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Toyota Arizona Proving Grounds

Drainage Calculations

Culvert Number / Concentration Point Listing

Listed by Culvert Number

Culvert Concentration Culvert: ~Culvert | ~ [Concentration|  Culvert
Number Roadway Point Size Number 'Roadway _ Point Size
1 Oval Track 70E (5)10x5 22 Oval Track 67 1-2 (1)10x 4
2 Oval Track 70C (1) 24" RCP 23 Loop Road A 67 J-1 (1)10x 4
3 Oval Track 69 (3)10x 4 24 Oval Track 67 J-2 (1) 10x 4
4 Oval Track 67 E (1) 10x 4 25 Loop Road A 67 L-1 (1) 24" RCP
5 Oval Track 67 F (1) 36" RCP 26 Oval Track 67 L-2 (1) 24* RCP
6 Oval Track 67 A (5)10x 4 27 Loop Road A 70 Q-1 (@) 10x5
7 Oval Track 67 B (1) 10x 4 28 Oval Track 70 Q-2 (2 10x 6
8 Oval Track 67 C (2 10x5 29 Loop Road A 70 P-1 (5) 10x 6
9 Oval Track 67D (2 10x 4 30 Oval Track 70 P-2 (4)10x6
10 Oval Track 60 C (1) 24" RCP 31 Oval Track 700 (2)10x 4
11 Oval Track 60 B (1) 24* RCP 32 Rampway A 70 M-1 (1) 24" RCP
12 Oval Track 60 A (5)10x 4 33 Rampway B 70 M-2 (1)6x4
13 Oval Track 60 F (1) 10x 4 34 Oval Track 76J (6)10X 4
14 Oval Track 60 G (1) 10x 4 35 Cornering Course 70 A (8)10x5
15 Oval Track 60 E (1) 24" RCP 36 Cornering Course 76 F (5)10x 6
16A Oval Track 60 D-6 (1)10x 4 37 Cornering Course 70B (8)10x5
16B Oval Track 60D-5 (1) 10x 4 38 Cornering Course 76 G (4)10x5
16C Oval Track 60D-4 (1) 10x 4 39 Access Rd A-1 76 E (2 10x5
16D Oval Track 60D-3 (1) 10x 4 40 Access Rd A-1 76 F (1)10x 4
16E Oval Track 60D-2 (1) 10x 4 41 Access Rd G-1 N/A (1) 49" x 33" CMP Arch
16F Oval Track 60D-1 (1)10x 4 42 Access Rd G-1 N/A (2) 49" x 33" CMP Arch
17 Loop Road A 60 J-1 (1)6x4 43 Access Rd E-1 N/A (2) 49" x 33" CMP Arch
18 Oval Track 60 J-2 (1) 10x 4 44 Access Rd E-1 N/A (2) 49" x 33" CMP Arch
19 Loop Road A 67 H-1 (7)10x 4 45 Access Rd A-2 N/A (1) 49" x 33" CMP Arch |
20 Oval Track 67 H-2 (8) 10x 4 46 Access Rd A-2 N/A (2) 49" x 33" CMP Arch
21 Loop Road A 67 I-1 (1) 10x 4 47 Access Rd A-2 N/A (2) 49" x 33" CMP Arch

File: e\40477\qcfiles\DRNCALC2.XLS



Listed by Concentration Point

Concentration ~ Culvert Culvert Concentratonf -~ | Culvert ~ Culvert

Point Roadway Number: Size - Point Roadway | Number Size

60 A Oval Track 12 (5) 10x 4 67 L-1 Loop Road A 25 (1) 24" RCP

60 B Oval Track 11 (1) 24" RCP 67 L-2 Oval Track 26 (1) 24" RCP

60C Oval Track 10 (1) 24" RCP 69 Oval Track 3 (3)10x 4
60 D-1 Oval Track 16F (1)10x 4 70A Cornering Course 35 (3)10x5
60 D-2 Oval Track 16E (1) 10x 4 70B Cornering Course 37 (3) 10x 5
60 D-3 Oval Track 16D (1) 10x 4 70C Oval Track 2 (1) 24" RCP
60 D-4 Oval Track 16C (1)10x 4 70E Oval Track 1 (5)10x 5
60 D-5 Oval Track 16B (1) 10x 4 70 M-1 Rampway A 32 (1) 24" RCP
60 D-6 Oval Track 16A (1) 10x 4 70 M-2 Rampway B 33 (1)6x4

60 E Oval Track 15 (1) 24" RCP 700 Oval Track 31 (2)10x 4

60 F Oval Track 13 (1) 10x 4 70 P-1 Loop Road A 29 (5) 10x 6

60 G Oval Track 14 (1)10x 4 70 P-2 Oval Track 30 (4)10x 6
60 J-1 Loop Road A 17 (1)6x4 70 Q-1 Loop Road A 27 (2) 10x 5
60 J-2 Oval Track 18 (1) 10x4 70Q-2 Oval Track 28 (2 10x 6

67 A Oval Track 6 (5) 10x 4 76 E Access Rd A-1 39 (2)10x5

67 B Oval Track 7 (1)10x 4 76 F Cornering Course 36 (5) 10x 6

67C Oval Track 8 (2) 10x5 76 F Access Rd A-1 40 (1) 10x 4

67D Oval Track 9 (210x4 76 G Cornering Course 38 (4)10x5

67 E Oval Track 4 (1) 10x 4 76 J Oval Track 34 (6)10X 4

67 F Oval Track 5 (1) 36" RCP N/A Access Rd G-1 41 (1) 49" x 33" CMP Arch
67 H-1 Loop Road A 19 (7)10x 4 N/A Access Rd G-1 42 (2) 49" x 33" CMP Arch
67 H-2 Oval Track 20 (8) 10x 4 N/A Access Rd E-1 43 (2) 49" x 33" CMP Arch
67 I-1 Loop Road A 21 (1)10x 4 N/A Access Rd E-1 44 (2) 49" x 33" CMP Arch
67 1-2 Oval Track 22 (1) 10x 4 N/A Access Rd A-2 45 (1) 49" x 33" CMP Arch
67 J-1 Loop Road A 23 (1)10x 4 N/A Access Rd A-2 46 (2) 49" x 33" CMP Arch
67 J-2 Oval Track 24 (1)10x 4 N/A Access Rd A-2 47 (2) 49" x 33" CMP Arch
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6/24/91

TW7CI:

SECTICN NUMBER

Channel Slope:

0.0091 ft./ft.

CROSS SECTION DATA:

400

310
36
0.035

182.1 199.2 204.8 209.4 277.3
35.51  33.91

179.9
34.31

0.035

175.2

1,71 .2
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STAGE-DISCHARGE DATA:
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0.0
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SECTION NUMBER TWT70E 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
0 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 0.5 0.4 0.5 0.5 0.4 0.0 0.3
0 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 75.7 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 11.5 16.3 25.0 27.3 34.6 41.5 48.1 79.6 80.0 271
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
0 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
0 0 550 69 163 0 0 0 0 0 0 0 0 665 0
W.S. Elev. 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 2.0 2.4 2.8 3:3
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Culvert 70 C CHART 2
180 — 10,000 C

C
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? 156 ;:6,000 z-?:o'.:nu (3.5 feet)
L 144 5,000 :
- - 4,000 W MW
— 132 - ) teet
5 = 5,000 m 2.5 8.8
— 120 o (2) 2.1 7.4
E- 2,000 (3) 2.2 7.7
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- 96 T 1,000
i — 800
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— 600 P
r - 500 /,"' / o i
I 72 — 400 /// Q '—— 2. = i
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= I I ’ o
o« w100
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o 5 HW SCALE ENTRANCE 1.0 N - o
e - 40 D TYPE & : &
w o = F L 9 - ;
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s : heodwall g — .9 r
T [~33 - : <
= — 20 (2) Groove end with w F L g
L 30 E headwall b — .8
;j_ (3) Groove end B .8 . L
TEeS—— - projecting ' r
: -2 C y
. 10 t 5
ey - =.7 =
2 ¢ 24 sl - .7
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| D ond Q scofes, or reverse os - 6 - .6
- 3 illustroted. — .6
18 r
L 2 r F
15 =
- Ls Lus
L 1o omi
— 12 HEADWATER DEPTH FOR
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WITH INLET CONTROL

‘ BUREAU OF PUBLIC ROADS JAN. 1963

5-22




Culvert 70 C CHART 9 |

— 2000
— — — N
[ . = H
o HW - S =
C —> "_o i
C 2 TS » [
o Zlw Slope So— T o
-1000 HE R SUBMERGED OUTLET CULVERT FLOWING FULL 5
- E -~ HW = H+ ho=LSo = )
— 800 120 For outle! crown not submerged, compule HW by -6
- r methods described in the design procedure
- 600 108 —.8
— 500 96 I
L 02 10
o 400 — 84 //’ -
o - L
— 300 A P .
- // &
r 66 C
- e o =P
200 - 60 3 w [ 2
o !
O- — — 54 g z
B [} D=48 | _~ —r S d
= g - 48— =1 = T3
or o // ] of
-~ 100 z L42 <
w 10— w4 )
ot a* = T L
g oot E (.
Ir L -5 . (
o ——60 @ B y, G
2t w & 13
O -50 - r
L w L
#1 fm—F] =
L o -
—10
- 30 L
L 4 i
L L. o) L
—20 2 5
I e L 20
— 10 =15
— 8
6 —i2
—5
4

HEAD FOR
‘ CONCRETE PIPE GULVERTS
FLOWING FULL -

BUREAU OF PUBLK ROADS JAN. 1963 n=0.012

5-32 1 u




Culve V‘f 70 C

CHART 16

o 3 i = ——
i =:;5;5:=% |
o e
2.1 & =
: 2 5 =
22 |
‘ /jg:;jgzéﬁﬁ;T
: o
| /,//‘2‘. 3.0 dc CANNOT EXCEED TOP OF PIPE
2 Of
5
1.O'DIA.
o L4l
0 10 20 30 40 50 60 70 80 90 100
DISCHARGE-Q-CFS
6 8
o fff ’;,//”
=
o} / 7%/ /// 7
. -« 7//:%/ /,%
)—
w -9 p—
. W7 Lz | "
'o > % = w
b 7 17 T o
o o // ©
P
0 ///% dc GANNOT EXCEED TOP OF PIPE .
Y % .
P A~6 [a)
-
3 2 M-4'DIA. é
gl - 100 200 300 400 500 600 700 800 900 1000 2
bt DISCHARGE-Q-CFS =
o
o S
14 _
...... p— /
12 //
—
/
10 ////
. ,/;/
y 7 Z
7
6 ///‘4 - dc CANNOT EXCEED TOP OF PIPE
/42413 =
/ééﬂ
4 3' DIA

o 1000 2000 3000 4000
DISCHARGE-Q-CFS

BUREAU OF PUBLIC ROADS )
‘ JAN. 1964 CRITICAL DEPTH
: CIRCULAR PIPE




SVERDRUP
SHEET NO. ,,,,_é,_,“ OF

JOB . 5/0 ‘/77 7—0}/07£=g e e (::/27[/
COMPUTATIONS FOR meo;:of CU{WT /o C By,MBAO _CHKD R Tf

C./\Lck outlet vt/ac,/.7L7 o 247 IP//;Q

Q/OO = ¢/ C'FS Nl 0.0/ %8 d: 2,0/ S- 0.0085a7,

K = Qn I ez ] | 188 Cg,c/a,we 1o 1%
b ——e N , - nna
4 ¥sh (2-)5/3(,”05> T );boa,: %SF'«”/

4 - 043 | . ~
Vo= % = 4l —p‘//k%“lz o4 IBqus

C/\mck :tzF-)'bvoé_Q U‘-LMAM-

v
g 7= N R /3.0 ]

V@\/t‘ J 32,2 (2)

Use  Growhd Riprge Plogs Basin Felir <30 Gk




SVERDRUP
(n

— SHEET NO. ~JOF. N
‘ JOBNjOﬁ/..Z’Z /0/’/01,7[‘\ . A é/?,ﬁ‘/?/
COMPUTATIONS FOR Eros o Pro #Cﬁc‘” v RASD  cHkp- RT?’, _—

Celoert 70 ¢

)g/,jprzv];o P/MVL;'/E éaswz hfg/;ﬂ‘

" - /
Lenoth 010 Basia L /// L Ak
/0(/;5.) = /o ?‘(z,z) = 227 /l SChs)
| L:—‘o e’




TR - ‘*‘*"

‘ Culvert To C

_ DESIGN DISCHARGE — Q
CULVERT BRl)NK/ Vave = WETTED AREA AT BRINK OF CULVERT

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

EQUIVALENT BRINK DEPTH
BRINK DEPTH FOR BOX CULVERT

3 :(A) 2 EOR NON-RECTANGULAR
& secTion SECTIONS
hS
NOTE: 2 < = < 4

dsg —

"
iE =<2 5 -oe
YO

hs
e

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

RELATIVE DEPTH OF SCOUR HOLE
o
A
y

1 .62 2 3
V

ave

FROUDE NUMBER = ———
‘ V(32.2)(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
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6/10/91

TW70C

SECTION NUMBER

0.0126 ft./ft.

Channel Slope:

CROSS SECTION DATA:

120.9

‘84 88.4
30.52 31.92

82
29.38

0.025

79
29.16

77

30.17

57
34.24
0.035

15 21

33.21

OFFSET
ELEV.

.2

33
0.035

34.37

0.035

.04

0

0.04

0.035

0.035

N/A

STAGE-DISCHARGE DATA:

29

STAGE:

WET PER.
AREA

HYD.RAD.

29.45

STAGE:

WET PER.
AREA

HYD.RAD.

29

STAGE:

WET PER.
AREA

HYD.RAD.

29.95

STAGE:

WET PER.
AREA

HYD.RAD.

30

STAGE:

WET PER.
AREA

HYD.RAD.

16

30.45

STAGE:

WET PER.
AREA

HYD.RAD.

24

|
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EXAMPLE IN TEXT.
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FIGURE X1-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF .
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE
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Channel Slope:
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™
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11
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0.035

35
0.035

34
07035

35
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.RAD.
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HYD.RAD.
WET PER.
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WET PER.
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HYD
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SECTION NUMBER TWES 6/10/91

STAGE : 33.5

WET PER. 0.0 10.6 22.4 3.0 6.5 0.0 3.9 6.2 3.4 0.0 0.0 0.0 0.0 0
AREA 0.0 5.0 10.5 0.7 1.4 0.0 3.8 18.7 2.2 0.0 0.0 0.0 0.0 0
HYD.RAD. 0.0 0.5 0.5 0.2 0.2 0.0 1.0 3.0 0.7 0.0 0.0 0.0 0.0 0
0 0 0 28 0 2 0 17 243 7 0 0 0 0
STAGE: 34

WET PER. 0.0 16.3 34.3 6.4 14.0 3.4 7.8 6.2 3.5 50.2 0.0 0.0 0.0 0
AREA - 0.0 11.7 24.6 3.0 6.5 0.3 5.5 21.8 3.0 12. 1 0.0 0.0 0.0 0
HYD RAD. 0.0 0.7 0.7 0.5 0.5 0.1 0.7 3.5 0.8 0.2 0.0 0.0 0.0 0
0 0 C 88 . 0 17 0 19 314 0 21 0 0 0
STAGE: 34.5

WET PER. 45.9 63.9 38.2 9.8 21.4 14.8 19.2 6.2 3.5 90.9 100.3 12.5 25.0 12.
AREA 8.0 28.5 52.0 7.0 15.3 4.8 11.5 24.9 3.7 49.6 50.4 B 1 6.3 3
HYD.RAD. 0.2 0.4 0.6 0.7 0.7 0.3 0.6 4.0 1.1 0.5 0.5 0.2 0.2 0
0 0 0 163 0 54 0 36 392 0 0 142 0 11
STAGE: 35

WET PER. 111.4 129.4 157.1 168.7 180.7 196.6 201.0 6.2 3.5 90.9 129.6 25.0 50.0 25.
AREB 47.4 76.8 113.6 126.1 140.3 153.1 161.2 28.0 4.5 94.1 106.8 12.5 25.0 12.
HYD.RAD. 0.4 6 0.7 0.7 0.8 0.8 0.8 4.5 1.3 1.0 0.8 0.5 0.5 0
0 0 0 0 0 0 0 619 477 0 0 418 0 70

STAGE : 35.5

WET PER. 177.0  194.9 222.6 234.2 246.2 262.2 266.5 6.2 3.5 90.9 129.6 154.7 179.7 204.
AREA 119.4 157.8 208.5 226.7 246.9 267.6 277.1 31.1 5.2 138.5 170.6 195.6 220.6 245.
HYD .RAD. 0.7 0.8 0.9 1.0 1.0 1.0 1.0 5.0 1.5 1.5 1.3 1.3 1.2 1.
0 0 0 0 0 0 0 1266 568 0 0 0 0 0

W.S. Elev 30.5 31 31.5 32 32.5 33 33.5 34 34.5 35 35.5

0 0 13 41 81 132 198 298 467 839 1739 3311

A 0.2 3.4 7.0 10.9 15.2 22.1 36.9 74.0 177.5 369.5 623.0

v 0.7 3.9 5.9 7.4 87 9.0 8.1 6.3 4.7 4.7 . 5.4

o U v, o o N O, O O O O O O OO

oON O
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CULVERT BR"V Vave = WETTED AREA AT BRINK OF CULVERT

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

EQUIVALENT BRINK DEPTH
BRINK DEPTH FOR BOX CULVERT

(5)1/2 FOR NON—RECTANGULAR
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hS
NOTE: 2 < — <4
i dso
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FROM BASIN — SEE DESIGN
EXAMPLE IN TEXT.

O
Ay

RELATIVE DEPTH OF SCOUR HOLE

-

VHVE

FROUDE NUMBER = ————
Viz2.2)(v,)

FIGURE X1-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE
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CULVERT COMPUTATION SHEET
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TYPE © ‘ ¢ 2 g e g |
S Rare | v 73 e " LnletT
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TW673

ION NUMBER

-
Q

&)

E

0.0097 ft./ft.

Channel Slopec:

CROSS SECTION DATA:

OFFSET
ELEV.

310

=

=

172.4 177 =

<5

163

160.8

73
<37
0.035

N
™

n

35.87 33.92

0

35

0

37+

59

N/A

STAGE-DISCHARGE DATA:

34

STAGE:

(]
o

WET PER.
AREA

HYD.RAD.

(@]

34.25

STAGE:

WET PER.
AREA

HYD.RAD.

17

34

STAGE:

WET PER.
AREA

HYD.RAD.
Q

33

75

34.

STAGE:

AREA

HYD.RAD.

53

STAGE:

WET PER.

AREA
HYD

o

11

.RAD.

76

L
N

355

STAGE:

AREA

HYD.RAD.

11

103

™

!
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o
=
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L
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35

STAGE:

=

O C

™

25

WET PER.
AREA

(@)

D

wn

—

o~

HYD.RAD.

(<}

16

133

35.75

STAGE:
WET

PER.

.0

AREA

[

(@)

[g\]

HYD.RAD.

166

19

36

STAGE:

99 102

11

WET PER.

o

HYD.RAD.

11

202

89

36.25

STAGE:

o~

113%

™ <

99.

.9

103+5 106

.7

15

WET PER.

AREA

(@)
[38]

M

(&)

HYD.RAD.

241

200

36

STAGE:

138.1 0

3

g9

8.9
24

111.3

108.0

22

20
11

WET PER.

AREA

93

88

HYD.RAD.

153

282

345

 36.5

36.25

36
302

4.25  34.5 34.75

34.25

34

780

179.7
4.3

495
119.1
4.2

2

68.
4.4

216
39:
5

156
23
6.

117

85
17

14.
6

58
.0
5:3

11

18
1
5
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COMPUTATIONS FOR ’P'QIFJ“” { C “/‘)"*ﬁj e7C [Eﬂ BY___Q_-CHKD /&)r/

CULVERT GOMPUTATION SHEET

PROJECT: -~ ' DESIGNER:
STATION: _ 12+ O, Oval Track DATE:
HYDROLOGIC AND GHANNEL INFORMATION SKETCH
\ .
1697 oS K /( .,}‘ffé JNu,woro \
490 b DRAINAGE AREA 271 59. rrriles { \ e B el e
fLO7c
Q = l2o7 r‘FS TW = </,O/
Qz = Twz -

Pral Outlet Dinchareo

& S /
Q, * DESIGN DISCHARGE, SAY 'ox ) ® 100 So = __'_fﬂi)_i L= T4 L/IOO Sq =
( Qp * CHECK DISCHARGE, SAY Qgq MEAN STREAM VELOCITY = 5.317"
CULVERT , CAP HEADWATER COMPUTATION 2 o )
. w - (- >
DESCRIPTION q | cHart | INLET cONT. OUTLET CONTROL HW mH+hy —LS, E 2|35 a ;, w COMMENTS
ENTR. HW HW dc+ 0 o D=t o w
SIZE ki e HW Ke H de a TW Mo | LSy | HW | S 3w
Deerre| Do 1207 o = Lnlet
tox 5| T bet .--z,oﬁ“ .80 | 9.00|0,2-| 3.3 |490| 4.95 |4.0 |445|0.48]1.77|9.0 | /50 1741.S0| Contn |/

SUMMARY & RECOMMENDATIONS




Culvert 67 C CHART |

— 12
* — 600
=1 - : (n (@ Q)
M EXAMPLE -8 [9 Io
— 10 - - 400 5'x 2 Box Q:=T75cfs =7 — 8 -
L = & Q/B : 15cfs/ft. & 7 — 8
-9 C 300 Inlat HTW ;:tr S -6 -7
L C y =S " — 6
- (n 105 3.8 o —5 L
—8 " 200 (2) 190 3.8 4 r ~ 5
- - (3) 205 a4l L -4 r
C r B - 4
=7 C 3 r L
i 3 -3
- 2 B B — 3
- - -
b— | '_
S § = 100 ~t - L
— 80 ~: “E C —
i - 180 3TF g
L — 2
= - SR N
©0 = L
s » Go.d =k i C
w - 50 Il .5
Q\‘_ / o § - -
= vt [ — r
i ] ol R 21 Tl " Lis
w o) F
< w
~N 30 o o r B
Z -4 o + N L
ok gy t*/ n
5 =t 21 -
F -
ST SF B Wiio0 f s
o =LE - e
= z L S
S et il 9 = 1.0 =40
-3 // w : Angle of /Q—. E = r =
b % O Wingwall Is
< // S — 10 Flore — Wl 8 .9 = .9
o :
W e I e - 3
A o8 / x r
- L4 O — .8 — .
/ o : -7 -8
- 6 = - L
- / ‘5 B 5 <oI -
e i o} HW (on g WINGWALL -7 .7
o B FLARE T (.6
] a - -
o r n 30° to 75° |
2 (2) 90*and 15° — .6 =6
i (3) O° (extensions — .5
L2 of sides) " §
‘ L F - -5 5
Y __ To use scale (2) or (3) project
- horizontally to scaole (1), then
r use straight inclined line through - .4 + o
:_ | D and Q scales, or reverse os
2 | illustrated.
o — .8 o — .4 — .4
— .6
L - .5 T
HEADWATER DEPTH
FOR BOX CULVERTS
WITH INLET CONTROL
‘ BUREAU OF PUBLIC ROADS JAN. 1953
5-21
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CHART 8

— 5000
4000
L3000 == ——=———'—_-“7—__—T\'_‘—ﬂf_
- H
3 - Hw ] =
- —> ho
2000
r TN T T
. Slope So—=
- SUBMERGED OUTLET CULVERT FLOWING FULL .
[ HW s H¢ ho=LSo
r For outlet crown not submerged, compule HW by 4
- 12X12 methods described in the design procedure 3
— 1000
— 800 10 X10 k=
- w
- 9X9 T
qw : )
500 w—-8X%8 @
= w g 1.0
—400 =z TX7 -
o - %) w
C > -
»n 300 O 6X6— = A
w F @™ =
S w =305 =
- o T
e 200 < 5X5 B A
= F =) L o a
C o <
= n =20 <
w = = w3
or & ax4— ©
ot — 5
<L =z L 4
T Lioo 935x35— b
n = n F w 5
5 80 =z 10 @
- uz-" 3IX3 4+ w 6
B = —8 ©
L 50 © L« "
- _ w
i ol L 50 25X25 s S
o 40 [ —= =] |
b 40"2'_’ - 5:1}7' [o]
Lot
[ 2Xx2 <4
=30
E
8 w 20
z
:— 20 )
- (4]
r z
- z
@
r 2
- -
— 10
— 8
— 6
-5

HEAD FOR
CONCRETE BOX CULVERTS
FLOWING FULL
n=0.012

BUREAU OF PUBLIC ROADS JAN. 1963

L ‘ 5'31 ’ N >
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CHART 15 -
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.10
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i =
:: 3 _ // =
z Al I
o 2 < CRITICAL DEPTH —
1 ! ! | !
i RECTANGULAR SECTION
S
0
0 10 20 30 40 50 60
Q/B
(6
15
14
//
13 74 (
12 7
) " A
Z 10
o e CGRITICAL DEPTH
© 9 ,/ TR e e [ '
RECT NGULAR SECTION
: —t—
R 1222 i
g A : i i
! p 4 -6 *
S . /’ BINFT
/ (‘} !Ni CFS.
/ ¢ 3 2
ay dci.sifs\‘)(O/B)
L AEENE
50 100 150 200 250 300 350

' “NOTE  d_ cannoT exceep D O/B

BUREAU OF PUBLIC ROADS JaN 1963
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& oo« 1207 3
Corat O ks

v
nN= .ol 2. : = <S4
S. = ©.coSo Y Y.q
-~
>/ ~ doz 7 <
h i 7~
A = do.=2 L7
w? = 1o+ 2(4e3) = |8, 0¢C £+
‘ Eyh _ 4/&&)75 - 40‘3//8.06 = Z.paye l
V- 1979 R Las N L ydiak .
== (22818 (005 & s
C”QC/(
Q: \/A = /4'98 (40,%3 = Lod C‘{:ﬁ @
c/\éf/< F row.ole /uaméep
B . 498 . 132 SupeceribidS
U; Ye U 32,2 (4o3)

\ i
' | QIO = 2od e = 10T ¢S /e |

YL’) 2 (,[ﬁ/ i ’\/(,,{\ = 5{3—3' 79;%' / ﬁ
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sy BDO . cuko R\Tf

/é/phz_\rp ’P/‘Mjiﬂ Bﬂﬁ‘/‘ﬂ b‘c’S(;;‘V/ (Q/O)

/ . Lensth of Basin L T+ =30
r o / 7
S0
5/ Tw
T? <
3 = Z,0
=
> ! he= 2847
O

Chocke Hock Sise

(From Fgurme Xi-2, HEC Mo /4)

For yo = /.97 0(5-0 <57 o~ Od2°
oQb—o/yo . 70/{3_ . 038 |, F = (.38

S - p /
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Culvert ¢7 c

_ DESIGN DISCHARGE — Q
CULVERT Bﬂy Vave = WETTED AREA AT BRINK OF CULVERT

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

1]

EQUIVALENT BRINK DEPTH
BRINK DEPTH FOR BOX CULVERT

]

3 r _(A) V2 EOR NON—RECTANGULAR
& secTion SECTIONS

NOTE: 2 < — <4
i dso
: Ty

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

o

1 1,3& 2 3

RELATIVE DEPTH OF SCOUR HOLE

T ave
FROUDE NUMBER = -
Vi32.2)(y,)

® (

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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T iy 7 g
(O/yo >

3 A= 77—236’-/4 =>/o {a_l,}.—— /S £
De = (3o e’

‘ “rom JO‘O”S%’“‘:"M Cross Scd504Q /Dt/t/oc/c&
s 15 dps., Caloert outflet W/Oc»/,§i /s 855 fpd.

&/ De L IRA 7SR

=Y 19.57 , 87
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10 28.9 7 .59 s o ' "
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BSECTION NUMBER RLL YA 6/11L,91
/ /

STAGE: 34.8

WET PER. 0.0 0.0 e | 12.2 3.3 0.0 0.0 0.0 0.0 0.0 O
AREA 0.0 0.0 /.4 27.8 2.6 0.0 0.0 0.0 0.0 0.0 .0
HYD.RAD. 0.0 0.0 1.0 2.3 0.8 0.0 0.0 0.0 0.0 0.0 .0
Q 0 0 30 277 9 0 0] 0 ¢} 0 0]
STAGE: 35.2

WET PER. 0.0 5:7 14.2 12.2 3.0 12.5 0.0 0.0 0.0 0.0 .0
AREA 0.0 0.2 10.6 32.6 3.5 4.0 0.0 0.0 U.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.7 2wl 1.0 0.3 0.0 0.0 0.0 0.0 .0
@) 0 0 36 362 0 3 0 0 0 0 0
STAGE: 35.. 6

WET PER. 0.0 43.8 52.3 12.2 3.0 14.7 0.0 0.0 0.0 0.0 j. 0
AREA 0.0 10,1 23.:7 375 4.5 15.0 0.0 0.0 0.0 0.0 0
HYD.RAD. 0.0 0.2 0.5 31 1.2 0.3 0.0 0.0 0.0 0.0 0
Q 0 0 58 457 0 30 0 0 0 0 0
STAGE: 36

WET PER. 2.7 79.8 88.2 122 3.6 7170 0.0 0.0 0.0 0.0 <0
AREA 0.1 35:1 52 O 42.4 S 38.8 0.0 0.0 0.0 0.0 0
HYD.RAD. 0.0 0.4 0.6 3.5 1.5 0.5 0.0 0.0 0.0 0.0 0
Q U 0 151 560 0 i01 U 0 ] o 0
STAGE: 36.4

WET PER. 24.0 101.1 109.5 17 2 3.6 3.4 99.y 0.0 0.0 0.0 %
ARLA 5.4 713 S51.4 47.3 6.4 71.5 74.1 0.0 0.0 0.0 O
HYD.RAD. 0.2 0.7 0.8 3.9 1.8 9 0.7 0.0 0.0 0.0

Q 0 0 334 672 0 0 250 0 0 0
——— Bk sl - e sl - LY = b s

}w.s. Elev. " 32.4 32.8 332 33.6 34 34.4 34.8 35.2 35.6 36 3

10 0 8 38 84 46 224 316 406 544 812

%A .0 3.5 9.0 15.2 22.0 29.5 8377 47.2 716.2 133.3

Y i 4.4 4.2 5.5 6.0 7.6 8.4 8.6 1,1 b.1
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SECTION N Ug

/£t

0.0105 £t

Channel Slope:

CROSS SECTION DATA:

<
(o]

1191, 122.9 124.9 217.3

116.8
37.98

+'9
0.035

31
38.36
0

-87

OFFSET
ELEV.
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0.0635

36.02 38.11 38.18

0.025

3595
0

490
N/A

0.04 0.035

.04

.035

STAGE-DISCHARGE DATA:
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Elevation vs. Storage - Node 67 D
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CULVERT COMPUTATION SHEET

PROJECT: : DESIGNER:
STATION: 2-44 + /70 DATE:
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DRAINAGE ARea O,/ % mley

4z 70

/ . ;
Q' = 40CQ 'Twl = )‘ | EX’-S* Cbmﬂ"?i’( AHll W '.?_’
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L \/\/\._ . -\/v\:]
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Beal utlel Bisekar e :
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CULVERT s HEADWATER COMPUTATION T .
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CHART 2
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B —> ho
i © I T : r-'4
r TN 7
| zZ|lL Slope So— v e\ -
- 1000 ShE SUBMERGED OUTLET CULVERT FLOWING FULL - 5
E a -4 HW = H¢ ho=LSo &
— 800 —120 For oulle! crown not submerged, compute HW by —.6
r methods described in the design procedurs
— 600 B . L8
— 500 - 96 &
- w2 1o
Tl — 84 o = i
. - L
- 300 —T72 / '_—
C . _— £
— 66 -
- L - [
o) <
e & w
s — 200 - 60 2 : e [ ©
’, . w
wor — 54 — z [
o o Ry
L [72] D=48 |~ S T4
z L ;J — 48;7 T 3
~ L o ] (=1
€ L oo = _/42 < [
wr 0‘10 /Z ’ g —4
© g0 = - /
< [ =~ —5 \ '
I | 8 —36 L k
(&2 X
o [0 el 33 =6 G,
e 50 - r
" = :_?_9-'-«——"* = ) (o) r
Fao—"% | . o LB 5
- A B 5 —27 i e " o —
o —10
- / |
- 20 24 o - |
- I |
i - L
—20 £ T'_
i F
- -
i [=iB C 20
10 =15
8
-6 =12
-5
L4
HEAD FOR

‘ CONCRETE PIPE CULVERTS
FLOWING FULL

BUREAU OF PUBLK ROADS JAN. 1963 n=0.012




Cu./(/f:r"{“ 60 O

CHART 16

J /
__——
/‘/‘/, ] ’
= = 215542, |
: = —
_{//
P ;. tee 2,07
i
/‘._%2‘ o dc CANNOT EXCEED TOP OF PIPE
201 '
155}
1.0'DIA
I p. N
% 10 20 30 40 50 60 70 80 90 100
DISCHARGE-Q-CFS
6 8
W -
5 Bz y///é‘ /// 7

FEET

(2]

Q\w&

/7.

%
/,{_ dc CANNOT EXCEED TOP OF PIPE

(]

0 100 200 300 400 500 600 700 800 900 1000
DISCHARGE-Q-CFS

CRITICAL DEPTH-d
w
U‘.\}\\Y
JANY
I
CRITICAL DEPTH-d.-FEET

A\

Y

V/
. //1% . ' d. CANNOT EXCEED TOP OF PIPE
Wil
Lll'
} 0
4 Lg DIA.

0 1000 2000 3000 4000
DISCHARGE-Q-CFS

‘ JAN. 1964 CRITICAL DEPTH
e CIRCULAR PIPE




SVERDRUP

Nl &

SHEET NO. .« ~OF
JOB 40¥~77 ,/.Q o'ILC\ e 7//3/?/ e
COMPUTATIONS FOR @%[U‘M"T o C BY - BAO ~CHKD - 5\/ 1 —

Chack outlet V’C//OC/‘% 'polr 2< ” P//at

Q/OO = 40 ¢'FS‘ Wl s 22, 0L dz 2.0 S O.caseé

ANE T o7 073
oUTE S &\) e(,ooS) o 0* 0p.¢,, dikara
Flows /. P,a-c, Fatl

V = Q/A - ok /R4 - 1273 Lo
C/\_Qck .FFOMQ_Q. AJMMAQA’

rra i R i [2.73
Y g e \Fsz.w Z

= .59 | Seperenbeal

s rerecte l 4 | /e L e s; va
Gv*ogc' Cﬁm)irb—ér/mm‘f i k‘j’/‘z ‘ -




SVERDRUP |

i 40 SHEET NO. __..CR“-HOF——-~-—~ e
R 2 iy ) /oyoﬁ\ NE— R Ry i< T - T AN
COMPUTATIONS FOR - GOX &/Utr# éoc . B BDO et /2»\/?_2 g/

Ko rap "P/a,é% Bas/y bCS‘!‘/?“L (@ 100)

e Leng‘ﬂ c~z Ressa Tkl =~ 227
28/
Z/ T
. oA L
\ X7 e = gp/ y
j = | e
(hoke _ Bocl  Slezle oo H&ML Xl-2 , HEC Ne.id)

For Vo= 207 dg s 8" 4 0067

Aoy = CLT . 0 335 = .57
>/o 7 .00 /

- /.o hs: O (2.0‘3 S R

Cheek  bs 20! 499 <o o h >2 Cof

/01’15 /O(ZO’) 3 20 ILQ-;)__% 0,60 & 0.7
2. o
o y . P D) o —
E(Ur)\ :(2/5 = é PNy, I




————— et e o o . - : ’

CulveyT o C '

R A )

_ DESIGN DISCHARGE — Q
CULVERT BRV Vave = WETTED AREA AT BRINK OF CULVERT

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

EQUIVALENT BRINK DEPTH
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7/12 /91
DATE , y e
COMPUTATIONS FOR Cu /L.)r' Yxf 0‘(:3/1 E%_] BY_BMQ_CHKD /va)?/

7777 CULVERT COMPUTATION SHEET

PROJECT el DESIGNER:
STATION: ZZ%'?“OO/ (/“)U(\‘ Tv/(."flf:\ DATE:

HYDROLOGIC AND CHANNEL INFORMATION 75, SKETGCH
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DRAINAGE AREA _ 73> Sg. m s eL 722,57
Q = 2517 fs TW, = "{",".-!',’//.-/—..w Channp [ N P
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. 7
Peal Out lef \Z)/::f""/'“"’?'c 0, 00507 /62 ’
( Q, * DESIGN DISCHARGE, SAY uag&) & /6D o= I OC ¢ L= L/I0O Sg =
Qa = CHECK DISCHARGE, SAY Qgq MEAN STREAM VELOCITY = 5,3 £pf

CULVERT CAP HEADWATER COMPUTATION 3 . )
DESCRIPTION o |chart | INLET conT. OUTLET CONTROL HW mH+hy —LS, Ex|aS| & Xl COMMENTS
. d z T ] o o
SIZE :::: HW io‘.". W | ke | H | de c: O | tw | Ho [L8, | Ww |3 || © v :
(5)areel] Drsp 2517 /o : Tre
105’ | Tntet |- 503 2,2 880239 40| 4.0 [447|447|081|715¢| 8.8|I4.2 1726890 | Control

SUMMARY & RECOMMENDATIONS (/. < ¢ ., of [0 (0 N T ﬁ)cuﬁ.,,y‘«‘
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TWEOA

R

Channel Slcpe:

CROSS SECTION DATA:

OFFSET
ELEV.

340
27
0.035

269.3
26.33

0.035

210.2
25.89

.7 173. 7 201.2 206.3

17¢C

166.6

-5
26.34
0.035

86
26.02

48
.86

-100

27

25

24 .94
0.035

-2

26

24.09
0

26..11

25,15

5

0:035

0.035

.04

o)
(@}

.04

0.035

0.035

STAGE-DISCHARGE DATA:

24

STAGE:

WET PER.
AREA

-

HYD.RAD.

24

STAGE :

WET PER.
ARERA

HYD.RAD.

14

25

STAGE:

WET PER.

AREA

HYD.RAD.

27

25

STAGE :

WET PER.
AREA

n

HYD.RAD.

41

25

STAGE :

WET PER.

AREA

HYD.RAD.

59

26

STAGE :

46

12

WET PER.
AREA

HYD.RAD.

10

15

79



SECTION NL‘?

TWEOA

STAGE: 26.

WET PER. 39.7 78.5 81.8 84.7 143.2 3.8 4.1 3.3 27:5 32.8 36.8
AREA 8.7 22.7 25.0 26.8 32.4 3.4 8.9 4.4 11.8 15.5 19.0
HYD.RAD. 0.2 0.3 0.3 0.3 0.2 0.9 222 1.3 0.4 0.5 0.5
Q 0 0 0 0 58 3 101 2 0 0 0
STAGE: 26.

WET PER. 66.8 108.9 111.8 182.6 3.8 4.1 3.3 27:5 3258 36:.8
AREA 24.7 53.6 56.2 82.7 4.3 10.1 5:3 20.1 25 .3 29.9
HYD.RAD. 0.4 0.5 05 0.5 i % 2.5 1.6 0.7 0.8 0.8
Q 0 0 0 235 0 125 0 0 0 0
STAGE: 26.

WET PER. 93.9 136.0 138.8 209.6 3.8 4.1 3.3 27.5 32.8 36.8
AREA 48.8 90.3 937 141.5 52 11.4 6.2 28.3 35.1 40.9
HYD.RAD. 0.5 0.7 0.7 0.7 1.4 2.8 1.9 1.0 i [ 1:1
Q 0 0 0 525 7 152 9 0 0 0
STAGE : 27"

WET PER. 120.9 7 163.0 165.9 236.7 3.8 4.1 3.3 27.5 32.8 36.8
AREA 81.0 9. 135.1% 139.3 208.3 6.2 12.6 71 36.6 44 .9 51.8
HYD.RAD. 0.7 .8 0.8 0.8 0.9 1.6 3.1 2:1 1:3 1.4 1.4
Q 0 0 0 0 923 6 180 9 0 0 0
STAGE: 27.

WET PER. 148.0 8 190.1 193. 263.8 3.8 4.1 3.3 27.5 32.8 36.8
AREA 121.4 9 188.0 193. 283.3 7k 13.8 8.0 44 .8 54..7 62.8
HYD.RAD. 0.8 +0 1.0 1s 11 1.8 3.4 2.4 1.6 1..7 2.7
Q 0 0 0 1433 5 210 0 0 0 0
W.S. Elev. 24. 25.1 25.4 2517 263 26.9 27.2 27.5
Q 82 264 1130 1830 2716
A 1. 3 5.8 9. 14.7 79.3 261.6 373.3 498.5
v 3. 4. 543 5. 5.6 3.3 4 .3 4.9 5.4

95,
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95.
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95.
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95;.
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o NWYO

o
oNelNeoNe]
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0.7
387

148.5
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968
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7?3/\/07[?4
COMPUTATIONS FOR Cc\- /(/f‘r'{“ 60 F ﬁﬂ

DATE

SHEET NO.

7717

OF

/2L
7

BY—-Bm—CHKD AN f

CULVERT COMPUTATION SHEET

7— 22— 7/
PROVECT: — . DESIGNER:
starion: 194420 oATE:
HYDROLOGIC AND GHANNEL INFORMATION -~ SKETGCH
: ' 1708.8%
S l
DRAINAGE AREA _C2. /Y =7 4 e 713,68
/ . ’
IR Ay c@ rwl e S Exint Chonnel }, ¢
le = Twlz - Z‘??'U_ﬂ«)(‘l\mmuf AH\; R rTW"l&?
L N~ i . ]
ELIds 2/ ¢ 98.06f EL.I612.70 / ¥
Peak Outlet Vischarga, . s
Q) * DESIGN DISCHARGE, SAY n&) Qroo S O8O0 4 L. A6) L/100 S =
( Qp * CHECK DISCHARGE, SAY Qgq MEAN STREAM VELOCITY = Z;ffoe,,
CULVERT ik HEADWATER COMPUTATION 2 " ¥
DESCRIPTION Q| cHART | INLET CONT. OUTLET CONTROL HW =H+hg —LS, E x "_‘_,’ 8_: 'g ;J;‘: COMMENTS
= Q
SiZE 5::: HW L*BVL HW | K | H | de dc_;'o_ TW | He | LS| HW | |3 W P
1) Baerel] 1o = nie
id ! | Totet | 292 L7 |480l020(135]3.0 | 3.50|2,97|3.500804.05|4.80//2. | 17103 30 |~ Contra/

SUMMARY 8 RECOMMENDATIONS 1/ o <, () o o Aowng - (eemeTroan dé) celoeit o ola

1(;, //‘}- 47‘ cAthm ,,

1i-d



Cu/(/cr"‘/' LO F

‘ ) CHART |

— 600
L [ CEk G2 (3)
— 500
. LA EXAMPLE —8 9 10
— 0 | 400  5:2 Box Q:=T75cts P N N kB
- B Q/B = 15cts/ft =7 - 8
£ HwW HW =~ ©
=12 — 300 inter HEHW I e F7
- : -5 r — 6
- (1 .78 . 3.5 - -5 -
— 8 [ 200 (2) 190 3.8 4 r -5
| - E (3) 205 4.l =9 r
| s - . - 4 |
| — 7 - -3 [ : |
& - -3 r |
| -~ I : i -3 |
o 100 r |
- 6 8 - ~F - - |
- 80 S . o
- el z o
o I [——f My 2
— 60 i N
— S [0 = Al
w L L
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"l z |- a0 e w =15 T
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w @ ¢ w r
&—a >~ 30 o\ / 1 -
E (@ "4 W " L
~ i 3 n
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i = :‘ 20// L: 4
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) ~F - 1.0 10
O 4 A an Angle of N )J_: | L L
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T 7~ T [ . / - = L L
O
- A 2 e 8 .8
/ o a7 e
/ w O 6 = L L
- o[ ot
o L HW SCALE WINGWALL =il = T
e el B) FLARE T .6
— 2 < - L
@ r (n 30° 1o 75° B
3 (2) 90°and 15° - .6 — 6
B (3) 0* (extensions = .5
- 2 of sides) r i
E C i .5 .5
r’-— To use scole (2) or (3) project
+ horizontally to scale (1), then
r use straight inclined line through - .4 - -
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| illustrated.
— .8 - .4 4
.6
B E 35 Mo
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HEADWATER DEPTH
FOR BOX CULVERTS

‘ BUREAU OF PUBLIC ROADS JAN 1953 WITH INLET CONTROL
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de IN FT.

CodverT LO F |
CHART 15
5 = {
/
4 5 —
,/
3 2 o
2 = ' CRITICAL DEPTH —
| | 1 | {
RECTANGULAR SECTION
Llez
5 |
o) 10 20 30 40 50 60
Q/B
16
15
14
//
13 74
2 L
| //
X //
,/
10
/7‘ CRITlpAL DEPTH
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1
8 - | ]
VAE
- // i ]
ny 1B
A A B IN FT.
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i BEEEEEN
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“NOTE  d_ cANNOT ExCEED D Q/B
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0 SHEET NO. OF S -
Jos 4 477 7’O>/O?LO\ . //4, /7/ ‘

‘ COMPUTATIONS FOR Cu/de,r-+ éO BY—BD-Q-———«CHKD E—:—ﬁ; i
‘ 7-22- g7

LAec.k c@ap% 070 F/o@ t»ts/f:j Wcmn/y /57/1
cp/oo 292 qfs o HEER *

£ -SRI O 20 O Y
= OAOOS"O Z v __X g

}’)
y e T T T T TP el )
— |

B = 24/ e ]
WP s 7lR, 4/> 10 - 14827 o

‘ 16,7_:“’4‘/*«»: 24, /0//4 47 o 14’202—?% -

Vi= 14? (! (p?_(,t) é“( 005‘5 /Z l/‘/ 'ﬁps

012

S SU—t

)

Q= VA =124 (74 /o) = 293 c,& ‘

‘OAzc.;é Fro«a@g U«mé-er
gz:.; S B 12,14

-

— /: '53 Sq C)/‘I/%rr l”
B g X Yo ‘}32,7.>(Z,‘// L' - / . h

’ ‘ Q/O‘-: /Z/cr[:

\/h= 1357 \/f:/ou‘-/7 = 9.07 bs, = 1.39
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SHEET NO. .__.@A ~OF — e
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Channel Slope:

DATA:

ON
-260

4
[

5]

SEC

CROSS

152.8 154.5 157 .2 195.2 196.6 198.4

153..2

.7

123

121.

.9

116.5 118

571
.44
0.035

@)
@

-170

OFFSET
ELEV.

3.33
0.035

3.49  2.98
0.035 0.035

) « 12
0.025

0,035

.91
0.035

.96
+/035

™

.48
0.035

0.035

n
[5.0

0.0

0.035

0

.035

0

STAGE-DISCHARGE DATA:

STAGE:

(301

WET PER.
AREA

HYD.RAD.

-15

3

STAGE:

WET PER.
AREA

HYD.RAD.

3

STAGE:

WET PER.
AREA

HYD.RAD.

3.45

STAGE:

WET PER.

AREA

HYD.RAD.

3

STAGE:

11

WET PER.
AREA

HYD.RAD.

.75

3

STAGE:

20 22

19

WET PER.
AREA

HYD.RAD.
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SECTION N

3

STAGE:

33

32

30

WET PER.
AREA

HYD.RAD.

4.05

STAGE:

42 44

14

40
12

WET PER.
AREA

15

HYD.RAD.

4

STAGE:

44
22

42

20

40
19

18

16

20 82

20

WET PER.
AREA

1,

0

ol

HYD.RAD.

4.35

STAGE:

42 44

40
25

27

25

0.0

144.1

35,0

35

WET PER.
AREA

28

26

HYD.RAD.

12

10

30

4

STAGE:

44
35

42
33

40

31

1.7

283.1

281.3

253.8

249.0 251.5

246.5

id

50 187

50
12

WET PER.
AREA

67

65

56

55

53

53

50

12

HYD.RAD.

14

97

19

363
152.8
2

232
99
2

139
61

4.05
80
37

46

24

75
23
14.3
1.6

(s9] O

.45

Elev.

»
=z o>

-9
3

10
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S DATE
Culvert 60 &[] ' RUT -
COMPUTATIONS FOR L] O - 1. T TR CULVERT COMPUTATION SHEET
PROJECT: : DESIGNER:
STATION: _|._.4Q.__+5_~_O___,_ Oval Trae [ DATE:
HYDROLOGIC AND CHANNEL INFORMATION - SKETCH
DRAINAGE AREA QS‘O_S%MLQ, eL. 1673, 96
P
q = 229 ofe Tw = 0.8 s we 087
QZ e e S Twz - + r e
EL. koloo/ o lwosy” EL. 165290/ §
Peak Oa’{/vd[ 2)15‘644 : # ,
Q) * DESIGN DISCHARGE, SAY 'ez\?&Q/oo o= 100507 L. __ 220 L/I0O So =
( Qq * CHECK DISCHARGE, SAY 050) MEAN STREAM VELOCITY = 1.8 L
CULVERT CAP HEADWATER COMPUTATION 2 o )
DESCRIPTION Q@ | cHarT | INLET CONT. OUTLET CONTROL HW =H+hy —LS, E x ; g :6', 2 § COMMENTS
- w
size | ENTR S T L S I ™ Ger0 | vw | o |5 [ Ww |3 |BE| ©
(118areel| Neodorad P LaleT
o'’ 229 lL.oo | deoloz |©9/|28513.28 |0.87|328|1.10|3.0a|400| 1.2 L5600 | “contal

SUMMARY & RECOMMENDATIONS '
" e vuo

-; ( :ZZ P/”’?;JZ. 6015//7 74«/‘ CroS/om c'_‘rw;ﬂwf.;:@ewwsﬂ(ftakq
o1 Culer s,




CM/UC,K"/-

O &

CHART |

=12
600
— 1 - (n (2) (3)
— (o}
e EXAMPLE -8 9 10
— 10 - 400 5'x2' Box Q:7Scts =7 il
F o Q/8B = 15cfs/ft & - 7 - 8
i — 300 Intet HW W L & - 7
- D feet 5 I 6
i r (1 175 3.5 L -5 L
8 B - -
200 (2) 190 3.8 - 4 g 5
. = (3) 205 4.l 3 E o
F C - - 4
i - ~3 [ -
N u -3 N
- F : L i
o [~ 100 ~
6 S o = . - L
— 80 ~+=2 o I
- [+ < - N | -
z -} 2 T
— 60 i [
=S n-F Pl L L
W = 50 T
o L / S 1.5 L L
- s ol —1.5
us 1 240 4 T I - 1.5
. & 0, 2 < -
z ¢ -y 30 ‘y o+ i
= er o "
) ﬁ\xf{r ;
= - 7 =
x b o 20/ e d
= - 1.0 r R
2 =F e
il z L. = F
o) gy -1 Fto F 10
3 ) S w kb ‘W“ﬂ/%i>x___.f, - Fo
[ Wingw Is
(&) / @ G —_— G - .9 — 9
—_ — 10 Flore - 8 4
w - << L - B .
L ~ T - -
/ O +— 8 ax
L w w — .8 f—
= = ol Ty - —
/ = & ; g
Kb - - -
/ r o +
pd 2 N HW ocae WINGWALL 3 -7 .7
e E L a ) FLARE I .6
— 2 < L L
> r 0 30° to 75° N
=2 2) 50°and 15° & 6
i (3) 0* (extensions — .5
= 2 of sides) r B
L o i = .5 ~ .5
— To use scole (2) or (3) project
- horizontally to scale (1), then
i use straight inclined line through = 4 b +
; | D ond Q scoles or reverse os
| illustrated.
- .8 - .4 - 4
- .6
B = 38 * 35
= - .5 - .30 5

HEADWATER DEPTH
FOR BOX CULVERTS
WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. 1953
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. Cufc)tr"f' O &G
" CHART 8

— 5000
L
4000
3000 = —-———/_————\—ﬂr
- H
& HW I ——
- — ho
—=2000
E I\\v/\v e e T TN
C Slope So—
L SUBMERGED OUTLET CULVERT FLOWING FULL
C HW = H+ ho=LSo
C
r For outlel crown no! submerged, compute HW by 4
r 12X12 methods described in Ihe design procedure I=%
— 1000 R
= — .5
r -
[ 800 10X10 - 100 -
e 9x9 - 8o —
— o B L s
r w _ w ’ /
F500 W ®X8_gp - ©O8)
L L “t—=:1.0
L 400 =z 7X7T—+50 3 - F
C . r n w
> u -
r > C
» [-300 O 6X6— w
w - m > [
O(- 30 é —E
- e =i
= X 5x5- @ T2
_. 200 5 o r
E = (=)
Sk a -20 5 <f
w - w C 2 ¥ =3
g : o 4X4 _E— = E
; L z C hd - 4
Z oo gasxs.s £ o i
arc = 10 -3
80 w oaxz{ -
C = - C
6o © L« —r
r 25X2.5 — w — 8
- 50 t— 6 ét( e e -
[ —2—— g2~ e
i 40 R 4,* L
2x2 g C
—30 =
C ;J 20
—20 =
L ©
C £
- z
o
r =
- (=
—10
— 8
— 6
— 5

‘ HEAD FOR
CONGRETE BOX GULVERTS

FLOWING FULL
n=0.012

BUREAU OF PUBLIC ROADS JAN. 1963

5-31




Culoert 6O & .
CHART 15
L e s "
. ; — o
& i ,/‘
o ]
255":\3:9' e
= /’{ .
o 2 CRITICAL DEPTH —
| | ! | |
-?_ RECTANGULAR SECTION
S
0 &
0 10 20 224 30 40 50 60
Q/B
6
15
14 ,,’/
I3 >4
2 Pl
@ . i
4 W
Z |0 1
£ va CRHWCAL DEPT
. RECT, NGULAR SECTmN
[
: g L]
7 7// |
LA I8
. P B IN FT.
/’ Q IN C.ES.
| L
5 4 d,= '3'5‘3)(0/8)2
NUREN, AENNERN
50 100 150 200 250 300 350
"NOTE  d_ cannoT ExCEED D Q/B

‘ BUREAU OF PuBLIC ROADS JaN 1963
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/ 7
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e e e = e e SRR TS e —

Check clephh o Flowo cisis way S

@/oo = 2zzacls o B

H Z !
= = .,QAA-Q_QSTQ.//E . et AR ‘XB B

kg
N
{ -\»

e T & e e e SIS S & e »
“>—//’) A | 2/?4 : A e 4'/
A = zo. 4 P4* NN IS
WP s et rrols MHog | | |
o . K,,;é;}Z;;&}f!. Zb@//,si o8 = /44%7"" |
L \/ _cr ,644 (S L,-w, B U S R S

( 17 445‘7)""’ 005 ) = ;/ / ?‘4 ‘QPS “‘“ .

@AVA <iind (rod)= 109 By SEEY
Y ITAR 25  P

#T:‘ V . - /ﬁz¢
V 9 X Y ‘}32,2%2-07‘

= //%? SﬂQMCV‘ﬂ/‘FC{(

‘ Q0= [2¢ cv‘:s

.\/y)= ’.737/) \/t/ocr‘+7 9209.75) E /3?
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/@pmp P/wcz/;,; 5615/;, \ch(‘)-.;, CCP /O)

- Lo H, '
7 - : 6«50 Soaaf/ Resin % PR
4/ ’g - TW
N - 4y
2 i 0,707

2thy)- 40" hs = 1,407

Uz 1,07 | »0 PO
‘ 0%%34%@3?%’0 [ |
42 FINA b 42 o
7’ 4! 71
Checke  Rock Sree (From Figare Xi-z , HEc Noid)
For >/°. = 3717 k 0()50 2 0.4 o
yo/o /37 T / /37
5 L )02 - hss 02 (181N 1907
Vo |
Qhock he  _ [.90
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Culvect GO G

_ DESIGN DISCHARGE — Q
CULVERT BRH\? Vave = WETTED AREA AT BRINK OF CULVERT

[

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

EQUIVALENT BRINK DEPTH
BRINK DEPTH FOR BOX CULVERT

n

ar , :(5)1/2 FOR NON—RECTANGULAR
& section SECTIONS

NOTE: 2 < = 4
N d50
T o
o IF 2 > 075 %
> Yo b"% /

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

RELATIVE DEPTH OF SCOUR HOLE

4 ! I 1 J
1 1.3 2 3
ave

FROUDE NUMBER = ———=
Viza.aiy,)

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-1¢
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JOoB
DATE -
‘ COMPUTATIONS FOR (;t/‘)&;t‘ ({d 6 //M U/&.‘J BY - <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>