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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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N/A

'0.035

0.035

0.035

0.035

0.035

0.025

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
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— 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
— 84 = /
— 600 P
r - 500 /,"' / o i
I 72 — 400 /// Q '—— 2. = i
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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
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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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_ DESIGN DISCHARGE — Q
CULVERT BR')NK/ 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

1}

3r z(é) Y2 EOR NON—RECTANGULAR
SECTIONS
s
NOTE:. 2 g ™% e 4
i dsg
Tw
il IF g~ > 0.75

0o

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

%
O,
‘ou’/ S
%

RELATIVE DEPTH OF SCOUR HOLE

| / | | | J

1 1,39 2 3
Vave
FROUDE NUMBER = ————
(32.2)(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
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DATA:

ECTION NUMBD
Channel Slope:
CROSS SECTION

5

€
-

500 525 550

475

436.3

348.9

.4

347

-~

341.

=3
3

338
33

<t

o~
™

s5

310

()]

271

™
0
™

11

OFFSET
ELEV.

N

34
0.035

35
0.035

34
07035

35
0.035

34.34
035

0.

61
02635

0.025
13
40

30.55
0.035

5

[s

o€

34.55

33.06
.035

0

4.717
0.035

32.56
0035

34.15
0.035
0

36

N/A
30.

31
3=

EA
HYD.RAD.
.RAD.

STAGE-DISCHARGE DATA:

HYD.RAD.
WET PER.

STAGE:
WET PER.
AR
STAGE:
WET PER.
AREA
STAGE:
AREA
HYD

~

STAGE:

77
124

33

32

WET PER.
.RAD.
PER.

AREA
WET PER.

AREA

HYD

HYD.RAD.
STAGE:
STAGE:
WET
AREA
HYD.RAD.

o

180

10




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



Cross Section - TW Cul 69

36 R
\‘\\
\\
\\\
\
35 — \\ /I ] /
o . //
\\ }.\ -"/ / /
| e \\ jit / /
34 \ - | m e
L] //
gt
e : — e |
100 200 300 400 500 600

Offset (it.)




3500

3000

2500

.. 2000

S

e

32

Stage Discharge - TW Cul 63

33

Stage (it)

34

34.5




Elevation vs. Storage - Node 69
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PROJECT: :

R s e S DESIGNER:
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— / :
Ql = S(JQS (V(\S Twl = 488 AHi! qz% TWs 4/88/
L TN N ‘\/\/\»j
EL. 33,50 e 23.33/ EL. 3305/ §

Pea/( Oaf /P‘f bi S‘(‘Aa rje

/ /
Q) * DESIGN DISCHARGE, SAY —Qpq\ &/0CO So = 00507 L._920 L/100 Sq =
( Qy* CHECK DISCHARGE, SAY Qg

MEAN STREAM VELOCITY =
CULVERT CAP HEADWATER COMPUTATION é - E 3 o
e N Grad BT DT SR e EEETE I
TYPE iy . c L Ho LS, | HW | S ° ;J
litxdlaier | soe 2.2 188 |0.20|375140 | 4.0 |4.88]488[0d5]|8 18] 8.8 (143 1742. %20 I;Lf,};
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