- I- 4 D FLARE I I- .6

~

a:: (I)

1-3

~O· 10 75'

(2) 90· and 15- - .6 .......6

(3) O· Intension" ~ ,5

I- 2
of sides)

~

I- ,5 f-- .5

To uu scolt (Zl or (3) project

"arizonlally 10 scolt (I), then

use slroi;hl inclined lin. tl"lrOU9 h ~ .4

1-1
o Qnd 0 Holu tor ''\It ,se 0\

I-
illu," I' ot .d.

I- .8
I- .4 f--4

l-

I- .6

~I '- .5
.35 .35

.~

•

•

•



•
5000
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CHART 8
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4000
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SUBMER<;£O

-+-q~-
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OUTLET CULVERT FLOWING FULL
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600
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w BX8 w
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COMPUTATIONS FOR•
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CULVERT BRINK V ave

DESIGN DISCHARGE - Q

WETTED AREA AT BRINK OF CULVERT

FIGURE Xl-2. RELATIVE DEPTH OF seous HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZ= OF RIPRAP AS A THIRD VARIABLE

3

3

Ye EQUIVALENT BRINK DEPTH

BRINK DEPTH FOR BOX CULVERT

=(~) 1/2 FOR NON-RECTANGULAR
2 SECTIONS

dSO = THE MEDIAN SIZE OF ROCK
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2

V ~ve
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o
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EXAMPLE IN TEXT.
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SECTION.ER 7/_ . •TW60D4

Channel Slope: O. 0072 ft./ft.

CROSS SECTION DATA:
OFFSET 17.9 111.7 112.1 115.3 117.1 137.6 139.3 143 144.7 222.5 265 275 431
ELEV. 41.67 40.45 39.81 39.51 40.56 39.9 39.12 33.91 40.39 40.58 40 40 42
N N/A 0.035 0.035 0.025 0.025 0.035 0.035 ~025 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 39
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.1 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0" a 0.0 0.0 0.0 0.0
Q a a a a a a a a a a a a

STAGE: :;9.2
WET PER. 0.0 0.0 0.0 0.0 ). a 0.2 3.7 0.4 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0
Q a a a a a a 1 a a a a a

STAGE: 39.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.7 3.7 0.8 0.0 0.0 0.0 0.0
AREA 0.0 0.0. 0.0 0.0 0.0 0.1 1.4 0.1 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.2 0.0 0.0 0.0 0.0
Q a a a a a a ,1 a a a a a
STAGE: 39.6
WET PER. 0.0 0.0 1.0 1.1 0.0 1.2 3.7 1.1 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.1 0.0 0.3 2.2 0.3 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.2 0.6 0.3 0.0 0.0 0.0 0.0
Q a a a a a a 8 a a a a a

STAGE: 39.8
WET PER. 0.0 0.0 3.1 3.7 0.0 1.6 3.7 1.4 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.4 0.5 0.0 0.5 2.9 0.5 0.0 O. D· 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.0 0.3 0.8 0.3 0.0 0.0 0.0 0.0
Q a a a 1 0 1 12 1 a a a a

STAGE: 40
WET PER. 0.0 0.2 3.2 4.2 3.1 5.Q 3.7 1.7 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.1 1.3 0.2 1.0 3.5 0.7 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.3 0.3 0.0 0.2 1.0 0.4 0.0 0.0 0.0 0.0
Q a a a 3 a 1 18 1 a 0 a a



SECTION_ER TW60D4 7/1 •
STAGE: 40.2
WET PER. 0.0 0.5 3.2 4.6 9.3 11. 2 3.7 2.0 0.0 14.7 24.7 40.3
AREA 0.0 0.0 1.7 2.1 1.4 2.6 4.4 1.0 0.0 1.5 3.5 5.0
HYD.RAD. 0.0 0;1 0.5 0.5 0.1 0.2 1.2 0.5 0.0 0.1 0.1 0.1
Q 0 0 0 6 0 3 25 2 0 0 0 5

STAGE: 40.4
WET PER. 0.0 0.7 3.2 5.0 15.5 17.4 3.7 2.3 6.3 29.3 39.3 70.5
AREA 0.0 0.1 2.4 3.0 3.9 5.4 5.1 1.3 1.3 5.9 9.9 16.1
HYD.RAD. 0.0 0.2 0.7 0.6 0.2 0.3 1.4 0.6 0.2 0.2 0.3 0.2
Q 0 0 0 11 0 9 32 0 2 0 0 22

STAGE: 40.6
WET PER. 11.5 12.3 3.2 5.3 20.5 22.4 3.7 2.3 80.1 122.6 132.6 179.4
AREA 0.9 1.1 3.0 4.0 7.6 9.4 5.9 1.6 10.6 23.7 29.7. 43.8
HYD.RAD. 0.1 0.1 0.9 0.8 0.4 0.4 1.6 0.7 0.1 0.2 0.2 0.2
Q 0 1 0 17 0 19 40 0 0 0 0 62

STAGE: 40.8
WET PER. 26.9 27.7 3.2 5.3 20.5 22 .4 3.7 2.3 80.1 122.6 132.6 195.0
AREA 4.7 5.0 3.6 5.0 11. 7 13.9 6.6 2.0 26.5 48.1 56.1 81.1
HYD.RAD. 0.2 0.2 1.1 0.9 0.6 0.6 1.8 0.9 0.3 0.4 0.4 0.4
Q 0 6 0 24 0 36 49 0 0 0 0 163

STAGE: 41
WET PER. 42.3 43.0 3.2 5.3 20.5 22.4 3.7 2.3 80.1 122.6 132.6 210.6
AREA 11. 6 12.0 4.3 6.0 15.8 18.3 7.3 2.3 42.4 72.5 82.5 121. 5
HYD.RAD. 0.3 0.3 1.3 1.1 0.8 0.8 2.0 1.0 0.5 0.6 0.6 0.6
Q 0 18 0 33 0 58 58 0 0 0 0 304

4~;-1W.S. Elev. 39 39.2 39.4 39.6 39.8 40 40.2 40.4, 40.6 40.8
Q 0 1 4 8 15 24 41 76 139 278
A 0.1 0.7 1.6 2.7 4.4 6.6 15.1 31.1 64.2 111. 6 165.2
V 0.6 1.6 2.5 3.1 3.4 3.6 2.7 2.4 2.2 2.5 2.9



r-. •
Crf)~~S ~~ec\ion - 'TW Cui t"ilJ [)-4 •

c
B
o
Ji!
W-'

112 - r

!41.5 --;-

41

'10.5

40 -.--

Iii

",-
".

",
"-,

"-.,.

"-

"'"""-

""'"","

~

~''','''.I

~

g

'\
\.•

\

,//
///

/
//_..._-"~ //

--~~.-...- ,--
~--- ''''~ /

.----.

D

//
/

//
/

39.5 -~-

39

I!I

•
\
\
I!l

38.5 _. - 1-------- ---.----- 1-' -- -------- --- -- !--- ·---1---- ----- --- -1-·-----_·- -,---1 --_.-.--- 1------_·-
o 50 100 150 200

Offset (ft.)

250 300 350 400



••• (,

"
'"

.
"
.
~
-
-

~

:
~
i

!
'[-....~
I

____
:

t'----
-
-
-
-
-
-
-
-
'-

-
-
-
-
-
-
-
-
-
',

'-
-
-
-
-
=

'1
1

,
:
:
-
-
-
'-

'-
-
-
-
-
-
-
-
'-

-
-
-
+

-
-
-
-
-
-
-
-
;
-

I
.........

I
;

I
~
i

I
I

'-........:
I

I
-..;

I
I
'

I
:",---

,
I
,

.........'l
I

.
1

I
\
i
-
-
-
-
f
-
-
-
-
+

-

\1\Ji\I
~_c---+-

I
•

I
\

I
\

!
\

t
.

I
I

\
I

!
\

I

~•1\1
\

t-
-_

_
-
-
'

-
'-

-.,...
---'-

-+
-

-"-
~

_
_

_
'.

!
!
!
-
-
-

......

\\\\\\\
-
'
-
-
-
-
-
-
-
'
-
-
-
-
-
-
-
-
,
-
.
_

-
-
-
-
-
-
-
,
-
-
;
:
-
-

\\\\
Ii

·'-
-
-
-
-
-
-
-
..,e

-
-
-
-
-
-
-
-
-
i-

-
-
-
-
'-

-
-
-
+

·-
-
-
-
-
-
-
'-

-
-
if-

'

I
I

'II
I

.
-
-
-
-
-
-
.
-
-
,
-
-
-
-
-
,
-
-
-
-
+

-
-
-
-
+

-
-
-
-
-
,
-
-
-
-
-
-
-
,
-
-
-
-
'-

-
-
-
-
-
;
-
.
-
-
-
.
r
.
-
-
-
7

-


1
!

i,
,

\i\!11IiI'
-
-
,
-
-
-
-
-
'
-
-
-
-
-
-
+
-
-
-
-
-
;
-
-
-
-
-
,
-
-
-
-
-
-
-
,
-
-
-
-
-
-
-
-
-
-
+
-
-
-
-
E
l
~

I:I'"I'"i~
-
-
-
-
-
-
-
-
-
+

-
-
-
-
I
l
l
-~I

iIiI
.

I
!

I
i

-
-
-
-
,
-
-
-
-
-
'-

-
-
-
-
;
-
-
-
-
-
r
-
-
-
-
-
'-

-
-
-
-
I
l
I
-
-!

No"

....

ool[)

o1.[1

'"
ol.()
("

)

0
0

0
o

l.n
0

(")
N

(\J

(sp;
35JG~;)s!O

oo
cI.[)

o



•

Elevation vs. Storage - Node 60 0

1648

1647

• 1646

c:::
.2
"0 1645>

Cl.>w

1644

1643

1642

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

•

Cumulative Storage (acre ft)



SVERDRt

JOB 1047&VO'~
I

COMPUTATIONS FOR Cb~.-CUL..-y-i- &'0 h- ~ ~

SH EET NO OF _

DATE ~91
BY 'eta CHKD K crr •

CULVERT COMPUTATION SHEET

PROJECT: __~ ~ DESIGNER:

STATION: 101'1 </0 I Ollt). ( T f'\ ( I,
i

DATE:

SKETCH

1(,5'2-.4r..:.

TW, • 2,4/ £,J(/~.t. ~~c';<'IUI( AJ. __ TW.~;'
TWz • j I

EL. 1&.'31,~o EL. 31.'Z."Z. t

/
A.D<:.J _ 'L
vI' ~I V .>7, H1,I.<:....J

?~CJ c~°1 •
02. •

HYDROLOGIC AND CHANNEL INFORMATION
20 !4/,:: 319 c-f;

DRAINAGE AREA

'P-e4k ()~1/~f-1/~;cl,ay'"J~
So. ,00$'0 '%

L •
/30/ LIIOO SO •( 01 • DESIGN DISCHARGE, SAY ~ ) Q /00

02 I CHECK DISCHARGE, SAY Q~o MEAN STREAM. VELOCITY. '3',2. £Js-
CULVERT HEADWATER COMPUTATION ..J >-

CAP. 0 ~ ~ I I >DESCRIPTION INLET CONT, OUTLET CON TROL HW -H+ho -L50 r:r:: ~
10.1- ~ ·loJ° CHART ...Ju II) ICOf04"EHT!~:I: ~ 0 0 :I: ..J

ENTR, HW HW dc + D :J ...J U 0...,
SIZE I HW K. H de TW "0 LSo HW 0 010.1

TYPE D 2
u >

I) ~r~JI1:)~e 331 1,31 S-:5~ 0."2.. ~,50 '3.'-5 '2,4- '5,~S O,t,f l.t>r
,..

/2.71 Ilb4~O(, ITc~M10',,4 1 },., ~r / ,ta5 >S,

SUI.oURY a RECO ....ENDATIONS U5-~ ~~.P~c~ V(fJt"7..~.)...J ~(<--I"S( t~r,'..:..,>, ~ o-o..-f&.+ ert)S'1 ;0ro rh- C" 'if;~ .

OJ ....
\ I

......



CHART I

.30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

5-21

o
aJ

U.
o
t
I
19

W
I

BUREAU OF" PuBuC ROADS JAN /9')3

,- 12

I- II
,- 600

- 500
(I) (2) (3)

'- 10
EXAMPLE ,-8 ,-9 ,- 10

- 400 5'.2' 801 0,75cfs --F- 7
I- 8 '-

0/8 15 cis/ft. 1-7 '- 8

~9 ~ HW
'-6

- ~OO Inlet -6 >- 7
0 feet

'-5 -6

'-8

(I) 1.75 1.5 - 5

- 200
(2) 1.90 3.8 1-4 I- 5

(3) 2.05 4.1 -4

'-7 -
- 4

-3
~ 3

t- - 100

- 3

'-6
0
0 '-
U.

I- 80
0-

a: "- F.-2 --

w - ;t - 2
Cl. I- 60

~ --- --
~ 5

- 2

(/l-.

u. ~ 50
/t-

0 // ~
I- 1.5

t- -
w

z - 40 1.3CJ - 1.5

w
I '- 1.5

u. 'v/UJ u.

Z
'-. - 30... S. P 0

- ~'"
0-

'vi- if)

- I /'t-
.~

X 0 -- 20/
L:

~

lJ 1.0

~/
i-

0 ...
Z ..- -_.'

t- .9 ~ 1.0 - 1.0

- 3 .../w """'~
I

/ 19 Winqwoll --
t-
o...

0: I- 10 Flore --Po- W - .9 - .9
/ ~

- .8

/ I - 0

/ 0 - 8 .x
if)

w

/ 0
- - .8 ::~t- ;"-.7

/
- 6

<I

U.
~

/
0 - 5

0

0 HDW SCALE
WINGWALL

~ - .7 - .7

~
-

w
t- - 4 FLARE I - .6
~

0: (I) )0· 10 75·

-3
(2) gO·ond IS- - .6 - .6

(3) 0" (utensions I- .5

- 2
or ,ide s)

'- .5 f- .5
l- To UB \Cole {2l or (3) project

horizonlolly to scole (I), tt\en

use 5lroiqnt inClined lint ItHOUQh ~ .4

'-I
o and 0 Icoles, or reytrse 0\

'-
illus I rot ed.

- .8
. - .4 -.4

I-

'- .6

-I - .5
.35 .35

-

•
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• CHART 8

5000

10

20

8

. .4

.5

.6

.8

1.0
t-
I.lJ
I.lJ
U.

I.t,-)"

J: 2

0
<l:
I.lJ 3
J:

4

5

6

-+-.q~-
Slop.So-~

OUTLET CULVERT FLOWING FULL

HW· H. ho-LSo

For outlel (ro_n nol lubmtrQtd. compute HW by
mtlhodl 6 ... crib4d in Ih, dtaion procedure

SUBMERGED

---=-·T 7
Hwi

-""'74\~

3000

2000

4000

12XI2
1000

800 10 XIO 100 f-
I.lJ

9 X9 60 I.lJ

600 u.
t-
I.lJ 8X8 I.lJ

500 lLJ 60 cr
u. <l:

400 7X7 50 ::::>
z 0

"S39
(/l

(/l 300 0 6X6
u. CD
0 30 x

I.lJ 0
Z cr

5X5 cD

• .200 <l:
::::> cr

0 0 20 <l:
(/l ...J

I.lJ ::::>
<:) u. 4X4 <:)

cr 0 Z
<l: Z <l:
:r: o 3.5X3.5 t-
o 100 0
(/l (/l I.lJ

Z 10 cr
0 60 I.lJ 3X3 u.

:::E 8 0

60 0 <l:

2.5x2.5 I.lJ

50 6 cr

0. 40 -
_<l:

40--- 5 i-'l.
J:::(i-

2X2
~ ~O

30

oJ

20
z
...J

'"Z
Z
a:
::>....

10

8

•
6

5

BUREAU OF PUBLIC ROAOS JAN. 196~

HEAD FOR
CONCRETE BOX CULVERTS

FLOWING FULL
n = 0.012

5-31
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JOB 40 47_1 TOy.Q~__.._._.. _

COMPUTATIONS FOR __t$~~/u-c'c..t~Q.J2~

~·f· -.
,

SHEET NO..._.__~._ .. OF_

DA TE _ ..__._7/13/ C;!- ..__..
By.__8})Q. CHKD K~. -

.'3: /' . -- . ! ::. Zt. 6 /

,
0":T --- 1

.j .•,

• err
-::> (I., \

'::> VV o ) ::

/ 0 (0.71 \) - 7, 1- /

'3(10) - '30/
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3
<t SECTION

bO 'D - 3

DESIGN DISCHARGE - Q

Vave WETTED AREA AT BRINK OF CULVERT

d50 = THE Mr.DIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye EQUIVALENT BRINK DEPTH

BRINK DEPTH FOR BOX CULVERT

=(~) 1/2 FOR NON-R ECTANGULAR
2 SECTIONS

I

V ,lYe

V(32.2)(Y e }

~I Q)
L >-

W
-I 2

• 0
I

a:
:::J
0
U
C/)

lL

0
I
f-
0...
W
0
W

>-
f-
<l:
-I
W
a:

0.72-

I

•

h
S

NOTE: 2 < < 4
- d50

TW
IF Y > <Y.75

o

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.

-o·

FROUDE :'~UMBER

2 3

FIGURE Xl-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZ= OF RIPRAP AS A THIRD VARIABLE

XI -14
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SECTION NttER T'N60D3 7fll •
Channel Slope: 0.0078 ft./ft.

CROSS SECTION DATA:
OFFSET 20 167.7 259:6 262.3 267.3 269.8 361 362.2 363.2 369.4 450
ELEV. 41. 7 40.41 40.15 38.05 38.46 39.67 39.8 39.56 39.73 40.01 41. 7

-~N N/A 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 38.1
WET PER. 0.0 0.0 0.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 38.35
WET PER. 0.0 0.0 0.5 3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 1 0 0 0 0 0 0 0 0

STAGE: 38.6
WET PER. 0.0 0.0 0.9 5.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 4 0 0 0 0 0 0 0 0

STAGE: 38.85
WET PER. 0.0 0.0 1.3 5.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.4 3.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 11 0 0 0 0 0 0 0 0

STJl.GE: 39.1
WET PER. 0.0 0.0 1.7 5.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.7 4.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.4 0.8 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 20 1 a 0 0 0 0 0 0

STAGE: 39.35
vJET PER. 0.0 0.0 2.1 5.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.1 5.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 3 31 2 0 0 0 0 0 0 0

.....-..



-----

SECTION_ER TYV60D3 7/tt •
STAGE: 39.6
WET PER. 0.0 0.0 2.5 5.0 2.6 0.0 0.2 0.2 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.5 6.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.6 1.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 4 43 3 a a a a a a a

STAGE: 39.85
WET PER. 0.0 0.0 2.9 5.0 2.8 94.0 95.2 1.0 2.7 0.0 0.0 0.0
AREA 0.0 0.0 2.1 8.0 2.0 12.5 12.7 0.2 0.2 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.7 1.6 0.7 0.1 0.1 0.2 0.1 0.0 0.0 0.0
Q a 0 6 57 0 0 12 0 0 0 0 a

STAGE: 40.1
WET PER. 0.0 0.0 3.3 5.0 2.8 94.0 95.2 1.0 6.2 10.5 0.0 0.0
AREA 0.0 0.0 2.7 9.2 2.6 35.9 36.4 0.5 1.4 1.6 0.0 0.0
HYD.RAD. 0.0 0.0 0.8 1.8 0.9 0.4 0.4 0.4 0.2 0.2 0.0 0.0
Q 0 a 9 73 0 0 72 1 0 2 0 a

STAGE: 40.35
WET PER. 0.0 70.7 74.1 5.0 2.8 94.0 95.2 1.0 6.2 22.4 0.0 0.0
AREA 0.0 7.1 10.4 10.5 3.2 59.3 60.1 0.7 3.0 5.7 0.0 0.0
HYD.RAD. 0.0 0.1 0.1 2.1 1.2 0.6 0.6 0.7 0.5 0.3 0.0 0.0
Q 0 a 11 90 a 0 166 3. a 9 a a

STAGE: 40.6
WET PER. 21.8 113.7 117.1 5.0 2.8 94.0 95.2 1.0 6.2 34.3 0.0 0.0
AREA 2.1 31.5 35.5 11. 7 3.8 82.7 83.8 1.0 4.5 12.8 0.0 0.0
HYD.RAD. 0.1 0.3 0.3 2.3 1.4 0.9 0.9 0.9 0.7 0.4 0.0 0.0
Q a a 60 109 a a 289 5 a 25 0 0

W.S. E1ev. 38.1 38.35 38.6 38.85 39.1 39.35 39.6 39.85 40.1 40.35 40.6
Q 0 1 5 12 22 35 SO 76 157 278 488
A 0.0 0.6 1.9 3.5 5.4 7.4 9.6 23.1 50.4 87.5 144.9
V 0.4 1.4 2.4 3'.4 4.1 4.7 5.2 3.3 3.1 3.2 3.4

r
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SECTIONN.R TWGOD2 7fl_ •
Channel Slope: 0.0103 ft./ft.

CROSS SECTION DATA:
OFFSET 47.5 . 127 138.3 138.9 139.8 141. 5 163.5 166.1 168 238.6 300
ELEV. 40.96 39.65 38.31 37.95 ~ 38.37 38.81 38.38 39.16 40.42 42
N N/A 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 37.9
\'IET PER. 0.0 0.0 0.0 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 38.15
viET PER. 0.0 0.0 0.4 0.9 1.0 0.0 ::l.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 1 0 0 0 0 0 0 0 0

STAGE: 38.4
WET PER. 0.0 0.8 1.5 0.9 1.8 3.3 0.1 0.2 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.5 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 2 0 1 0 0 0 0 0 0

STAGE: 38.65
WET PER. 0.0 2.9 3.6 0.9 1.8 15.8 1.7 2.4 0.0 0.0 0.0 0.0
AREA 0.0 0.5 0.8 0.7 0.9 2.9 0.2 0.3 0.0 0.0 0.0 0.0
HYD.~AD. 0.0 0.2 0.2 0.7 0.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0
Q 0 0 1 3 0 4 0 0 0 0 0 0

STAGE: 38.9
WET PER. 0.0 5.0 5.7 0.9 1.8 23.8 26.4 27.8 0.0 0.0 0.0 0.0
AREA 0.0 1.5 1.9 0.9 1.3 8.2 9.0 9.3 0.0 0.0 0.0 0.0
HYD.i'AD. 0.0 0.3 0.3 1.0 0.8 0.3 0.3 0.3 0.0 0.0 0.0 0.0
Q 0 0 4 5 0 0 0 19 0 0 0 0

STAGE: 39.15
WET PER. 0.0 7.1 7.8 0.9 1.8 2:.8 26.4 28.4 0.0 0.0 0.0 0.0
AREA 0.0 3.0 3.6 1.1 1.8 14.1 15.5 16.3 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.4 0.5 1.2 1.0 0.6 0.6 0.6 0.0 0.0 0.0 0.0
Q 0 0 9 8 0 0 0 48 0 0 0 0



SECTIONN.R T\iV60D2
7/,_ •

STAGE: 39.4
WET PER. 0.0 9.3 10.0 0.9 1.8 23.8 26.4 28.5 41.9 0.0 0.0 0.0
AREA 0.0 5.0 5.8 1.4 2.2 20.0 22.1 23.3 24.9 0.0 0.0 0.0
HYD.RAD. 0.0 0,5 0.6 1.5 1.2 0.8 0.8 0.8 0.6 0.0 0.0 0.0
Q 0 0 17 11 0 0 0 0 76 0 0 0

STAGE: 39.65
WET PER. 0.0 11.4 12.1 0.9 1.8 23.8 26.4 28.5 55.9 0.0 0.0 0.0
AREA 0.0 7.6 8.5 1.6 2.6 25.9 28.7 30.4 37.1 0.0 0.0 0.0
HYD.RAD. 0.0 0.7 0.7 1.7 1.5 1.1 1.1 1.1 0.7 0.0 0.0 0.0
Q 0 0 29 14 0 0 0 0 122 0 4l. 0

STAGE: 39.9
WET PER. 15.2 26.5 27.2 0.9 1.8 23.8 26.4 28.5 69.9 0.0 0.0 0.0
AREA 1.9 12.3 13.4 1.8 3.0 31.9 35.3 37.4 52.7 0.0 0.0 0.0
HYD.RAD. 0.1 0.5 0.5 2.0 1.7 1.3 1. 3, 1.3 0.8 0.0 0.0 0.0
Q 0 0 36 17 0 0 0 0 188 0 0 0

STAGE: 40.15
WET PER. 30.4 41. 7 42.4 0.9 1.8 23.8 26.4 28.5 84.0 0.0 0.0 0.0
AREA 7.6 20.8 22.0 2.0 3.5 37.8 41. 8 44.5 71.9 0.0 0.0 0.0
HYD.RAD. 0.2 0.5 0.5 2.2 2.0 1.6 1.6 1.6 0.9 0.0 0.0 0.0
Q 0 0 61 21 0 0 0 0 280 0 0 0

STAGE: ',0.4
WET PER. 45.5 56.9 57.6 0.9 1.8 23.8 26.4 28.5 98.0 0.0 0.0 0.0
AREA 17.1 33.1 34.5 2.3 3.9 43.7 48.4 51. 5 94.6 0.0 0.0 0.0
HYD.RAD. 0.4 0.6 0.6 2.5 2.2 1.8 1.8 1.8 1.0 0.0 0.0 0.0
Q 0 0 106 25 0 0 0 0 398 0 0 0

-----
W.S. E1ev. 37.9 38.15 38.4 38.65 38.9 39.15 39.4 39.65 39.9 40.15 40.4
Q 0 1 3 9 29 65 104. 164 241 362 529
A 0.0 0.4 1.2 4.7 12.1 21.0 32.0 47.1 67.9 96.0 131. 3
V 0.5 1.8 2.2 1.9 2.4 3.1 3.2 3.5 3.6 3.8 4.0-

, I?

t
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SVERDRI

JOB 101_ 12ycot q

COMPUTATIONS FOR C"t {V-ex- t (00 b -J M
SHEET NO.

R r' /
BY CHKD\' I

•
CULVERT COMPUTATION SHEET

PROJECT: __~ ~ OESIGNER:

STATION: 9 <j +7(), Ov ~ I Trc. ('.k, OATE:

HYDROLOGIC AND CHANNEL INFORMATION

1..034/~ :- ?3q t~ •

ORAINAGE AREA /0,,8 '>1'~-1

1/ 7 lEx/sf. C,,~~"'"(°1 •
°2 ·

~39 c t.s ·TWI •

TW2 • ~.~-

SKETCH

1
AHW- I 7 Ij - ~w._'.

EL./f-'5C;,~o EL.'21J.J EL. '3g.91 t
"

Pco..L::.- OCA t-/~f b6 c hlfty-e..
(

01 I DESIGN DISCHARGE, SAY~ G( 100
02 I CHECK OISCHARGE, SAY Q!50

So. O,D°S-O '% L. Ii 8 '" L!IOO So •

MEAN STREAM. VELOCITY. 3. '3. f'J"

CULVERT

DESCRIPTION

I.) Cqr~l ~t:r",,)O.11
JO"1(4 1 "3 '3'1 I I'.~1 I ~5"010" <-t-/,~S-13.'3q '3 ·c.s-I/. 7 13.(;5""10,~ 14.1 (!);'5"t,l/z.7

CAP.
CHART CONT. OUTLET CONTROL HW -H+ho -L50

HW HW K, de + 0 I T W I Ho I LSo2
TI1I~

/445:o~ I Ccl1 ft'b I

..J

>- :: I0

~~
UJ- t- I

;,;
...1 0

Z :x: t- 0
I/) ~1tJ

HW 1 0 :> ...I
0 :x: ...I ICOMMEHH

0 oUJ
0 OUJ

>

COMPUTATIONHEADWATER

Q

ENTR.
TYPE

SIZE

SUI....URY a RECO....ENOATIONS ~ dl~ »11")'(,C~ r :prz,o,p I'/UrlP-fJ bo..·;'/~ /:-'" 0 (\1~f e n?,S"I'"d\-1 ton.ire" f 1'~.Y1 .

tJj
, I

......



CHART I

.30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

5-21

2

lL..
o
I-
I
<.:)

W
I

BUREAU OF' PUBUC ROADS JAN 19~~

r-I

f- II
,- 600

f- 500

( I ) (2) (3)

-10
EXAMPLE r-8 ,-9 r- 10

I- 400 5'1. 2' 801[ 0,75 cf, _1=-7 f-8 I-

0/8 , 15 cls/t I. f-7 I- 8

1-9
HW HW

f- 6

I- 300 Inl.t 0
f-6 I- 7

fe.et

. ~5 f-6

1-8

(I) 1.75 3.5 1-5

f- 200
(2) 1.90 3.8 f-4 I- 5

(3) 2.05 4. I 1-4

1-7 I-
1-4

1-3
f- :;

I--
I- 100

I- 3

f-6
0
0 I- d=t=lL..

I- 80
0

a::
'- .- .

w I- 3
u. I- 60

~

1-5 l/l'

I- 2

lL.. r::. 50
/1-

U // ~
I-- -

I- 1.5

w
z I- 40 L1'1 r1.5

w
I

lL.. - p'/
I- 1.5

z t-'"'Zf

,
I- 30

lL..

- £
~~ 0

""\-~

0 I / en

I--
.<

X a I- 20/
l.:

0 - :J

!IJ 3 //
r- I.O

~,,~
z .- -_.'-

1-3 ,,/w

... 9 I- 1.0 t- 1.0

'.""'~
I

/ <.:) Wingwoll --
I--

a:: I- 10
0-

/" <l:
f10re ~ W - .8

I- .9 I- .9

/' I I-
0

/ u I- 8 'l:

if)
w

/
l- I- I-- .8 '":....6

a "-.-.7

/
I- 6

<:l

lL..
3

/
0 I- 5

a

0 H;' SCALE
WINGWALL

<:l I- .7 f- .7

~
- w
I-- I- 4 FLARE I - .6
<:l
a:: (I) 30' to 75'

f-3
(2) 90' ond IS' I- .6 f- .6

(3) O· Intensions I- .5

I- 2
ot sides)

l-
I- .5 I- .5

To IoIst scolt (2) or (3) proj~c1

horizontally 10 seolt (I), then

use slroi9h1 inclined lint IhrouQh .4

1-1
o and 0 ,coin I or reverse as

I-
illus Iro t .d.

I- .8
, I- .4 1-.4

l-

I- .6

LI
l- .5

.35 .35
L

•

•
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CHART 8

5000

4000

to

20

8

. .4

.s
.6

.8

1.0
I-
W
W
IJ.. 1.65"/

I 2

0
<!
UJ 3
I

4

5

6

/

,f
/I •

of () <> ,J?
/I.

For oullet crown nof lubmuQed, compUlt HW by
",_Ihods d.lcrj~d in the d •• ion procedure

SUB"'ERGEO OUTLET CULVERT FLOWING FULL
HW· H. ho-LSo

"'Z
oJ

3000

2000

12 XI2
1000

800 10XI0 100~

600
9 X9 80 ~

I-
w 8X8 w

500 w 60 0::
u.. <!

400 7X7 50 =>
z a

-;;39 UJ

UJ 300 0 6X6
u.. lD
<.) 30 x

w 0

•
z a::

5X5 lD

200 <!
=> 0::.

a a 20 <!
UJ ...J

W u.. =>
<.:> 4X4 <.:>
a:: 0 z
<! Z <!
I o 3.5X3.5 I-
<.) 100 <.)

UJ UJ w

80
z 10 0::

0 w 3X3 IJ..
~ 0
0

8
60 <!

2.5X2.5 w
50 6 cr:

0_ 40 -
<!

040--- J:.:c;.

2X2
/4 ~o

30

20
<.:>
z
Z
0::
:>....

10

8

•
6

5

BUREAU OF PUBLIC ROAOS JAN. 196~

HEAD FOR
CONCRETE BOX CULVERTS
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n =0.012
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JOB 10'177 NYOfu
COMPUTATIONS FOR' Ct......lv-e..r± Co 0 b - /

SHEET NO. 5: OF _

DATE 7/13/9/'

BY 1S6o
r

C~KD K\fJ
======.... ~.,... .. ==-r== r r -

==-Ch~ck MLO·-P-.. -F--.... ~-O-.~--+-~;,J m"'1n?_~~fI~-"1_~_._
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COMPUTATIONS FOR _t$-.QLG-tlu-c-r t ~Q_P-I

~SHEET NO. OF_. ----_

DATE __7JJ3j5J_--
By-BJJQ __ CHKD - &;rT- -

•
__....- __~ _ .;...-. _i . _

~dc_ -~&r:k__ S'(~'e- :(Frz>Y?1 SUl:\-~--- XI - 2. / H& No. /4)
!

-"r - r ------.

For ._ Yo -~-- /,!- 9.3./ --;- - -dso ':: .t:j- - -4Y'" ' 0, ~ '3 /

.J.~'?;>t1 ~ o,~
: Yo /,03
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CULVERT BR/?

TW

Cl SECTION

Vave
DESIGN DISCHARGE - Q
WETTED AREA AT BRINK OF CULVERT

dSO = THE MWIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye EQUIVALENT BRINK DEPTH

BRINK DEPTH FOR BOX CULVERT

=(~) 1/2 FOR NON-RECTANGULAR
2 SECTIONS

V,we

V(32.2)[Y e )

•

•

~I OJ.c >-

W
---1 2
o
I
C(

:J
o
U
'I)

li-

o
I
f-
a..
w
o
w
>
f-
<l:
---1
W
C(

.11..

h s
NOTE: 2 < < 4

- d
SO

IF :W > (Y.75
a

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM !

FROM BASIN - SEE DESIGN/
EXAMPLE IN TEXT.

I

/
i

o·

2 3

(
\'. FIGURE Xl-2. RELATIVE DEPTH OF SCOl.'::' HOLE VERSUS FROUDE NUMBER AT BRINK OF

CULVERT WITH RELATIVE 51Z:: OF RIPRAP AS A THIRD VARIABLE

XI-l<'i
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SECTIONNU. TV/GODl 7/10/. •Channel Slope: 0.0082 ft./ft.

CROSS SECTION DATA:
OFFSET 40 87.5 143.7 159.9 160.5 161.6 164.:!. 179.6 180.4 183.4 185.5 222.2 223 224.5 226

ELEV. 42.4 40.65 40.34 38.56 38.14 38.26 39.21 38.79 38.37 37.99 39.4 38.81 38.43 38.37 39.27

N N/A 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0.035 Cl.025 0.025 0.035 0.035 0.025 0.025

STAGE-DISCHARGE DATA:
STAGE: 38
VIET. PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 C 0 0 0 0 0 0 0 0 0 0

STAGE: 38.2
viET PER. 0.0 0.0 0.0 0.1 0.6 0.0 0.0 0.0 1.7 2.1 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 38.4
viET PER. 0.0 0.0 0.0 0.5 1.1 0.4 0.0 0.1 3.0 3.8 0.0 0.0 0.8 0.8
AREA 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.7 0.8 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 1 0 0 0 0

STAGE: 38.6
VIET PER. 0.0 0.0 0.4 1.1 1.1 1.0 0.0 0.5 3.0 4.1 0.0 0.4 1.5 2.0
AREA 0.0 0.0 0.0 0.2 0.4 0.2 0.0 0.1 1.3 1.5 0.0 0.0 0.3 0.3
HYD.RAD. 0.0 0.0 0.0 0.1 0.4 0.2 0.0 0.1 0.4 0.4 0.0 0.1 0.2 0.2
Q 0 0 a 0 1 0 0 0 0 4 0 0 0 1

STAGE: 38.8
VIET PER. 0.0 0.0 2.2 2.9 1.1 1.5 0.4 1.3 3.0 4.5 0.0 0.9 1.5 2.3
AREA 0.0 0.0 0.3 0.5 0.7 0.4 0.0 0.2 1.9 2.3 0.0 0.1 0.6 0.8
HYD.RAD. 0.0 0.0 0.1 0.2 0.6 0.3 0.0 0.1 0.6 0.5 0.0 0.2 0.4 0.3
Q 0 0 0 1 3 1 0 0 0 8 0 0 0 2

STAGE: 39
vIET PER. 0.0 0.0 4.0 4.8 1.1 2.1 7.8 8.7 3.0 4.8 11. 8 12.7 1.5 2.7
AREA 0.0 0.0 0.9 1.3 0.9 0.7 0.8 1.1 2.5 J.2 1.1 1.4 0.9 1.2
HYD.RAD. 0.0 0.0 0.2 0.3 0.8 0.3 0.1 0.1 0.8 0.7 0.1 0.1 0.6 0.5
Q 0 0 0 2 4 1 0 1 0 13 0 1 0 4



·' -

SECTIONNa TW60Dl 7/10. •STAGE: 39.2
WET PER. 0.0 0.0 5.9 6.6 1.1 2.7 15.1 16.0 3.0 5.2 24.3 25.1 1.5 3.1
AREA 0.0 0.0 1.9 2.4 1.1 1.2 3.1 3.6 3.1 4.2 4.7 5.2 1.2 1.8
HYD.RAD. 0.0 0.0 0.3 0.4 1.0 0.4 0.2 0.2 1.0 0.8 0.2 0.2 0.8 0.6·
Q 0 0 0 5 6 3 0 5 0 19 0 7 0 7

STAGE: 39.4
WET PER. 0.0 0.0 7.7 8.4 1.1 2.7 18.2 19.1 3.0 5.6 36.7 37.6 1.5 3.3
AREA 0.0 0.0 3.2 3.8 1.3 1.7 7.9 8.5 3.7 5.1 10.8 1l.5 1.5 2.4
HYD.RAD. 0.0 0.0 0.4 0.5 1.2 0.6 0.4 0.4 1.2 0.9 0.3 0.3 1.0 0.7
Q 0 0 0 9 8 0 0 19 0 26 0 20 0 10

STAGE: 39.6
WET PER. 0.0 0.0 9.5 10.3 1.1 2.7 18.2 19.1 3.0 5.6 36.7 37.6 1.5 3.3
J\_REA 0.0 0.0 4.9 5.7 1.5 2.2 1l.5 12.3 4.3 6.2 18.2 19.0 1.8 3.0
HYD.RAD. 0.0 0.0 0.5 0.6 1.4 0.8 0.6 0.6 1.4 1.1 0.5 0.5 1.2 0.9
Q 0 0 0 15 10 0 0 35 0 36 0 46 0 15

STAGE: 39.8
WET PER. 0.0 0.0 11. 4 12.1 1.1 2.7 18.2 19.1 3.0 5.6 36.7 37.6 1.5 3.3
AREA 0.0 0.0 7.0 7.9 1.8 2.7 15.1 16.0 4.9 7.2 25.5 26.5 2.1 3.6
HYD.RAD. 0.0 0.0 0.6 0.7 1.6- 1.0 0.8 0.8 1.6 1.3 0.7 0.7 1.4 1.1
Q 0 0 0 23 13 0 0 55 0 46 0 80 0 20

STAGE: 40
WET PER. 0.0 0.0 13.2 13.9 1.1 2.7 18.2 19.1 3.0 5.6 36.7 37.6 1.5 3.3
AREA 0.0 0.0 9.4 10.4 2.0 3.2 18.7 19.8 5.5 8.2 32.8 34.0 2.4 4.2
HYD.RAD. 0.0 0.0 0.7 0.7 1.8 1.2 1.0 1.0 1.8 1.5 0.9 0.9 1.6 1.3
Q 0 0 0 33 16 0 0 78 0 57 0 122 0 26

W.S. E1ev. 38 38.2 38.4 38.6 38.8 39 39.2 39.4 39.6 39.8 40
Q 0 1 4 12 25 50 97 179 299 449 627
A 0.0 0.6 2.1 4.6 9.5 20.2 38.9 64.3 92.2 121. 3 151.6
V 0.2 1.2 2.0 2.5 2.6 2.5 2.5 2.8 3.2 3.7 4.1

-
~

'--------- --- -------
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•
268.7
38.59
0.035

269.8
38.04
0.035

272 .1
38.1

0.025

273.9
38.69
0.035

286
39.24
0.035

340
42

0.035

•
370

42.4
0.035

-~,

•
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0 0 0 0 0 0 0 0 0

0.0 0.4 2.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0 0 0 0 0 0 0 0 0

0.0 0.8 2.3 1.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0

0 0 2 0 0 0 0 0 0 ('

0.6 1.9 2.3 1.6 0.0 0.0 0.0 0.0 0.0 0.6
0.0 0.3 1.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.2 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0

0 0 4 1 0 0 0 0 a 0

13.2 14.4 2.3 1.9 4.3 0.0 0.0 0.0 0.0 13.2
1.4 1.9 1.7 0.7 0.9 0.0 0.0 0.0 0.0 1.4
0.1 0.1 0.7 0.4 0.2 0.0 0.0 0.0 0.0 0.1

0 2 7 0 1 0 0 a 0 0

25.8 27.0 2.3 1.9 8.7 0.0 0.0 0.0 0.0 25.8
5.3 6.0 2.1 1.1 2.1 0.0 0.0 0,0 0.0 5.3
0.2 0.2 0.9 0.6 0.2 0.0 0.0 0.0 0.0 0;2

0 9 11 0 3 0 0 0 0 0

vu
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• • •
38.3 39.5 2.3 1.9 13.1 0.0 0.0 0.0 0.0 38.3
11.7 12.7 2.6 1.4 4.3 0.0 0.0 0.0 0.0 11. 7
0.3 0.3 1.1 0.8 0.3 0.0 0.0 0.0 0.0 0.3

0 23 15 0 8 a a a 0 0

42.7 43.9 2.3 1.9 14.0 17.1 0.0 0.0 0.0 42.7
20.1 21.3 3.1 1.8 7.1 7.3 0.0 0.0 0.0 20.1
0.5 0.5 1.3 1.0 0.5 0.4 0.0 0.0 0.0 0.5a 50 20 a a 16 a a a a

42.7 43.9 2.3 1.9 14.0 21.1 0.0 0.0 0.0 42.7
28.6 30.0 3.5 2.2 9.9 11.1 0.0 0.0 0.0 28.6
0.7 0.7 1.5 1.1 0.7 0.5 0.0 0.0 0.0 0.7

a 89 25 a a 28 a a a a

42.7 43.9 2.3 1.9 14.0 25.0 0.0 0.0 0.0 42.7
37.1 38.8 4.0 2.5 12.6 15.7 0.0 0.0 0.0 37.1

0.9 0.9 1.7 1.3 0.9 0.6 0.0 0.0 0.0 0.9
a 137 31 a a 44 0 a a a

42.7 43.9 2.3 1.9 14,0 28.9 0.0 0.0 0.0 42.7
45.7 47.5 4.4 2.9 15.4 21.1 0.0 0.0 0.0 45.7
1.1 1.1 1.9 1.5 1.1 0.7 0.0 0.0 0.0 1.1

a 193 37 a a 66 a a a a

-~
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SVERDRUP

JOB 1-().7 U'1 0-/7'\ SHEET NO.-1A_0F----

f) []2JDATE 7 -w>-7'/

COMPUTATIONS FOR UoPu5d 0--. foe.,:;(- 6UJ- ( 11 !JFP ~
r . BY - CHKD~~~~--

•
CULVERT COMPUTATION SHEET

STATION:

PROJECT: ~ ~

.77170, L<Jo! I?tf, A (lSr", k< (('sl)

DESIGNER:

DATE:

HYDROLOGIC AND CHANNEL INFORMATION

/&."rd
6X4- . IDr-f·"Md-1 )+1

CULVERT

DESCRIPTION

L •
I~Z' LIIOO SO •

MEAN STREAM. VELOCITY • 2:..a
J >-
0 ...... ;,:
cx:: ~

l&j- ... ~lIJ..Ju CI) ICOM"ENTS
~ x ... 0 0 X ..J

HW I 8 :::l ..J U Ow
OW

>

',021 b,B II j,~ 1164'1,8'0 r2~~~-fyol

SKETCH

EL.1 IGGP. ·0 -,--~~_\.-__L •

AHWs "j---L-
=S2:~

~_~~\ITW. ! 62
1

It --

13,00EL..

.+-. Ct.(v~:-.;
e-t-J. 6()J-I • I DO 5:

bdJ- . So

HEADWATER COMPUTATION

TW,. J,ll '~
TW2

• .1, .62 ' )I-,Y.-

CAP.
CHART I INLET CONT. OUTLET CON TRDL HW -H+ho -LSo

HW I H.!, HW 1<•. H de dc+ 0
T W I "0 I LSo

0 2

If 7 0,~ ,2 3,os 3,75" 31~7S' ),62.113.P~-I, 9/

Q

-)<_ (jI1J..J v'(~ DHwE (;OVV\ ~ Ive-J t1) J~ Z

-'L~D IhLi-3,2D./l . / ./
7<"/\ t:l'k v-r;',i<rW I""' C"'-~
P~c;k 0<,."1-(<:'+ /J,·s-cto"J't: Q,~"

(
01 I DESIGN DISCHARGE, SAY .9t5 )
Q2 I CHECK DISCHARGE, SAY Q!50

DRAINA.GE AREA

21-/ cIs°1 •
Q2 •

ENTR.

TYPE
SIZE

SUI.OURY a RECO....ENDATIONS

"=trJ.i2
,

I....
o

--- --- ---
- - - - --------------------------



1.0

.9 1.0 1.0

.8
.9 .9

'i

-.7
.8 -~

.7 .7
.6

.6 .6

.5

.5 .5

.4

.4 .4

.30
.35 .3:1-

. ' . ·bPJ-!·· ':1/2/

CHART I

(I) (2) ( 3)

8 9 10

7 8

7 8
6

6 7

5 6
5

4 5
4

4

~

~

2-
2

2

1.5

1.5
1.5

z

u..
o

W

I -F----F----4---

L:.
:J
;-

10 uu. Holr: (2) or (3) projecl

horizonlolly to Hole (I), then

us( sltoiQhl inclined lin. Ihrou9h

DonO 0 scolo I Of re\'uu OS

illus I t 01 ed.

-

'"""'~
I
I-

WinQwol1 0-

10 Fie rt ---+- W
0

8 Cl:
W
I-
<1

6 >
0

5
HW WINGWALL

<1

SCALE w

4 D FLARE I
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3
(2) 90" and I~·

'.

(Jl O· (u1tnsiolH

2
of ,ides)

.0

80

.6

.5

100

600

500 EXAMPLE

400 5',2' Bo, 0,75cl.

O/B , 15 cfs/ft.

~OO
HW HW

Inl, t
0 (e el

(11 1.75 3.5

200
(2) 1.90 3. B

(3) 2.05 '1.1

u..
a
a

f
a
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3

8

10
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~. " .:. ~.
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60 J-(

';":.'. '
: :"'.'.

5000

CHART 8

2000

20

8

2

10

.4

1.0

z

.8

.5

.6

I
W
UJ
lL.

HW' H. ho-LSo

For oUllel crown nol submuQcd. compult HW by
mel hods dtlcrib-cd in Ih, duiQn procedur.

SIOPC 50

SUB"'(RG(O OUTLET CULVERT rLowlNG FULL

E.~~_----H71.~----

12XI2
1000

800 10 XIO 100 ~

600
9 X9 80 ~

I-
UJ 8X8 UJ

SOD w 60 0:::
IJ.. <t

400 7X7 50 :::::>
z a

(j)

x 40
300 0 6X6 z

lD

30 x
w Co

5X 5 ce
200 ~

:::::> 0:::
a 20 ~

(j) ..J

lL.
:::::>

0 4X4 t:>
z

Z ~

100 o 3.5X3.5 ~-

0
(j) w

80
z 10 0:::
w 3X3
~

lL.

8 0
0

60 ~

2.5X2.5 w
50 6 0:::

0_
40
__ _<t

40-- 5'l.'f.'l.
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2X2 /4
30

w

20
z
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Z

z
a:
:J....

4000

3000
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lL.
o
Z
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UJ
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~

I
o
(f)
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",;.::.:.'::';' ':~.
......
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•SHEET NO"--=-OF

DATE ~'2 '1/
6

SV-ERDRUP

JOB 4. 7 Tuyo~
I

. -
11~IBY K'

c Rr=f

PROJECT: '. .. DESIGNER:

STATION: Hot 5"/",< 7 '3f-Cfo DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR,';\ .,- /646. ~

DRAINAGE AREA
..

EL. lt4:!J.7
/61:5.5 / \

\ ~W.l3/1
.. 170, • 21'1 (;{s iWI • to *"' AHW.--0

°1 • T'*2 • 63 6*~ j r~D, 93 ~~)I-

JI /5 x-x.- x.j<.. EL.· Ib3'lcDO/

~l

EL./63&?c£3f EL. 163~.t(.8'7t

f-t:o k. O... t«T V/schoYJc G!,,,.
cOO 5': [0';'( 01 I DESIGN DISCHARGE, SAY 0 25 ) So· L • L/IOO So •

02 I CHECK DISCHARGE, SAY 050 MEAN STREAM. VELOCITY. 2,6 q/,

CULVERT HEADWATER COMPUTATION J >-
CAP. 0 ~~ ;>

DESCRIPTION INLET CONT, OUTLET CON TROL HW-H+hO-LSo CJ:~
w- ~ ....,

0 CHART JU II) COMMENTS~:I: ~o 0 :I: J

SIZE ENTR. HW HW HW K,. H de dc+ D TW LSo HW 0 :> J U Ow
Iio OW

TYPE D 2 u >
rf3Mrt{

W;"1""61Ij )1/ },OS- 42.D ,2 I ?Jj- :2..7 6.35' ~3b 3.35 .525 3,6~ 4.26 IJ, 4- I.61-3.2.b
.:J:"", kf-

10'14- Lolol.+0'/

-
,

-

SU...... ARY a RECOMMENDATIONS "* D",i<1,,(, ly~ eY,sf,"", was I, C'Cl-C'S :;Q.c::'ti""'" Co(c- I.'f';(j.,s ~ Q'OD
*X-- Df~f-"4 tr!'~ ii.·/tJ ... Udo CJ"'di-f.'1C--C I~ eY(~h"')- t-lo.rt..(&,o.)
1r*;I;- Df'I i 1/(.....( fr-"'""- (?yf';i h' ')_ ..) t7 > /-. ('/,) S;~: ,;;c-C (i IV'" C .... ( {' .. ( .. /,,,,:,- ~ 0..'0 I

XJr)l1(-. DC/K ~ fin>-) ;.... ~"I-I( f rt ~. ,-vi f" '1"'1/.(5 h>-.J- Vf?./' (jSl(Q)
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SECTION NUMfJER T'N50J 6/11/91

Channel Slope: 0.0099 it./ft.

CROSS SECTION DATA:
OFFSET -100 23.5 69.·1 72.4 73.6 75.1 121.4 213.2 410
ELEV. 43.3 41.78 42.14 41.5 41.49 41.69 42.15 42.58 43.4
N N/A 0.035 0.025 0.025 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 41.5
~JET PER. 0.0 0.0 0.0 1.2 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 41.6
ViET PER. 0.0 0.0 0.5 1.2 2.0 0.0. 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 41.7
ViET PER. 0.0 0.0 1.1 1.2 2.7 3.7 0.0 0.0 0.0 0.0 0.0 0.0
AREl\ 0.0 0.0 0.1 0.2 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 41.8
ViET PER. 1.6 2.5 1.6 1.2 2.7 13.8 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 0.4 0.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 1 0 0 0 0 0 0

STAGE: 41.9
'~ET PER. 9.8 15.2 2.1 1.2 2.7 23.9 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.6 0.9 0.4 0.5 1.0 3.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.1 0.2 0.4 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Q a 1 1 a 0 3 a 0 0 0 0 a

STAGE: 42
.'JET PER. 17.9 27.9 2.6 1.2 2.7 33.9 0.0 0.0 0.0 0.0 0.0 0.0
AREA 2.0 3.1 0.6 0.6 1.2 6.1 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.1 0.2 0.5 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q 2 4 1 0 0 8 a a a 0 a a

~
W
.......



• ...".1
SECTiON NU:V:OER TW60J 6/11/91

STAGE: 42.1
WET PER. 26.0 40.5 3.2 1.2 2.7 44.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 4.2 6.5 0.9 0.7 1.5 10.0 0.0 0.0 0.0 0.0 0.0 0.0
J-lYD.RAD. 0.2 0.2 0.3 0.6 0.5 0.2 0.0 0.0 0.0 0.0 0.0 ci.o
Q 5 11 2 a a 16 a 0 a a a a

STAGE: 42.2
viET PER. 34.1 45.6 49.0 1.2 2.7 49.0 59.7 0.0 0.0 0.0 0.0 0.0
AREA 7.2 10.9 12.2 0.8 1.8 14.7 15.0 0.0 0.0 0.0 0.0 0.0
J-lYD.RAD. 0.2 0.2 0.2 0.7 0.6 0.3 0.3 0.0 0.0 0.0 0.0 0.0
Q 11 a 29 a a a 25 a a a a a

STAGE: 42.3
WET PER. 42.3 45.6 49.0 1.2 2.7 49.0 81.0 0.0 0.0 0.0 0.0 0.0
AREA 11.0 15.5 17.1 1.0 2.0 19.6 22.0 0.0 0.0 0.0 0.0 0.0
J-l·(D. RAD. 0.3 0.3 0.3 0.8 0.7 O. ·1 0.3 0.0 0.0 0.0 0.0 0.0
Q 19 0 50 a a a 39 a a a a a

STAGE: 42.4
WET PER. 50.4 45.6 49.0 1.2 2.7 49.0 102.4 0.0 0.0 0.0 0.0 0.0
AREA 15.6 20.1 22.0 1.1 2.3 24.5 31.2 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.4 0.4 0.9 0.8 0.5 0.3 0.0 0.0 0.0 0.0 0.0
Q 30 a 76 a a 0 60 a a a a 0

STAGE: 42.5
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Q 45 a 106 a 0 0 88 0 0 0 a 0
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w.s. Elev. 41.5 41. 6 41.7 41.8 41.9 42 42.1 42.2 42.3 42.4 42.51 d~...~ .,,(t>/f..-'l. = 42,~ -41.5": ),1

Q a a 1 2 6 16 34 64 108 166 @
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. - rW. ~ OIl> :

42.4- l /~I -If,(. )(4 0+ 231-/£6 25-42.1-
41,f2

I

4:) I 42 -4/,4( := I C/3
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COMPUTATIONS FOR

VERDRlJP

JOB .. 77 70'10 f-&\.

Pr()lrJ£r:,f C", !v('d- 67 H-!
;

SHEET NO.a-_OF

DATE """2. -11

BY DrfJ CHKD err
-,.

CULVERT COMPUTATION SHEET

...;;

\-.
tJj <:

......
o\

PROJECT: . . .. DESIGNER:

STATION: {,2~ fIT Lat>! Id. A' DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR':i\

.;- 165(220
DRAINAGE AREA n. /i~. 37

"'""\
O,d.

o.

-I, / \ ---.Lwo 2.3t'91- 21/5 c{j. TW, • 2,31,1 *'
AHW.-L

Q2 • TW2 • , J I~ ~l

X-6.5e/~ DJ-!WE Od'-r? 0./0~67 H-J EL. . /&4'3.01 EL.1Jd1J1 EL. /64-7.. i3j-r
(/641, "12)

J~<?o Ie OI.A- H-e f 0 I ~c hd'JL Q/~ 0 I

( 0 I • DESIGN DISCHARGE, SAY Q2~) So- ,00S L •
·95 LIIOO SO •

O2 ' CHECK DISCHARG E, SAY Q~O MEAN STREAM. VELOCITY. 5.'2...Pf/;

CULVERT HEADWATER COMPUTATION -J )-

CAP. 0 .......... ->DESCRIPTION INLET CONT, OUTLET CONTROL HW • H+ho - L So a:~
w- ..... ....,

Q CHART -Ju ~ COI.l ..ENTS~:I: ..... 0 0 :I:..J

ENTR. HW HW de dc+ D LSo HW 0
:>..J U Ow

SIZE HW K. H TW 11 0 OW
TYPE 0 2 U >

7 Bo,,·~.1

DOfJ;../~+ 41t 1,65 2,3'1. 3.87.5 &.b O )3,~'j 1~41,.~O
7:""I-et-

I{)Y4/(~
, b,6o ,2.- ),4- 3,7' 3, 1J7~ i47 5.el {o ..../.yo {. .

-

SU ...... ARY a RECO....ENDATlOH5

"'\.

'.
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b 7 H-/

1.5
1.5

1.0

_. .9 1.0 1.0

.6
.9 .9

-.7
.6 _...J\.

.7 .7
:6

.6 .6

.. 5

.5 .5

.4

.4 .4

.30
.35 .35

z

VI

-.
:r:
I
ei.
W
o

a:
w
f
~

3
o
~

w
:r:

w
:r:
-f----f---t-

u.
a

L:.
,,)

i-

.~

(·!I ) (2) (3)

8 9 10

_7 8

7 8
6

6 7

- 5. 6
5

4 5
4

4
3

;'

3

0 2 __......
3 2::s 2

1,5

WINGWALL
FLARE

AOQI'OI~~_
Win9Yiioll

Flore . -+

I

H W SCALEo

To UH scolc (2) or (~l projcc1

horizonlolly 10 Hole (1)1 thcn

usc sltoiQhl inclined lint IhrouQh

o and 0 Holo. or revuu as
illus I (0 led.

CHART I

(I) 30· 10.}5·

3 12) 90· aod 15·

(3) O· (olens.ion,

2
01 sides.)

.6

.5

6

5

8

60

80

10

.8

100

600

500 EXAMPLE

400 5',2' 80' 0,75cl,

0/8 , 15 cts/ft.

HW HW
300 I n I. t

D feet

(I) 1.15 3.5

200
(2) 1.90 3.8 .

(3) 2.05 'l.1

LJ...
a
a
f
<t
a:

.,..:.
a
a
LJ...

:;

10

12

f
w
w
u.

z

\I

5

6

8
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o

x
a
CD
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f
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t9

w
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FOR
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•l
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INLET CONTROL
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4

5

6

8

3

ZO

10

. .4

.5

.6

.8

1.0
I-
W
W
LL.

Z

Z

CHART 8

For oullel crown 1'\01 lubmt'Qfd, compUlt HW by
mel hoc" ducribtd i" Ih. duiQn proraduf.

£Y.AMP~_--- H:7.~-----

=H~T -,--7_~-----"St.I ~- .

-v<;:x-..vJ,,~,
SIOpt 5 0 -

SUBMERGEO OuTLET CULVERT rLowlNG rULL
HW· H. ho-LSo

w

'"-'
C>
:z:
Z
0::
:0
I-

cr::
c:(

-J
:::>
t?
Z
c:(
I
o
w

10 cr::

ZO

30 ~
CO5X5

6X6

Z.5XZ.5

2X2

~ 4X4

Z
o 3.5X3.5
(f)

z
~ 3X3

o

IZXIZ
1000

800 10 XIO 100 I-w
9 X9 ·60 w

600 l.L..
I-
W ax a w

500 w 60 cr::
l.L.. c:(

7x7 50 :::>
a
(/)

5000

3000

4000

ZOOO

50
0- 40 -40---

30
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(/)

l.L..
0

Z

a
w
t?
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c:(

:J: 1000
(fl

0 80

60.
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Q 1N C.F.S .
8 IN FT.

i ....

...'" .Y'--··· . .... : 'I'-'-·I.,,~,.

t--I~-+~.-.t-.~-:~.I-;-j./-:....1'1-,-+-+---+-..:-1.. -,.-+..~_-+.,-...+,..,.-+---+--i:-.-+.-:_'-+.='.+.: F-I -+-+-1--+--+--1

r-B1

14 t-+-+--+-t-+-+-+-if-+-+--t--1-+-t-+--If--t--f--t--1-+--+--t--1'7"f-/-t--+-If-+---l
/v

13

12

r- I 1
u..

~ 10

u
-a 9

8

. .' ~ .

:' ..'

'. :..

.. :' ..;,

....... ,
" ..

.' ' .. '. '.. ~.

:.: '"

... ""

~Gi£:
. " \' .', .

": .,; ::;:.:~:\
.... , .. : ..
.~>::~.\. ~.. ~.

~~,

..... -
BUREAU Of PUBLIC ROADS 'JAN 196)

~. ---. . ...

350300'_.100....... 150

. d C CANNOT EXCEEO D ...

'I' !·1-- . I '4'---'---'-----'---'---'--'---'-....I.-..L-"'--.l..-J~ ----'--..l...--'---'-...L-....I.-.,.l--"'--J..-J'___I__I.__I.__I...___l........

50

"NOTE

. \',

; ·····oz·,

~: •
,),W;;{
~;:~~;~J:-f '.
...~~

. 5- 38
p. 'J

..........-;-:., - ; .. _"

._....... ~



•
CULVERT COMPUTATION SHEET

SH EET NO,.I__ OF

DATE 7 :2 - 'it
BY 0 F- fJ CHKD R~

SVE:RITRlJ:P~---------------~-----:-------------------------_

JOB 41171 7t:J,'t()f~
COMPUTATIONS FOR frci(J>e~ C"I((I('(I'r rf 7 H-2-.

\
.....:

lJj

PROJECT: " , '
,- DESIGNER:

STATION: 'Hoj! ,-{i... , f/f-6tJ DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR.~

,.,-lb4,b.S-O
DRAINA9E

,. n. /b 1-5. 73AREA
" / "\17 \ ~ ... 3.sf"

()I'~
21/5~s 3.S?,J{. iWI • AHW· -:£2:

Q2 • TWz • .-.' ' '

j I~
~l

EL.' /631,00/ EL./63'6.61j EL. (638,4'1]t

Pt'fft. Ie ()lAi-I~f !JsctV)€ 0',)0 103 I
( 01 I DESIGN DISCHARGE. SAY 02~) So· I DQS L • LIIOO SO •

02 I CHECK DISCHARO E. SAY Q~O MEAN STREAM. VELOCITY. ~.ZA4

CULVERT HEADWATER COMPUTATION ..J >-
CAP, 0 1-1- ;,;w- I-DESCRIPTION Q CHART INLET CONT. OUTLET CONTROL HW -H+ho -LSo ~ ~ ..Jo CI)

....,
COMMENTS~ :I: 1- 0 0 :I: ..J

ENTR. HW HW dc+ D H'N 0 ::> ..J 0 Ow
SIZE HW K., H de TW 11 0 LSo OW

TYPE D 2 0 >
COB.rrd

),+8 ,2 /, '1 3,17 '3.75 3,b) '3,75 5./3 s'9').. /1:, 1-4. Cf."?
.I"l{~+

thY" Rcfx. w;" /oJo II 36t ~ 12- ;52 /2/16 Ld",+n(

-

-

su...... AF~Y a RECOMMENDATIONS * rrcfl-.. 1'11"""'-IAy I" n~..., ... f"., (jJ~"l'd ...J oIdt,J".If.r~4«Vt-,. eA41t1l£(

....
o
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67 H-2
CHART I

.30

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

- 12
.

" :

.
c-- 600 (I)-II (2) (3)
I- 500 EXAMPLE ~8 ~9 ~ 10

-10
; 1-8 I-- I- 400 5',2' BOI 0'75c'~ , -:-:- 1;=.-7-.. O/B 15 cts/fl. >;-7 I- e

1-6
1-9 I- 300

HW HW 1-6 I- 7
I n I, t

0 (e e.'. I., 1-5 - 6
(I) 1.75 3.5 -5

-8 (2) 1.90 " 3. B' '. 1-4 I- 5
- 200

(3) 2.05
.' 1-44.1

1-4

-7 - 1-3
1-3. - 3

~

-6 0 -100
0 - 0

'. u..
- 60 :, 1=-2 ._.

a: I- '3= 1-2w
c.. I- 60 .. ;;. --~ ---I- 2

I-S (/)- / .....
LL ..::. SO I- '.'S(,) ./ -~

-
:/ I- 1.5z - 40 W- I I- 1.5

~ /CO ", . u..

-rr ........ - 30
~

0
~ I>~

","I- (f)

I / .~
-

I-
0 -20/

L.:

- :u 1.0
3= ,//

I--

~,,-
Z .._--- _ ...- ' ... 9 I- 1.0 I- \.0

1-3 /"w ,",,,.,~ I
I--

/ 0 Wi n9"1.1I 0...
a: I- 10 Flore . -~ W I- .9 I- .9

./ « t.:l - .8
./ I -

/ (,) -8
n:: ..

(/) w
f- .8 >-:~.

/ 0 - I- .F-.-.7<X

/ LL
- 6 3= .,

0 d

/ - 5
HW WINGWALL « I- .7 I- .7. 0 SCALE w

~
- D FLARE I :1- .6
I- - 4«
a: (I) 30' 1.0 .-.7~'

-3 I- .6 i=' .6.. (2) 90· and 15-

(3) O· (ulension, f- .5

I- 2
ot sides)

I- .5 - .5
- To Vit scole (2) or (~) project

horizonlolly 10 scole (I), then

UH slrci9t'll inclined lint IhrouQh - .4

-I
o ond 0 Holts or re\'tru 01 :

- ilhalroled.

- .8 '- .4 -.4

-

- :6

'-I 5 '-
.35 .3~

z

0-
X
o
CO

LL
o
l
I
o
W
I

I
W
W
LL

' ..~

;'.'.'

'. '';
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.... :..
• ~. 0:
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67 H-2

CHART 8

1.0

.8

8

.5

.6

10

. .4

1-'
W
W
l.L

2

0
<l:
W 3
I

00 4')

5

6

',' !

For ovll.' crown nol lubmerQld. COfnpuh HW by
mel hods ducribtd i... It'll duion prOCtd'Urt

SUB"'(RG(O OUTL(T CULVERT FLOWING FULL
HW· H. ho-LSo

2000

<fl
l.L
<..)

Z

3000

4000

5000

o
w
<:>
a::
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I
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o
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SVERDRUP

COMPUTATIONS FOR ~/r~ t7 (..{-/~ b'7H-2

SHEET NO. 1 OF 2/J
DATE 7- 7 - rI

BY iJd CHKD -£ 71

- 1

.~I...:!-..'-!..r.'--"'",--_ ~ .• - t; =~_Jci~ ~t-('rc;I'~~_

. ~ -------.,-----+ n - - T /.2.~t
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SECTION NUMUr::R TV..,,67H 6/11/91

Channel Slope: 0.0057 ft./ft.

CROSS SECTION DATA:
OFFSET -240 -170 -14.0 -105 2.8 14.5 17.3 19.9 22.4 108.9 111.3 117.1 119.2 156.1 160.1
ELEIJ. 43.3 41.5 42.4 42 42.31 41.69 ,n.05 41. 02 41.7 42.68 40.43 40.76 42.46 42.3 41. 8
N N/A 0.035 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 40.3
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ARE.!\. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0
Q a a a 0 a a 0 0 a a 0 0 0 a

STAGE: 40.6
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 3.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0
HYD.HAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0
Q a a a a a a a a a a a a 0 a

STAGE: 40.9
WET PER. 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.0 0.7 5.8 0.2 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.8 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.1 0.0 0.0
Q a a a a a a a a a a 4 0 0 a

STAGE: 41.2
vIET PER. 0.0 0.0 0.0 0.0 0.0 0.7 2.6 0.7 0.0 1.1 5.8 0.7 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.0 0.3 3.5 0.1 0.0 0.0
j-IYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.3 0.6 0.2 0.0 0.0
Q 0 0 a 0 a a 1 a a a 11 0 a 0

STAGE: 41.5
vJET PER. 0.0 0.0 0.0 0.0 0.0 2.0 2.6 1.8 0.0 1.6 5.8 1.2 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.4 1.2 0.4 0.0 0.6 5.2 0.3 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.4 0.9 C.3 0.0 0.0
Q a a a a 0 1 3 1 a 1 22 a 0 a

STAGE: 41.8
vJET PER. 11.7 21. 7 0.0 0.0 2.1 5.0 2.6 2.6 11. 4 2.0 5.8 1.7 0.0 0.0
AREA 1.7 3.2 0.0 0.0 0.1 1.3 2.0 1.1 1.5 1.0 7.0 0.7 0.0 0.0
HYD.RAD. 0.1 0.1 0.0 0.0 0.1 0.3 0.8 0.4 0.1 0.5 1.2 0.4 0.0 O.q
Q 0 3 0 a a 2 7 0 1 2 36 1 Q H

I
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SECTION NUMBER TWG7H 6/11/91

Channel Slope: 0.0057 ft-/ft.

CROSS SECTION DATA:
OFFSET -240 -170 -14.0 -105 2.8 14.5 17.3 19.9 22.4 108.9 111.3 117.1 119.2 156.1 160.1
ELE'I. 43.3 41.5 42.4 42 42.31 41.69 ,n. as 41.02 41. 7 42.68 40.43 40.76 42.46 42.3 41. 8
N N/A 0.035 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 40.3
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ARE.1\. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a a 0 0 a a a a a 0 a

STAGE: 40.6
WET PE!\. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 3.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0
HYD.HAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0
Q a a a a a a 0 0 a 0 a a a a
STAGE: 40.9
WET PER. 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.0 0.7 5.8 0.2 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.8 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.1 0.0 0.0
Q a a a a a a a a a a 4 0 a 0

STAGE: 41.2
viET PER. 0.0 0.0 0.0 0.0 0.0 0.7 2.6 0.7 0.0 1.1 5.8 0.7 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.0 0.3 3.5 0.1 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.3 0.6 0.2 0.0 0.0
Q a a a a a a 1 a a a 11 a a a

STAGE: 41.5
\>JET PER. 0.0 0.0 0.0 0.0 0.0 2.0 2.6 1.8 0.0 1.6 5.8 1.2 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.4 1.2 0.4 0.0 0.6 5.2 0.3 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.4 0.9 C.3 0.0 0.0
Q a a a a a 1 3 1 a 1 22 0 a a

STAGE: 41.8
WET PER. 11.7 21. 7 0.0 0.0 2.1 5.0 2.6 2.6 11. 4 2.0 5.8 1.7 0.0 0.0
AREA 1.7 3.2 0.0 0.0 0.1 1.3 2.0 1.1 1.5 1.0 7.0 0.7 0.0 0.0
HYD.RAD. 0.1 0.1 0.0 0.0 0.1 0.3 0.8 0.4 0.1 0.5 1.2 0.4 0.0 0.0
Q a 3 a a a 2 7 a 1 2 36 1 q H
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• j.l •SECTION NUl\tlEJER TW67H 6/11/91

STAGE: 42.1
WET PER. 23.3 43.4 8.8 43.5 7.8 10.6 2.6 2.6 37.9 2.4 5.8 2.1 0.0 2.4
AREA 7.0 13.0 0.4 2.2 1.6 3.6 2.8 1.9 8.9 1.5 8.7 1.1 0.0 0.4
HYD.RAD. 0.3 0.·3 0.1 0.1 0.2 0.3 1.1 0.7 0.2 0.6 1.5 0.5 0.0 0.1
Q 0 19 0 1 0 6 13 0 11 3 51 2 0 0

STAGE: 42.4
WET PER. 35.0 65.0 35.0 142.8 154.5 157.4 2.6 2.6 64.4 2.9 5.8 2.6 23.1 27.1
AREA 15.8 29.3 7.0 33.4 38.1 41.0 3.5 2.6 24.2 2.1 10.5 1.7 1.2 2.6
HYD. RAD. 0.4 0.4 0.2 0.2 0.2 0.3 1.4 1.0 0.4 0.7 1.8 0.6 0.1 0.1
Q 0 55 0 0 0 54 20 0 41 5 70 4 0 2

STAGE: 42.7
WET PER. 46.7 76.7 111.7 219.5 231.2 234.1 2.6 2.6 89.1 92.4 5.8 2.7 39.6 43.6
AREA 28.0 50.5 68.0 126.8 134.9 138.7 4.3 3.4 47.5 50.2 12.2 2.3 14.1 16.7
HYD.RAD. 0.6 0.7 0.6 0.6 0.6 0.6 1.7 1.3 0.5 0.5 2.1 0.8 0.4 0.4
Q 0 0 0 0 0 314 27 0 0 107 90 0 0 28

STAGE: 43
WET PER. 58.4 88.4 123.4 231.2 242.9 245.8 2.6 2.6 89.1 92.4 5.8 2.7 39.6 43.6
AREA 43.8 75.3 103.3 194.3 206.0 210.6 5.1 4.1 74.2 77.6 13.9 2.9 25.8 29.6
HYD.RAD. 0.7 0.9 0.8 0.8 0.8 0.9 2.0 1.6 0.8 0.8 2.4 1.1 0.7 0.7
Q 0 0 0 0 0 610 36 0 0 222 112 0 0 73

STAGE: 43.3
WET PER. 70.0 100.0 135.0 242.8 254.6 257.4 2.6 2.6 89.1 92.4 5.8 2.7 39.6 43.6
AREA 63.0 103.5 142.0 265.4 280.6 286.0 5.9 4.8 100.9 105.1 15.7 3.5 37.5 42.5
HYD.RAD. 0.9 1.0 1.1 1.1 1.1 1.1 2.3 1.9 1.1 1.1 2.7 1.3 0.9 1.0
Q 0 0 0 0 0 985 46 0 0 368 137 0 0 134

W.S. E1ev. 40.3 40.6 40.9 41.2 41.5 41.8 42.1 42.4 42.7 43 43.3
Q 0 0 4 12 28 52 116 323 850 1743 3076
A 0.0 0.3 1.9 4.5 8.3 16.8 48.8 168.9 381.3 650.7 963.6
V 0.0 0.8 2.0 2.8 3.4 3.1 2.4 1.9 2.2 2.7 (3:2
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JOB 4-.7 ~lo~ SHEET NO.':.__ OF

~ATE 7- -71
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CULVERT COMPUTATION SHEET

PROJECT: __~ ~ DESIGNER:

STATION: 5'4 fJ7 Loot i<A. '/1" DATE:

HYDROLOGIC AND CHANNEL INFORMATION
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COMPUTATIONS FOR Pr~/;S(>,e c'" (vul- (7I-~y LJF~ CHKD Bn

, '~J•
CULVERT COMPUTATION SHEET
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STATION: Haf - 5+q S2f20 DATE: _

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
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CAP. 0 ll.I _ I- • ->

DESCRIPTION Q CHART INLET CONT. OUTLET CONTROL HW -H+ho -LSo ~ ~ oJ 0 II') :r ..., COMMENTS
t---__r-:----+---,--~-__,--:---r---....,.---__r_-__r-__1 z:r I- 0 0 0 oJ

SIZE ENTR. HW HW HW K. H d de + D T W H LS HW 0 g ~ 0 w
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SECTION NUMBER 1'/>/671 6/11/91

STAGE: 36.9
i'JET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 38.1 44.4 2.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27.1 36.0 1.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.8 0.5 0.0 0.0 0.0
Q a a a 0 0 a a a a 150 2 a a a

STAGE: 37.15
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 30.1 44.4 2.3 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 36.6 47.1 1.3 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 O. o' 0.0 0.0 0.2 1.0 1.1 0.6 0.0 0.0 0.0
Q a a a a a 0 a 0 a 234 3 a a a

STAGE: 37.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 38.1 44.4 2.6 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 46.1 58.2 1.7 0.0 0.0 0.0
HYD.RJ\D. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.2 1.3 0.6 0.0 0.0 0.0
Q 0 a a a a 0 a a a 333 4 a a a

STJ\GE: 37.65
\'JET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 38.1 44.4 3.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 5').6 69.3 2.2 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.5 1.6 0.7 0.0 0.0 0.0
Q 0 a a a 0 0 a 1 a 446 5 a a a

STAGE: 37.9
~iET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 38.1 44.4 3.3 0.0 0.0 0.0
AREi\ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 65.2 80.4 2.7 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.7 1.8 0.8 0.0 0.0 0.0
Q a a a a a a a 2 a 571 7 a a a

[' "'v 35.4 35.65 35.9 36.15 36.4 36.65 36.9 37.15 3'7.4 37.65 37.9
a 1 8 24 50 90 151 237 :338 452 581

:. 0.0 1.1 4.3 9.5 16.7 25.9 36.9 48.5 50.2 72.2 84.2
V 0.1 1.2 1.9 2.5 3.0 3.5 4.1 4.9 5.6 6.3 6.9
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Figure XI . 3 Distribution of Centerline Velocity for Flow from Submerged Outlets from Reference XI . 2.

to be used for Predicting Channel Velocities Downstream from Culvert Outlet where High Tailwater prevails.

Velocities obtained from the use of this ~hart can be used with Figure 2 of HEC No. 11 for sizing riprap

(DO not use Figure 1 HEC No. 11, use Mean Velocity Values)
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I• SECTION NUMBER
~~

6/11/91

Channel Slope: 0.0097 ft. /ft.

CROSS SECTION DATA:
OFFSET 0 96.1 167.4 169.7 i70.7 172 .1 259.4 470
ELEV. 39 38.55 38.04

~
36.32 37.68 38.41 38.75

N N/A 0.035 0.035 . 5 0.025 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 36.25
WET PER. 0.0 0.0 0.3 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STAGE: 36.5
WET PER. 0.0 0.0 0.7 1.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 1 0 0 0 0 0 0 0 0 0 0

STAGE: 36.75
~IET PEH. 0.0 0.0 1.1 1.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.3 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 2 0 0 0 0 0 0 0 0 0 0

STAGE: 37
WET PER. 0.0 0.0 1.4 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.'0
AREA 0.0 0.0 0.5 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.4 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 1 4 0 0 0 0 0 0 0 0 0 0

STAGE: 37.25
WET PER. 0.0 0.0 1.8 1.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.8 1.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 2 6 1 0 0 0 0 0 0 0 0 0

STAGE: 37.5
WET PEH. 0.0 0.0 2.2 1.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.2 1.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
q 0 0 3 9 2 0 0 0 0 0 0 0 R ~

~
~
f'J



• .) •
SECTiON NUMBER TW67J 6/11/91

STAGE: 37.75
WET PER. 0.0 0.0 2.6 1.0 2.0 10.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.7 1.6 1.1 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.6 1.5 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 5 12 a 1 a a a 0 a a a a

STAGE: 38
WET PER. 0.0 0.0 3.0 1.0 2.0 40.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 2.2 1.8 1.4 7.5 0.'0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.7 1.8 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 a 7 15 a 10 a a a a a a 0 a

STAGE: 38.25
WET PER. 0.0 29.4 32.4 1.0 2.0 70.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 3.1 5.8 2.1 1.8 21. 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.2 2.0 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 8 19 a 40 a a a a a a a a

STAGE: 38.5
WET PER. 0.0 64.3 67.3 1.0 2.0 89.3 145.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 14.8 18.1 2.3 2.1 41. 8 44.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.3 2.2 1.1 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 32 23 a a 84 a a a a a a a

STAGE: 38.75
WET PER. 42.7 114.0 117.0 1.0 2.0 89.3 299.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 4.3 36.7 40.6 2.6 2.5 64.0 99.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.3 0.3 2.5 1.3 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q a a 84 27 a a 200 0 0 0 0 a 0 0

W.S. E1ev. 36.25 36.5 36.75 37 37.25 37.5 37.75 38 38.25 38.5 ~)
Q 0 1 3 5 9 14 19 33 67 139 12

A 0.1 0.4 0.9 1.6 2.3 3.2 4.6 11.5 29.1 64.8 143.0

v 1.1 2.2 3.0 3.5 4.0 4.3 4.1 2.9 2.3 2.1 2.2

......)
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