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Toyota Arizona Proving Grounds
Drainage Calculations

• •
Culvert Number / Concentration Point Listing

Listed by Culvert Number

iiff'1i:lI_ii.r"\i~
1 Oval Track 70E (5) 10' x 5'
2 Oval Track 70C (1) 24" RCP
3 Oval Track 69 (3) 10' x 4'
4 Oval Track 67E (1)10'x4'
5 Oval Track 67F (1) 36" RCP
6 Oval Track 67A (5) 10' x 4'
7 Oval Track 67B (1)10'x4'
8 Oval Track 67C (2) 10' x 5'
9 Oval Track 670 (2) 10' x 4'
10 Oval Track 60C (1) 24" RCP
11 Oval Track 60B (1) 24" RCP
12 Oval Track 60A (5) 10' x 4'
13 Oval Track . 60F (1) 10' x 4'
14 Oval Track 60G (1) 10' x 4'
15 Oval Track 60E (1) 24" RCP

16A Oval Track 600-6 (1)10'x4'
16B Oval Track 600-5 (1) 10' x 4'
16C Oval Track 600-4 (1)10'x4'
160 Oval Track 600-3 (1) 10' x 4'
16E Oval Track 600-2 (1)10'x4'
16F Oval Track 600-1 (1) 10' x 4'
17 Loop Road A 60 J-1 (1) 6' x 4'
18 Oval Track 60 J-2 (1)10'x4'
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)10'x4'

~gM~i~ '..:~~~~I~.lill:~~~\rMli~~
22 Oval Track 67 1-2
23 I Loop Road A I 67 J-1 I (1) 10' x 4'
24 I Oval Track I 67 J-2 I (1) 10' x 4'
25 I Loop Road A I 67 L-1 I (1) 24" RCP
26 laval Track I 67 L-2 I (1) 24" RCP
27 I Loop Road A I 700-1 I (2) 10' x 5'
28 laval Track I 70 0-2 (2) 10' x 6'
29 I Loop Road A I 70 P-1 I (5) 10' x 6'
30 Oval Track I 70 P-2 I (4) 10'x 6'
31 laval Track I 700 I (2) 10' x 4'
32 I Rampway A I 70 M-1 I (1) 24" RCP
33 I Rampway B 70 M-2 I (1) 6' x 4'
34 I Oval Track I 76J I (1) 10' x4'
35 ICornering Course I 70 A I (3) 10' x 5'
36 I Cornering Course I 70 F I (5) 10 'x 6'
37 I Cornering Course I 70 B I (3) 10' x 5'
38 I Cornering Course I 70 G I (4) 10' x 5'
39 I Access Rd A-1 I 76 E I (2) 10' x 5'
40 I Access Rd A-1 I 76 F I (1) 10' x 4'
41 I Access RdG-1 I N/A I (1) 49" X 33" CMPArch
42 I Access Rd G-1 I N/A I (2) 49" x 33" CMP Arch
43 I Access Rd E-1 I N/A I (2) 49" x 33" CMP Arch
44 I Access Rd E-1 I N/A I (2) 49" x 33" CMP Arch
45 I Access Rd A-2 I N/A I (1) 49" x 33" CMP Arch
46 I Access Rd A-2 I N/A I (2) 49" x 33" CMP Arch
47 I Access Rd A-2 I N/A I (2) 49" x 33" CMP Arch

File: e\40477\qcfiles\DRNCALC2.XLS
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Listed by Concentration Point

CQl1centrat\oq
.."

.III~~~~~~
... ;

Point ...... .., • );U· •••. C

60A Oval Track 12 (5) 10' x 4'
608 Oval Track 11 (1) 24" RCP
60C Oval Track 10 (1) 24" RCP

600-1 Oval Track 16F (1) 10' x 4'
600-2 Oval Track 16E (1) 10' x 4'
600-3 Oval Track 160 (1) 10' x 4'
600-4 Oval Track 16C (1) 10' x 4'
600-5 Oval Track 168 (1)10'x4'
600-6 Oval Track 16A (1)10'x4'
60E Oval Track 15 (1) 24" RCP
60F Oval Track 13 (1)10'x4'
60G Oval Track 14 (1)10'x4'

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

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

·.0.~:~~~i~~f-~r~.. :.i.I; ••;II::'••ili.'.~B~d;~ ••·•••••••••• :: ••••••111:·!~&mgC=~~I·r.~
67 L-1 Loop Road A 25
67 L-2 laval Track I 26

69 laval Track I 3
70 A ICornering Course I 35
70 8 ICornering Course I 37
70 C laval Track I 2
70 E I Oval Track I 1

70 M-1 I Rampway A I 32
70 M-2 I Rampway B I 33
700 laval Track I 31

70 P-1 I Loop Road A I 29
70 P-2 laval Track I 30
70 0-1 Loop Road A I 27
70 0-2 I Oval Track I 28

76 E I Access Rd A-1 I 39
70 F ICornering Course I 36
76 F I Access Rd A-1 I 40
70 G I Cornering Course I 38
76 J I Oval Track I 34
NtA I Access Rd G-1 I 41
NtA I Access Rd G-1 I 42
NtA I Access Rd E-1 I 43
NtA I Access Rd E-1 I 44
NtA I Access Rd A-2 I 45
NtA I Access Rd A-2 I 46
NtA I Access Rd A-2 I 47

.; K1,,0I~.'~1 1141
(1) 24" RCP
(1) 24" RCP
(3) 10' x4'
(3) 10' x5'
(3)10'X5'

(1) 24" RCP
(5)10'X5'
(1) 24" RCP
(1)6'x4'
(2) 10' x 4'
(5) 10' x 6'
(4) 10 'x 6'

(2) 10 'x 5'
(2) 10 'x 6'
(2) 10'x5'
(5) 10 'x 6'
(1) 10' x 4'
(4) 10 'x 5'
(1)10'x4'

(1) 49" x 33" CMP Arch
(2) 49" x 33" CMP Arch
(2) 49" x 33" CMP Arch
(2) 49" x 33" CMP Arch
(1) 49" x 33" CMP Arch
(2) 49" x 33" CMP Arch
(2) 49" x 33" CMP Arch
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JOB 4~.7 ToYdT-A--
I I

COMPUTATIONS FOR C4>U~;;f- (; 7 i-I ~

SHE~T Ne OF _

DATE 2-/2- '1/

BY OF:! CHKD ReT!
•

CULVERT COMPUTATION SHEET

I
-

PROJECT : DESIGNER:

3 5" 1~2 S- / <'Nf !!"o pt-tJ/! '5~!c:;-qlSTATION: DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR~

, .

T-~7-
/'"- /& ~o, 0

. DRAINAGE AREA
~

" "

\ ~O. 2,21
' °1 .. 31 e(r iWI • 2,2.5" (I)

AHW. -y~
'° 2 .. TWz • 2,2,1 (:J.) t 'I-~ ~I ,I

EL /64.2.0 El. i.~1f.dIJJ EL. !~o7t

~f'''' k.. jJ /' .;,rt~2 r2 OI.J~
. DI. /2()' . I( °I I DESIGN DISCHARGE, AY ~) So" L " LlIOO So ..

02 I CHECK DISCHARGE, SAY O~O IwlEAH STREAM. VELOCITY IX .-If>AXJ,
CULVERT HEADWATER COMPUTATION ..J >-

CAP, 0 ..........
't! :>DESCRIPTION INL ET CONT, OUTLET CONTROL HW ftH+ho -LSo cr: ~ w - ...... ,

Q CHART ..J u V}
, "-J

COW.lEHTS~I ..... 0 0 I ..J

ENTR. . HW HW :
de + D ::J ..J o lLJ ,

SIZE HW XO ' • H de TW Mo LS o HW 0'
o,~

u
, TYPE I o ' 2 u,

)4'/./' /1,(' )"),,,f( )/ cfs )...15' 4,30 ,2 3.70 /J J/ q:) ~.2j ).,2) )60 5,35' 5,3~ 7/67 /64-7.3'5' O"fl("~ (U I
. . Cd'"

, . .. r:::-: o""t-/rf- '
I, I I I" )./I{J 4,30 ,L ?;;,70 /, OJ' '},157 22; ).,J.l h20 4,73 4,7/ C;. 'if7 It 4& 1/ .'(OYl,tr-ro{ (;.')

I
-

, -
I

I

SUl-llJARY a RECD),l l.lEHDATiON 5(1) 5:.. ()01 j- '8er>JtJ"f" O/-1wE 16 4 3,6Y .~ Ct,d,;uA-- 67 L-2~C../~ 67L-1 1t"'1-fv&-
:J:", ()wt 16~ 1,41> .

lJ.) 5 -. O. 0I r5asJ ""', OHW!= J64-3,~1 -('rOM. C""ltJ4 67 L-2 ~ C",,(JI/V(- 6.7 t:.-I ou..+(<'(-

/1< UV'",-I- //..,1-1.80 te
\ ... .._- 1



SVERDRUP

JOB 4~ ) 'To yuh

COMPUTATIONS FOR C<., (u-vvl- 67 L - 2 ~
SHE~T N~'7'7 ...,-

/' . rr)
DATE Q FfJ CHKD tel...:...V__
BY

•
CULVERT COMPUTATION SHEET

DESIGNER:PROJECT:

STATION:

J-i 'i i Y;fe.l ·.Th, <" te

-~6 i- 2. 5" H iJ fJ DATE: __~-II-.'11

I

HYDROLOGIC AND CHANNEL INFORMATION

/, 107::-

SKETCH

0' .., I
O2 ..

DRAINAGE AREA

3/ CfI
'-- TWI •

TWZ • -~-

SHLDR.

l '7';
AHW· _'_

J ~
EL. /fJYi.<Jo EL./63J.157

~ 164{S7J "

~

i TW • II(/}-'

~_-.L

E L. ;t37.21 t

HEADWATER COMPUTATION

14",(l(f I HCG.luJ..,,lp 13/ err

feo Ie. V, 5= r~ or') L (i/~o

(
0 I I DESIGN DISCHARGE, SAY ~

02.' CHECK DISCHARGE, SAY Q~o)

),1'J I /,/0 I J, QS'//'29 14,51 14.51 J/D. d6

~>
I j ICOMYEHTS
a lLJ

)61'3.7)1 !j'1f-/d4"'7'YoJi[)

/64 ?J,tf(, 1!-?~i+kJ6" f.r.IA

L .. 129, ' L!IOO So ..

J,(EAN STREAM. VELOCITY,. J,6{t;--,.-

..J I- >-

°~ ~ ~ SI I-

Z I 1-'0
<I)

HW 10 ~, ..J °
U

o lLJ
U

>
lio ,I LSo

So. ,01

TW

/'<15 I). /D II; 7s-I. b5"I5; (Sl ·5./flJo. 176), ~st 1,4

3, ezs I 117

1'l1~[T CONT.I. I

I ..... I HW
H~ I . ~ •.

D

2,15 4-.3DI I 2-

)./S 4. 3~ ! /2

Q

1
ICULYEI1T

DESCRIPTION

SIZE

SUUUAflY a RECO~blEHDATIOHS ~ j)f/;",J--<.) fy~ C1i~f;~) Jc!"JI\.$frw"\rt.~",, e{ ~ro>s. ;:;eci7'~,

VI ;; (' ~ (e ,-T·, ,,~ /1 2.
(() 5"'; , 01) ~ (J') 5::, <J I

\ - .--
tJ:J

I



10,000

8,000 EXAMPLE

6,000
0.42 inehu (3.5 ft.l)

5,000
0-120 eft

. 4,000 ~'* HW
0 t ..t

3,000 {Il 2.5 8.8

2,000
(2) 2.1 7.4

(3) 2.2 7.7

*0 in h.t

1,000

800

3/Jt

(2)
6

.5

( I )

Ct{(vv~ 67 L-I
67 L-2

CHART 10
(3)

r0o-

f- .- 6.

~ 5 .
~ 6. I- 5.
f-

I- 5. I- 4.
f- 4.

- ~4.
i- 3.

- 3.

~ '3.
I-

,

ftf---~L-2.--=l=2~
~

~ I-- 2.

~

~ f-- I. 5
f/)

I- 1.5

a::
ILl - 1.5...... I-
ILl
~
<t
0

Z I--
I
......
0.. f- 1.0 I-- I. 0
ILl
0

f- 1.0
I-

a::
ILl f- .9
l- f- .9
~

~ I- .9 I-
0
<t
ILl
I I-- .8 - .8

I- .8

L- .7
I-- .7

=.r

I- .6
- .6

I- .6

f- .5
-

'- .5

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

WITH INLET CONTROL

ENTRANCE
TYPE

Groovi Ind with

hladwall

Square .dg. with

h.adwall

Groove Ind
proJleting

(I)

(2)

(3)

To use scali (2) or (3) projlct

horizontally to scali (U, thin

use straIght inclinld lin. through

o and 0 seal ... or ,.verll 01

illustrotld.

HWo SCALE

400
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HEADWATER SCALES 2 &3

REVISED MAY 1964
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• BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 5'.
67 L-I (; 7 L-2
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JOB _---'-4~()---!..t-..:7_7.!___7'~of-'.'t~L:../....~_______ SHEET NO. OF_- --
DATE 2-/ '1-Cf(

COMPUTATIONS FOR Cv..(V~ 62L-/.-.,{ 671--2 ByYffJ CHKD ~

Fen, t 7 L-;:
I

/

I

IWJ~~ 2;-' :c / II 7 J()()

•
Fie 67 L-2-:

-'
I~-=-'JJ- -= OS->

::;... I

i<J -:IZL- /0

2--~D2.:,- - 2 <..s-

_ Ie), () 6 /
::: - q

- i}:'7l.L(U.4] ,,/

Yo:: 0. '11(2) -=- I, 1 2.

5 J. d.J.J ~ J-f'C"/i

4.) e- yo '" I, /. I .

fY~ H&-c 14
J

Vk Ill- 2 V/-K ~ 'O~ ~ ¥=-l CJs
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• 1.00

.'16
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0:70
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,.,' / I Vlo""-'"
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./
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~ ./ V,..- ,

//I-- -. v'"
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1----- r-
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......... /
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VI-
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V V--
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~ / (
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i--- I TV"

() 6. 1
1 6. -

A ",- .. . 1''' ""'1.~-I-

7 Yo/' I -

'/t---"

I

I OlD 2.5 = 0 I

/
Yo = brink depth

D = dia. of culvert

W = tailwater depth

/
/
a 0.1 0.2 0.3 0.4 0.5 O.G 0.7 0.8 0.9 1.0

TW!D

HEc 1+,
Fiyure 111·10 Dimensionless Rating Curve for the Outlets

()f CirculClr Cu Iverts on Horizontal one!
Mild Slopes fro In Reference 111·2

II I-15
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JOB _4L.L<:O:..-.J4---1.7:..--).!....---_7~CfJ:z..u:.V42"-L-;&..--=-- _
/

COMPUTATIONS FOR C41u~ t.-J..L-/..c.,// 1.- 2-
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DATE ~-2cJ-71

By-f)U CHKD ~
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DATE ~L2f)L-,-c;l _
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/0//8

"

\
j

3

!t. SECTION

DESIGN DISCHARGE _ Q

Vave WETTED AREA AT BRINK OF CULVERT

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

"'I <:>..c >-

W
-..J 2
o
I

.~
U
V)

LL

o
I
f
0..
W
o
W ).O~

>

IF ~W > 0.75
o

< < 4- d
50

NOTE: 2

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTR EAM
FROM BASIN - SEE DESIGN
EX,LI,MPLE IN TEXT.

1 -f
<l:
-..J
W
cr:

2 3

FROUDE NUMBER
V ave

alGURE Xl-I RELATIVE DEPTH OF SCOUR HOLE 'vERSUS FROUDE NUMBEH AT BR!NK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIA8LE

XI-lL<
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Ie • •
~!:.Cl JON rJUMl:Jt:H rVV5lL bl J.u/n

ChAnnel :Slope: 0.0055 ft.jf.t.

CROSS SECTION DATA:
OFFSET -6S0 -600 -300 -80 0 30.8 121.4 122.4 125.2 126.7 221. 1 270
ELF-V. 40 lR 39 38 38.3 38.36 37.34 36.7 36.87 37.51 38.31 40
N N/A 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.03:' 0.035

STAGE-DISCHARGE DATA:
STAGE: 36.7
I'IET 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
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 a 0 0 0 a

STf,GP. : 36.85
I'IET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.3 2.5 0.0 0.0 0.0 0.0
ARE.'\ 0.0 0.0 ('!. a 0.0 C.O 0.0 0.0 0.2 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 G.O 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Q 0 a 0 a 0 a a a a a a 0

STJ\GE: 37
\In:.:'!' PER. 0.0 0.0 0.0 0.0 .).0 0.0 0.6 2.8 0.3 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 (l.a O. J 0.6 0.0 0.0 0.0 0.0
HYD.RM1. 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 1 0 0 0 0

STAGE: 37. l5
l'lET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.8 0.7 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.0 0.1 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 I}.O 0.0 0.2 0.4 0.1 0.0 0.0 0.0
Q 0 0 0 0 0 0 a 2 0 0 0 0

51'IIGE: :n.3
l'iCT PSR. 0.0 0.0 0 .. 0 0.0 0.0 0.0 1.1 2.8 1.1 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1. <1 0.2 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.5 0.2 0.0 0.0 0.0
Q 0 0 0 ~ 0 0 0 <1 a a 0 a

STlIGE: 37.45
\'iET PER. 0.0 0.0 0.0 0.0 0.0 9.8 11. a 2.8 1.5 0.0 0.0 0.0
l\REA 0.0 0.0 0.0 0.0 0.0 0.5 1.0 1.9 0.'1 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.7 0.3 0.0 0.0 0.0
Q 0 0 a 0 0 0 1. 6 1 a a 0 "-"-

~



'e • •
SECTION r·1UMOEfl T'NS7L 6/10/91

STAGE: :n.6
ViET PER. 0.0 0.0 0.0 0.0 0.0 23.1 24.3 2.8 1.6 12.3 0.0 0.0
l\REA 0.0 0.0 0.0 0.0 0.0 3.0 3.6 2.3 0.6 1.1 0.0 0.0
HYD.Rl\D. 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.8 0.4 0.1 0.0 0.0
Q 0 0 0 0 0 0 3 9 0 1 0 0

STAGE: 37.75
\l/ET PER. 0.0 0.0 0.0 0.0 0.0 35.4 37.6 2.8 1.6 30.0 0.0 0.0
l\REA 0.0 0.0 0.0 0.0 0.0 7.5 fl. 2 7..7 0.8 4.2 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.2 0.2 1.0 0.5 0.1 0.0 0.0
Q 0 a a 0 0 a 9 12 0 4 0 0

STl\GE: 37.9
WET PER. 0.0 0.0 0.0 0.0 0.0 49.7 50.9 2.8 1.6 47.7 0.0 0.0
l\REl\ n.n 0.0 0.0 0.0 0.0 13.9 14.8 3.1 1.1 10.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.3 0.3 1.1 0.7 0.2 0.0 0.0
Q a 0 0 a 0 n 7.0 15 a 11 0 0

STAGF,: 38.05
\oJET PER. 1.3 16.3 11. 0 24.3 0.0 63.1 64.3 2.8 1.6 65.4 0.0 0.0
AREA 0.0 0.4 0.3 0.6 0.0 22.4 2.3.4 3.5 1.3 18.5 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.4 0.4 1.3 0.8 0.3 0.0 0.0
Q 0 0 0 a 0 0 38 .lR 0 25 0 a

STAGE: 38.2
WET PER. 5.0 65.0 44.0 97.3 0.0 76.4 77.6 2.8 1.6 83.1 0.0 0.0
l\REA 0.5 6.5 4.4 9.7 0.0 32.8 34.0 4.0 1.5 29.6 0.0 0.0
HYD.RAD. 0.1 0.1 0.1 0.1 0.0 0.4 0.4 1.4 0.9 0.4 0.0 0.0
Q 0 4 a 7 a 0 62 22 0 47 0 0

~s EIO~ 36.7 36.85 37 37.15 37.3 37.45 37.6 37.75 37.9 38.05 38.2
Q a a 1 3 5 7 13 25 31 46 81 142

I.A 0.0 0.2 0.7 1.3 1.9 3.2 7.0
l5.1 F 46.5 83.8

iv 0.0 O.R J .5 2.0 2.4 2.3 1.8 l.fi 1..7 1.7 1.7
"-

3/Cb :- [37. /-37.75/
')J-2~- ) 37.7)'ws Elev M- 0y -+

-;:. 37,71

G )f' -2, ) Tc.c'/w~ rJ tf:('''V' \ -:
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'""~~""- "- ,--- Rectangular Orifice into an infinite Basin"
(V L lAVE = A',erage Velocities L Feet Downstream from brink ~V\ Circular Orifice il1to an Infinite Basin

- /

V AVE = Average Velocity at Outlet

I ~~
Design Curve f-----.-/

I~I,-i-f- V AVE

"'"WO->-Q I
ft/~ t--TW .~Sym ft cis Ips

0 1.45 22.5 15.1 1.6
0 1.45 14.6 10.3 1.6

""0 3.07 65.4 9.3 3.07. 3.07 84.0 11.9 3.07

~
Q 1.45 20.9 14.0 1.25

Q 1.45 13.9 9.3 1.25

~I I I I I I

~
, NOTE:. For partially full circular sections or non circular brink areas, convert

wetled crss section,,1 or" to an r"iV"ler CirClI(ar a'l" wrh lJm,eter W.

""0.1

1

0.3

" .",
I.,'J

0.6

0.4

0.5

0.7

0.2

;"J,B

1.0

(V L ) AVE

V AVE

X
H
I

I--'
lr1

L Distance Downstream from Plane of the Outlet

Wo = Culvert Width

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 Chart can be used with Figure 2 of HEC No. 11 for sizing riprap

(00 not use Figure 1 HEC No. 11, use Mean Velocity Values)
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Channel Slope: 0.0093 it./ft.

CROSS SECTIO~ DATA:
OFFSET -155 48.1 126.2. 130.5 132.4 135.1 149.9 153.8 160 162.7 198.7 235.1
ELEV. 42 40.08 38.22 36.73 36.5 38.35 36.49 37.85 37.58 38.5 39.32 11.02
N I:/A 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: J6.5
v!ET PEr.. 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0
,1\REA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WiD. HAD. 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 a a a 0 a a 0 a a a a

ST!'.Gt:: 36.9
t'!ET PER. 0.0 0.0 0.5 -, 1.9 0.9 3.1 4.3 0.0 0.0 0.0 0.0 0.0
1\ REi\ 0.0 0.0 0.0 0.5 0.2 0.6 0.9 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.3 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0
Q a a a 1 0 a 1 a a a a a

ST1\GE: 37.3
\'}ET PER. 0.0 0.0 1.7 1.9 1.8 6.1 8.5 0.0 0.0 0.0 0.0 0.0
1\RC1\ 0.0 0.0 0.5 1.3 0.6 2.4 3.4 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.3 0.7 0.4 0.4 0.4 0.0 0.0 0.0 0.0 0.0
Q a a 1 6 1 a 7 a a a a a

ST1\GE: 37.7
,'lET peR. 0.0 0.0 3.0 1.9 2.7 9.1 12.7 2.8 3.1 0.0 0.0 0.0
1\RE1\ 0.0 0.0 1. II 2.1 1.4 5.t] 7 ,. 0.2 0.2 0.0 0.0 0.0.J

lIYD. Ri\D. 0.0 0.0 0.5 1.1 0.5 0.6 0.6 0.1 0.1 0.0 0.0 0.0

Q a a 3 12 4 a 22 a a 0 a a

STI\GE: 33. '.
I'JET PER. 0.0 0.0 4.2 1.9 3.6 12.1 16.2 22.4 24.0 0.0 0.0 0.0
1\REi\ 0.0 0.0 2.7 2.8 2.6 9.6 13.2 15.6 16.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.6 1.5 0.7 0.8 0.8 0.7 0.7 0.0 0.0 0.0
Q a a 8 21 8 a 0 a 50 0 0 0

STAGE: 38.5
t'JET PER. 0.0 11.8 16.3 1.9 4.1 18.1 2:;.2 28.4 31. 3 0.0 0.0 0.0
l\F~E1\ 0.0 1.6 6.1 3.6 4.0 18.9 24.1 28.9 30.2 0.0 0.0 0.0
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SECTION NUMOER. T'/.70P-2 5/12/91

Channel Slope: O. 0079 ft. /ft.

CROSS SECTION DATA:
OFFSET -200 1.1 75.2 76.7 79.3 82 96.2 99.8 102 107.6 194.2 400

ELEV. 39.5 37.3 36.39 34.63 34.5 36.01 36.79 35.99 35.85 37.12 37.56 39.5

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

STAGE-DISCHARGE DATA:
STAGE: 34.7
~IET PER. 0.0 0.0 0.1 2.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AREA 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q a a 0 0 0 a 0 0 0 0 0 a

STAGE: 35.1
i'IET PER. 0.0 0.0 0.6 2.6 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AREA 0.0 0.0 0.1 1.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.2 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q a 0 0 5 0 a 0 a a 0 0 a

STAGE: 35.5
~iET PER. 0.0 0.0 1.1 2.6 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AREA 0.0 0.0 0.3 2.4 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.3 0.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q a a 1 12 2 a a a a a 0 a

STAGE: 3S.9
VIET PER. 0.0 0.0 1.7 2.6 2.9 0.0 0.0 0.8 1.0 0.0 0.0 0.0

AREA 0.0 0.0 0.7 3.5 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.4 1.3 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q 0 0 1 22 5 a 0 0 0 0 0 a

STAGE: 36.3
\.lE1' PEE. 0.0 0.0 2.2 2.6 3.1 3.t] 1.4 3.6 5.7 0.0 0.0 0.0

AREA 0.0 0.0 1.2 4.5 2.8 3.6 0.2 1.1 1.5 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.5 1.7 0.9 0.4 0.2 0.3 0.3 0.0 0.0 0.0

Q a a 3 34 0 8 a 0 2 0 0 a

STAGE: 36.7
WET PER. 0.0 25.2 27.6 2.6 3.1 15.7 3.3 5.5 9.3 0.0 0.0 0.0

AREA 0.0 3.9 5.7 5.6 3.9 8.2 1.1 2.9 4.4 0.0 0.0 0.0

HYD.RAD. 0.0 0.2 0.2 2.1 1.3 0.5 0.3 0.5 0.5 0.0 0.0 0.0

Q a 0 7 48 a 20 a 0 10 0 a a --
~

----~
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SECTION NUMSER TWlOP-2 6/12/91

STAGE: 37.1
WET PER. 0.0 57.8 60.1 2.6 3.1 17.3 21.0 23.2 28.9 0.0 0.0 0.0
AREA 0.0 20.5 22.9 6.6 5.0 14.9 17.5 20.1 23.5 0.0 0.0 0.0
HYO.RAO. 0.0 0.4 0.4 2.5 1.6 0.9 0.8 0.9 0.8 0.0 0.0 0.0
Q 0 0 45 64 0 0 0 0 77 0 0 0

STAGE: 37.5
WET PER. 18.3 92.4 94.7 2.6 3.1 17.3 21.0 23.2 28.9 103.7 0.0 0.0
AREA 1.8 50.4 53.3 7.6 6.1 21.7 25.7 29.2 34.8 49.0 .0.0 0.0
HYO.HAD. 0.1 0.5 0.6 2.9 2.0 1.3 1.2 1.3 1.2 0.5 0.0 0.0
Q 0 0 137 82 0 0 0 0 0 112 0 0

STAGE: 37.9
~JET PER. 54.9 129.0 131.3 2.6 3.1 17.3 21.0 23.2 28.9 115.6 151.6 0.0
AREA 16.5 94.6 98.2 8.7 7.1 28.4 33.9 38.2 46.2 94.7 100.8 'J.O
HYO . RAD . 0 . 3 0 . 7 0 . 7 3 . 3 2 . 3 1 . 6 1 . 6 1 . 6 1 . 6 0 . 8 0 . 7 0 . 0
Q 0 0 304 102 0 0 0 0 0 0 289 0

STAGE: 33.3
WET PER. 91.4 165.5 167.8 2.6 3.1 17.3 21.0 23.2 28.9 115.6 194.1 0.0
AREA 45.7 153.5 157.7 9.7 8.2 35.2 42.1 47.3 57.5 140.6 169.7 0.0
HYO.RAO. 0.5 0.9 0.9 3.7 2.7 2.0 2.0 2.0 2.0 1.2 0.9 0.0
o 0 0 569 123 0 0 0 0 0 0 584 0

STAGE: 38.7
~iZT PER. 128.0 202.1 204.4 2.6 3.1 17.3 21.0 23.2 28.9 115.6 236.5 0.0
i\HEA 89.6 227.0 231.8 10.8 9.3 42.0 50.3 56.4 68.8 186.6 255.5 0.0
HYO.RAD. 0.7 1.1 1.1 4.1 3.0 2.4 2.4 2.4 2.4 1.6 1.1 0.0
Q 0 0 948 14fi 0 0 a 0 0 0 1012 0

,------------

~J.S. Elev. 34.7 35.1 35.5 35.9 36.3 36.7 37.1 37.5 37.9 38.3 38.7 fu a,.. :: 2228' cr.,
Q 1 5 15 28 47 86 187 331 695 1276 2106 2~~lS.7.)J
1\ 0.4 1.8 3.6 3.9 10.8 23.9 53.0 110.0 207.7 337.1 498.1 (.Us. EleJ:: "3'1,3+( :2/<>6-/ 2Uj
V 1.3 3.0 4.0 4.8 4.4 3.6 3.5 3.0 3.3 3.8 4.2 I

<= '7,),76

p~")42-~.S)
i/~ 3'~+-\J_I"6-1.t"~·

~ 4,Lb ?-t/s

DqK ;: "3 t, 7(- 34. 5 ~ 4, 1.// ~

()'5c 4,2~?.. TW ~
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Elevation vs. Storage - Node 70 P-1
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DATE:

DESIGNER:

CULVERT COMPUTATION SHEET

SKETCH

1~4Z 7:;-

l
AHW· __

J--j----=-=--==-+--~~=_J
EL. 1(",37.00 EL. ~(,.70

'rNO~
:::;~~,;~/

Pb() J< Y.------'j
BY - CHKD~-----

- ----

...I

>- ~ I0

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

z I 1-0
II) II&J

HW 10
;:, ...I ° 0...1

ICOMWENTS

U OW
U W

>

'TWI. '3.cI/E(/!+,C.h~~uL.. 1
TWt • ~'-----

01 • '138 dS
°2 ·

PROJECT: __~ ~

SVEROR' "

'08 10c/~-=-O+.l-:-Cj:L--__.
COMPUTATIONS FOR u.!(J"(' I/"t 7 c) - C:.:J Wl

I
I . STATION: 5-z..o f 50 I Oval "-;'--0 c.1c
r- HYDROLOGIC AND CHANNEL INFORMATION

I DRAINAGE AREA 1.07 $;>. h1/~s

I
I h."k o",-fI,d '.b,~cj,a '() e "
! 0, I DESIGN DISCHARGE, SAY ~\ QIOO So. .00$'0 % L. Jzz LIIOO SO •

! ( 02 I CHECK DISCHARGE, SAY Q 50) MEAN STREA .... VELOCITY. l:? Ct'4?S,
[- CULVERT ' HEADWATER COr.;PLiI.l\TiOi-4
, CAP.
I DESCRIPTION ° CHART INLET CONT. OUTLET COHTROL HW -H+ho -L~o

11-~Ii:E "OHR~ HW HW HW 1(. H de de + D I T'tV I HILS I I, ! TYPE D': 0 0 I
(~;;t-b~ ql~!~ 4 ,A ~ 8 I"" , 4r- 0 l.hlct
~/O'X<V! ;frzltt· =1t..'l 'Z,o 8.0 a2.. 3·2,0 .,0 '3.'1 T,O O.te' '.S'<'( .0 ..,,0 ~ ?o. Co...;lrb/

I\11---->- I : : I I II I I I

f-t- I -1-I ~ EI . ~-j- I I --,

j l . 1l=L-=tL-=t1=t_L: ~
, SUlol~ARY 8 ~ECOWM£NDAT'ONS U1))..Q.. .~rOtA.4",r.{ 'Ytp(',t::..r """j>(U7JC: bas/~ -10 '{'ccL..f('e d.oWt15+reQ,""'"

en:>S/ov> pi"'of'~c -{ ICY1
tl1

L . ----I



BUREAU O~ PU8L1C ROADS JAN. f9~3

5-21

.9.9

1.0

.7 .7
.6

.6 .6

.5

.5 .5

.4

.4

.~O
.35 .~5

-.7 _-+--,-.,,-8_-J._~

- .8

- .9

CHART I

( I ) (2) (3)

8 9 10

7 e

6
7 8

6 7

5 6
5

4 5
4

4

3
3

2,0

2
2

1.5

1.5
1.5

If>

l.:.

~ '·1.0

z

o

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

70

To uu scole (21 or (3) project

horizontolly 10 scolt: (I), then

uu ,t'oiqhl inclined lin. Ihrouqh

o and 0 SCOltl, or "YUH 0'S

illu'S I r ot cd .

"'''''~
I

Winqwoll --
I-
e...

10 flott: ~ W
0

8 or
W
I-

6
<I
::=

5
0

H; SCALE
WING WALL

<I
w

4 FLARE I

(II 30· 10 75·

:;
(Z) 90· and 15-

(3) O· (tllen~ionl

2
of sides)

.6

.5

100

80

600

500 EXAMPLE

400 5',2' Bo, 0,75cl'
O/B 15 cts/tt.

~OO In It t
HW HW
0 {,eet

(I) 1.75 3.5

200
(2) 1.90 3.8

(3) 2.05 4. I

.8

a:
w
a.

I
a
a
lJ..

5

6

7

8

II

9
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12

I-
W
W
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Z
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x
a
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a
l-
I
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W
I

•
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5000

70 - L)

CHART 8

4000

3000

2000

-+-q~-
5 10 0. 5 0-~

20

12 XI2
1000

800 10 XIO 100 ~

9 X9 80 ~
600

500 8X 8
60

50

x
(f) 300 0 6X6
LL.. lD
0 30 X

w 0
z OC

5X5
lD

200 «

• =' oc.
a a 20 «

(f) -'
W

LL.. ='
C! 0 4X4 C!
oc z
« z «
I o 3.5X3.5 I-
0 100 0
(f) (f) w

Z 10 oc
0 80 w 3X 3 LL..

~ 0
0 8

60 «
2.5X2.5 w

50 6 oc

0. 40 -
-«

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

2X2 /4
30

20

10

8

....
Z

..J

l.>
Z

Z
0:
:>....

SUB"'ERGED OuTLET CULVERT FLOWING FULL

HW I H. ho-LSo

For O\lllel cro"'" nol submtrQtd. compUlt HW by
m.lhoodc d"ctib4d in Ih. duion proc«durt

. .4

.5

.6

.8

1.0
I-
w
W
LL..

Z

2

3 3:z./
4

5

6

H:1.~- 8

\0

•
6

5

BUREAU or PUBLIC ROADS JAN. 196)

HEAD FOR
CONCRETE BOX CULVERTS

FLOWING FULL
n = 0.012

5-31
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SHEET NO. 12"" OF

DATE .___ 7/1 B/9/
r~ ~_

BY.....B~-~-.CHKD R J /

JOB _4!.....::O=--cj'--7..l.-7-!......--lV--""o~y~o~f--=-q"-- .

Cu../c.Je-r-t 70 - 0COM PUTATIONS FOR _~"'--=-~--:..--.L_-=--~~__

SVERDRUP
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SVERDRUP
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70- 0

CULVERT BRINK Vave
DESIGN DISCHARGE - Q

WETTED AREA AT BRINK OF CULVERT

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

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

3

Ye EQUIVALENT BRINK DEPTH

BR INK DEPTH FOR BOX CUL VERT

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

2

V (lve

Vi32 .2l( Ye)
FROUDE I\'UMBER

<t SECTION

h s
NOTE: 2 < < 4

- d
SO

IF ~W > eY.7S
o

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

3

W
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JOB ·40177 7Ovoto.r ~

COMPUTATIONS FOR -.BoX (?y lu-u-t 7D C)
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SVERDRUP

SH EET NO. --.!1__0F _

DATE 7-1 (- 91

BY--,-'E2b..o_ C H K D -L..:>.....:>\J'------!./__
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COMPUTATIONS FOR CIA lu02C 2) -0 1(",., (/(~
fI ~T 5~ ~2cJ+ 50•
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N
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SECTIONAR TV1700 7/1_ •
Channel Slope: 0.0108 ft./ft.

CROSS SECTION DATA:
OFFSET 53 126 141.1 149.7 156.1 194.6 201.7 237 245.1 252.3 272.1
ELEV. 42.48 43.4 ~. 36.23 38.83 38.39 40.62 41.17 39.78 40.87 41.57
N N/A 0.035 0.035 0.025 0.035 0.035 0.035 0.035 0.035 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 35.9
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.RlID. 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 0

STAGE: 36.3
WET PER. 0.0 0.8 8.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.1 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAIJ. 0.0 0.2 0.2 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 4 a a a a a a a a 0 a a

STAGE: 36.7
viET PER. 0.0 1.7 8.6 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.6 5.2 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 0.3 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 1 23 a a a a a a a a a a (1

STAGE: 37.1
WET PER. 0.0 2.6 8.6 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 1.3 8.7 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.5 1.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 4 54 2 a a a a a a a a a a

STAGE: 37.5
WET PE.R. 0.0 3.5 8.6 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 2.4 12.1 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.7 1.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 8 94 6 a a a a a a a a a a

STAGE: 37.9
l'lET PER. 0.0 4.4 8.6 4.4 0.0 0.') 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 3.9 15.6 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.9 1.8 0.8 0.0 0.0 0.0 0.0 0.0 q·9 q.q g.o 0.0 q.O
9 9 t~ ~4~ 13 a a a Q

~ P. ~ 9 9 9



/-

SECTIONN.R TWlOO 7/l~ •
STAGE: 38.3
WET PER. 0.0 5.3 8.6 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 5.6 19.0 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.1 2.2 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 26 199 23 0 0 0 0 0 0 0 0 0 0

STAGE: 38.7
WET PER. 0.0 6.2 8.6 6.6 27.1 28.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 7.7 22.4 7.5 4.2 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.2 2.6 1.1 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 39 263 36 0 6 a 0 0 0 0 0 0 0

STAGE: 39.1
WET PER. 0.0 7.1 8.6 6.9 45.4 47.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 10.1 25.9 10.0 28.9 29.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.4 3.0 1.5 0.6 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 56 333 0 0 96 0 0 0 0 0 0 0 0

STAGE: 39.5
WET PER. 0.0 8.0 8.6 6.9 45.4 49.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 12.8 29.3 12.6 46.9 48.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.6 3.4 1.8 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 77 410 0 0 215 0 0 0 0 0 0 0 0

STAGE: 39.9
WET PER. 0.0 8.9 8.6 6.9 45.4 50.5 0.0 0.7 1.5 0.0 0.0 0.0 0.0 0.0
AREA 0.0 15.8 32.8 15.2 64.8 68.5 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.8 3.8 2.2 1.4 1.4 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Q 0 102 494 0 0 370 0 0 0 0 0 0 0 0

W.S. Elev. 35.9 36.3 36.7 37.1 37.5 37.9 38.3 38.7 39.1 39.5 39.9
Q 0 4 25 60 109 171 247 344 485 702 966
A 0.0 1.9 6.1 11.0 16.5 22.9 29.9 42.0 65.7 90.9 117.1
V 0.0 2.1 4.1 5.5 6.6 7.5 8.3 8.2 7.4 7.7 8.3

----

"
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Elevation vs. Storage - Node 70-0

1./

1652

1650

1648

c= 1646
.S?

• -0
>
QJ
~ 1644

1642

1640

1638

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

•

Cumulative Storage (acre ft)



•

•

•



-..J'IIl-I .......... I'\."-J.

JOB ~,; .C--J-L.....::::0=-t¥LO=--.Lf:..3q _

COMPUTATIONS FOR &(U-erj 7() h1-1 lliJ
SHEET NC-== OF

DATE ~,-_--,-9-:.-1__o;--_

BY iSba CHKD R\) rr •CULVERT COMPUTATION SHEET

PROJECT: DESIGNER:

STATION: Z/+00 I !feu".,;:; 1/ DATE:..

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR,~

~ Ib51.7Cf,
DRAIN'AGE AREA 0,08- c~ 1'1~·!L,.. EL./ b5"~, Z~-; ..~

~-o. $""0 . / :\

2.3cfs
I'

.:l·~-/7 \ ~w.ne,/°1 • T"', • /"B lJ~tl) C~(II1n.c..1

Q2 • TWt • J L ~ ~J

EL. Ibef7, ~5f EL.~ EL. Ib~Ojt

( 01 I DESIGN DISCHARGE, SAY Q2!5 ) So· .Oo.s-1
L •

7tJ I LIIOO SO •

02 I CHECK DISCHARGE, SAY Q!50 MEAN STREAM. VELOCITY. z,-4~

CULVERT HEADWATER COM PU TATION -J >-
CAP, 0 f-t- :>DESCRIPTION INLET CONT. OUTLET CON TROL HW -H +ho -LSo c:: ~ w- t- • ILlQ CHART ...Ju CI) COM"'ENT!~:J: t- 0 0 :J:...J

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

TYPE: 0 2 u >
tJ) ul"

I:Jc~W4 (/ 2~ ;''05 ~,IS 0,"2 1,0) /'70 ',f3'5" 1,;8, 'I,B<) {},3S' ~.JS '3.1~ e,l J~ S-o, 5"c;> :r~/~f !,CJ,;fUi
~GP (.(/)1'of.."" .

.

SU ...... ARY e, RE:CO ...... ENDATIOHS USJ< cn.tf/~1 r rD {(" (" -{-/;/YJ ~ ~shah-1 c Ita h n_c...!.r-t p ra.p

'S

....
o
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CHART 2

ENTRANCE
TYPE

Squafl edOI with
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Groov. end
projtelinQ

70 VIl- I
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10 ,000

8,000 EXAMPLE

6,000
0-42 inchu (3.~ 'ttt)

5,000
0-120 d.

4,000 HW' HW
-0 luI

3,000
(I) 2.5 6.6

2,000
(2) 2./ 7.4

(3) 2.2 7.7

'0 in ful
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o and 0 scoles, or rev"u as

i lIust (0 led. .6
.6 ,6

2
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BUREAU OF PUBLIC ROADS JAN. 1953

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

WITH INLET CONTROL
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7 0 W1~_--,--I_•
SVERDRUP

JOB 10_4-27 0 \ _0 ~'- _

COMPUTATIONS FOR _ ~I~t

SHEET NO. -S_OF _

DATE -- 7_1 2-~_J.9
f"t ;r-)

By_ISh D -CHKD _L:L-~.L-__

c--~c-k: Ovc+l-et vd'oc;, -tv-- z1- // A;-e
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z40 C~.s AjfA (6 fc~·d ';>1 ) lw'7 YlItC1.'>< s;~ f£:/~v, ~

°1 ,. TWI • AHW. 7, 9 ~W.~°2 • TWZ •
~'<fJ'1

J r ~ ~l

EL. 1'4'1.78/ EL. 1'1.(.(;,/ EL. Ifa4?S"ojt

0.005" /:
./

( 0, I DESIGN DISCHARGE, SAY 025 ) So· L •
·5~ LIIOO SO •

02 I CHECK DISCHAROE, SAY 050 MEAN STREAM. VELOCITY. __

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

~>DESCRIPTION INL ET CONT. OUTLET CONTROL HW -H+1l0 -L50 a: ~
w- .-

0 CHART -J U en :I: ILl CO ......ENH~:I: ~o 0 o-J
ENTR. HW de + D ::> -J U W

SIZE HW HW K. H de TW Ho lSo H'N 0 OW
TYPE 0 2 U >

I \B",rry DrOfJ 210 1.11.· 0,2 ,10 2.'-S- 3,3'2.. NIA 3,~1.. 3.8CJ <I.ll. 11.4- 1.~53,'tQ J-2!:;"lo/lOx</. I..., let I, CJ3 .2.5
I j ~rrt.( bror; 1,1.:.1- t. ..r~ 3,8.S"" N/.+ ~77 ~.~ Il,er !(,S-". ~'I

LI-1(e t J
4x4 7., eT Z10 O.'L "Z. z. 3.70 ;>.8S .2.8 CC1Y1fr-t,

SUM"URY a RECO....ENDATIONS 5e !'-(;c.f S'~5fe So..ry'c...f. 0x4 ~GX 6J~1

.....
a



CHART I

.30

HEADWATER DEPTH
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SECTION itER 1V06J /11_ •
Channel Slope: 0.0069 ft./ft.

CROSS SECTION DATA:
OFFSET 10 49.9 64.3 77.9 79.2 82 82.9 91.1 101.3 114.6 127.1 161.4 170 178.3 185.1
ELEV. 54.5 53.11 52.58 49.69 49.31 49.19 49.59 51.82 52.59 50.65 52.75 50.75 44.41 44.48 47.72
N N/A 0.035 0.035 0.035 0.025 0.025 0.025 0.035 0.035 0.035 0.035 0.035 0.4 0.025 0.04

STAGE-DISCHARGE DATA:
STAGE: 44.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 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 a a 0 0 a a a 0 0 0 0 0

STAGE: 44.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 8.3 1.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 3.8 0.2
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.2
Q 0 a a a 0 a a a a 0 a 0 11 0

STAGE: 45.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 8.3 2.1
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 7.9 0.9
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.0 0.4
Q a a a a a 0 a a a 0 a () 38 2

STAGE: 45.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 8.3 3.3
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 12.1 2.1
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.5 0.6
Q a a a a a a a a a 0 a a 77 5

STAGE: 46.4
vIET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4 8.3 4.5
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.7 16.2 3.9
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.0 0.9
Q a a a a a a a a a 0 a 1 125 11

STAGE: 46.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 8.3 5.6
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 20.4 6.1
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.5 1.1
Q 0 0 0 0 a 0 a a a 0 0 1 183 20



SECTION.ER TW76J 7/_ •
STAGE: 47.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 8.3 6.8
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.1 24.5 8.9
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 3.0 1.3
Q 0 0 0 0 0 0 0 0 0 0 0 2 250 33

STAGE: 47.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 8.3 7.5
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.3 28.7 12.2
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 3.5 1.6
Q 0 0 0 0 0 a 0 0 0 0 0 3 324 52

STAGE: 48.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.7 8.3 7.5
AREA 0.0 0.0 0.0 0.0 0.0 O.C! 0.0 0.0 0.0 0.0 0.0 10.8 32.8 15.6
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 4.0 2.1
Q 0 0 0 0 0 0 0 0 0 0 0 5 406 79

STAGE: 48.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.6 8.3 7.5
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.7 37.0 19.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 4.5 2.5
Q 0 0 0 0 0 0 0 0 0 0 0 6 495 109

STAGE: 49.4
WET PER. 0.0 0.0 0.0 0.3 3.1 3.6 0.0 0.0 0.0 0.0 0.0 8.4 8.3 7.5AREA 0.0 0.0 0.0 0.0 0.4 0.5 0.0 0.0 0.0 0.0 0.0 16.9 41.1 22.4
HYD.RAD. 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 2.0 5.0 3.0
Q 0 0 0 0 0 1 0 0 0 0 0 8 591 143

--------

W.S. E1ev. 44.4 44.9 45.4 45.9 46.4 46.9 47.4 47.9 48.4 48.9 49.4
Q 0 11 40 82 137 205 285 379 490 616 757
A 0.0 4.1 9.5 15.7 22.8 30.7 39.5 49.2 60.1 72.2 86.0
V 0.0 2.7 4.2 5.2 6.0 6.7 7.2 7.7 8.2 8.5 8.8

~
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I

JOB 401·._---...I70...::o::..;):L"IC>L').Lf::::c:,,~ _

COMPUTATIONS FOR "PropOS-f'd 1·2{I.lO~ rt zo A Is.?l
5HEETN'~OF
DATE '? 9/

" 1 ~

BY ehQ CHKD / l '/
•

CULVERT COMPUTATION SHEET

I

to

PROJECT: DESIGNER:

STATION: 1-~ +- 7:;- DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLOR~:\

DRAINAGE AREA EL. II· ~O
~ 1{;,72.57

-;/
:\

(' '/'0/ 1
\ --LW'~'°1 • 1582 cr~ TWI • AHW- 8.0

02. • TWt • -+, j l ~ ~I

EL. lb(,. '$. Sb EL. c,3.2~ EL. (,,2.'17/+

'"fed< OCAflef DISt:'ho.f})-e
.00$"0 I/; ID(P /

LIIOO SO •( 0, I DESIGN DISCHARGE, SAY ~ ) Q/OO So· L •
Q2 1 CHECK DISCHARGE, SAY Q1I0 MEAN STREAM. VELOCITY. 4-.4-I1

CULVERT HEADWATER COMPUTATION ..J >-
CAP. 0 ~~ .>DESCRIPTION IN LET CONT. OUTLET CONTROL HW -H+ho -LSo Q: ~

w- ~

Q CHART ...IIJ III x kJ COM"ENT!~ J: ~ 0 0 a ..J
ENTR. HW HW HW H de dc+ D LSo HW 0

;:) ..J U W
SIZE K. TW "0 OW

TYPE 0 2 u >
V3.)~r: NI" C':-t".' ,-.,//!. /~'(3213

1.5"3 0.2.0 2J-jD 4.1z. 4..7{ 4.oc> 4.7 ( a,53 &.5'0 7.19) 14.4 1'::-7/·/5
In l-et Co'1tn:.

to)( S" 'ZO"'SJ".v S-Z7 7.05

SUIol ... ARY a RECO....ENDATIONS
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70A CHART I
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0

If>

~
1..:-
:J 1.0.....
Z ... _ ..
- .9 ~ 1.0 ~ 1.0
I
I-
0..

~ .9 ~w .9
0

- .8

cr:
w f- .8 ~...JiI- F=-.7<:l
::
0
<:l f- .7 ~ .7w
I ~ .6

WINGWALL
FLARE

(I) 30· to 75·

(2) 90· and IS·
~. .6 ~ .6

(J) O· (utensions ~ .5
01 sides)

~ .5 ~ .5

(I) (2) (3)
EXAMPLE ~8

~:
~ 10

5''1: 2' 801 o ' 75 cf. F=.-7 ~
-

O/B ' 15 cfs/ft. ~7 ~ 8
- 6

HW HW
~6

~ 7
Inlet -

0 feet f--5 ~6

(/) 1.75 1.5 ~5

(2) 1.90 3. B ~4
~ 5

(3) 2.05 4. I
~4

~ 4

~3

~3

~ 3

Angle 01 --s..~_
WinQwoll .

Flore ~

H W SCALE
D

~ 300

~ 600

~ 500

~ 400

~ 200

'~ 2
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~ 12

~7

~ II

Z f-- 4

-9

~ 10

W
I

x
o
CD

IJ...
o

r-
w
W
IJ...

~ .4

" .~

~I

l
I- .8
~

t .6

.5

To use scale (2) Of (3) project

horizontally 10 scole (I), then

use SlfOiQht inclined Itne fhrouQh

D ond 0 scoles, or re'Vtrst as

illus I (01 ed.

- .4

.35 .35

FOR
WITH

•l
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Ye = EQUIVALENT BRINK DEPTH

= BRINK DEPTH FOR BOX CULVERT

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

3

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

2

V ave

V(32.2)(Ye )

DESIGN DISCHARGE _ Q

Vave WETTED AREA AT BRINK OF CULVERT

FROUDE NUMBER

< < 4- d
50

-
NOTE: 2

ct. SECTION

CULVERT BRINK

c:,

IF ~W > 0.75
_ 0

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

0,7

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
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~~" " ,--- Rectangul'ar Orifice into an infinite Basinv

(VL1AVE = Anrage Velocities L Feet DowAstream from brink
1/1;~V\. Ci~cular Orifice into an Infinite Basin

f--

V AVE = Average Velocity at Outlet ,st! -r ,13~~
Oesign Cu rve ~'~

'I,-t-L-- V I~O) \ t\AVE
WO--O I ~/r--

~TW /

~
Sym ft en fps

0 1.45 2·2.5 1 S. 1 1.6 IS,"

I0 1.45 J4.6 10.3 1.6
I ~O

""0 3.07 65.4, ,9.3' 3.07. 3,07 84.0 11.9 3.07

I~
Q 1.45 20.9 14.0 1. 25
Q 1.4 5 13.9 9.3 1.25

i\I I I I I I
~, NOTE: For partially full circular sections or lion circular brink areas. conven

welled C'IOS
' sectional ar" to an ru;valer Ci'CU(ar arj"lth lam1ete, W.
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Wo - Culvert Width

Figure XI - 3 Distribution of Centerline Velocity for FlcJW frem Submerged Outlets from Reference XI· 2.

to be used for' Predicting Channel Velocities Downstream from Culvert Outlet where High Tailwater prevail1.

Velocities obtained from the use of this Chart can be used with Figure 2 of HEC No. 11 for sizing riprap

(DO not usc Figure 1 HEC No. 11, usc Mean Velocity Values)
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SECTIOi'J NUMBER TW70A 6/3/91

Channel Slope: 0.0097 ft./ft.

CROSS SECTION D.ll"TA:
OFFSET 1 201 284 288.2 290.4 293.8 303.7 317.6 322.1 325.4 386 475
ELEV. 66 64.32 63.85 61.49 61. 5 62.78 64.31 63.73 63.01 64.02 64.88 66.5
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

STAGE-DISCHARGE DATA:
STAGE: 61. 5
WET PER. 0.0 0.0 0.0 2.2 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
HYD.RAD.· 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 0 0 0 0 0 0 0 0 0 0

STAGE: 61.9
vJET PER. 0.0 0.0 0.8 2.2 1.1 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 0.9 0.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.2 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a 3 a a a a a a a

STAGE: 62.3.T PER. 0.0 0.0 1.7 2.2 2.3 0.0 0.0 0.0 0.0 0.0 0.0
,EA 0.0 0.0 0.6 1.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0
D.RAD. 0.0 0.0 0.4 0.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0

Q a a 1 9 2 a a a a a a

STAGE: 62.7
,vET PER. 0.0 0.0 2.5 2.2 3.4 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.3 2.7 1.9 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.5 1.2 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Q a a 4 18 5 a 0 a a a a

STAGE: 63.1
WET PER. 0.0 0.0 3.3 2.2 3.6 5.7 0.0 0.6 0.9 0.0 0.0
AREA 0.0 0.0 2.3 3.5 3.3 3.6 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 Q.7 1.6 0.9 0.6 0.0 0.0 0.0 0.0 0.0
Q a a 8 28 a 11 a a a a 0

STAGE: 63.5
WET PER. 0.0 0.0 4.1 2.2 3.6 8.3 0.0 3.1 4.8 0.0 0.0
AREA 0.0 0.0 3.6 4.4 4.6 6.3 0.0 0.8 1.1 0.0 0.0
HYD.RAD. 0.0 0.0 0.9 2.0 1.3 0.8 0.0 0.2 0.2 0.0 0.0
Q Q Q H 41 a 22 a (;) 2 a p

•
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SECTION NUMBER TWlOA 6/3/91

STAGE: 63.9
IvET PER. 0.0 8.8 13.6 2.2 3.6 11.0 4.1 8.6 11. 7 0.0 0.0
AREA 0.0 0.2 5.4 5.3 6.0 10.0 0.3 2.7 4.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.4 2.4 1.6 0.9 0.1 0.3 0.3 0.0 0.0
Q 0 0 12 56 a 40 0 a 8 a 0

STAGE: 64.3
WET PER. 0.0 79.5 84.3 2.2 3.6 13.6 13.7 18.2 21.7 41.4 0.0
AREA 0.0 17.9 24.7 6.2 7.3 14.8 3.9 8.1 10.7 13.4 0.0
HYD.RAD. 0.0 0.2 0.3 2.8 2.0 1.1 0.3 0.4 0.5 0.3 0.0
Q 0 0 46 72 0 66 0 a 0 27 0

STAGE: 64.7
WET PER. 45.2 128.2 133.1 2.2 3.6 13.7 2'7.6 32.1 35.6 83.5 0.0
AREA 8.6 59.6 68.2 7.1 8.7 20.1 29.6 35.6 39.5 55.8 0.0
HYD.RAD. 0.2 0.5 0.5 3.2 2.4 1.5 1.1 1.1 1.1 0.7 0.0
Q 0 0 182 90 0 0 a a 0 178 a

STAGE: 65.1
WET PER. 92.9 175.9 180.7 2.2 3.6 13.7 27.6 32.1 35.6 96.2 108.3
AREA 36.2 120.5 130.7 7.9 10.1 25.5 40." 48.3 53.5 92.9 94.2
HYD.RAD. 0.4 0.7 0.7 3.6 2.8 1.9 1.5 1.5 1.5 1.0 0.9

.TAGE:

0 0 410 109 0 0 0 a 0 0 359

65.5
WET PER. 140.5 223.5 228.3 2.2 3.6 13.7 2'7.6 32.1 35.6 96.2 130.2
AREA 821: 9 200.3 212.2 8.8 11.4 30.8 51.4 60.9 67.5 131.1 141.7
HYD.RAD. 0.6 0.9 0.9 4.0 3.1 2.3 1.9 1.9 1.9 1.4 1.1
Q 0 0 845 130 0 a 0 a a 0 627

------ - ------------- .--- ------.-..----- ----- -----.---~-~---- =--1
vJ. S. Elev. 61. 5 61.9 62.3 62.7 63.1 63.5 63.9 64.3 64.7 65.1 65.5
Q 0 -3 12 27 47 79 1~6 210 450 908 1602
A 0.0 1.3 3.2 5.9 9.5 15.4 24.7 59.1 131.0 232.8 362.7
V 0.2 2.7 3.8 4.5 5.0 5.1 4.7 3.5 3.4 3.9 4.4
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SECTION raR TWIOF 6/2. •
Channel Slope: 0.0075 ft./ft.

CROSS SECTION DATA:
OFFSET a 290 370 410 430 450 548.3 582.4 584.6 589.8 592.1 637.4 640.9 644 648.7
ELEV. 68 66 65.8 64.6 65 64.7 66.28 65.82 64.37 64.81 65.59 65.89 64.21 64.29 65.8
N N/A 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035

STAGE-DISCHARGE DATA:
STAGE: 63.8
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 a a a a a a a a a a a

STAGE: 64.1
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 O.C 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 c a a a a a a a a 0 a a a a

STAGE: 64.4
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.0 0.0 0.4 3.1 0.4
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 0.5 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 0.1 0.1 0.1
Q a a a a a a a a a a a a 1 a

STAGE: 64.7
viET PER. 0.0 0.0 3.3 8.3 0.0 0.0 0.0 0.6 3.9 0.0 0.0 1.1 3.1 1.3
AREA 0.0 0.0 0.2 0.4 0.0 0.0 0.0 0.1 0.6 0.0 0.0 0.3 1.4 0.3
HYD.RAD. 0,0 0.0 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.2 0.4 0.2
Q a a a a a 0 a 0 1 0 a a 4 a

STAGE: 65
WET PER. 0.0 0.0 13.3 33.3 20.0 38.7 0.0 1.1 5.2 0.6 0.0 1.8 3.1 2.3
AREA 0.0 0.0 2.7 6.7 3.0 5.8 0.0 0.3 2.1 0.1 0.0 0.7 2.3 0.8
HYD.RAD. 0.0 0.0 0.2 0.2 0.1 0.1 0.0 0.3 0.4 0.1 0.0 0.4 0.7 0.3
Q a a a 8 a 6 a a 6 0 a 1 10 1

STAGE: 65.3
WET PER. 0.0 0.0 23.3 43.3 63.3 100.7 0.0 1.7 5.2 1.5 0.0 2.5 3.1 3.3
AREA 0.0 0.0 8.2 18.2 27.2 38.4 0.0 0.7 3.7 0.4 0.0 1.2 3.3 1.6
HYD.RAD. 0.0 0.0 0.3 0.4 0.4 0.4 0.0 0.4 0.7 0.2 0.0 0.5 1.0 0.5
Q a a a a a 74 a 1 15 0 Q ~ H i



SECTION.R TW70F 6/2. •STAGE: 65.6
WET PER. 0.0 0.0 33.4 53.4 73.4 129.4 0.0 2.2 5.2 2.4 3.9 3.2 3.1 4.3
AREA 0.0 0.0 16.7 32.7 47.7 72.9 0.0 1.1 5.3 0.9 0.9 2.0 4.2 2.7
HYD.RAD. 0.0 0.0 0.5 0.6 0.6 0.6 0.0 0.5 1.0 0.4 0.2 0.6 1.3 0.6
Q 0 0 0 0 0 183 0 3 27 0 1 5 26 7

STAGE: 65.9
WET PER. 0.0 40.0 80.0 100.0 120.0 194.7 5.9 8.6 5.2 2.4 47.7 51.6 3.1 4.9
AREA 0.0 2.0 30.0 52.0 73.0 117.8 0.2 2.0 6.8 1.6 8.9 11.8 5.1 4.0
HYD.RAD. 0.0 0.1 0.4 0.5 0.6 0.6 0.0 0.2 1.3 0.7 0.2 0.2 1.6 0.8
Q 0 0 0 0 0 310 0 3 42 0 0 16 37 0

STAGE: 66.2
WET PER. 29.0 109.0 149.0 169.0 189.0 282.4 28.2 30.8 5.2 2.4 47.7 51.6 3.1 4.9
AREA 2.9 26.9 66.9 94.9 121.9 191. 9 5.4 7.8 8.4 2.3 23.1 27.2 6.0 5.4
HYD.RAD. 0.1 0.2 0.4 0.6 0.6 0.7 0.2 0.3 1.6 0.9 0.5 0.5 1.9 1.1
Q 0 0 0 0 0 545 0 11 59 0 0 65 49 0

STAGE: 66.5
WET PER. 72.5 152.5 192.5 '212.5 232.5 330.8 364.9 367.6 5.2 2.4 47.7 51. 6 3.1 4.9
AREA 18.1 66.1 118.1 152.1 185.1 284.4 299.8 302.8 9.9 3.0 37.4 42.5 7.0 6.8
HYD.RAD. 0.3 0.4 0.6 0.7 0.8 0.9 0.8 0.8 1.9 1.2 0.8 0.8 2.2 1.4
Q 0 0 0 0 0 0 0 979 79 0 0 137 62 0

STAGE: 66.8
WET PER. 116.0 196.0 236.0 256.0 276.0 374.3 408.4 411.1 5.2 2.4 47.7 51.6 3.1 4.9
AREA 46.4 118.4 182.4 222.4 261.4 390.2 415.7 419.5 11.5 3.7 51.7 57.8 7.9 8.2
HYD.RAD. 0.4 0.6 0.8 0.9 C.9 1.0 1.0 1.0 2.2 1.5 1.1 1.1 2.5 1.7
Q 0 0 0 0 0 0 0 1563 100 0 0 229 76 0

W.S. E1ev. 63.8 64.1 64.4 64.7 65 65.3 65.6 65.9 66.2 66.5 66.8
Q 0 1 7 21 59 155 311 486 895 1591 2545
A 0.0 0.8 2.8 7.0 24.8 57.7 100.5 165.1 298.7 466.5 655.1
V 0.0 1.8 2.6 2.9 2.4 2.7 3.1 2.9 3.0 3.4 3.9

\'-



• • •Cross Section - TW Cui 70 F
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• •Stage Dischmge - TW Cui 70 F
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DATE ~ /S /1
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B])o rUL.'n I?;rr-

SVEROr'!JP

JOB 1v-e ,TDyor..·\
COMPUTATIONS FOR 'PrOI20" cA 6JeJ..,.r:+_70 8, - ------- ----

1311
. ~- . t

PROJECT: DESIGNER:

STATION: /4.; 00 DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR~

DRAINAGE AREA EL /&0/, 78
.E )(",,(,,1.$""0

. / :--\

Al 7S' 7 \ ~W.Z.(P'°1 • 1'579 c.Ps TWI • -Z. C- /'

°2 • TWt • J I~ ~l

EL. Ib~4,po/ EL./~sI EL. lte?? s<;/ t
Pec..k Ou.1 lei- DI ~ c/,o.r-Jf!O

,OO:;r'O i/ ·9C./( 0, • DESIGN DISCHARGE, SAY .at<§-) Q/oo So· L • LIIOO SO -

02' CHECK DISCHARGE, SAY Q~O MEAN STREAM.. VELOCITY. 2.cr
CULVERT HEADWATER COMPUTATION -J >-

CAP. 0 ........ >DESCRIPTION INLET CONT. OUTLET CON TROL HW -H+ho -L50 C%: ~
w- .... • I&JQ CHART ..Ju I/) COJolMENH~:I: .... 0 0 :I: ..J

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

TYPE D 2 U >

(~j!O)(5'
o . 137'1/3 ::

1.3C,
L, I~ f Cor,1f't))

45 w'"J"qf._ 'fc.o &.60 Q,Zo //10 4,00 4/(;0 2/~ {So O.4~ 5.'1~ c,. '[x.:> 13P/ /{"hO. Be?

SUI.UURY a RECO....ENDATIONS ~ ,

r.-(711 -jrt'j..-~ ~.a.«(; rtRcf .p'f~' Q 10r.A.4 ;::-' I' -, P ~"">).:J o..,p~ --y,..y-- C n:J ":. ,..C/YI ,/
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708 CHART I

.5

12,.-

,
~ 600

I-- II (I) (2) (3)
~ 500

EXAMPLE ~8
~9 ~ 10

I-- 10
: ~8 ~

- ~ 400 5',2' Bo. 0,75cf. - 1=-7
O/B 15 cfs/f t. ~7 ~ 8

~6

1--9 ~ 300
HW HW

~6
~ 7

I n Ie t 0 feel
~5 ~ 6

(I) 1.75 3.5 ~5

1--8 (2) 1.90 3. B ~4 ~ 5
~ 200

~4(3) 2.05 4.1
~4

I-- 7 ~ '- 3
~3

'- 3
l-

I-- 10001-6 0 ~

lJ..
~ 80

0-
1=.2"- -_.

0::
~ ?; ~ 2

w :I: -- --'- 2"- ~ 60 -
" en, /1-u.. I-- 50 / G- 1.5

- ~ 1.5
~ ~ 40 '- 1.5

"'/
I

~

CD lJ..

"- ~ 30
~

0-4 0 \>¥-
~... If)

I - / .<
I- L.:'

~ ~20/ :J 1.0
?; /'

I-

./ z .. --_ ..
0/~ - ~ 1.0 - 1.0I- .9...,..,~ I

1--3 //w I-

/ (:J WinQwoll U.
- .9 - .90:: ~ 10 Flore -+ W - .8/' <t 0

/ I ~

/ (.) ~8 0::

en W - .8 -....Jl.
/ 0

l- I- =-.7<t

/ lJ..
I- 6 ?;

0 0

/ I- 5
HW SCALE WINGWALL <t - .7 - .70 w

~
- 0 FLARE I '- .6
I- ~ 4
<t
0:: (I) 30· to 75·

I- 3
(2) 90· and 15- - .6 '- .6

(3) O· (extensions ~ .5

'~ 2
of sides)

~ .5 ~ .5
~ To use scale (2) or (3) project

horizonlolly to scole II), then

use strolQhl inclined Itn. lhrouqh ~ .4

~I
o and 0 scoles I or reverse as

I--
illus I ra led.

~ .8 ~ .4 ~ .4

~

~ .6

l .35 .35
'- I-- .30

z

x
o
CD

lJ..
o
l
I
(:J

W
I

I
W
W
lJ..

4tc.·.. ~

...• ' ... .':

".: ..:

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

FOR
WITH
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70 B
CHART 8

!l000

4

8

5

6

10

. .4

.5

.6

.a

1.0
t-
W
W
u..

Z

I 2 I.Cf 0

0
<l:
w 3
I

-r".___ .f" ()<? 1<)0

For outlet crown not ,ubmtroed, compult HW by
method' d.. cribtd in ,,,, deaiQn procedure

~'T 7 \__7~~--'------+-~3~-
SlOp. so-~

SUeMERGED OUTLET CULvERT FLOWING FULL

HW' H. ho-LSo

0::

20 :3
:>
<.:>
z
<l:
t
O
w

10 0::

u..
8 0

<l:
w

6 0::
_<l:

5'2.1-'2.
~1

/4

4X4

12 XI2

10 XIO 100 t-
W

9 X9 80 W
u.

axa w
60 0::

<l:
:>

6X6 Z

30 x
0

5X5
CD

2.5X2.5

z
~ 3.5X3.5
(/)

z
~ 3X3

o

2X2

1000

800

600 t-
W

500 w
u.

400 Z

X
300 0

CD

W
0::

200 <l:
::>
a
(/)

u..
0

80

60

100

50
0. 40 -40---

30

3000

4000

2000

(/)

u..
o
z

a
w
<.:>
0::
<l:
I
o
(/)

o

...:.

. ~ ..

.' .....•
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20

w
Z
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Z

Z
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20

10
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6

5
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./

V

V
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./

V
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V
/'/

V
~

V
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V

CRITICAL DEPTH -l.I ~

1 1

1/ RECTANGULAR SECTION

V I I I

/ U~

,I ~B1

/ BIN FT.

/ Q IN C.F.S.
/ ~ I I I 2J 2

/
dc =·315 (0;8)

I I I

60

350300

40 . ~ 50
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2010

100 150

de CANNOT EXCEED 0
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• COMPUTATIONS FOR

SH EET NO.---"_

BY B~

CJrec.k.. £~F M of .(!fow u..s ''',) IrJCl""';"(j· Gtua..+/~ '1

QIOO ::: J37q c.b
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So :; 0, DO $"0 ~

•
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Ye = EQUIVALENT BRINK DEPTH

= BRINK DEPTH FOR BOX CULVERT

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

3

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

2

DESIGN DISCHARGE - Q
WETTED AREA AT BRINK OF CULVERT

V ave

V(32.2)(Y e )

708

Vave

FROUDE NUMBER

it SECTION

lNOTE: 2 < ..s.. 4
- d

50

7

CULVERT BRINK

IF ~W > 0.75
o

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

I,D

3

V>I dl.r. >-

UJ

•
....J 2
0
I
CC
::J
0
U
(/)

L.L

0
I
I-
a..
UJ
0
UJ

>
I-
<l:
....J
UJ
CC

• FIGURE Xl-2. RELAT!VE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE
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SECTION NUMDER TW70B 613/91

Channel Slope: 0.0084 ft./ft.

CROSS SECTION DATA:
OFFSET 1 38.7 73.3 77 .2 80.3 82 124.2 126.3 127.9 133.1 222.6 286 36!
ELEV. 55 54.91 54.94 53.76 53.83 54.67 54.55 52.3 52.28 54.52 54.08 54.6 5,
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 O. 03~

STAGE-DISCHARGE DATA:
STAGE: 52.5
\tJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.6 0.6 0.0 0.0 o . ~

AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 O. (

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.(
Q 0 0 0 0 a 0 0 1 0 a 0 (

STAGE: 52.75
\tJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.6 1.2 0.0 0.0 O. (
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.7 0.3 0.0 0.0 O. (
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.0 O. (

eGE:

a a 0 a 0 0 a 2 a 0 0 (

53
l-JET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.6 1.8 0.0 0.0 a . ~

AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.1 0.6 0.0 0.0 O. fj

HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.7 0.3 0.0 0.0 o. C

Q 0 0 a 0 0 a 0 5 1 a 0 (

STAGE: 53.25
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.3 1.6 2.5 0.0 0.0 O. (
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.5 1.1 0.0 0.0 o. (
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.0 0.4 0.0 0.0 O. G
Q 0 0 0 0 a 0 1 8 2 0 a (

STAGE: 53.5
vJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.6 1.6 3.1 0.0 0.0 O. (
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.9 1.7 0.0 0.0 O. C
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.2 0.6 0.0 0.0 O. (
Q 0 0 0 0 a 0 1 12 5 0 0 (

STAGE: 53.75
',JET PER. 0.0 0.0 0.0 0.0 0.0 0.0 2.0 1.6 3.7 0.0 0.0 o. d
AREA 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.3 2.5 0.0 0.0 o. ~

HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.5 1.5 0.7 0.0 0.0 O. ~

9 a ~ 0 0 0 0 2 Hi ~ 0 p q
• I

•



••
SECTION NUMBER TW70B 6/3/91

STAGE: 54
vIET PER. 0.0 0.0 0.8 3.9 4.3 0.0 2.3 1.6 4.4 0.0 0.0 0.0
AREA 0.0 0.0 0.1 0.7 0.8 0.0 1.3 2.7 3.4 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.2 0.2 0.0 0.6 1.7 0.8 0.0 0.0 0.0
Q a a a a 1 a 4 21 11 a a a

STAGE: 54.25
WET PER. 0.0 0.0 1.7 4.8 5.7 0.0 2.7 1.6 5.0 34.6 55.3 32.9
AREA 0.0 0.0 0.4 1.8 2.0 0.0 1.8 3.1 4.5 2.9 4.7 4.1
HYD.RAD. 0.0 C.O 0.2 0.4 0.3 0.0 0.7 2.0 0.9 0.1 0.1 0.1
Q 0 0 a a 4 a 5 ?7 16 0 4 0

S'i'AGE: 54.5
\-IET PER. 0.0 0.0 2.6 5.7 7.2 0.0 3.0 1.6 5.6 85.4 136.6 65.8 I

AREA 0.0 0.0 0.9 3.1 3.5 0.0 2.3 1.5 5.7 17.9 28.7 16.5
HYD.RAD. 0.0 0.0 0.4 0.5 0.5 0.0 0.8 2.2 1.0 0.2 0.2 0.2
Q a a a a 9 a 7 33 23 a 39 a

_E' 54.75
PER. 0.0 0.0 3.4 6.5 8.4 50.6 53.7 1.6 5.7 95.2 158.6 237.6

.. A 0.0 0.0 1.6 4.6 5.4 11. 3 14.1 3.9 7.0 47.3 73.3 108.8
HYD.RAD. 0.0 0.0 0.5 0.7 0.6 0.2 0.3 2.5 1.2 0.5 0.5 0.5
Q a a a a a a 23 39 a a a a

STAGE: 55
vJET PER. 37.7 72.3 76.4 79.5 81.4 123.6 126.6 1.6 5.7 95.2 158.6 237.6
AREA 1.7 4.3 6.8 10.6 11.8 28.3 31. 6 4.3 8.3 71.0 112.8 168.1
HYD.RAD. 0.0 0.1 0.1 0.1 0.1 0.2 0.2 2.7 1.5 0.7 0.7 0.7
Q 0 0 0 a a a 49 46 0 0 a a

I~--· . .--...-=-===-~=- ·---1W.S. E1ev. 52.5 52.75 53 53.25 53.5 53.75 54 54.25 54.5 54. 75 ~
Q 1 3 6 11 19 36 69 190 411 1009 1859
A 0.4 1.1 2.0 3.0 5.7 12.6 24.7 86.5 179.8 391.4 592.1
V 1.7 2.6 3.2 3.7 3.4 2.9 2.8 2.2 2.3 2.6 3.1--------- ---.-_._- _. -------- --_._.

•
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Stage Discharge - lW Clll 70 B

2000 --- ---- -----····---r-----·------ --------

1800 -/---·---------·----1-·-----·------- --·-·....---·1 .. - -. ----- - ------ .... -- .--1---..----------- - ------- -_.1---..----- .------...... /

1600 ----- J----I
I

- -- ._- -------·1----·-.. -.. --- ..· ------.- .- --

'1400 - .._---·---1----

'1200 --.--.. ------ .. - ------.------ ----.-- ---------_ .._-, ._- ...... _.._- -,.. ......... - . - -

,..~;~

.~--

2' 1000
9

-c~;
U)

o

-----_.------_._-+._._-- --- .----- -. ·· ..-.... ---------1·---· ----.-..
800 .-. -- ---..- - ------ ,-------- ·---------------1 - --------------..+ --·------1---- -/--- . _.-.-----_.

600 . . . 1----------------------1-------------_._- 0 1 . .#-__ • _

~
---

-I ..
I

54.554

Stage (ft_)

53.5

1------.._--_.._-----------1..---·

53

-.-------- . -1- --- -------- - -I ----.----- ----- --- ---- "1- --- --
______ II

I /7--

.'- .L
--"._, ..-._.._._. .. ---- .. -, . ._~. .__ I ~ --.-...c-"-=-F=--:'-=--=~~.~._--=C __..__. I--

52.5

I
a -ik.-- -- -"1 "~-'

200 -1-------

1100 +--------
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CULVERT COMPUTATION SHEET

5HE~T NOALOF-----
DATE ~!
BY 13./)0 CHKD 1f>Jr

SVERDP' '0

JOB 10~ ._--w70::::'/i'-v.::::o~fg:.::l- _

COMPUTATIONS FOR pre;eo:.·......A C!l..luy-rt 70 G r~
e.or-n'l'r"'I·YJo C --

-- ... .,.~, ~\..

V
PROJECT: DESIGNER:

STATION: /+(;,-e DATE:,

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR:::\

~6b/.~o
DRAINAGE AREA EL (PI. 78

1 9 ~/
\.

QI • z~59 c+s TWI • 5.0/ \ -Lw.-LO
-'

AHW. _,_0

Qt • TWz • . j L ~
~l

EL. 1G.S'2.$b EL.~/ EL. £1:jJ7t
'Pea./< O~fkf b,cc~",rr"

,oos-o~ lOt, /
( Q, • DESIGN DISCHARGE, SAY Gn- QIOe) So· L • LIIOO SO •

Q2· CHECK DISCHARGE, SAY QSO MEAN STREAM. VELOCITY • .3.5 ;)

CULVERT HEADWATER COMPUTATION ..J )-

CAP. 0 ~~ :,:
DESCRIPTION INLET CONT. OUTLET CONTROL HW -H +ho -LSo a::~

w- ~ ....,
Q CHART ..Ju I/) COM"ENTS~:I: ~o 0 :I:..J

ENTR. HW HW dc+ D ;:,-' U Ow
SIZE HW K. H de TW "0 LBo HW 0 OW

TYPE D -2- U >
:q) P,."r, ·H:~J!w~I/s. "l~~<,l I. t, 8 8.40 0.'2.0 1:::15 1.70 q.,BS- 3.0 4,!>~ 0,:53 7.?.1 8Ao /47 I "~O)1D .LI-'\le-t ~~~
10KS- Zlf5'kc',) 5~'~ . .

SU.... ARY a RECO....ENDATIONS J;y~
-
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FIGURE Xl-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF
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• • •SECTION NUMBER TW70G 6/22/91

Channel Slope: 0.0059 ft./ft.

CROSS SECTION DATA:
OFFSET 40 78 190 245 252 260 351.1 382.7 386.1 391. 4 393.5 413 415.9 422.5 424.6
ELEV. 54.5 54 52.9 52 51. 8 52 53.17 52.9 51.57 51. 35 52.9 52.48 50.91 50.83 52.54

N/A 0.035 0.035 0.035
..--1..-

N 0.025 0.025 0.035 0.035 0.035 0.025 0.035 0.035 0.035 0.025 0.035

STAGE-DISCHARGE DATA:
STAGE: 51
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 6.6 0.3
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 0.9 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 0.1 0.1
Q a a a a a a a 0 a a a a 1 a

SC1'AGE: 51. 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 0.8 6.6 0.7
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 2.8 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 0.2 0.4 0.2
Q a a a a a 0 a a a a a a 7 a

STAGE: 51.6
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 5.3 0.4 0.0 1.5 6.6 1.2
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.4 4.8 0.4
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.3 0.7 0.3
Q a a a a 0 a a a 1 a a 1 18 1

STAGE: 51.9
WET PER. 0.0 0.0 0.0 3.5 7.5 0.0 0.0 0.9 5.3 0.9 0.0 2.1 6.6 1.7
AREA 0.0 0.0 0.0 0.2 0.4 0.0 0.0 0.1 2.3 .0.2 0.0 0.9 6.8 0.7
HYD.RAD. 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.2 0.4 0.2 0.0 0.4 1.0 0.4
Q a a a a a a a a 6 a a 2 32 1

STAGE: 52.2
WET PER. 0.0 0.0 12.2 7.0 15.0 15.6 0.0 1.7 5.3 1.4 0.0 2.7 6.6 2.2
AREA 0.0 0.0 1.2 2.1 4.5 1.6 0.0 0.5 3.9 0.5 0.0 1.5 8.8 1.2
HYD.RAD. 0.0 0.0 0.1 0.3 0.3 0.1 0.0 0.3 0.7 0.3 0.0 0.6 1.3 0.5
Q a a 1 a 9 1 a 1 15 1 a 3 48 2

STAGE: 52.5
WET PER. 0.0 0.0 30.6 7.0 15.0 38.9 0.0 2.6 5.3 1.9 0.9 4.2 6.6 2.6
AREA 0.0 0.0 7.6 4.2 9.0 9.7 0.0 1.1 5.5 0.9 0.0 2.3 10.8 1.7
HYD.RAD. 0.0 0.0 0.2 0.6 0.6 0.3 0.0 0.4 1.0 0.5 0.0 O.q 1.6 0.6
Q a 0 10 a 29 13 a 2 2p ~ P ~ n i

-



• • •Sr:::CTION NUMBER TW70G 6/22/91

STAGE: 52.8
WET PER. 0.0 0.0 48.9 7.0 15.0 62.3 0.0 3.4 5.3 2.4 14.9 18.2 6.6 2.7
AREA 0.0 0.0 19.6 6.3 13.5 24.9 0.0 1.9 7.1 1.4 2.4 5.6 12.7 2.3
HYD.RAD. 0.0 0.0 0.4 0.9 0.9 0.4 0.0 0.6 1.3 0.6 0.2 0.3 1.9 0.9
Q a a 35 0 57 44 0 4 39 3 0 8 90 a

STAGE: 53.1
WET PER. 0.0 20.4 75.4 7.0 15.0 85.7 23.4 27.1 5.3 2.6 22.1 25.4 6.6 2.7
AREA 0.0 2.0 37.8 8.4 18.0 47.1 2.3 5.3 8.7 2.0 10.0 14.1 14.7 3.0
H·(D. RAU. 0.0 0.1 0.5 1.2 1.2 0.5 O. ~. 0.2 1.6 0.8 0.5 0.6 2.2 1.1
Q 0 0 78 0 93 103 0 6 55 a 0 31 115 a

STAGE: 53.4
WET PER. 0.0 50.9 105.9 7.0 15.0 91.1 122.7 126.4 5.3 2.6 22.1 25.4 6.6 2.7
AREA 0.0 12.7 65.0 10.5 22.5 74.2 85.8 89.7 10.3 2.7 16.5 21. 5 16.7 3.6
HYD.RAD. 0.0 0.2 0.6 1.5 1.5 0.8 0.7 0.7 1.9 1.0 0.7 0.8 2.5 1.3
Q 0 0 153 a 135 0 0 233 73 a 0 63 142 a

STAGE: 53.7
WET PER. 0.0 81. 5 136.5 7.G 15.0 91.1 122.7 126.4 5.3 2.6 22.1 25.4 6.6 2.7
AREA 0.0 32.6 101.3 12.6 27.0 101.6 122.6 127.6 11.9 3.3 23.0 28.8 18.7 4.2
HYD.RAD. 0.0 0.4 0.7 1.8 1.8 1.1 1.0 1.0 2.2 1.3 1.0 1.1 2.8 1.6
Q 0 0 271 0 182 0 0 419 93 0 0 102 171 a

STAGE: 54
WET PER. 0.0 112.0 167.0 7.0 15.0 91.1 122.7 126.4 5.3 2.6 22.1 25.4 6.6 2.7
AREA 0.0 61. 6 146.9 14.7 31.5 128.9 159.4 165.4 13.5 3.9 29.5 36.2 20.7 4.9
HYD. RAD. 0.0 0.5 0.9 2.1 2.1 1.4 1.3 1.3 2.5 1.5 1.3 1.4 3.1 1.8
Q 0 0 440 0 236 0 0 645 114 0 0 149 202 0

---_._--------
W.S. Elev. 51 51.3 51.6 51.9 52.2 52.5 52.3 53.1 53.4 53.7 54
Q 1 8 20 41 84 180 364 686 1184 1865 2717
A 0.9 3.1 6.4 11.5 26.3 65.3 134.5 235.5 364.9 511.2 673.9
V 1.2 2.5 3.1 3.6 3.2 2.8 2.: 2.9 3.2 3.6 4.0

--/".l
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JOB 40". T%b
COMPUTATIONS FOR Cq/v"t.rt 7~ £. ~

!
SHEET N:.~OF

DATE ~_9L..!..1 --o:-_

8Y~CHKD RTf •CULVERT COMPUTATION SHEET

PROJECT: __ DESIGNER:

STATION: {81-70/ Accc:ss 1200..& A- /4 DATE:

HYDROLOGIC AND CHANNEL INFORMATION

°1 •
°t •

DRAIN-.GE AREA

B (7 cfs

o. </0 ~. ml'~ i

TWI • 1, {,,/ FXlsf (t;QI1f1k-!
TINt • '3.r-rN~ C~~'1I~!

EL.

SKETCH

7Z.CJfo

1
AHW-j- =:52~~:---::::-:-\ I TW.~(
l~bO,co -L_ El. 91,79 t

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

So. 0.005"0 /: L • 82. ~ LIIOO SO •

MEAN STREAM. VELOCITY. c'o ,0 ~Jc..

CULVERT
DESCRIPTION

/L\Borf'C/ l-k;'dtoql!
IO~)( ~' 1.21 1&·05"10, -z..1/,10 J5.7si 4.3S I'5.,,(14,3&1(/,4/1 S-:~71 t. 051/3.4

TW I 110 I LSo

;,:
~
~ ~ ICOMMENH

w

1"1 1-.e. f
nt:.t.., 0 S-I CoY1tt?:J1

...J

t;; ~ I0

:= ~ ...JU
t-

Z I t- 0
<I)

HW 10
:> ...J °

U 0 ....
U

>

HEADWATER COM PUTATION
CAP.

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

HW HW K. de + D
2

°
617/z.
-= 40'1

ENTR.
TYPE

SIZE

SUMIURY a RECO....ENDATIONS
d-{ PV'l:r"\Jr:. ...~ ? /4 0'1-v b4( SI ~ a,...rQ y--e.(" /~~~cl.(JIIJ1t.r;>1 dOGl,jY/st~H1
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10
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8

7

70 E
CHART I

600

500
(I) (2) (3)

EXAMPLE 8 9 10

400 5',2' Bo. 0,75 cf, 7 8

O/B • 15 cts/ft. 7 8

300
HW HW

6
I n I. t 7

0 re e:' 6

(I) 1.75
5 6

3.5 5

200
(2) 1.90 3.B 4 5

(3) 2.05 4.1 4

4

3
3

2

6
t-
O 100
0
u.

80
a::
w
"- 60
lfl-

U. 50
C>

0-
'- 2
~ 2
~ 2

/t-.

/ G 1.5

/
-
w 1.5
I 1.5

30 P . 1,2./
~"\.:'-

/
(/).,

20/
L:
:J

/'
I- 1.0

/' z
- .9 1.0 1.0

"""'~
I

Winqwoll --
t-

10 flo (c ---+-
Cl..
w .9 .9
0 - .8

8 <J::
W
t- -.7 .8 -~

6
<1
~

5
0

HW WINGWALL <1 .7
SCALE w .7

4 D FLARE I .6

(II 30' 10 75'
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CULVERT BR/?

TW
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ct SECTION

DESIGN DISCHARGE - Q

WETTED AREA AT BRINK OF CULVERT

d50 = THE MEDIAN 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

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

FROUDE NUMBER

TW
IF Y > (Y.75

o

32

V
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(

7f1" •SECTION N.R TV.76E

Channel Slope: 0.0077 ft./ft.

CROSS SECTION DATA:
OFFSET 92.6 187.3 192.7 195.7 204.1 233.8 236.8 239.2 282.4
ELEV. 69.3 67.44 61.13 61. 16 63.84 64.16 64.05 64.46 65.78
N N/A 0.035 -0:0-4 0.025 0.04 0.035 0.025 0.035 0.035

STAGE-DISCHARGE DATA:
STAGE: 61.1
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 0.0AREA 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 0.0HYD.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 a
STAGE: 61.56
WET PER. 0.0 0.6 3.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 0.1 1.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.1 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Q a a 4 a a a a a a a a a a a
STAGE: 62.02
WET PER. 0.0 1.2 3.0 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 0.3 2.6 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.3 0.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 0 13 2 a a a a a a a a 0 (;

STAGE: 62.48
WET PER. 0.0 1.8 3.0 4.3 0.0 0.0 '0. a 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 0.8 4.0 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.4 1.3 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o. 0,
Q a 1 25 7 a 0 a a a a a 0 0 a
STAGE: 62.94
vJET PER. 0.0 2.4 3.0 5.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 1.4 5.4 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.6 1.8 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 3 41 14 a 0 a 0 a a a a a a
STAGE: 63.4
l'lET PER. 0.0 3.0 3.0 7.4 0.0 0,,) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0AREA 0.0 2.2 6.8 7.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0HYD.RAD. 0.0 0.7 2.3 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
~ 9 6 ~t 27 a 0 0 0 9 9 9 P Q ?" ,

I -
"



I

• •SECTIONNU_ TW76E 7/18/91

STAGE: 63.86
It/ET PER. 0.0 3.6 3.0 8.8 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 3.2 8.1 11.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.9 2.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 10 83 44 0 0 0 0 0 a 0 0 0 0

STAGE: 64.32
WET PER. 0.0 4.2 3.0 8.8 29.7 3.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 4.4 9.5 15.3 9.5 0.6 0.2 0.0 0.0 o. a 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.0 3.2 1.7 0.3 0.2 0.1 0.0 0.0 o. a 0.0 0.0 0.0 0.0
Q 0 15 107 72 17 1 0 0 0 a 0 0 0 0

STAGE: 64.78
\vET PER. 0.0 4.8 3.0 8.8 29.7 3.0 2.4 12.9 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 5.7 10.9 19.2 23.2 2.0 1.3 2.9 0.0 0.0 0.0 0.0 0.0 D.O.
HYD.RAD. 0.0 1.2 3.6 2.2 0.8 0.7 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 21 134 105 73 8 0 4 0 a 0 0 0 0

STAGE: 65.24
It/ET PER. 0.0 5.4 3.0 8.8 29.7 3.0 2.4 28.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 7.2 12.3 23.0 36.8 3.4 2.4 12.3 0.0 o. a 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.3 4.1 2.6 1.2 1.1 1.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 29 164 142 158 19 0 27 0 0 0 0 0 0

STAGE: 65.7
WET PER. 0.0 6.0 3.0 8.8 29.7 3.0 2.4 43.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 8.9 13.7 26.9 50.5 4.8 3.5 28.6 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 1.5 4.6 3.0 1.7 1.6 1.4 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 38 196 184 268 34 0 81 0 a 0 0 0 0

~
W.S. Elev. 61.1 61. 56 62.02 62.48 62.94 63.4 63.86 64.32 64.78 65.24 65.7
Q 0 4 15 33 59 93 137 212 345 539 801
A 0.0 1.6 4.1 7.5 11. 8 16.8 22.8 39.5 63.9 95.1 133.4
V 0.0 2.5 3.7 4.4 5.0 5.5 6.0 5.4 5.4 5.7 6.0

.........,..

\1\..
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JOB 40' ,'. TO Va fc{r-.L.-.::...-t7~..L.::.:,;~-------

COMPUTATIONS FOR Cg{u-e.rf -10 E lie]
SHEET NC .~ OF

OAT E _ ---.L-t-/_Cf-,--:-/----
I J) ~.-------

BY /3»0 CHKO IS J / •CULVERT COMPUTATION SHEET

s

tJ:l_

PROJECT: DESIGNER:

STATION: 2.0 +-50. ttccr's::, p~ .4 - I DATE:
)

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
SHLDR~

~ 1<O75,1(?.be.. 7- I

0, $"""0 51 01, ~t(1'2-7 ,(;
DRAIN'AGE AREA

AJ._EL"T

:\s?9

0, • ~Cf9cfs 'WI • 4,2" f li/'.;+. ~l1n e.( \ -Lw.~1°1 • TWt • j I~
~I

EL. /ft,l.<!,OO / EL. '''3,BZ/ E L. ":,~'5. (.,oS"'/ t

( 0 I I DESIGN DISCHARGE, SAY ~) Q 10-0 So· o,ooS-o~
L •

70/
L/IOO So •

O2 ' CHECK DISCHARGE, SAY Q~o "'EAN STREAM. VELOCITY. b 1.(I.e ~

CULVERT HEADWATER COMPUTATION J >-
CAP. 0 1-1- :>w- I-DESCRIPTION INLET CONT. OUTLET CON TROL HW -H+tlo -L50 0:: ~ JU .....,

Q CHART ~:I: 1- 0
CI)

:I: J CO". ... ENT!0 OwENTR, HW HW de de + 0 LSo H'N 0
~ J u

SIZE HW K, H TW "0 0"'"
TYPE D 2 u >

I) &''1'T( tJfbe '3r1 '.&5"
I

--S, e>S-1 4.'-l- 4.2- /'3$""/ S'l'5"
f., (~t

/ox 4 Ii/de t (P,Co O,?- t,l 3.7 ~,~ 1'3,~ 1ft:. 7o,r, Q ConfYbI

SUloOURY a RECO....ENDATIONS tld-Q. 'Nf; rrt.p l: IfA iJ-{rQ. bC\S/~ ' fcry- 'e..-Y'o ~ t'~ COH -!Yo/ o.f ~11'e f ~
bax C-4(~1,

.....
o



2
7(;, F

CHART I

600 (I) (2) (3)
500

EXAMPLE 98 10

400 5'12' BOI 0,75 ct, 7 8

O/B ' 15 cr,itt, 7 8

HW
6

300 Inl, t
HW 7

0 feet
6

5 6
(I) 1.75 3.5 5

200
(2) 1.90 3. B 4 5

(3) 2.05 4. I 4

4

3

.7

.6

.5

.7
.6

.6

.5

.5

.4

.4

2
2

I.{,~
2

1.5

1.5
1.5

1.0

.9 \.0 1.0

- .8
.9 .9

-.7
.8 -~

z

LL
o

lLJ
I
-f----f:----!---

lLJ
o

L.:
:J
r--

3D' 10 75'
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SECTION N.ER TW7RF 7/2_ •
Channel Slope: 0.0125 ft./ft.

CROSS SECTION DATA:
OFFSET 3.2 50.6 53.9 55.9 60.4 66 70.5 75 76.6 80.4 107.1
ELEV. 66.5 65.26 64.57 65 65.79 65.9 64.77 62 62.02 65.5 69.49
N N/A 0.035 0.035 0.035 0.035 0.035 0.035 0.04 0.025 0.04 0.035

STAGE-DISCHARGE DATA:
STAGE: 62
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 0 0 0 0 0 0 Q 0 0 0 0 0 a 0

STAGE: 62.45
WET PEIl. 0.0 0.0 0.0 0.0 0.0 0.0 0.9 1.6 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 0.2 0.7 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 0.4 0.2 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 3 0 0 0 a a a

STAGE: 62.9
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.6 1.3 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.4 0.4 0.0 0.0 0.0 0.0 0.0
HYD.R.zm. 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.9 0.3 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 1 9 1 a 0 0 0 0

STAGE: 63.35
vJET PER. 0.0 0.0 0.0 0.0 0.0 0.0 2.6 1.6 2.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 1.5 2.1 1.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.3 0.5 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 a 0 4 17 2 0 a 0 a 0

STAGE: 63.8
WET PER. 0.0 0.0 0.0 0.0 0.0 0.0 3.4 1.6 2.6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 2.6 2.9 1.7 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.8 0.7 O. ::J 0.0 0.0 0.0 0.0
Q a a 0 a 0 a 9 28 5 0 a 0 a 0

STAGE: 64.25
viET PER. 0.0 0.0 0.0 0.0 0.0 0.0 4.3 1.6 3.3 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.0 0.0 0.0 4.1 3.6 2.7 0.0 0.0 0.0 0.0 0.0
HYD.RfP· 0.0 0.0 0.0 0.0 0.0 0,0 1.0 4.? o.~ 0.0 0.0 0.0 p.o 9. 0

; , ,
Q Q a a 0 a a 17 it t~ ~ ~ ~ ! 1I,



SECTION l'.R TW7f3F 71/.. •
STAGE: 64.7
WET PER. 0.0 0.6 1.3 0.0 0.0 0.0 5.2 1.6 4.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.1 0.0 0.0 0.0 " () 4.3 3.9 0.0 0.0 0.0 0.0 0.0:>.,

HYD.RAD. 0.0 0.1 0.1 0.0 0.0 0.0 1.1 2.7 1.0 0.0 0.0 0.0 0.0 0.0
0 0 a 0 a 0 a 27 55 16 a 0 a 0 0

STAGE: 65.15
WET PER. 0.0 2.8 4.9 5.7 0.0 1.6 5.3 1.6 4.6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.8 1.5 1.6 0.0 0.3 7.9 5.0 5.3 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.3 0.3 0.3 0.0 0.2 1.5 3.1 1.2 0.0 0.0 0.0 0.0 0.0
0 0 0 0 3 0 0 ..j3 72 24 0 0 0 0 0

STAGE: 65.6
WET PER. 13.0 16.4 18.4 21.9 0.0 3.4 5.3 1.6 5.2 0.7 0.0 0.0 0.0 0.0
AREA 2.2 4.5 6.1 7.1 0.0 1.4 10.0 5.? 7.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.3 0.3 0.3 0.0 0.4 :".9 3.6 1.4 0.0 0.0 0.0 0.0 0.0
0 0 a 0 16 0 4 63 89 36 a a 0 0 0

STAGE: 66.05
WET PER. 30.2 33.6 35.6 40.2 45.8 50.4 5.3 1.6 5.2 3.7 0.0 0.0 0.0 0.0
AREA 11. 9 15.7 18.2 21. 2 22.3 25.5 12.0 5.5 8.7 1.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.4 0.5 0.5 0.5 0.5 0.5 2.3 4.0 1.7 0.3 0.0 0.0 0.0 0.0
0 0 0 0 0 0 77 86 109 51 2 0 0 0 0

STAG;::: 66.5
\>lE'r PER. 47.4 50.8 52.8 57.4 63.0 67.6 5.3 1.6 5.2 6.8 0.0 0.0 0.0 0.0
AREA 29.4 34.6 38.0 43.0 46.7 51.9 14.0 7.2 10.4 3.3 0.0 0.0 0.0 0.0
HYD.RAD. 0.6 0.7 0.7 0.7 0.7 0.8 2.7 4.5 2.0 0.5 0.0 0.0 0.0 0.0
Q 0 a 0 a 0 207 112 130 69 10 0 0 0 0

l---------
66.51IW.S. Elev. 62 62.45 62.9 63.35 63.8 64.25 64.7 65.15 65.6 66.05

1
0 0 3 11 24 43 67 99 143 208 325 527

jA 0.0 1.0 2.5 4.6 7.2 10.4 14.2 20.2 31.2 53.7 86.9

!~-----_.. --_.- 0.0 3.2 4.4 5.2 5.9 6.5 6.9 7.1 6.7 6.1 6.1-------

~
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COMPUTATIONS FOR CuiV-C rt M. 1/

SHEET Na

DA TE ~-I-b--/a;
BY BbQ I CH'KD g0 -

CULVERT COMPUTATION SHEET

tJj

PROJECT: DESIGNER:

STATION: 4-1-1 S l de c c S'S Jt::R <:q! DATE:
i

HYDROLOGIC AND CHANNEL INFORMATION SKETCH Low ?",~t C71

SHLOR,'~ ~ 1f-5"O l€Sg
a. of- stA. 'fi-l~

A:l._EL'r

EI./t..cj~, lS't,~(,;,

DRAINAGE AREA :\ "" ·1G.~e, .41

°1 • 41 cfs TWI • tJlA \IW'~°1 • TWZ • .. J I~ ~l

As$' l-( IYtp ~in'llA "1 -C I0 ~ -I t, r-o'"1A p'~ EL. /,,,4 7. Zf.:, EL. 47,Qoj EL. 1~4~.147t
@ Ho/J):: I, 0 ~ +0 ~:p S"-(l c I~ ~ @

S4c.... <1+/(... ~/f.I... O.C!?" o-P .t/vw o".e.-v-d,;p ~,"'{I"''1'
So· c?, Q I /'" 5Z/ LlIOO So •( 01 I DESIGN DISCHARGE, SAY 025 ) L •

° 2 • CHECK DISCHARGE, SAY 0 50 IoCEAN STREAM. VELOCITY. /Ii/A-
CULVERT HEADWATER COMPUTATION -J >-

CAP. 0 ~~

Jt '>DESCRIPTION INLET CONT. OUTLET CONTROL HW - H + ho - L So 0:: ~
w- ....

0 CHART -Ju CI) r ItJ CO/ooCWENTS~r ~o 0 o -J

SIZE ENTR. HW HW HW K. H de dc+ D LSo HW 0
::> -J U w

TW Ho OW
TYPE D 2 U >

Ci'l1I'Arr.~ E;"~ 41 1,0 0.5" 0.1s- t ,'?D 2,1 "$ ?1S" /0,00 . 0 1
Tn/~+

O)19;~l <;'(>cf/o~ ~,lS - 2)3- ~S-{.. 1.5~ S-,c! Co'" ty--ot
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CHART 6
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Figure 4-38 Hydraulic properties of corrugated steel and structural plate pipe-arches.

Table 4-15 Full-Flow Data tor Corrugated Steel Pipe Arches

Corrugations 2?f.l x V2 in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydraulic

Pipe-Arch Waterway Radius Equiv. Waterway Radius
Pipe Area, A/rrD, Diameter, Size, Area, AhrD,

Diameter Span Rise fl2 fl in. in. fl2 r fl

15 17 13 1.1 0.280 54 60 x 46 15.6 1.104
18 21 15 1.6 0.340 60 66 x 51 19.3 1.230
21 24 18 ?.2 0.400 66 73 x 55 23.2 1343
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Figure 4-38 Hydraulic properties of corrugated steel and structural plate pipe-arches.
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Table 4-15 Full-Flow Data tor Corrugated Steel Pipe Arches

Corrugations 22fJ x V2 in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydraulic

Pipe-Arch Waterway Radius EQuiv. Waterway Radius

Pipe Area, AhrD, Diameter, Size, Area, AhrD,

Diameter Span Rise It2 ft in.
t ft2 ftIn.

15 17 13 1.1 0.280 54 60 x 46 15.6 1.104

18 21 15 1.6 0.340 60 66 x 51 19.3 1.230

21 1.4 18 2.2 0.400 66 73 x 55 23.2 1.343

24 28 20 2.9 0.462 72 81 x 59 27.4 1.454

30 35 24 4.5 0.573 78 87 x 63 32.1 1.573

36 42 29 6.5 0.69 84 95 x 67 37.0 1.683

*42 49 33 8.9 0.81 90 103 x 71 42.4 1.80

*48 57 38 11.6 0.924 96 112 x 75 48.0 1.911

*54 64 43 14.7 1.04 102 117 x 79 54.2 2.031

*60 71 47 18.1 1.153 108 128 x 83 60.5 2.141

*66 77 52 21.9 1.268 114 137 x 87 67.4 2.259

*72 83 57 26.0 1.38 120 142 x 91 74.5 2.373
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SECTION NUMBER G1950 9/9/91

e Channel Slope: 0.0118 ft. /ft. e e
CROSS SECTION DATA:
OFFSET 400 900 925 950 975 1000 1300

ELEV. 50.93 49.18 49.15 49.27 49.52 49.9 55.3

N N/A 0.025 0.025 0.025 0.025 0.025 0.025

STAGE-DISCHARGE DATA:
STAGE: 49.15
WET PER. 0.0 0 . .0 0 . .0 0.0 0.0 0·0 0·9 0·9 0.0 9,.0 0.0

AREA 0.0 0.0 0.0 0.6 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

Q 0 0 0 0 0 0 a 0 0 0 0

STAGE: 49.25
WET PER. 20.0 45.0 65.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AREA 0.7 2.8 3.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 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 4 0 0 0 0 0 0 0 0

STAGE: 49.35
WET PER. 48.6 73.6 98.6 106.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AREA 4.1 8.8 12.3 12.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q 0 0 0 20 0 0 0 0 0 0 0

STAGE: 49.45
WET PER. 77.1 102.1 127.1 145.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AREA 10.4 17.5 23.5 25.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.1 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q 0 0 0 51 0 0 0 0 '0 0 0

STAGE: 49.55
WET PER. 105.7 130.7 155.7 180.7 182.7 0.0 0.0 0.0 0.0 0.0 0.0

AREA 19.6 29.2 37.7 41.6 41.6 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.2 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0

Q 0 0 0 0 100 0 0 0 0 0 0

...
STAGE: 49.65
WET PER. 134.3 159.3 184.3 209.3 217.8 0.0 0.0 0.0 0.0 0.0 0.0

AREA 31. 6 43.7 54.7 61.1 61. 6 0.0 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.2 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0

Q 0 0 0 0 171 0 0 0 0 n n



e e e
SECTION NUMBER G1950 9/9/91

STAGE: 49.75
WET PER. 162.9 187.9 212.9 237.9 253.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 46.4 61.0 74.5 83.4 85.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.3 0.4 0.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Q a 0 0 0 266 a a 0 a a a

STAGE: 49.85
WET PER. 191.4 216.4 241. 4 266.4 288.1 0.0 0.0 0.0 '0.0 0.0 0.0
AREA 64.1 81.3 97.3 108.6 112.2 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.4 0.4 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 386 a a 0 0 0 0

STAGE: 49.95
WET PER. 220.0 245.0 270.0 295.0 320.0 322.8 0.0 0.0 0.0 0.0 0.0
AREA 84.7 104.3 122.8 136.7 142.7 142.8 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.4 0.4 0.5 0.5 0.4 0.4 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 535 a 0 0 0 0

STAGE: 50.05
WET PER. 248.6 273.6 298.6 323.6 348.6 356.9 0.0 0.0 0.0 0.0 0.0
AREA 108.1 130.3 151.3 167.6 176.1 176.8 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.4 0.5 0.5 0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 714 a 0 a 0 0

STAGE: 50.15
WET PER. 277 .1 302.1 327.1 352.1 377 .1 391. 0 0.0 0.0 0.0 0.0 0.0
AREA 134.4 159.0 182.5 201. 4 212.4 214.2 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.5 0.5 0.6 0.6 0.6 0.5 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 926 0 0 0 0 0

W.S. E1ev. 49.15 49.25 49.35 49.45 49.55 49.65 49.75 49.85 49.95 50.05 50.15
Q 0 4 20 51 100 171 266 386 535 714 926
A 0.0 3.9 12.6 25.2 41. 6 61. 6 85.2 112.2 142.8 176.8 214.2
V 0.0 1.0 1.6 2.0 2.4 2.8 3.1 3.4 3.7 4.0 4.3
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Figure 4-38 Hydraulic properties of corrugated steel and structural plate pipe-arches.

Table 4-15 Full-Flow Data for Corrugated Steel Pipe Arches

Corrugations 22f.l x Vz in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydraulic

Pi pe-Arch Waterway Radius Equiv. Waterway Radius
Pipe Area, AhrD, Diameter, Size, Area, AhrO,

Diameter SpAn Rise ft2 ft in. in. ft2 It

15 17 13 1.1 0.280 54 60 x 46 15.6 1.104
18 21 15 1.6 0.340 60 66 x 51 19.3 1.230
ZI 1.4 18 Z.Z 0.400 66 73 x 55 nz 1343
24 28 20 2.9 0.462 7Z 81 x 59 27.4 1.454
30 35 24 4.5 0.573 78 87 x 63 32.1 1.573
36 42 29 6.5 0.69 84 95 x 67 37.0 1.683

·42 49 33 8.9 0.81 90 103 x 71 42.4 1.80
·48 57 38 11.6 0.924 96 112 x 75 48.0 1.911
·54 64 43 14.7 1.04 102 117 x 79 54.2 2.031
·60 71 47 18.1 1.153 108 128 x 83 60.5 2.141
·66 77 52 21.9 1.268 114 137 x 87 67.4 2.259
·72 83 57 26.0 1.38 120 142 x 91 74.5 2.373
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Figure 4-38 Hydraulic properties of corrugated steel and structural plate pipe-arches.

Table 4-15 Full-Flow Data for Corrugated Steel Pipe Arches

Corrugations 22fJ x V2 in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydra ulic

Pipe-Arch Waterway Radius Equiv. Waterway Radius
Pipe Area, A/rrD, Diameter, Size, Area, A/rrD,

Diameter Span Rise ft2 ft in. in. ft2 It

15 17 13 1.1 0.280 54 60 x 46 15.6 Ll04
18 21 15 1.6 0.340 60 66 x 51 19.3 1.230
21 24 18 2.2 0.400 66 73 x 55 23.2 l.343
24 28 20 2.9 0.462 72 81 x 59 27.4 1.454
30 35 24 4.5 0.573 78 87 x 63 32.1 L573
36 42 29 6.5 0.69 84 95 x 67 37.0 1.683

~ *42 49 33 8.9 0.81 90 103 x 71 42.4 1.80
*48 57 38 11.6 0.924 96 112 x 75 48.0 1.911
*54 64 43 14.7 1.04 102 117 x 79 54.2 2.031
'60 71 47 18.1 1.153 108 128 x 83 60.5 2.141
*66 77 52 21.9 1.268 114 137 x 87 67.4 2.259
·72 83 57 26.0 1.38 120 142 x 91 74.5 2373
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e SECTION NUMBER E1.0 9/9/91 -Channel Slope: 0.01 ft./ft.

CROSS SECTION DATA:
OFFSET 1900 2500 2525 2550 2575 2600 2611.1
ELEV. 56.3 55.67 55.71 55.88 56.19 56.63 56.85
N N/A 0.025 0.025 0.025 0.025 0.025 0.025

STAGE-DISCHARGE DATA:
STAGE: 55.67
WET PER. 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
HYD.RAD. 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

STAGE: 55.72
WET PER. 47.6 72.6 74.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 1.2 1.9 1.9 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
Q 0 0 1 0 0 0 0 0 0 0 0

STAGE: 55.77
WET PER. 95.2 120.2 129.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 4.8 6.8 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 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 6 0 0 0 0 0 0 0 0

STAGE: 55.82
WET PER. 142.9 167.9 184.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 10.7 14.0 14.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 16 0 0 0 0 0 0 0 0

STAGE: 55.87
WET PER. 190.5 215.5 239.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 19.0 23.5 25.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 34 0 0 0 0 0 0 0 0

STAGE: 55.92
WET PER. 238.1 263.1 288.1 291. 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 29.8 35.5 38.6 38.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 hn () () () () " " "



e e '-SECTION NUMBER E12500 9/9/91

STAGE: 55.97
WET PER. 285.7 310.7 335.7 343.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 42.9 49.9 54.2 54.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 95 a 0 0 a 0 0 0

STAGE: 56.02
WET PER. ,333.3 358.3 383.3 394.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 58.3 66.6 72.2 73.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 141 0 0' 0 0 0 0 0

STAGE: 56.07
WET PER. 381.0 406.0 431. 0 446.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 76.2 85.7 92.6 94.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 198 ' a 0 0 a 0 0 0

STAGE: 56.12
WET PER. 428.6 453.6 478.6 497.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 96.4 107.2 115.3 117.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 267 0 0 0 a 0 0 0

STAGE: 56.17
WET PER. 476.2 501. 2 526.2 549.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 119.0 131.0 140.4 143.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 350 a 0 0 a a 0 0

W.S. Elev. 55.67 55.72 55.77 55.82 55.87 55.92 55.97 56.02 56.07 56.12 56.17
Q 0 1 6 16 34 60 95 141 198 267 350
A 0.0 1.9 7.0 14.9 25.4 38.7 54.6 73.0 94.0 117.6 143.8
v 0.0 0.5 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.4
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4. HYDRA ULICS

-------------
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Figure 4-38 Hydraulic properties of corrugated steel and structural plate pipe-arches.

Table 4-15 Full-Flow Data for Corrugated Steel Pipe Arches

Corrugations 2¥.J x V2 in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydraulic

Pipe-Arch Waterway Radius Equiv. Waterway Radius
Pipe Area, AhrD, Diameter, Size, Area, AhrD,

Diameter Span Rise ft 2 It in. in. fl2 fl

15 17 13 1.1 0.280 54 60 x 46 15.6 1.104
J8 21 15 1.6 0.340 60 66 x 51 19.3 1.230
21 7.4 18 22 0.400 66 73 x 55 232 1343
24 28 20 2.9 0.462 72 81 x 59 27.4 1.454
30 35 24 4.5 0.573 78 87 x 63 32.1 1.573
36 42 29 6.5 0.69 84 95 x 67 37.0 1.683

*42 49 33 8.9 0.81 90 103 x 71 42.4 1.80
*48 ~I 3!! 11.6 0.924 96 112 x 75 48.0 1.911
*54 64 43 14.7 1.04 102 117 x 79 54.2 2.031
*60 71 47 18.1 1.153 108 128 x 83 60.5 2.141
*66 77 52 21.9 1.268 114 137 x 87 67.4 2.259
*72 83 57 26.0 1.38 120 142 x 91 74.5 2.373
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SECTION NUMBER
~OO 9/9/91 ee Channel Slope: 0.0111 ft./ft.

CROSS SECTION DATA:
OFFSET 0 20 60 80 100 120 140 180
ELEV. 62.83 62.43 61.84 61.71 61.69 61.77 61. 95 62.65
N N/A 0.025 0.025 0.025 0.025 0.025 0.025 0.025

STAGE-DISCHARGE DATA:
STAGE: 61.68
WET PER. 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
HYD.RAD. 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 0 a a 0 a
STAGE: 61.76
WET PER. 0.0 0.0 7.7 27.7 45.2 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.2 1.4 2.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a a a a 2 a 0 a a 0 0

STAGE: 61.84
WET PER. 0.0 0.0 20.0 40.0 60.0 67.8 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 1.3 4.1 6.3 6.6 0.0 0:0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Q .., a a a a a 9 0 a a a a
STAGE: 61.92
WET PER. 0.0 5.4 25.4 45.4 65.4 82.1 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.2 3.1 7.5 11. 3 12.6 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.1 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0
Q 0 0 a 0 a 23 0 0 0 0 0

STAGE: 62
WET PER. 0.0 10.9 30.9 50.9 70.9 90.9 93.7 0.0 0.0 0.0 0.0
AREA 0.0 0.9 5.4 11.4 16.8 19.6 19.6 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0
Q 0 a 0 a 0 0 43 0 0 a a

STAGE: 62.08
WET PER. 0.0 16.3 36.3 56.3 76.3 96.3 103.7 0.0 0.0 0.0 0.0
AREA 0.0 2.0 8.1 15.7 22.7 27.1 27.5 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.2 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 0 71 0 a 0 0



e e e
SECTION NUMBER A2100 9/9/91

STAGE: 62.16
WET PER. 0.0 21.7 41. 7 61. 7 81.7 101.7 113.7 0.0 0.0 0.0 0.0
AREA 0.0 3.5 11.2 20.4 29.0 35.0 36.2 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.3 0.3 0.4 0.3 0.3 0.0 0.0 0.0 0.0
Q a a a a a a 106 a a a a

STAGE: 62.24
WET PER. 0.0 27.1 47.1 67.1 87.1 107.1 123.7 0.0 0.0 0.0 0.0
AREA 0.0 5.4 14.7 25.5 35.7 43.3 45.7 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.3 0.4 0.4 0.4 0.4 0.0 0.0 0.0 0.0
Q a a a a a a 148 a 0 a a

STAGE: 62.32
WET PER. 0.0 32.6 52.6 72.6 92.6 112.6 133.7 0.0 0.0 0.0 0.0
AREA 0.0 7.8 18.7 31.1 42.9 52.1 56.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.2 0.4 0.4 0.5 0.5 0.4 0.0 0.0 0.0 0.0
Q a a a a a 0 196 a a a a

STAGE: 62.4
WET PER. 0.0 38.0 58.0 78.0 98.0 118.0 143.7 0.0 0.0 0.0 0.0
AREA 0.0 10.6 23.1 37.1 50.5 61. 3 67.1 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.3 0.4 0.5 0.5 0.5 0.5 0.0 0.0 0.0 0.0
Q a a a a a a 253 a a a a

STAGE: 62.48
WET PER. 2.5 42.5 62.5 82.5 102.5 122.5 152.8 0.0 0.0 0.0 0.0
AREA 0.1 13.9 28.0 43.6 58.6 71.0 79.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.3 0.4 0.5 0.6 0.6 0.5 0.0 0.0 0.0 0.0
Q a a a a a a 319 a a a a

W.S. E1ev. 61.68 61.76 61. 84 61. 92 62 62.08 62.16 62.24 62.32 62.4 62.48
Q 0 2 9 23 43 71 106 148 196 253 319
A 0.0 2.0 6.6 12.6 19.6 27.5 36.2 45.7 56.0 67.1 79.0
V 0.0 0.8 1.3 1.8 2.2 2.6 2.9 3.2 3.5 3.8 4.0

..,



e

63

62.8

62.6

62.4
c

:.8
<:>
>
<l>

W
62.2

62

61.8

e

Cross Section - A2 100

--

61.6 I I I I I I I I I

o 20 40 60 80 100

Offset (ft.)

120 140 160 180



e e

Stage Discharge - A2 100

e

350

300

250

~ 200
...:::;..

<l.>

2'
o
~

v
c5 150

100

50

o

~

/

,/
/

/
V

/
V

//V

L.~
,----

~

61.6 61.7 61.8 61.9 62 62.1

Stage (ft.)

62.2 62.3 62.4 62.5



JOB do.? 7 Toyo-&,

COMPUTATIONS FOR C«fuCN'""f j{Jo 1G 8!d_
SHEET N_ OF

DATE ' s- /9/r ~ _--

BY Bbo CHKD f{\T/
t

e
CULVERT COMPUTATION SHEET

PROJECT:
DESIGNER:

STATION: 5"t-!Q I Acce~S' f?J A-2.. DATE:
i

HYDROLOGIC AND CHANNEL INFORMATION SKETCH

SHLOR~ ~ G:,-z..,OS

DRAINAGE AREA
n. IM.. l.'3/

:--\

AJs-7 \ ~W.U,O'Q I •~'*'cn,S<J,.tI'u-(lI'Cr ~)~) TW, • 'Z..C.O/

Q1 • /08 -5 (lIP wc;Jer "V'U' A/?;\c() TWz • it?1 ,. J I~
-l<' 120 c{S over {l:)r..d.LIJ't'.? "'I /LO ds ft,~A ~lk..rlS-

~l

EL. /~)&,S'(P / EL. 58.00/ EL./c,?1d..9/t

Lot-{) F76C-() Cv-oSS)'~[!
O°Z- % 5~ I

( 01 I DESIGN DISCHARGE, SAY Q2~ ) So· L •
L/IOO So •

°2" CHECK DISCHARGE, SAY Q~O
loCEAN STREAM. VELOCITY. 4,7.:£.,

CULVERT
HEADWATER COMPUTATION .J )-

CAP.
0 ......

w- ... .>
DESCRIPTION Q CHART INLET CaNT. OUTLET CON TROL HW - H + ho - L So 0:: ~ .Ju I/) :I: I&J COMWENH

~:I: ... 0 0 o ..J

ENTR. HW HW de de + D HW 0
::> ..J U w

SIZE HW K., H TW tlo LSo
OW

TYPE 0 2
U >

C''IP Arc/, ll>rop1n / r l L\JI
WJ I, >-:;- 4.?.-'; 0,7 2:~5 1,87 2,3/ 2,&0 1...&0 /.It:. 3,11 1.2') B,s l~h1.. ~I

r",kf'

'Zl11;J,.?,.... lr1 ,.fr.r-r/ F ...,f~
cOo-trlYol

s4 0,7 1.1'1. 'j,;.25 1./b 8,7- IfoL.'Z.. ~I
I",Lz.+-

II " 1,3~ ),7 ') 1.10 1.7 5". l 2:ZS- 'Z,qq ~75' c~ho/

" Jo lAM $ freGA~ o-P C-CA-/~. -90 ('
.

'f>I?J/cc +, ~ '1 .
SU .... ),lARY a RECO .... lIIENDATIONS u~ c£CA ~p~~ V'lfJ""o..jO e 1"'0 'S I'OYJ

~ ~o;( ce»1evr(- eWlb",,/...,j<ment rr rofrc +/~'1 .r~ $'~ 4i- ~5 fu .c;-+ G:. 5"

-Per. r.£/P C?V'O$'SI;'q,
tJ
I

c

- -- ------



• CHART 6

2

3

1.5

1.0

.S

.6

.8

.5

2

4

3

.6

.7

.9

1.0

.8

(2)

.S

2

.7

.8

3

1.0

1.5

.9

.6

--~---...

( I )
4

;.() ~ I.
1.5

1.3~

w
(f) .9_
0: +---+----F-

lJ..
o
(f)

~

0:
W
I
z +---t---~.7-

I
l
n.
W
o

0:

~-+---+----+-

~

~
o
~

W
I

o

?
I

2.0

2.1

2.2

HW· HW

o (feel)

1.10

1.15

1.22

ENTRANCE
TYPE

ProjcctinQ

Mitered 10 conform

10 slop.

Heodwall

EXAMPLE

11 0 in fief

Si,,: 36' x 22"

O'ZOd,

(I)

(2)

(3)

(I)

(2)

(31

To .11 Itol. (Z) or (3) proJ.ct

horizontally to scole (Ill lhen

ust IlraiQhl inclined line Ihrouoh

o and 0 scolu. or nvus. as

i II us, r a led.

HW SCALEo

200

300

1,000

800

2.000

600' -.

500

400

3,000

5,000

4.000

2

10

8

3

6

5

4

"./
/'

100 /'
/'

,,"-- /'
¥~/

i-~>
/'

/'
/'

./
30 ./

/'

~O

9'-6',6'-S"

8'- 2" x S'- 9"

7'-O'xS'-I'

11'-S',7'-3"

6'-1',4'-7'

15'-4"l9'-3'

72' 1 4"

6S' x 40'

12'-10',8'-4"

16'-7' lIO'-I"

2 9' 1 18'

2 S" 1 16'

./
/

/'
./

./
./

/

/36" 22'

z
~

n.
(f)

w
(f)

0:

W
N
(f)

::E

<5

o
cr

'"oz
'"l-V)

•

BUREAU or PuBLIC ;'OAOS JAN 1963

-;l' ADDITIONAL SIZ.ES HOT DIM£HSIONED ARE

LISTED I Ii FA BR ICATOR 's CATALOG

HEADWATER DEPTH FOR

C. M. PIPE-ARCH CULVERTS

WITH INLET CONTROL

.3S

.4
.4

.3 S

.4

.35

1-- 6 --1

LD'I 0 I
I.6

.S

1.0

- .8

18" x II'

•
5-26



CHART \2

300

200

-j C -5; ~
%~~ ,-:..- ~

SUBMERGED OUTLET CULVERT fLOWING FULL
HW. H" ho-LSo

100

90

80
n."X 44"

70

tlJ 65" X 40"

~4 -
0::
<t

(/) 40 I

LL -O:qO~
(,)

Z
a::

30 LL

a 0

w w 43"X27"

C)
(/)

0:: 0::
<t 20
:r: x
(,) z
(/)

0
<t 36"X22"
0...
(/)

W
N
(/)

10 2:r x I 8"

9

8
2~" XI 6"

7

6

5

4

C>
Z W
Z Z

'" ..J:>....

For oulltt Clown 1'101 lubmtrQld, compult HW by
m.lhOdl ducrib<d in II'.. desiQn proctdur.

•.p

I
W
W
Lo.-

:r:.

.4

.5

.6

.7

.8

.9

1.0

2 " 't 0 I

Z .'55" I

3

4

5

6

7

8

9

10

2

BuRE AU C' PUBL IC ROADS JAN. 196~

HEAD FOR
STANDARD C. M. PIPE-ARCH CULVERTS

FLOWING FULL
n =0.024

5-35



CHART 19

605020 30 40
DISCHARGE- Q- CFS

10

. I --~...--::::: :::/
- ...-- / ,/

~ ./

.",
V

V
../

,~

~
~ /V

V '/../ /'
./

V ~
./ ,/

lo?V V V
~

V .,/

/' / V
./:V V /'

V de C~NNOT EXCEED TOP OF PIPE

I~ / V Y I
/~v/ V I/

I V/.~ 4"x?' ,

/,1/ I

V~ 31'X2f
/->-- 29'xI8' I2S'x 16,'1

0.6

-
I-

0::
o 0.8

:I:
1-.
a... 1.2
w
o

I- 1.6
w
w
l.L.

" 1.4""0
I

1.8

2.0

0.4
o

180 200 220 24080 100 120 140 160

DISCHARGE-Q-CFS
20

--~.........-..-
~

b::::~/

b ~V

-"/~../
I.-4'

/ ~% /

0 ~~
I, 57

~ :%:V
I 'S-I // V~ de CANNOT EXCEED TOP OF PIPE

~~ V

~~;;Y'

~
~72'x''1 4'
6S'x40'

f'-58'X 36'
~0'x'3I' I

~43'x *7'0.8

0.6
o

3.4

3.0

1.0

3.2

-a:
o 1.2

I- . 2.8
w ..
~ 2.6

~" 2.4
I

I 2.2
...-: ..
a... 2.0
w
o 1.8
..J

~ 1.6

I- 1.4

BUREAU OF PUBliC ROADS

JAN.. 1964
CRITICAL DEPTH

STANDARD C.M. PIPE-ARCH

5-42



SVERDRUP

JOB 4047

CO M PUT AT ION S FO R --=~~.L.--:-=-=----J

Fro;¥j CJ'l'{? A--rc-h TCA..bl-e- 4 - I~-

For ~ .F"t-(/ PI? e (qq ; '":$ ~ ")

SHEET NO. OF---

DATE _19)9L----
BY_8_l~d:~_C H K D ......f-+-'U-.!----

l)J.v-o. '-'1/ I:: J;e~(t-(..s

A ("-LeA.
=

-e (FrorY/ ~;~~~ 4.. 58 ')

QJ> 54 - 0,80 -="/ A D.71- - ~

Q F"tll C:>7,4 AFI-ff/

\j-;.
~ - s-1 -=- 8,2.. !)ps- -

0,71 (&,'1)

For

~ - Coo - o_88 ~
A ,... 0,77- -

Q Fw.11 C:>7,ct !tRAlf

V-:. Q &0 8,5" -fps- ~
:::

A o,lg (8.9)



rases m~,r7V"'"f"l4'W'WP''W'PJIii!IIWX' ii'*"~e .'.~

4. HYDRAULICS 199

FULL

90

80

70
III
..!
a:: 60
!!l
o
~ 50
o-c:
~ 40
()
""'-
<II

0. 30

20

10

o

/ Vj \'r'--,
\ '",,-

Wetted P;rimeter/ V ,J. .' \ ,
/ \

IyV Ar\V ~// /
V / /'

//~

IV
/ /

/
Discharge

~r " l/
\.

\.

~v /
/'

\", ./
/

/;/ V ~, ...V" 1\
/;/ ~

V \, V ~
Hydr ~ullC Radius

...... , ...... ( \

~
v~/ .....-/ r- -

:::::-~
0.1 0.2 0.3 0.4 0.5 0.6 0.7,110.8 0.9 1.0 1.1 1.2 1.3

Proportional Values Based on Full Conditions

Figure 4-38 Hydraulic properties of corrugated steel and structural plate pipe-arches.

Table 4-15 Full-Flow Data for Corrugated Steel Pipe Arches

Corrugations 2¥J x V2 in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydraulic

Pipe-Arch Waterway Radius Equiv. Waterway Radius

Pipe Area, AhrD, Diameter, Size, Area, AhTD,

Diameter Span Rise ft2 It in. in. ft2 It

IS 17 13 1.1 0.280 54 60 x 46 15.6 1.104

18 21 15 1.6 0.340 60 66 x 51 19.3 1.230

2) 1.4 18 2.2 0.400 66 73 x 55 212 1.343

24 28 20 2.9 0.462 72 81 x 59 27.4 1.454

30 35 24 4.5 0.573 78 87 x 63 32.1 1.573

36 42 29 6.5 0.69 84 95 x 67 37.0 1.683

*42 49 33 8.9 0.81 90 103 x 71 42.4 1.80

*48 57 38 11.6 0.924 96 112 x 75 48.0 1.911

*54 64 43 14.7 1.04 102 117 x 79 54.2 2.031

*60 71 47 18.1 1.153 108 128 x 83 60.5 2.141

*66 77 52 21.9 1.268 114 137 x 87 67.4 2.259

*72 83 57 26.0 1.38 120 142 x 91 74.5 2.3 73
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SECTIOaUMBER A1500 e 8/30/91 e
Channel Slope: O. 0091 ft. /ft.

CROSS SECTION DATA:
OFFSET 400 437.5 450 475 500 525 550 562.5 800
ELEV. 63.48 62.77 62.55 62.23 62.06 62.04 62.18 62.31 65.06
N N/A 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025

STAGE-DISCHARGE DATA:
STAGE: 62
WET PER. 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

HYD.RAD. 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 a

STAGE: 62.1
WET PER. 0.0 0.0 0.0 5.9 30.9 41. 6 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.0 0.0 0.1 1.4 1.7 0.0 0.0 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q a 0 a a a 1 a a a a a

STAGE: 62.2
WET PER. 0.0 0.0 0.0 20.6 45.6 70.6 72.5 0.0 0.0 0.0 0.0

AREA 0.0 0.0 0.0 1.4 5.2 7.4 7.5 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Q a a a a 0 a 9 0 0 a a

STAGE: 62.3
WET PER. 0.0 0.0 5.5 30.5 55.5 80.5 92.0 0.0 0.0 0.0 0.0

AREA 0.0 0.0 0.2 4.1 10.3 15.1 15.8 0.0 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.0 0.0 0.0 0.0

Q 0 0 0 a a 0 28 0 a a a

STAGE: 62.4
WET PER. 0.0 0.0 13.3 38.3 63.3 88.3 100.8 108.6 0.0 0.0 0.0

AREA 0.0 0.0 1.1 7.5 16.3 23.5 25.4 25.8 0.0 0.0 0.0

HYD.RAD. 0.0 0.0 0.1 0.2 0.3 0.3 0.3 0.2 0.0 0.0 0.0

Q a a a 0 a 0 a 56 a a a

STAGE: 62.5
WET PER. 0.0 0.0 21.1 46.1 71.1 96.1 108.6 125.0 0.0 0.0 0.0

AREA 0.0 .. 0.0 2.8 11.7 23.0 32.7 35.9 37.5 0.0 0.0 0.0

HYn.RAn. n n n n n 1 f"\ -:> " -:> " -:> " .., " ..,



SECTIO.MBER A1500 e 8/30/91 e
STAGE: 62.6
WET PER. 0.0 2.8 27.8 52.8 77.8 102.8 115.3 140.4 0.0 0.0 0.0
AREA 0.0 0.1 5.3 16.7 30.4 42.7 47.1 50.8 0.0 0.0 0.0
HYD.RAD. 0.0 .. 0.0 0.2 0.3 0.4 0.4 0.4 0.4 0.0 0.0 0.0
Q 0 0 0 0 0 0 0 146 0 0 0

STAGE: 62.7
WET PER. 0.0 8.5 33.5 58.5 83.5 108.5 121. 0 154.7 0.0 0.0 0.0
AREA 0.0 0.6 8.4 22.3 38.5 53.3 59.0 65.5 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.3 0.4 0.5 0.5 0.5 0.4 0.0 0.0 0.0
Q 0 0 0 0 0 0 a 210 a a 0

STAGE: 62.8
WET PER. 1.6 14.1 39.1 64.1 89.1 114.1 126.6 168.9 0.0 0.0 0.0
AREA 0.0 1.8 12.0 28.4 47.1 64.4 71. 3 81. 7 0.0 0.0 0.0
HYD.RAD. 0.0 .0.1 0.3 0.4 0.5 0.6 0.6 0.5 0.0 0.0 0.0
Q 0 0 0 0 a a 0 285 0 0 0

STAGE: 62.9
WET PER. 6.9 19.4 44.4 69.4 94.4 119.4 131.9 182.8· 0.0 0.0 0.0
AREA 0.4 3.4 16.2 35.1 56.3 76.1 84.3 99.3 0.0 0.0 0.0
HYD.RAD. 0.1 0.2 0.4 0.5 0.6 0.6 0.6 0.5 0.0 0.0 0.0
Q 0 0 0 0 a a a 375 a 0 a

STAGE: 63
WET PER. 12.2 24.7 49.7 74.7 99.7 124.7 137.2 196.7 0.0 0.0 0.0
AREA 1.4 5.6 20.9 42.3 66.0 88.3 97.7 118.3 0.0 . 0.0 0.0
HYD.RAD. 0.1 0.2 0.4 0.6 0.7 0.7 0.7 0.6 0.0 0.0 0.0
Q 0 0 0 0 a 0 a 478 0 0 0

W.S. Elev. 62 62.1 62.2 62.3 62.4 62.5 62.6 62.7 62.8 62.9 63
Q 0 1 9 28 56 95 146 210 285 375 478
A 0.0 1.7 7.5 15.8 25.8 37.5 50.8 65.5 81.7 99.3 118.3
V 0.0 0.7 1.2 1.7 2.2 2.5 2.9 3.2 3.5 3.8 4.0
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Figure 4-38 Hydraulic propeniesol corrugated steel and structural plate pipe-arches.

Table 4-15 Full-Flow Data for Corrugated Steel Pipe Arches

Corrugations 2'h x V2 in. Corrugations 3 x 1 in. and 5 x 1 in.

Dimensions, in.
Hydraulic Hydraulic

Pipe-Arch Waterway Radius Equiv. Waterway Radius
Pipe r Area, AhrD, Diameter, Size, Area, A/7TD,

Diameter Span Rise ft2 It in. in. ft2 ft

15 17 13 1.1 0.280 54 60 x 46 15.6 1.104
18 21 15 1.6 0.340 60 66 x 51 19.3 1.230
21 24 18 2.2 0.400 66 73 x 55 232 1.J43
24 28 20 2.9 0.462 72 81 x 59 27.4 1.454
30 35 24 4.5 0.573 78 87 x 63 32.1 1.573
36 42 29 6.5 0.69 84 95 x 67 37.0 1.683

'42 49 33 8.9 0.81 90 103 x 71 42.4 1.80
'48 57 38 11.6 0.924 96 112 x 75 48.0 1. 911
'54 64 43 14.7 1.04 102 III x 79 54.2 2.031
'60 71 47 18.1 1.153 108 128 x 83 60.5 2.141
"66 77 52 21.9 1.268 114 137 x 87 67.4 2.259
"72 83 57 26.0 1.38 120 142 x 91 74.5 2.3 73
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SECTI.UMBER A1 1240 e 8/30/91 e
Channel Slope: 0.0071 ft. /ft.

CROSS SECTION DATA:
OFFSET 1100 1200 1225 1250 1275 1300 1350
ELEV. 65.15 64.05 63.85 63.8 63.9 64.16 64.81
N N/A 0.025 0.025 0.025 0.025 0.025 0.025

STAGE-DISCHARGE DATA:
STAGE: 63.8
WET PER. 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
HYD.RAD. 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

STAGE: 63.9
WET PER. 0.0 6.3 31.3 56.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.0 0.2 2.0 3.3 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
Q 0 0 0 2 0 0 0 0 0 0 0

STAGE: 64
WET PER. 0.0 18.8 43.8 68.8 78.4 0.0 0.0 0.0 . 0.0 0.0 0.0
AREA 0.0 1.4 5.8 9.5 10.0 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 13 0 0 0 0 0 0

STAGE: 64.1
WET PER. 4.6 29.6 54.6 79.6 98.8 0.0 0.0 0.0 0.0 0.0 0.0
AREA 0.1 3.9 10.7 17.0 18.9 0.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.0 0.1 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 31 0 0 0 0 0 0

STAGE: 64.2
WET PER. 13.6 38.6 63.6 88.6 113.6 116.7 0.0 0.0 0.0 0.0 0.0
AREA 1.0 7.3 16.6 25.4 29.6 29.7 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.2 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 60 0 0 0 0 0

...
STAGE: 64.3
WET PER. 22.7 47.7 72.7 97.7 122.7 133.5 0.0 0.0 0.0 0.0 0.0
AREA 2.8 11. 6 23.5 34.7 41. 5 42.2 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.1 0.2 0.3 0.4 0.3 0.3 0.0 0.0 0.0 0.0 0.0



- _..-

SECTI<eNUMBER
...

A1 1240 e -8/30/91

STAGE: 64.4
WET PER. 31.8 56.8 81. 8 106.8 131. 8 150.3 0.0 0.0 0.0 0.0 0.0
AREA 5.6 16.8 31. 2 44.9 54.2 56.4 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.3 0.4 0.4 0.4 0.4 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 147 0 0 0 0 0

STAGE: 64.5
WET PER. 40.9 65.9 90.9 115.9 140.9 167.1 0.0 0.0 0.0 0.0 0.0
AREA 9.2 23.0 39.8 56.1 67.8 72.3 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.2 0.3 0.4 0.5 0.5 0.4 0.0 0.0 0.0 0.0 0.0
Q 0 0 a 0 0 207 0 0 a a a

STAGE: 64.6
WET PER. 50.0 75.0 100.0 125.0 150.0 183.9 0.0 0.0 0.0 0.0 0.0
AREA 13.7 30.0 49.4 68.1 82.4 89.8 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.4 0.5 0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 279 0 0 0 0 0

STAGE: 64.7
WET PER. 59.1 84.1 109.1 134.1 159.1 200.6 0.0 0.0 0.0 0.0 0.0
AREA 19.2 38.0 59.8 81.1 97.8 109.0 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.3 0.5 0.5 0.6 0.6 0.5 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 364 0 0 0 0 0

STAGE: 64.8
WET PER. 68.2 93.2 118.2 143.2 168.2 217.4 0.0 0.0 0.0 0.0 0.0
AREA 25.6 46.8 71. 2 94.9 114.2 129.9 0.0 0.0 0.0 0.0 0.0
HYD.RAD. 0.4 0.5 0.6 0.7 0.7 0.6 0.0 0.0 0.0 0.0 0.0
Q 0 0 0 0 0 462 0 0 a 0 a

W.S. Elev. 63.8 63.9 64 64.1 64.2 64.3 64.4 64.5 64.6 64.7 64.8
Q 0 2 13 31 60 98 147 207 279 364 462
A 0.0 3.3 10.0 18.9 29.7 42.2 56.4 702.3 89.8 109.0 129.9
V 0.0 0.8 1.3 1.7 2.0 2.3 2.6 2.9 3.1 3.3 3.6
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• SPREAD CALCULATIONS:

o = 0.56 * Sx"1.67 * S"0.5 * T"2.67
n

( EO. 4, HEC 12)

TYPICAL SECTION:

"'~ .
$x1.3:1~%

4%

Sx= (Sx1 )(Sx2)

Sx 1 = .333 Sx1 + Sx2
Sx 2 = VARIES, AND WILL BE SHOWN AS A WEIGHTED AVERAGE OF 6.66% & 4%

n = 0.016

S = VARIES

LOCATION DRAIN AREA Q (10 YR) SLOPE Sx2 Sx SPREAD "r'
(ACRES) (CFS) (FT/FT) (FT )

STA6+15, 42' LT 0.191 0.652 0.2500 0.067 0.056 1.78

STA 5+30,42' LT 0.38 1.298 0.2500 0.067 0.056 2.30

STA4+75, 46' LT (NORTH) 0.554 1.892 0.0050 0.053 0.046 6.23

• STA4+75, 46' LT (SOUTH) 0.304 1.038 0.0050 0.056 0.048 4.83

STA 2+80,20' LT 0.183 0.625 0.0800 0.067 0.056 2.17
STA 3+90, 20' LT 0.348 1.189 0.0800 0.067 0.056 2.76

STA 4+30, 20' LT 0.375 1.281 0.0050 0.056 0.048 5.22

STA 2+80,20' RT 0.273 0.933 0.0800 0.067 0.056 2.52

STA 3+90,20' RT 0.449 1.534 0.0800 0.067 0.056 3.03

STA 4+75,46' RT (SOUTH) 0.793 2.709 0.0050 0.051 0.044 7.27

STA 4+75,46' RT (NORTH) 0.600 2.050 0.0050 0.053 0.046 6.42
STA 5+30,42' RT 0.372 1.271 0.2500 0.067 0.056 2.28
STA 6+15,42' RT 0.191 0.652 0.2500 0.067 0.056 1.78

LENGTH OF SLOTTED DRAIN REQUIRED ("L"):
L = k * 0"0.42 * S"0.3 * ( 1 I (n * Sx) )"0.6 (EO. 13, HEC 12)

with clogging factor = 50 %: L (W/CLOGGING) = L (DESIGN) / 50% (k = 0.6)

BASIN Q (10 YR) SLOPE Sx L (DESIGN) L (W/CLOG) LENGTH INSTALLED
NO. ( CFS) (FT/FT ) (FT ) (FT ) (FT) *

1 2.050 0.005 0.046 12.55 25.1 25
2 1.892 0.005 0.046 12.13 24.3 25

•
3 1.038 0.005 0.048 9.19 18.4 20

4 1.281 0.005 0.048 10.04 20.1 20
5 2.709 0.005 0.044 14.49 29.0 30

* A DOWN STREAM CATCH BASIN WILL BE PLACED AT THE END OF EACH SLOTTED DRAIN SECTION
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•• SYNTHETIC FLOOD HYDROGRAPH
FOR THE STEEP GRADE FACILITY
AND UNDERPASS PUMP STATIONS

UNIT HYDROGRAPH

2~/J/

tlTr q/Qp vN

0.0 0.000 0.000
0.1 0.025 0.002
0.2 0.087 0.007
0.3 0.160 0.020
0.4 0.243 0.036
0.5 0.346 0.063
0.6 0.451 0.096
0.7 0.576 0.136
0.8 0.738 0.180

• 0.9 0.887 0.253
1.0 1.000 0.325
1.1 0.924 0.400
1.2 0.839 0.464
1.3 0.756 0.523
1.4 0.678 0.578
1.5 0.604 0.627
1.6 0.545 0.671
1.7 0.482 0.707
1.8 0.424 0.742
1.9 0.372 0.773
2.0 0.323 0.799
2.2 0.241 0.841
2.4 0.179 0.875
2.6 0.136 0.900
2.8 0.102 0.917
3.0 0.078 0.932
3.4 0.049 0.953
3.8 0.030 0.965
4.2 0.020 0.973
4.6 0.012 0.979
5.0 0.008 0.983
7.0 0.000 1.000

•



-'. SYNTHETIC FLOOD HYDROGRAPH
FOR THE STEEP GRADE FACILITY

FOR 10 YEAR STORM:
V= 0.221 ACRE-FT
Q= 8.97 CFS
Tr= 13.600 MIN.

. t'::; /~/

•

PUMP L VOLUME STANDING
t

C~S
LV LV RATE PUMPED STORAGE WATER

MIN. tACRE-FTI (GALLON~) mpM) (GALLONS) (GALLONS) (GALLONS)

0.00 0.000 0.000 0 0 0 0 0

1.36 0.224 0.000 144 0 0 144 0

2.72 0.780 0.002 504 0 0 504 0

4.08 1.435 0.004 1440 0 0 1440 0

5.44 2.180 0.008 2592 1300 1768 824 0

6.80 3.104 0.014 4537 1300 3536 1001 0

8.16 4.045 0.021 6913 1300 5304 1609 0

9.52 5.167 0.030 9793 1300 7072 2721 0

10.88 6.620 0.040 12961 2800 10880 2081 0
12.24 7.956 0.056 18218 2800 14688 3530 0

13.60 8.970 0.072 23403 2800 18496 4907 0

14.96 8.288 0.088 28803 2800 22304 6499 0

16.32 7.526 0.103 33412 2800 26112 7300 0
17.68 6.781 0.116 37660 2800 29920 7740 0
19.04 6.082 0.128 41621 2800 33728 7893 0
20.40 5.418 0.139 45149 2800 37536 7613 0
21.76 4.889 0.148 48317 2800 41344 6973 0
23.12 4.324 0.156 50910 2800 45152 5758 0
24.48 3.803 0.164 53430 2800 48960 4470 0
25.84 3.337 0.171 55662 2800 52768 2894 0
27.20 2.897 0.177 57535 2800 56576 959 0
29.92 2.162 0.186 60559 2800 60559 0 0
32.64 1.606 0.193 63007 1300 63007 0 0
35.36 1.220 0.199 64807 0 63007 1800 0
38.08 0.915 0.203 66031 1300 66031 0 0

,

40.80 0.700 0.206 67112 0 66031 1080 0
46.24 0.440 0.211 68624 1300 68624 0 0
51.68 0.269 0.213 69488 0 68624 864 0
57.12 0.179 0.215 70064 0 68624 1440 0
62.56 0.108 0.216 70496 0 68624 1872 0
68.00 0.072 0.217 70784 1300 70784 0 0
95.20 0.000 0.221 72008 1300 72008 0 0

•



-: • SYNTHETIC FLOOD HYDROGRAPH
FOR THE STEEP GRADE FACILITY

FOR 50 YEAR STORM:
V= 0.300 ACRE-FEET
Q= 12.21 CFS
Tr= 13.600 MIN.

'2 C?/3f

•

PUMP I VOLUME STANDING
t q Iv Iv RATE PUMPED STORAGE WATER

MIN. r.F~ (Ar.RE-FTI (GALLONS) (GPM) (GALLONS) (GALLONS) I~l\l InNS)

0.00 0.000 0.000 0 0 0 0 0

1.36 0.305 0.001 195 0 0 195 0

2.72 1.062 0.002 684 0 0 684 0

4.08 1.953 0.006 1955 1300 1768 187 0

5.44 2.966 0.011 3519 1300 3519 0 0

6.80 4.223 0.019 6158 1300 5287 871 0

8.16 5.505 0.029 9384 1300 7055 2329 0

9.52 7.031 0.041 13294 2800 10863 2431 0

10.88 9.008 0.054 17595 2800 14671 2924 0

12.24 10.827 0.076 24730 2800 18479 6251 0

13.60 12.206 0.098 31768 2800 22287 9481 81

14.96 11.278 0.120 39099 2800 26095 13005 3605

16.32 10.241 0.139 45355 2800 29903 15452 6052

17.68 9.228 0.157 51123 2800 33711 17412 8012

19.04 8.276 0.173 56499 2800 37519 18980 9580

20.40 7.372 0.188 61288 2800 41327 19961 10561

21.76 6.652 0.201 65589 2800 45135 20454 11054

23.12 5.883 0.212 69108 2800 48943 20165 10765

24.48 5.175 0.223 72529 2800 52751 19n9 10379

25.84 4.541 0.232 75560 2800 56559 19001 9601
27.20 3.943 0.240 78101 2800 60367 17734 8334
29.92 2.942 0.252 82207 2800 67983 14224 4824

32.64 2.185 0.263 85530 2800 75599 9931 531
35.36 1.660 0.270 87974 2800 83215 4759 0
38.08 1.245 0.275 89636 2800 89636 0 0
40.80 0.952 0.280 91102 1300 91102 0 0
46.24 0.598 0.286 93154 1300 93154 0 0

51.68 0.366 0.290 94327 0 93154 1173 0
57.12 0.244 0.292 95109 1300 95109 0 0
62.56 0.146 0.294 95696 0 95109 586 0
68.00 0.098 0.295 96087 0 95109 977 0
95.20 0.000 0.300 97749 1300 97749 0 0

•
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rman INDUSTRIES, INC.

The popular compression
model (PF-25w) uses time
proven wedge type seals to
install quickly and easily on
plain end standard steel pipe,
A special gasket is furnished
for use with 0.0. sized steel
pipe. This model is standard
with a cast iron frame with
machi ned seat face and a cast
iron cover with a resilient
neoprene rubber seat face,
Follow ring is cast iron with
rubber wedge gasket and
plated steel draw bolts.

'_._-;.-_._._-.. --t:"'1.-.=.. ::::::.:::,:::::=:J The flange model (PF-25f) may
be furnished with either iron or
bronze seat faces. Bronze hinge
pins are standard. Drilling is
ANSI 125 lb. standard.

FOR PUMP DISCHARGE

Waterman Model PF-25 flap valves are designed for
use on pump discharge lines and other pipe end
closures to prevent entrance of back water. These
valves are furnished with a variety of frame styles to
fit most installation needs. A 7%0 inclined seating
plane is used to ensure that the valve will not "hang
open" from slight pipe sagging or off grade. A
positive stop prevents over opening.

CAST IRON

®

EXETER. CA • LUBBOCK, TX • GARDEN CITY, KS • BOISE, 10
MEMPHIS, TN • GRAND ISLAND, NB • INDIANAPOLIS, IN

RED TOP WATER CONTROL GATES, VALVES and EQUIPMENT

Cast Iron Body. Flange or Compression Mounted

•

ast Iron Cover. Aluminum Cover Optional
ast Iron, Bronze or Resilient Seat Faces

Bronze Hinge Pins. 71/2 0 Seating Plane

Valves are available with aluminum covers and
neoprene seat faces where extra sensitivity is
desired. Special treated bodies and collars for
installation in concrete pipe are available.

eee price list for sizes and weights available.

(

"



Typical Specifications
F-25 & F-20 Moderate Duty Drainage Flap Gates

General
The flap gate shall be designed to allow free outflow and prevent backflow for maximum seating heads
up to 25 (20) feet. Gates shall be Waterman Model F-25 (or F-20 for square/rectangular) or equal.

Construction
The frame shall be cast iron of flatback or spigotback design, with machined seating surface inclined
from vertical at a minimum of 2%° to assure positive closure. For flatback gates mounted to thimbles, the
gate flange shall be machined and drilled to match thimble.

The cover shall be cast iron, cast in one piece, with reinforcing ribs or domed construction, designed to
withstand the seating head specified. An integral cast on lifting eye shall be provided.

Seating surfaces for frame and cover shall be:

a) machined iron
or
b) bronze seats securely mounted and attached to frame and cover.
or
c) a bronze seat securely mounted and attached to frame with neoprene seat bonded into dovetail

groove in cover to cushion cover on closing.

All machined seats shall have a minimum 63 microinch finish.

The gate shall be provided with an adjustable, double pivoted hinge linkage so designed to permit
complete seating, full opening, and with stops or other arrangement to prevent the cover from rotating
sufficiently to become wedged in the open position. Pivot lugs mounted to frame shall be adjustable to
allow adjustment of hinge links without having to remove cover from gate. The hinge links shall be
bronze bushed, structural steel (high strength malleable iron, cast manganese bronze, or wrought
stainless steel).

All assembly hardware shall be type 18-8 stainless steel.

Finish
All cast iron shall be painted with manufacturer's standard shopcoat paint (special paint). Structural steel
hinge arms shall be galvanized. All bronze and stainless steel parts do not require further finish.

Materials
Frame and Cover - Cast Iron per ASTM A-126, Class B.
Pivot Lug - Ductile Iron per ASTM A-536, Gr. 65-45-12.
Hinge Link - Structural Steel per ASTM A-36, galvanized per ASTM A-123.
Bronze Bushings and Washers - Commercial Bronze.
Assembly Hardware and Pins - 18-8 Stainless Steel (Type 304).

rman INDUSTRIES, INC.

o

()

EXETER, CA LUBBOCK. TX • GARDEN CITY. KS • BOISE, 10
MEMPHIS, TN • GRAND ISLAND, NB • INDIANAPOLIS, IN

RED TOP WATER CONTROL GATES, VALVES and EQUIPMENT
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R SEE SEAT

DETAIl.
SIZES 6-14 ONLY

II~)DIA)
~EF.)

-----h.Lf-J.....¥--....,J-+f--lj I --

A
(REF.)

~

NOTES

1. DESIGNED FOR USE ON PUMP
DISCHARGE LINES.

~
COMPo SEAT IN
COVER.
MACH. IRON
SEAT BODY

& COMPo SEAT IN
COVER BRONZE
SEAT ON BODY.

, '

CD BODY (STD.)

(1) COVER

CD HINGE PINo SPRING PIN

CD WASHER

CD FOLLOW RING

(j) RING BOLT, NUT & WASHER

CD PIPE SEAL GASKET

ALTERNATE SEATS AVAILABLE

~MACHINED IRON

PARTS LIST

ID BRONZE SEAT
~ COVER & BODY• \~ ~~O'D\ , / / /

\ '"......... ~ .... ~/ /

" '-:: - --:'/ / I" - - /

~- .l' >' ( '/ I
___ ~~ I

R B I

SIZES 4 & 5 ONLY

GATE DIMENSIONS IN INCHES
GJoUs.?:

A 4 5 6 8 10 12 14

B 5% 63.1.1 8 9% 12V2 14V2 16

C - - 6 7V2 91/8 10% 12

D 4V2 5V2 -

E 51/4 5V2 6 7% 81/4 9% 10%

F 9 9% 10 121/4 141/4 17 18%

G 7 8% 93.1.1 113.1.1 14 16% 181/4

H 51/4 51/4 6'14 6V4 6V2 7 7V2

J 2 21/4 2% 2% 2% 2% 2%

N 4% 5% 6% 83.1.1 10Ye 12% 14Ve

Q 3 3 4 4 4 4 4

R 6% 8 9% 11% 13Ye 15Ye 17%

rman INDUSTRIES, INC.

EXETER. CA • LUBBOCK. TX • GARDEN CITY, KS • BOISE, ID
MEMPHIS, TN • GRAND ISLAND, NB • INDIANAPOLIS, IN

RED TOP WATER CONTROL GATES, VALVES and EOUIPMENT

MODEL

PF·25W FLAP VALVE
SCALE CATALOG DWG. NO. REVISION NO.

NONE 0013·2 1

NOTE: FOR PRELIMINARY DESIGN PURPOSES ONLY
DO NOT USE FOR INSTALLATION

UNLESS PART OF C~RTIFIED & APPROVED SUBMITIAL

{

\ ...
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PERFORMANCE CHART APPLICABLE FOR
WATERMAN F-10 & F-50 GATES. HEAD LOSS
THRU HEAVIER F-25 & F-55 SERIES GATES
MAY BE SLIGHTLY GREATER.
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rman INDUSTRIES, INC.

EXETER. CA LUBBOCK. TX • GARDEN CITY. KS • BOISE. 10
MEMPHIS. TN • GRAND ISLAND. NB • INDIANAPOLIS. IN

RED TOP WATER CONTROL GATES, VALVES and EQUIPMENT

MODEL

SCALE

AUTOMATIC DRAINAGE
(FLAP) GATE PERFORMANCE CHART

CATALOG DWG. NO. REVISION NO.

0049
NOTE: FOR PRELIMINARY DESIGN PURPOSES ONLY

DO NOT USE FOR INSTALLATION
UNLESS PART OF CERTIFIED & APPROVED SUBMITIAL
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C-3170
SECTION

3
MODEL

3170
SUPERSEDES ISSUED

FAMILY OF PERFORMANCE CURVES 6/90
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CURVE IMPELLER .PHASE 1-

\ CODE

1-

[4 , 1 442
2 443
3 463 1-

~\ . 4 464
5 603 30

\\ 6 604 1-

7 605
8 606 -

.~
9 607

~~,
~1

~
4 N,

~~ ~
..... l

~
~
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~ l"""l'I
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~
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500 1000 1500 2000 2500 3000 3500 4000 4500 5000

FLOW (GPM)

NOTE:
FAMILY OF PERFORMANCE CURVES ARE FOR PRE-SELECTION ONLY.
SEE INDIVIDUAL CURVES IN THIS SECTION FOR FINAL SELECTION.



SECTION

3
MODEL

3170 C-3170
IMPELLER/MOTOR - NOM. SIZES r7\

~----_....._----------------------------~ \::-.oJ

SUPERSEDES ISSUED

6/90

PUMP IMPELLER HP RATING

MODEL CODE CP I CT I CS
VAC RPM 01 D2 03 04

•

4· 6"
463

30 30 or 4" 4" or30464 6" 8"

1740
442

6" 6"
30 30 30 200 or 6" or 8"

443
8" S"3170 230/460

30 575
603 * 10" S"

604 or 10" or 12"

- 605 25 25 25 1170 12" 10"

606
607 #

* NOT AVAILABLE FOR WARM L1aUID APPLICATIONS.
1/ ALSO AVAILABLE FOR 194· F WARM l.IQUID APPLICATIONS.

ALL OTHER CONFIGURATIONS AVAILABLE FOR 158· F WARM L1aUID APPLICATIONS.

•
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CP·3170
SECTION MODEL

4 3170

Outline Dimensions
SUPERSEDES ISSUED

6/90

1'4-- R--------l

ACCESS COVER

REF. L1NE

(CLEAR INSIDE EDGE)

* DIM. TO ENDS OF GUIDE
BARS.

** REPRESENTS CLEAR
INSIDE EDGE OF ACCESS
FRAME OR OPENING.

TYPICAL DUPLEX

TYPICAL SIMPLEX

POWER CABLE

9
t------ft-- 4 16

,,

~ REF. LINE **

3" GUIDE BARS (2x)

(NOT BY FLYGT, CUT
TO LENGTH AT ASS'y)

STD. CLASS 125
C.1. FLANGE

·(NOM. SIZE)

1'4---'--- L-----.j

5
5 16

L~r- NOM.
VERSION

WEIGHT(LBS

DISCH. 11--1- =t SIZE PUMP DISCH

~--,--- 4" HH 1110 80

.ji-~ 6 HH 1110 120

D J B l ~ DIA. ANCHOR
6" SrD 1210 120

R STD 1210 145
VIEW [lJ-[lJ BOLTS (4x) 10" HV 1300 220

ALL DIMENSIONS IN INCHES 12" HV 1300 455

NOM.
VERSION DIMENSIONAL CHART

SIZE A B C D E F G H J K L M N P R S T U V W

4" HH
~ 9~ 8 4 10 1 15~ 9i 50~ 4 ~ 221 38 10 11 10j 46~ 26! 17 2 i 29, 44

6" HH 2! '1 9! 4 i 13* 17~ 11 50! 4 ! 221 38 10 11 10j 49i 26S 17 21 29, 2

6" STD 2! '1 9~ 4i 13 1 17 i 11 51 ~ 41 221 38 10 11 1~ 49! 26! 18 2 1 29! 1 ~

8" STO 3! 11 9! 4i 13i 17i 12 h51 ~ 4 221 38 10 11 1Qj 51 i 26i 17 2 ! 29~ 1!
10 HV 12! 19M 9! 4 i 14! 17% 14 ! 531 6 ~ 241 43 ~ 11 ~ 16 a13 601 28~ 22 21 35, 6

12" HV 7 i 19M 20~ 101 251 31 ! 17~ 531 11! 241 43 ~ 11 ~ 1q 13 64i 28S 27 3 35, °



SECTION

5
MODEL

3170
-

CP-3170
SUPERSEDES ISSUED

6/90 Lift Station Dimensions

UPPER GUIDE
BAR BRACKET

FLYGT CONTROL CENTER
SUBJECT TO ENGINEER'S SPECIFICATIONS
(WALL, POLE, OR PEDESTAL MOUNTING)

c~: I
FLYGT LIQUID LEVEL SENSORS

LAG PUMP ON -FT-IN ill

LEAD PUMP ON _FT-IN <D

I

h V PREFABRICATED
,t REINFORCED

CONCRETE PIPE

VENT PIPE

~ --l::'---r Vr-----4=::""""""'+.-----i v V
~ I I V c

FLYGT HDL TYPE@ I! H
CHECK VALVE i ,

STD. CLASS 125~~ ; 'II /}~
C.1. FLANGE ~ Ff ~

(NOM. SIZE) ~ ~ 'i 1I1~:J::Ul
! ~L~I, ~L:>

'"~~:3! C I !~ t MIN. LIQUID LEVEL MUST NOT

CV ~ i Ii!~ 1 L:> FALL BELOW TOP OF VOLUTE

.--- --+--<-...-j~:\.-------3-E..i.:='3-,d1 -~ ~-- t PUMP OFF -FT IN ill

t
<l ~ n '/. :-t +--Tt,----'---'----'---..:............=--=~-~t

GROUT \..:.--- r 6

~ ~ C) ~-.--- I/- ~ MW
, ~ ~ \ \ uu....u.uf:a, BASE ELEVATION FT IN ill ~-L---'--------f'l- _+---.-:::.:......::-=---==-_--'-----=:::....c..c=--'----_.L....

L:> ~,L:>,:c.\ 6 6

---- 60~ L f ANCHOR BOLT (2- PROJECTION)

CABLE HOLDER JUNCTION BOXES (NOT SHOWN) FOR THE
PUMP CABLES MUST BE LOCATED ABOVE

,_ (ACCESS COVER @ THE FLOOD ELEVATION.

j"2 MIN. rAOQ) GROUT7 rGROUND -~Ll' _FT_IN CV
.-~~=-==;:::;::::;:::==~-;;L:>:-i ." V/A .

r-I1,llJ-11 11,-,---,_1 '~ , ~III,"'.,-JI:T~-III"'-III"
_-_I-V I ,II I II II \....\-_-lJ I ~_-_-
-III-II L G~E BAR.....!! \1\. I 6111-111~ : :1-1 II-II

3- NOM. PIPE, f....."I\.. I\. ~_t ! !, !
~ GALVANIZED" I "" ~l' ,.-----,-

(2) REO'O I
DISCHARGE ill (NOT BY FLYGT)i ~ ; : :

ELE~TATl9~ C77.;; m , II F---L- ill: ! : ELEClRlC POWER CABLE

-=~~--'~-~ --'-"",:'::::J Ii,! 6 t IN~~~NT! i~! VALVE

f" ? v7 r-DI~., J_" ill
DEPTH OF WELLill -.I-- -----3- EL FT-IN '

1- -h------y~-__ --- -~~~- -==--.=:....=-~
FT_IN ' I /\

~ I, H iLL t ALARM ON- _FT_IN ill
r-- U ----1'--t---I-t---_+_~I ,

~U~~M§~~~Rrr---~~' fil I (;j
(USED FOR GUIDE L.........< r~~~f--~./\r--01.I-t------'--'A~
BARS OVER 20 FT. v
LONG)•

•
o NOTES:

1. INDICATES INFORMATION TO BE DETERMINED BY
OTHERS.

2. LOCATE ANCHOR BOLTS USING CLEAR INSIDE
EDGE OF ACCESS FRAME AND CENTER LINE OF
PUMP AS REF. POINT.

3. GROUT OPENING FOR ACCESS FRAME

5. CONFIGURATION AND DIMS. SHOWN ARE MIN.
REQUIREMENTS ONLY. ALL DETAILS, INCLUDING
SIZING OF PIT, TYPE, LOCATION AND ARRANGE
MENT OF VALVES AND PIPING, ETC. ARE TO BE
SPECIFIED BY THE CONSULTING ENGINEER AND
ARE SUBJECT TO HIS APPROVAL C

··~\

. 1

.J

4. HEAVY DUTY ACCESS COVER AVAILABLE FROM
FLYGT. (FOR DIM. CONSULT ENGR)
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TOP II1EW

H 011..
GROUT CIRCLE

R FURTHEST PROTRUSION Of ACCESS
FRAlolE FROt.l CENTER Of PIT.

SECTION MODEL

5 3170
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6/90

CLEAR INSIDE EDGE <D
Of ACCESS FRAAolE

f ANCHOR <Z>
BOLT (6.)

_L
PL
TYP.

-- .:.... -'t
~ PUlolP AND <Z>

UPPER GUIDE
BAR BRACKET
TYP.

~PIT

BASE SEC1l0N

I

"-~-'

Duplex

ALL DIMENSIONS IN INCHES

DIMENSIONAL CHART
NOM.

VERSION STATION COVER
SIZE A B C D F G H R S T U CV MW PL SIZE V W XA XB Y Z AD
4" HH l 9a 8 4 15 1 66 53 19* 14l 96 11 ~ 17 19 (2)C 30 78 33! 34! 48 58 4~

6" STD 2 i 11 9~ 4 17 2 68 54 19 13j 96 14 17 19 (2)C 30 78 33 34 48 58 4

6" HH 2 ! 11 9~ 4 17 2 68 55 16i 11 96 14 18 19 (2)C 30 78 33 34 48 58 4

8" STD 3 ~ 11 9~ 4 17 2 68 55 18 11~ 96 19~ 1? 19 (2)C 30 78 33 34 48 58 4

10" HV 12 ~ 19M 9~ 4 17 1 84 60 24 15~ 120 39j 22 231 (2)F 36 48~ 39 43~ 48 601 sa
12 HV 7 i 19M 2~ 101 31 ~ 1 90 61 23 i 12 120 471 27 231 (2)F 36 48~ 39 43~ 48 60~1 5 ~
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Cover Model A B C F +0 H G +E

Nominal Size 2411 X 24" 30" x 30" 30" X 48" 36" x 48" 42" x 42" 42" x 48" 48" x 54" 48" x 72"

Pump
Model

Cover Models
Simplex Duplex

Optional Cover Material:

3067 - 2"
3067 - 2.5·
3OS0 - 3",4"
3OS5 - 3",4"
3OS5/S2 - 3",4"
3102 - 4·,6",S"
3127 - 4"
3127 - S",S" Std.
3127 - S" HV
3152 - 4",S",S" Std.
3152 - 10" HV
3152 - 12" HV

_
0 - 4",S",S"
0- 10",12" HV

01 - S",S" HH
3201 - S",10" Std.
3201 - 12" HV
3201 - 14" HV
3230 - S"
3300 - S" HH
3300· 12",14"
3305 - 12"
3311 ·12",14"
3355 - 14"

•

A
A
B
B
B
B
B
B

+D
+D

C
C
C
F

+D
F
G
G
G
C
G
E
E
E

B
C
C
C
C
C
C
C
F
F
E
E

**C
**F
**C
**F
**G
**G
**G
**C
**G
**E
**E
**E

Steel (Standard)

Steel (Heavy Duty)

Aluminum (With Steel Hardware)

Cast Iron (Heavy Duty) Contact Flygt

** Requires 2 Covers
+ Double Door Cover

Cj



Standard Steel Access Covers
Typical Cover Sectional Views
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o

HINGE

~~~PVINYL--<§)

.... '--
,,~/,/,

. AUTOMATIC HOLD-
OPEN ARM ----,-r,

I
I

I
I
I
I
ISTEEL

STRAP
ANCHOR

114"X3"X3" STEEL
ANGLE FRAME

1/4" STEEL. DIAMOND
PLATE COVER

.'!: HINGE
}----- MASONRY OPENING-----l

SLAM LOCK WITH
INSIDE HANDLE

~=-+-------SIZE (WIDTH) --t---+":::"--f

REMOVABLE~
KEY WRENCH~

FLUSH LIFT HANDL.E -----7 n--REMOVABLE
(NOT SHDWNI ~ ...~RENCH

~

/
REMOVABLE
PLUG

114"DIAMOND PLATE ----+#-1-7
COVER.

. ,

114" CHANNEL FRAME
(FORMED STEEL.)

HASP

AUTOMATIC HOLD
OPEN ARM AND
COVER RELEASE

'" ~-~'i' .~CON TIN U OUS:.I.- ... ANCHOR FLANGE
,/ 'l, j '~

~
.. : S·~,',- -.: \, L.IFTING". . '. l' r-r. ~~C;r~~SM

r .' l :. "

SIZE (WIDTH)

UNISTRUT FEATURE
INCORPORATED IN
ALL FL YGT COVERS

'.1/:2" DRAIN COUPLING WEL.DED
UNDER FRAME FOR PIPE
CONNECTION TO DRY WEL.L.
OR DISPOSAL SYSTEM

SIZE LIVE LOAD CAPACITY

A-D 150 lbs. per square ft.

E-G 300 lbs. per square ft.

A-G
HD- *H-2Q

HEAVY
DUTy

/.

i

* H-20: One wheel load capacity 16.000 lbs.
on area 14" x 16" (truck tire print).
Recommended in parking areas, driveways,
etc. NOT recommended for fast moving
hi ghway-1raffic.

l DOUBLE LEAF
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Flygt HDL Ball Check Valve's'
Type 2016

~.
\ ..~~ .~:.

•
Dimensions in inches

FLOW

•
J-No. ~nd Dia.

of bolt hol~s.

I~..---B---

~f--------L,--------

D A' B 'c H 1 • T .. Be J WT
10.0. CYR IaAll DIA.

C.L rr IDlf MI.£.
SIl( 0.0. FlG CMR lEIIGTM FlG. TIll IOlT CIR 110. Oil. liS.

l' 6-1n 6-71' 2-111 5-3/' 9-1I~ 51. q-3/q ~ 3/~ 31
2-111' 7-1/' 7- 3/q 3-1I~ 6-5/16 11-5/1 11116 5-111 q 3/~ ~6

3' 7-7/1 1·111 q 7-11' 13-112 3/~ 6 q 3/q 57
q' 9 10-1/~ 5 1-711 17-1/2 15116 7-112 I 3/~ 97
S- 10 11-711 (, 10-5/8 20-112 15116 8-112 • 7/1 137
6' 1l·1/q 13- 3/8 7-1/2 12-1I~ 2q 1 9-112 I 7/8 209

•• 13·112 16- 3/1 10 15 31-5'/8 HI' 11- 3/q I 718 365
10' J6 19-J18 J2-S/8 19 39-1/2 1- JI16 Jq-l/q 12 J 62q

J2' J9 22- J/2 lq-5/1 22 q7-1/q l-1/q 17 12 1 812
W 2J 26 17- J/8 25- J/~ 55-III 1- J/I 18- J/~ 12 H/8 lqoo

Ii' 13-112 28- }/q 19-5/8 19-)lq 63 1-112 21-1/~ 16 1-1/~ ......

J" 25 H-7/~ 21 H 70-718 1-112 22· 3/~ 16 I'I/~ ....
2;)' 27-JI2 35- J/~ 1q-112 36-112 71- J/q 1-5/8 15 10 I-)l~ .....

BODY: Cast Iron: ASTM A1S9-72 Class 3S

FLANGE DRILLING: ANSI B16.1 Class 125 Flat Faced
Bolt Holes straddle center-line.

BALL: Hollow steel with vulcanized Nitrile Rubber
Covering.
SINKING TYPE: SP. GR. Greater than 1.0
FLOATING TYPE: SP, GR, Less than 1.0

WORKING PRESSURE: 1S0 P.S.I.G. max.
WORKING TEMPERATURE: 18soF. max,

SERVICE: Generally used for sewage. For other
flowing media. various types of coatings and ball
elastomers are available. Details are required
for proper evaluation.

··rOl.I'''CI : 1116'

I

\ • Note: When static head on check valve is less than
10' of water or 4 PSI •• valve should be installed
in the v~rtical position only.

Valves for higher working pressures available
using ANSI Class 250 Flanges. Ductile Iron
construction
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The motorized (24V AC) Mixing Valve is primarily intended to be attached to the C-Pump volute for the
purposes of "stirring up" or mixing the sediment at the bottom of the lift station.

During periods of low inflow, large amounts of sludge, rags, sald etc. will settle at the bottom of the station.
The biological sludge usually remains stable ald tends to form sludge bonks that remain stable even at high
inflow rates.

Cavities are formed near the inlet to the pumps cousing some hydraulic problems. Also ,the sludge consumes
the .free oxygen brought in by the water cousing corrosion along with the more serious problem of forming very
poisonous hydroqen sulfide.

The opening and closing of the mixing valve is monitored via the pump control and con be adjusted to operate
in the open position (mixing) from 30 seconds to 3 minutes.

Mode of Operation:

I. The Mixing Valve is open

2. The start level control starts the pump and the time relay, controlling.the valve, receives al impulse.

3. As the pre-set time is reached, the Mixing Valve closes ald the pump continues to operate until the sump
stop level is reached.

4. The shut off level control stops the pump and opens the Mixing Valve.

Limitations:

Ambient temperature not to exceed 400C (l040F)
Immersion depth not to exceed 5m (approximately 16.5 ft.)

'-
Mixing Valve Open Mixing Valve Closed
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F-3000
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Inside the enclosure is a 14 gauge
steel hinged deadfront to which all
operating controls are mounted. The
controls on the deadfront allow for
operation of the panel while
protecting operator from the danger
of accidentally coming in contact with
the live circuitry. The design offers
easy accessibility to the control's
internal components by qualified
service personnel. These
components are fixed to a 12 gauge
steel stud-mounted back panel. The
deadfront and back panel are
finished in white baked enamel.

Typical NEMA 3R enclosur,e (rainproof and
sleet-ice-resistant) UL Listed with drip
shield top and seam free front, back and
sides. This sturdy enclosure is
constructed of 14 gauge steel with heavy
duty continuous hinge. A hasp and staple
assembly is provided for security
padlocking. Long lasting finish of blue
baked enamel over primer to the
galvanized base metal provides a surface
that is extremely resistant to abrasion,
oxidation and corrosion.
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F-3000
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Flygt offers numerous options to
enhance your basic F-'3000 control.
Many years of experience with
pumping station design have assisted
Flygt in programming the many and
various optional requirements desired
by consultants and end-users. As is
with the basic control, the options are
pre-engineered to keep your cost down
while still retaining the highest quality
possible. By utilizing Flygt F-3000
options, you can create your own
"Custom" control at "off-the-sheW
prices and delivery time.

Flygt's aim is too maximize
competitiveness, cost effectiveness and
product performance and to minimize
engineering, submittal and delivery
times.
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Electrical Controls
Enclosure Dimensions F-3000 NEMA 4
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II
I .~.

4-"y'

SIDE VIEW

"

DOOR CLAMP

FRONT VIEW
(DOOR REMOVED)

t llt.1 ,'Y'I.!. ·4-. , II _
i -~~

I

i
~

DEAD fRONT
STOP SEE
DETAI L 'Q'

" . 'x'X A
0

4- -+ it

C I~
HASP& JSTAPLE-

Ift-· _.

(2) CENTER
STUDS WHEN
HIS 042

it.__

ENCLOSURE NEMA-4

ENCLOSURE AND DETAIL DIMENSIONS NO. IY

H W A B
SLOTS

C 0 P L S HINGE

20 20 17+ 17+ 18ft 18 f2 17i 17 7 3

30 24 27+ 21+ 28ft 5
27i 2722:u 6 5

36 30 33+ 27+ 34ft 28f2 33i 33 6 6

42 30 39+ 27+
J 5

39f40 li 28:u 39 6 7

48 36 45+ 33+ 46ft 34f2 04sf 45 6 8

SECTION ·Y-v"
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MOTOR DATA -
RATED

FULL LOCKED LOCKED LOCKED ROTOR
RATED

OUTPUT
LOAD ROTOR ROTOR CODE LETTER INPUT

POLES/RPMPOWER " VOLTS POWER
NOM. AMPS AMPS KVA KVA/HP

KWHP (KW) .

200 83.0 535.9
230 72.0 <466.0

185.0 G 25 4/174030 (22) 3 460 36.0 233.0
575 29.0 186.4

200 80.0 529.0
230 70.0 460.0

25 (19) 3 460 35.0 230.0 183.0 H 22 6/1170

575 28.0 184.0

Pump Motor EFfICIENCY POWER FACTOR

HP
100% LOAD 75% LOAD 50% LOAD 100% LOAD 75% LOAD 50% LOAD

30 86.5 86.5 85.5 0.90 0.88 0.83

25 85.5 85.0 82.0 0.80 0.74 0.62

CABLE DATA

HP VOLTS MAX. LENGTH FT. CABLE SIZE NOMINAL DIA. CONDUCTORS
ON ONE CABlE)

(3) 111 AWG (PWR)

30 200 290 (1) IIl/3-2-1-GC 41.7 mm (1.64j
(2)1110 AWG (CTRL)
(1) 114 AWG (GND)
(1) 118 AWG (GC)

230 190
30 460 760

575 1190

(3) 114 AWG (PWR)

(1) 114/3-2-1-GC 33.8 mm (l.33j (2)Nl0 AWG (CTRL)
200 170 (1) I16AWG (GND)

25
230 22S (1) 1110 AWG (Ge)
460 850
575 1500-

- ,
'-
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FLS-2

FLS-l*

FLS-4

~"'~:'·FLS-3

*FLS • FLYGI LEVEL SENSOR

~

--1fIN~LOW
1 ,
<0

~:qii;i;D:~;;;t;;:-- '.'- ----:
.' .'•• ~' -:.;. ; ~, ~~:.," \ .. J..... ~ ..... :.: 'J' • ~.;.:: I

,1

"~'.;.:

A. Liquid level is below the lowest Level Sensor (FLS 0 I). All sensors are
hanging straight in the wet well, therefore, the circuits in the sensors ore
not complete and no ,ignal is being sent to the control. Both pumps OFF.

B. On rising liquid level, FLS-I tilts and the sensor mercury switch completes
the circuit sending a signal to energize the control. At this point both
pumps are still in the OFF mode.

0, Thi, drawing show' the ,equence when the capacity 01 the lead pump i, less
than the inflow to the ,tot ion. In this ca,e, the liquid level will gain on the
pump and rise to Sen,ar 03 which will then send a ,ignal to the main control
starting the second or log pump. Should their combined capacity be greater
than the inllow, both pumps will continue to operate (due to the holding
circuit in the contrOO until the liquid level drops below the low level shut
all Sensor # I.

C. The liquid level has risen to a level that tilts Level Sensor H2, completing its
circuit.

0) This ,ignal to the control activates the Contactor in the control which,
in turn, storts the lead pump.

b) The Level Sensor 02 also, at thi, time, activates the Alternator in the
control which will automatically select the other ~ump to become the
leod pump on the next start-up cycle. The selection 01 alternate pumps
as the lead pump serves two purposes:

I) Approximal~ly even running times (weod, thus maximizing their
uselul lile.

2) Allow, lor many more ,torts per hour as the starting frequency is
divided between the two pumps.

Should the capacity 01 the I. ,1'1 VUmp be g.rater than the inflow to th~

station, the liquid level will start to drop. he pump will continue to run
(due to a holding circuit in the cantrall until the level drops below Sensor
_I. Sensor 111, on drawdown. acts 0' the low level shut-o.ll. Pump OFF.

E. In the station mentioned above (both pumps operating) il the inflow to the
station is greater than the combined capacity 01 both pumps, the liquid level
will rise to the High Level Sensor 04. When 04 tilts, it will send a signal to
on alarm system, normally on alarm bell or red alarm light. There are other
options for alarm conditions such as alert by telephone, etc. In any case,
the alarm system is a warning that something has happened in the station
that could result in on overflow condition. This could be a control problem,
one or both pumps not operating, pumps not operating up to capacity, etc.
Regardless of the- couse, on alarm calls for immediate action.

For most installations, the Low Level Shut-Oil Sensor should be located
approximately at the top 01 the pump volute. However, there are certain
situations where maximum cooling may be required such as pumping warm
liquids; in certain cases with pumps thot do not hove cooling jackets; some
large H.P. units, etc. Also, in situations where the t\PSHR requires a liquid
level that is above the pump volute. When in doubt, consult F lygt
Application Engineering.

~: This sequence applies when using the Flygt 3000 Series Controls
The only difference when using the former 200 Series Controls is
that the alternator in the control is activated when FLS-l tilts
on rising liquid level.



OF S-3

•
SVERDRUP

JOB \Q:{O'J"A

COMPUTATIONS FOR ~~-=~c....:.....u::=....:::...
-VQ.D..!~

SHEET NO.--l.
DATE ~J-L.L-I =-_
By~.LCHKD-I..:....~'---

•

~.i Lh-\D~e..~s>S ==- ~\~ I

2 9'0 ~t-O?E TO ~T

ZO~I W1D\1-t

* 3 U lDEe..?~:::, -; ."~ \A-\ I

701r- 70 s..ot"E, -0 Gu%T

•



S
V

E
R

D
R

U
P

C
H

K
D

-
-
-
-
-

/

..'.
T
D
~
\
)
1
A

APr:,

C
O

M
P

U
T

A
T

IO
N

S
F

O
R

_--=U=----N:..::D::...:H<:....:....:..:....fJA~~:::.=....::::!:..__
_

S
H

E
E

T
N

O
.

---=
3

:<
--_

O
F

_

D
A

T
E

?';;'t11
B

Y
gcs

;

-----,-----
..~
-
-
~

!
!

-f
-
.
:

'-
'-

._
-
-
._

-
-
-
-
.-

-
.....;.

_
.

-
--.

_
_

-
I

_
...

I

.5~'_!£.~J._.1l...._._...
..

O
O
·
0
5
f
l
.
?
~
Z

.v.i.>
.

---.-..-
-

-W
9

'7
7

i:7
C

4
1

-
...._

_
.

,

-
=
-
.
~
-
-
-
-
_
~
~
~

,.=
-=

7
•.-
=

"
-
'-

-
_

"'-;=
--"(S

""r
,

z:
"7!

-
,-

-
-
0

:1
':'

~
.

j
-
~

Z
j+

'-
-
-

h
D~

----n
~

~:
..__

.
.~

.
~-&;...__

--.---
t

1
{'

!
..z

-
..--_..

~
;

c
~

1
~

-
-

.._
-

..-
-
-
-

t;.
_

9
-

.
_.

..
.

~
~

.

~;
I
'

~
.

8
.~-

~
-

.
-.

~
~

...-
-
-
-
-

...
----<

5
~-
~
-

-
-

..-
.-

-
-

;-~~
-
~

..
.

-
.
-

.
(
J

,~..
~'-Vl

2f-
N

_'..
.

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

\()-
-

l'()

~
N
!

~
~

O

-.-~-~~~.-..~
,

--'"
~--

_
_

.
_
-
,
-
-
~
I_

_-=--:
.'-J

~
-
f
'

:
~

.
t-

~
_
.

-
-
-
~
'
I
-
-
+
-
-
'
-
"

-
_
~

tV
:
\
l
)

c
-'

.._t
..~

.
___....

!
-~~~=./__~

..
~

_.--.
-

-..
.
!

~,
I

_
0

-
,

O
J

.
_
-
-
~

i

l-
-
·
V
t
-
-
-
-
-
~
-
-
~

1:
-
-
-
-
-
-

~
-
:
;j
>
.
~

cr-
-'--.---

_
._

----,
-_

.
-

..
~

-
-
_

.

~
~

---
-
-
-
'-

.
.

-_.-_
.--;---_

..~
-

"
.

':
-~~

_=
_"'~n~::.~~c~-:-:-_-_-r..,:,-

_
.
-
-
_

-..-
;
-
-

..-~
_

I
----~

i
:

--!
-
-
-
-

...
-
-
~

I
J

~
.

.-
-
'

~
_

...-;
-

-r

-
---..-'-----..·l

<t:-.
-
4
-
~

-
~.

1-
_.

-.----
-
-

..--.;B
..t.::..-1---"':---.
,

,
I

'
I

---.....-...----.----
-~.--r l..+

-
-
I
-
~
-
:.

.
:

!
:

I
:

;
!
l
~
'
~
-
-

&
-

J
l
·



I'••

S
V

E
R

D
R

U
P

J
O

B
4

0
4

7
7

.
~

V
l

S
H

E
E

T
N

O
.

f1
0

1
1

'
-
-
-
_

D
A

T
E

?-t:Jc..:.'
_

BY-.f2.cs
C

H
K

D
-
-
-
-
-

I

--+
---';

~



-1
I

:-
-1

,

,:
I

L
_

jIi -----T
'--

I

-t-
II

_
-
-
-
-
4

-
-
-


II

----t---
jI

._
-
-
:-

-
-
-
-
.
-

-:II

'j-
-~

----t-.-1I
I

I
I

I

0'
_

-
-
-
.
:
.
.
-
.
j 'i/~3

-
.-

-
-
-
-
'=

=
-
-
-
-
-
-
-
-
-
_

..~
'
-
'
-
-
-
-
=
:
:
:
:
:
:

-
-
-
-
-

..
--.

.
1

-
....

-
.-

-
.

I

S
H

E
E

T
N

O
.

7
D

A
T

E
7-t'J'-"

_
B

Y
(?cs

C
H

K
D

-
_

,I
-

r

...__
...

...i._
_.

.

--t
-
.-

-
-
-
+

-
-
-
-
J
-
-
-
+


I1--

-
-
-
-
-
-
_

.+
-
-
-

.-
.

,-

,
'

-------;--T
--..-----

-
-
-
~
.
-

,

,
.

,
•

I
....

---i--
.-

-
-
-
-

--j'--
...-

-
-
-
-
-
-
-

,

--

~
-

-----

---------

J
O

B
4

0
4

7
?

S
V
E
~
D
R
U
P

--_.
-

--.--
-
-
-
-

;·-·~-~2'+--
V

l
-

-~'---%
-----

-_......:.Q~._~+_
..._

-
.--

of.,
()

('()
()')

-
.

'"
-
I

~
~

-..----
t\)i

----
---

.0
---.

<
t--l;-_

.-,
0

.

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

I
-

1--
;-.-..
~
-

~
~

-.-.--~-l-,-t--+
-

-
-
+

-
-
t-

-
-
'-

,-
-i

i
.t
-
~

_
_
~

__~
-.-

~j-
-i------+-~

---
I

N
~

I
'

.
~
~
-
-
-
-
_
_
_
+
'
_
+
-
-
-
-
~
_
_
_
+
-
~
!
-
-
-
-
_
\
_
-
-
~
-
-
l

.:
'
-
~
1
:

+------+---T---r------I-~~

!
"'"

-
-
+
-
.
-
-
-
'
_
-
-
J
-
_
~
-
~
~

I

-
-
-
.X

-
-
f-
-
~
-
-

,:
~
_

..
_
.
~
.

:
,
-
_

.

-
-
-
-
.
-
.
-
-
~
-
-
-
-
-
7

-
.-

-
-
-
-
;
-
-
-
-
-
-
-
-
-
-
-
-

.
_
-
-
-
~
.

-------<
{;-+

----

--_..--(y

.«
,

0
.__

..
_
~

_
_

_
<

L
_

:--

-
-
~
_
-
-
-
~
1

........0
-
~
-

rJ

:
-
-
-
-
_

_
-l-_~_'1__

,--~.~
~.

-.-.
.+.+~-

,.
.,1

_
.._

.~,
__--l-!.

~
:

i('
:

'
-
'
-
'
-
'
-
1

'
I

•
'oJ

•
.-.J)-..

i
i
i

i
j

!
04--..

i-
:

.
.
.
.
-
_

_
_

_
4

•
_

_
•

_.1.-
__1

-
~
_
~

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

--i-
--.---~-~;-~

§~
L

.
.

_._
__

__
_

.;
.

:
~
;

4
:

,
\
l
)

I
\

!
'fa),

""'
---l--

~
-
w
:
b
~

_..
,

!
.

i

•



•
SV~RDRUP

JOB ~-l.n-L-'- -'-'---'~_

- ,

,.: -:, SH ~ET. N~__~-OF ~ _

, ... . - '1)
DA TE J~L3_'-_.. ------- -
B;Y-~~~--- . CHKD ------- ---- -.--- -

-.1t-;

, -

t-,

I_

,-I '.-

i
._ .J

-j
I
;

~I
- ="..

rtj.

-, -

- ;

I---.. _- _. - ~

.J.
lor
Ij ..-.

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

:

; _ _ L. .
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COM PUT A T 10 N 5 FOR -I::.hd.r~!::;.r~-"'.e::C..2:\2~~-l""G-lJ:H:.!.:::C~A::.'::L,:::..--_

~llOJiS

20H --

JOB To-?~-.

roi2. ~::, ~ ~ 1-+ t I
(Lct*I. Ib, ~~ ~~,)

t )

iYPE.. 'B-'
QrlJm::::-e

.~
Lf'

•
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SVERDRUP

JOB --=U;:(07A ttOl77

COMPUTATIONS FOR_t:<.L&;/Z'2 R~o ~

-

I

II 1 " II

.H :t a-r-I

SHEET NO. --I.:...--_OF_,,--=-?J__

DATE ~-':...L.L-.. _
By£2)./V:

•
-t ELEv - Oj~" "FT

•

\(::x..:.c A-I

=:. . t "ECEtT -
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COMPUTATIONS FOR L.I (-'f r"rAn O/~

~/ 33
SHEET NO. OF _

DATE ? -~,

BY «C/S' CHKD _
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•
SVERDRUP

JOB YCCl77 UNDEe Pb2:zt"- 0

COMPUTATIONS FOR ~l:::lb- b.fZDDE PlOi=ILES
DATE --->~--'--'----- ~

C H K 0 -I-.:\...4L-L--__

50

5=0.0\:'0

LiLt /5 /(0 /7 /8 /'1 aD 21

o
35

~~.

30

?Z5 2G ?7 Z6

•
~0 6-/'

•

s-= Q,C070

•

•

YO,CXJ7

Z5

-0,0075

L7

o ,oa:::;

.JZ 55

72/0
-0,01

3'f

75
70

t
b5

-,;1...,1



~~-OF 53
DATE -I-~L.J---- _

BY ~t;/ CH KD --'4~'--__

40
"\) \ 1\ / ~)~:=I

COM PUTA T ION 5 FOR --.r\c::::::::::-J--.=.>-!.-.......:...t-t..!-.--.L..~!:.l-Ju...JOoe.-_

SVERD~UP

•
t\T}:: ~ ?lAZ21-t-50
(~ \tJE"t-{

LEV III ~,35

~ L,C,

/: 68 1

•
rATE. cr 612.l'i?E C.~16E =- r==- C)z -~ I

I

+5~S- _ Z,~O

Y

17\ (0 I 3S- + 2O'-J COS)
l ,17fn ,":-,c-

_1"ioJ ..",..".,;

Z l~ +CO

•
t; /::~l. = \/\0·35 +(,fjJ (105)

1748,S'S



• - C}''y'[ITA

;=tRCL..TEe:-;" l.j(t. Lt-(>4·77
CALCLiLAT:r [IN Dr:' CUT D=:PTH F~DR UNDERPAS~~ r,n. 1. ROAD "l-j"

STP-rON ELEVATION
0: C/L )

E;LO;;:'E

DATJ~

GRr-nE GRADE C,/L
CUT

BA S 1 f\. ~ ;, F<E ~

w·· Di"1- 0: ACF~::::f,)

i~ :.::: -1. ('~5 :;, '748 .. S<3

() .. ()/

() ...;: :.

O. iJ·f.·

() • .u:.

(Ill 7 1::..

(} II ~3.r.-

(J .. E.~~

(Jot 5:
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(). \);=~
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O. 1. ~_

(l .. : :=.

(i .. i E..
() .. E:_
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I.)., o;=..

0.00
(). (J(J

(> .. (,()

0.00

t;..e.. :5E,
7 Lf. 82
81.07
B7.32;

t:... l t:,

0 .. 54 2:i. 25

~3. 22 47" 2'3
2;. ''':Ib 51.90

o cc:.-
'-'. L' ...J

0.02 c:E!.11

5 .. -lE, t~2 .. 5~

7.80

1...3 .. ();=: 1 ()E,. II (J'3

i i+. (,E:., .i i E~" 2;:=,;
.1 ~-). 1 () 1 i e,. E, (I
t l::.• ll~ l2.y· .. EsE,
.1 7. 1 '3 1.:::': .1. 1 :L

-(I .. lE,

-(J ...1. c:
-(> • .1.;3
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.t '74 7' .. E~'3
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.1 747. f:7
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.1 74t:.. 44
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.1 74f... 02;

1745.82
174::-3.61
.l7 l tS.A·0
1745. 20
1. 7 4 i J.• '=1'3

17"+8.31
1.7'4E:.• IO
17A·7. B;:;l

(>. ()()

-'5.00

R 0::

......, • 1'"" ·-.c~

1 / "'tt:.\ •...:• ....:.1

1-;'41 .. 1':1

17LfO .. 06

i /"135 •.1. ()

2:.. S5()

21 ~:;7~;

;~ ..~ E.(}()

2155(l

C:.1. 7S()

21325 1748 .. 81 BVC STA: 213(>(> .. (>(>

~?:i. S()() i 7'i:::e.• t-35
E: i ':"j E~~; ~. 7' 27 .. f,(>

2i350 1748 .. 63 BVC EL_EV 1748.85

•
219"75 1725.18 BVC S~·A: 2195().,(>()
E~~~()()(J 1 '7i::'::-4·. :w E. B\lC: El_I:-=\J 1 7'c:E.• 3~S

22(>25 1723.3(> 81 = -·5.(>(>
Z~~2()5() li'l.:::2 .. E,()

2c~(>'75 1. -7;:':2 .. ()5
2E~ J. ()() 1 '721. .. E.6

;743.33 18.15 136n9()
1743.08 -1.00 ~8.92 141.49
1742.83 (TRACK) 0.00 0.00
174;;::.58 (AI~cr·n 0.00 0.00
.17"tE:.33 (/\jCr) 0.00 0.00

1742.08 (RUNOFF) 0.00 0.00

() .. '=-.i':;.i

1 .. 1.)-;

1. (0

1. U-i'
1 .. ()'?

221f~5 1.7c:.t .. L~3 i~ (). L~ () 1 5 ().. 4 (} .t. ], [.

J.• <+.

J. .. 7~,

1.4=';

.1 " t;~·

l." 7::.

2. (}E'E.,,, .(~·B E,f,,, l37

ld.77 .1 i l·0.6:::';

17.98 135.b7
i 7" ()L~ 1.3() .. 1::~

1'3.901 L,7.40

j, 7'Lt (;" 58,

~ 7'L~O. ()8

1 741. 56

.1 741 • 32~

1743... 08

1740.33

-1" :3()

C31 ::::

1 '725 .. 18
22~:~:5(}

22150 1'721.35 :PVI

224()(J 172B~BO BVC Sl-~!: 22375~()(1

22 Lj·25 1'729u91 PVC EL.EV 1727u6()

•
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PROJECT NO. 40477
CAL.CLlLJ4TI Oi'.1 OF CUT DEPTH FOR Ur'.IDt::RPt=I~;S NO" 1, RC)(4D "H"

'753
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D(:lTr-l
L3F~nDE
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e/L
CUT
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.1 73/'. e.~;
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172;7.08
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2 .. () 2 Lt· ().. 1 5
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O. 90 32;" ·~·O

O.4e. 3(J. e.7'

-0 .. (lB () r ()(}

--0.23 0.00
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•
SVERDRUP

I
COMPUTATIONS FOR ~~~~~~----I:::I..-__

SHE ET NO. -.-13.-0F--..5"'--__2__
DATE 811/
BY~CHKD -p,-~..L.___

•
l) l"\PL\ :-:: 0 Aet~~ = ZZq - ,5L.J '::;, l \75~c.;e.e~ .

UsE SA I'IE +\'-1) £..,c..J-CX;,'1' .p,.~ ':STEEP C:r: BeDE iI-Cry,

•

6< r \0 1.(\2.) .~ tc A-

=(c."IIM/!lI!..:)[,Q5J(.5'I) + (,40;(;,75" J
': 7, 4c:x.? Gh ~ 3320 6PM

i--__-..,;2=...:::O::.-f"_'_.__~



•
SVERDRUP

JOB ToY~ '-10/77

COMPUTATIONS FOR~~ ).j l?£4/;'i_

~ = t~ A

:: (Co 1\ )1'1/+4 e.) C'AtJ~ A
~ ~E:E 1'(2.EV10U~
~?~ ""=- HE'2'r'

Q= \\\..\8~ A. rn "1~ 6 1ft

n

•
u8/~:= Id7

u= \I(k, FT = 1'l\71IH



• SPREAD CAlCUlATlDNS:

TYPICAL SECTION:

:3x 1 =.333

0.56 * Sx
h

1.67 *S
h

O.5 * T"'2.67
n

2%

15"/53

( EO. 4I HEC 12)

3x= (Sx 1) (3)::2)
3xl+3x2

~i>~ 2 = VARI E:i .. AND 'WI LL BE SHOV{N AS A'WEIGHTED AVERAGE OF 6.66% ~\ 2%
n =0.016
S =VARIES

IlOAD H DRAIN AREA Q (lO YR) SLOPE SX Z SX SPREAD -r
STATION (ACRES) (CFS) (FT1FT) ( FT)

21;:i+00 0.51 1.649 0.0500 0.057 0.049 3.70
219+ 00 0.76 2.457 0.0500 0.049 0.042 4.6:::
220+ 00 1.07 3.459 0.0400 0.042 (I./J37 6.02

22 1+50 (BACK) 1.24 4.009 0.0050 0.032 (I.IJ29 11.00
221 +50 (AHEAD) 1.05 3.395 0.0050 0.033 0.030 10.15

•
LENGTH OF SLOTTED DRAI N ~~WUI ~~ED ( "L" ):

L =k * Q" 0.42 "* ~i h 0.3 "* ( 1 / (n "* ~iX) )., 0.6

'<"liH, cloggi ng factor- = 50 %: L ('I·V /CLOGGI NG) = L (DESIGN) / 50%

(EQ. 13 .. HEC 12)
( k = 0.6 )

BASIN
STATION

Q (lO YR)
( CFS)

SLOPE
( FT 1FT )

Sx l (DESIGN) l (WIClOG) lENGTH INSTAllED
( FT ) ( FT ) ( FT ) ~

221 +50 (BACn 4.009
221 +50 (AHEAD) 3.395

0.005
0.005

0.029
0.030

22.00
20.16

44.0
40.3

40
40

*NOTE:
1) A Do\'VN STREAt'1 CATCH BASI NWI LL BE PLACED AT THE END OF EACH SLOTTED DRAI NSECTION
2) FLOV'i NOT COLLECTED BY THE SLOTTED D~:AI Nv·n LL BE COLLECTED BY THE CATCH BASI N OUt'1P CONDITION).
3) ::iLOTTED DRAIN PIPE~i ARE t'1ANUFACTURED FO~~ ItK:~~Et'1ENT LENGTHS OF 10 FEET.

•
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•
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GRnDF:: C/L
CUT
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0. 17
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':i"? • E.. 0
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1 i (:" [::0

(J" ()()
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(>" ('(J .
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1 :::;(J .. !~. 'I'

:t E.·l" 2f..

107.7,:::

t~:.. l. 8
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J. .61

.(~r .. (J t.:.

(;., (;(J

"', ........)

I <t ':: "

8 .. ;'()

()., (;(}

() <t (H)

. .'- , ...,

.l I::., .. ,1.+ "

~.: ri'-

J. J... .:. t.·

1 (>. 1 (i

i 1 • E,(I

1 :::;. 1 ~:i

" '-1 Of
C,C':' .. C ..l

C::() .. 4· 1.
1':.:!n:':iD
ie,. t:,()

;=:l .. i'::;

1 • 20 -,0. 7(1

-(l.bE.

17' ~~; 4 11 '3(J

.i.73:~;. 40
1·72~:~;. 70

i -7 :~;::; .. ~3C)

1 "I' ~~~b .. 1 (I

173E:. ~l(j

17.::::;E.• 7'(J

~ -,74;::': .. :l/'
.1 -,7 i r i:~ II :~~ t~:.

i7:'3B.Es(l
1-;l2/:'f.10

17.\0. [~C:' .: jC:i f~~:r))

1. )"\ J... (i~;;; (I',(])

:1. 7l;..i." ;~::~L~ < ~<LI~\JC:~::'~::>

: I' ,\:~;. (:,"7'

1 ("i,;,;;. BC:,
j, 'I' .{\ ,4. ():5
:t 7":,.<',. 2'\

1 7 L~ ().. ..i· '3 (> If '7:S
1 '7 J.~~ ().. t~, '/ ( or !:~: ~4 [: r< )

_.-::.; .. ()()

--,5. ()()

C:i J. ===

c; J. ;:-:.

i~ :::::
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.l / ...~, 1. It '"'+ l+
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:.. ·?2E~ .., ()()
'37()()

1()~·5C) 1736.95 R ~ '-1»25
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•
( ~,\ \"/HI2)r(,CiS) ,,>'3 ') -+ (,'lo)!J,qJ lJ

l...,

~ '7173 c:~ = 3j-17 0 ~ / rfllt'\,
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LUj53

SPREAD CALCULATIONS:

o =_--,0:..;..5;:",.;6:..;.*_'--,5>:_:~_1';..,;;,.6_7_*_.3_·...;..0_.5_*_·_r_2_.6_7__
n

TYPICAL SECTION:

( EO. 4) HEC 12)

Sx1 =3:1

3>:: 1 =.333
:3:<= (Sx 1) (5)::2)

Sx1 + Sx2
3>:: 2 = VARI E~; .. AND "NI LL BE ~;HOWr'l A~; A"NEIGHTED AVERAGE OF 6.66% & 2%
n=0.016
~i = VARIES

ROAD 6-1 DRAIN AREA Q (lO YR) 5LOPE 5x 2 5x SPREAD -T-
STATION (ACRES) (CFS) (FT1FT) ( FT )

105+ 50 0.13 0.412 0.0500 0.067 0.056 2.02
103+ 50 0.44 1.396 0.0500 0.061 0.052 3.34
101"+50 0.97 3.077 0.0400 0.043 0.038 5.65

99+75 (AHEAD) 1.24 3.933 0.0050 0.032 0.029 10.90
99+ 75 ( BACK) 1.20 3.806 0.0050 0.032 0.029 10.73

•
LENGTH OF ~;LOTTED DRAIN ~~EQUI~~ED ( "L" ):

L =k * Q···0.42 '* S~0.3 * ( 1 / (n * ~iX) )~0.6

....... itll c10ggi ng factor =50 %: L (V'i/CLOGGI NG) = L (DESIGN) I 50%

(EQ. 13 .. HEC 12)
< k = 0.6 )

BASI N Q (10 YR) SLOPE
STATION ( CFS) (FT 1FT )

Sx l (DESIGN) l (WIClOG) LENGTH INSTAllED
( FT ) ( FT ) ( FT ) ~

99+ 75 (AHEAD) 3.933
99+ 75 (BAU:) 3.806

0.005
0.005

0.029
0.029

21. 7i3
21.41

43.6
42.8

40
40

•

*NOTE:
1) A DOVn,j :3TREM1 CATCH BASI N\''111 LL BE PLACED AT THE END OF EACH SLOTTED D~~AI NSECTION
2) FLOV,l NOT COLLECTED BY THE SLOTTED D~~AI N'vVI LL BE COLLECTED BY THE CATCH BASI N (SUt"1P CONDITION).
3) SLOTTED D~~AIN PIPES ARE t'1ANUFACTURED FOR INCREt'1ENT LENGTH~; OF 1(I FEET .
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4
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~z =
_II r 7~,., CJ ....~-t.1
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4
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SUJPE
DATA

GRADE
( ::: XI ST I H3)

GRADE
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C/
CUT
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0.00
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0.00
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0.80 38.8J
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- ().. .1 ~;: ()" (J ()
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1'=,70. 87

1671.;:j7
1671.7:5
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() .. ()()
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Gi. =:
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DATE-=l-~-----

BY~ CHKD ~-=-.L__

'IOt.j77

COM PUT A T ION 5 FO R --=.b,---,-,=-~--==~--!,,-,--,--_
l.+\Q3t-~ • .3

SVERDRUP

JOB :IQy<JT1;;:,.

•

•
'. ...

.~

/

~
/

\
1 D\:t:i- ~126.)K I~\ \"1

AlZEC -= Z,20 LLAZ£E.::.,

(

" \ I'! I -l= Gl f I /..:. - )! 1115/\(. ,(:iJ) +t ,'10) I,Eo). , ~

• = 7.38 cS<-,. = 3-:'/7 tJPM

CAvG( -= Cqs--)(, CoO) + (, '10) ( I,{£)
--------- = () ,50-

2.·2..0



( Ea. 4) HEC 12)0.56 "* Sx
h

1.67 * Sh O.5 * r2.6 7
n

• SPREAD CALCULATIONS: Q=

---:";'~---"--'-'---';""";;''';''';;''''-"""''''---

TYPICAL SECTION:

2%

5x= (Sx 1) (5x2)
3>:: 1 =.333 S>::l + ~ix2

Sx 2 =VARIES., AND WILL BE SH(I'~VN AS AWEIGHTED AVERAGE OF 6.66% 8" 2%
n=0.016
S =VARIES

ROAD A- 1 DRAIN AREA II (lO YR) SLOPE SX Z SX SPREAD -r
STATION (ACRES) (CFS) (FT1FT) ( FT)

26+00 0.42 1.409 0.0500 0.061 0.052 3.36
27+00 0.66 2.214 0.0500 0.050 0.044 4.41
2E:+ 00 0.95 3.187 110400 0.043 0.038 5.76

29+ 00 (BACK) 1 ·-,0 4.294 0.0050 0.031 0.029 11.37.~I_I

29+00 (AHEAD) 0.92 3.087 0.0050 0.033 0.030 9.69

•
LENGTH OF SLOTTED D~~AIN F.~EQUI~~ED ( "L" ):

L = k "* Q" 0.42 "* S" 0.3 "* ( 1 I (n "* Sx) ) ,. 0.6

'w'itt! cloggi ng factor =50 %: L (VI"/CLOGGI NG) = L (DESIGN) / 50%

(EC!. 13) HEC 12)
( k =0.6 )

BASI N Q ( 10 YR) SLOPE
STATION ( CfS) ( fT 1fT)

Sx L (DESIGN) L (W ICLOG) LENGTH INSTALLED
( fT ) ( fT ) ( fT ) ~

29+ 00 (BACK) 4.294
29+ 00 (AHEAD) 3.087

0.005
0.005

0.029
0.030

22.79
19.18

45.6
38.4

40
40

"*NOTE:
1) A DOV'/N ~iTF.~EAl1 CATCH BASI N\'\,1 LL BE PLACED AT THE END OF EACH ~iLOTTED DF.~AI NSECTION
2) FLO''!'/' NOT COLLECTED BY THE SLOTTED D~~AIN WILL BE COLLECTED BY THE CATCH BA::;IN (~;Ut"lP CONDITION).
3) SLOTTED DF.~AI NPI PES APE t"lANUFACTU~~ED FOR INCF.~EtvlENT LENGTHS OF 10 FEET.

•
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•
SVERDRUP

'10477
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•
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"=J::::.,U \... \'"T'i

:F\ ( ~ )( ts Z-= 2S"\ FT?

- \B~ ~~L

== 18206AL = ?-S-/

~fTWSL~ -:. ( Z.~ (.;~') £3z.

n?E = r3 (if)(2) (5) - 10,S

=- q
371 rrs.

= Z775"'c.,~

• - 37/ (WEU\ Dc.>';;. t. ) - 37/ FT~

(z s) Fti 8 ~~ (W8L-£L;)+ ,.-

/25,7,- -
+ 1/3 (-tr (z"t) (5" ( PI PE) ::: 51z..
+ 2,5 x 3~~ (c,?':',) :. 22,:;-

5"?41'i PT?
- 3q~ G-pL.L,



-.
SVERDRUP
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. 4Q'-I77

UtIO'C'Jf.eC?~ y/ZA.II1,

SHEET NO. 28 OF 5'~
DATE e/q/
BY 13~UL-CHKD-.-Kvr

•

77/U'7E '-
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-. SYNTHETIC FLOOD HYDROGRAPH
FOR THE UNDERP ASS PUMP ST ATIONS

UNIT HYDROGRAPH

t/Tr' q/Qp v/v

0.0 0.000 0.000

0.1 0.025 0.002
0'-' 0.087 0.007.L

0.3 0.160 0.020

0.4 0.243 0.036

0.5 0.346 0.063

O.E. 0.451 0.096

0.7 0.576 0.136
0':' 0.738 0.180.\-'

•
0.9 0.887 0.253

1.0 1.000 0.325

1.1 0.924 0.400
1 ':' 0.839 0.464....
1.3 0.756 0.523

1.4 0.678 0.578

1.5 0.604 0.627

1.E. 0.545 0.671

1.7 0.482 0.707
1 0 0.424 0.742.\-'

1.9 0.372 0.773
2.0 0 7 ':'7 0.799.·jk'oJ

2.2 0.241 0.841
2.4 0.179 0.875
2.6 0.136 0.900
..... r, 0.102 0:j17.t..O

3.0 0.078 0.932

3.4 0.049 0.953

3.8 0.030 0.965
4 .-, 0.020 0.973.,L

4.6 0.012 0.979

5.0 0.008 0.983

7.0 0.000 1.000

•(

"--



-. SYNTHETIC FLOOD HYDROGRAPH
FOR THE ACCESS RO AD aH a UNDERPASS

FOR 10 YE AR STORM:

'11= 0.1 82 ACRE-FT
~I= 7.40 CFS

Tr= 13.f.OO t11N.

•

•

PUMP I VOLUME STANDING

t q Iv Iv RATE PUMPED STORAGE YATER

MIN. CFS (ACRE-H) (GAllONS) (GPM) (GAllONS) (GAllONS) (GAllONS)

0.00 0.000 0.000 0 (I (I

1.36 0.185 0.000 119 0 119 0
r,r "'7') 0.644 0.001 415 0 415 (I
..... 1 ....

4.08 1.184 0.004 1186 O· 118E. (I

5.44 1.798 0.007 2135 1500 2040 95 0

E..80 2.560 0.011 3736 1500 3736 a a
8.16 3.337 0.G17 5693 1500 5693 0 0

9.52 4.262 0.025 8065 1500 7733 332 0

10.S::: 5.461 0.033 10674 1500 9773 901 0

12.24 E..5EA 0.046 15003 3150 14057 94E. 0

13.60 7.400 0.059 19273 3150 18341 932 0

14.96 6.838 0.073 23720 3150 22625 1095 0

16.32 6.209 0.084 27516 3150 26909 607 0

17.68 5.594 0.095 31014 3150 31014 (I (I

19.04 5.017 0.105 34276 1500 33054 1""',"-,,-, 0~.Jt..J:..

20.40 4.470 0.114 37182 1500 35094 2087 0

21.76 4.033 0.122 39791 1500 371~A 2657 0

23.12 3.5E.7 0.129 41926 1500 39174 2751 0

24.4f: 3.138 0.135 44001 1500 41214 2787 0

25.84 2.753 0.141 45840 1500 43254 2585 0

27.20 2.390 0.145 47381 1500 45294 2087 0

29.92 1.783 0.153 49872 1500 49374 498 0

32.EA 1.325 0.159 51888 1500 518B8 (I 0

35.36 1.006 0.164 53371 0 51888 1483 0

38.0B 0.755 0.167 54379 1500 :,4379 0 0

40.80 0.577 0.170 5526::: 0 54379 890 0

46.24 q.363 0.173 56514 1500 56514 0 0

51.68 0.222 0.176 57225 (I 56514 712 (I

57.12 0.148 0.177 57700 0 56.514 1186 0

62.56 0.089 0.178 58056 0 56514 1542 0

68.00 0.059 0.179 582';'; 1500 5E~293 (I 0

95.20 0.000 0.182 59301 1500 59301 0 0

I.
"



•
SYNTHET Ie fLOOD HYDROGRAPH

FOR TH[ ACC[SS RO AD -H - UNO[RP ASS

.fOR 50 YE AR STORM:

V= 0.248 ACRE-FEET
0= 10.07 CFS

TI-= 1~.600.MIN.

•

•

PUMP I VOLUME STANDING
t q Iv I v RATE PUMPED STORAGE YATER

MIN_ CFS (ACRE-H) (GALLONS) (GPM) (GALLONS) (GALLONS) (GALLONS)

0.00 0.000 0.000 0 0 0 0 0
1.3E. 0.252 0.000 lE.2 0 0 162 0
"') (r) 0.:::76 0.002 566 0 0 566 0L.. I L

4.08 1.611 0.005 1616 0 0 1616 0
5.44 2.447 0.009 2909 1500 2040 869 0
E..SO 3.484 0.D1€. 5091 1500 4080 1011 0
8.1 E. 4.542 0.024 7757 1500 6120 lE.37 0
9.52 5.800 0.034 10990 3150 10404 586 0
10':::8 7.432 0.045 14545 3150 14545 (I 0

.I 12.24 8.932 0.063 20444 3150 18829 lE.15 0
13.60 10.070 0.081 26262 3150 23113 3149 0
14.96 9.305 0.099 -,)'7?") 3150 27397 4925 1005.:J~""_-L

16.32 8.449 0.115 37494 3150 31681 5813 1893
17.68 7.613 0.130 42261 3150 35965 6296 2376
19.04 6.827 0.143 46706 3150 40249 6457 2537
20.40 6.082 0.155 50665 3150 44533 6132 2212
21.76 5.488 0.166 54221 3150 48817 5404 1484
23.12 4.854 0.175 57130 3150 53101 4029 109
24.4::: 4.270 0.184 59958 3150 C"'770C' '-;'C''7"t 0..' I ,-,\..,_1 L."'" I ....'

25.84 3.74t. 0.192 62463 3150 E.16E.9 794 0
27.20 7' '-)1:"'7 0.19:3 64564 3150 64564 (I (I._,.~._I._,

29.92 2.427 0.209 67957 1500 67957 0 0
32.64 1.803 0.217 70705 1500 70705 0 0
35.36 1.370 0.223 72725 1500 72725 0 (I

38.08 1.027 0.227 740'j9 0 r"')"--:'C" 1374 0I L I L. __'

40.80 0.785 0.231 75311 1500 75311 (I (I

4E..24 0.493 0.236 77008 1500 77008 0 0
51.68 0.302 0.239 77977 0 77008 970 0
57.12 0.201 0.241 78624 0 77008 1616 0
62.56 0.121 0.243 79109 1500 79109 0 0
68.00 0.081 0.244 7'~432 0 79109 323 0
95.20 0.000 0.248 80806 1500 80806 0 0



•• SYNTHETIC fLOOD HYDR06RAPH
FOR THE ACCESS RO AD -G-1 - UNDERPASS

FOR 10 YE loR STORM:

"1= 0.190 ACRE-FT

~I= 7.73 CFS

Tr= 13.600 t11N.

•

•

PUMP I VOLUME STANDING

t q Iy Iy RATE PUMPED STORAGE YATER

MIN. CFS (ACRE-H) (GALLONS) (GPM) (GALLONS) (GALLONS) (GALLONS)

0.00 0.000 0.000 a 0 a
1.3':. 0.19:!. 0.000 124 0 124 0
~) -;,r) 0.':,73 0.001 433 0 433 (I
.a:..J~

4.08 1.237 0.004 1238 0 1238 0

5.44 1.878 0.007 2229 1450 1972 257 0

E..80 ~ '-I:," 0.012 3900 1450 3900 0 0':.b 1' __1

8.1E. 3.486 0.018 5943 - 1450 5872 71 0

9.52 4.452 0.026 8419 1450 7844 575 0

10.88 5.705 0.034 11143 1450 9816 1327 0

12.24 E..857 0.048 15663 3100 14032 1630 0

13.60 7.730 0.062 20120 3100 18248 1872 0

14.96 7.143 0.07E, 24763 3100 22464 ')?Clct 0"'_J."
16.32 6.485 0.088 28725 3100 26680 2045 0
17.68 5.844 0.099 32378 3100 30896 1481 0
19.04 5.241 0.110 35783 3100 35112 670 0

20.40 4.f::.69 0.119 38816 3100 38816 0 0

21.76 4.213 0.127 41540 1450 40788 752 0

23.12 3.72£. 0.134 43769 1450 42760 1009 0

24.4::: 3.27::: 0.141 45935 1450 44732 1203 0

25.84 2.876 0.147 47854 1450 46704 1150 0

27.20 2.497 0.152 49464 1450 48676 7:38 0

29.92 1.863 0.160 52064 1450 52064 0 0

32.64 1.384 0.lE,6 54169 1450 54169 0 0

35.36 1.051 0.171 55717 a 54169 1548 0

:!.S.D8 0.7:::::: 0.174 5676'? .1450 56769 (I 0

40.80 O.E.O:!. 0.177 57E.98 0 5E.7E.9 929 0

46.24 0.379 0.181 58998 1450 58998 0 0

51.68 0.232 0.183 59741 0 58998 743 0

57.12 0.155 0.185 60236 0 58998 1238 a
62.5E. 0.893 O.lSE. 60607 1450 60607 0 0

68.00 0.062 0.187 60855 0 60607 248 0
95.20 0.000 0.190 61907 1450 61907 0 (I



• SYNTHETIC FLOOD HYDROGRAPH
FOR THE ACCESS RO AD -G-1 - UNDERP ASS

FOR 50 YE AR STORM:

\/= 0.259 ACRE-FEET

Q= 10.53 CFS
Tr= 1::..600 t'1IN.

•

•

PUMP I VOLUME STANDING
t q I y Iy RATE PUMPED STORAGE "i ATER

MIN. crs (ACRE-FT) (GALLONS) (GPM) (GALLONS) (GALLONS) (GALLONS)

0.00 0.000 0.000 0 0 0 (I 0
1.3E. 0.2E.3 O,lJ01 1E.9 0 0 1E.9 0
.-. "'("i 0.91E, 0.002 591 (I (I 591 (I...::... I .L

4.08 1.685 0.005 1688 (I I) 1688 0
5.44 2.559 0.009 3038 1450 1972 1066 0
6.80 3.643 0.01E. 5317 1450 3944 1373 0
8.16 4.749 0.025 8101 1450 5916 2185 0
Q <:,,~, 6.1J65 0.035 11477 3100 10132 1345 0~• •._1 ..

10.8::: 7.771 0.047 15190 3100 1434c: 842 0

12.24 9.340 ODE.E. 21351 3100 18564 2787 0

13.60 10.530 0.084 27427 3100 22780 4647 727
14.96 9.730 0.104 33756 3100 26996 6760 2840
16.32 c· C17C' 0.120 39157 3100 31212 7945 4025u.U-.J..J

17.6B 7.961 0.135 44136 3100 35428 8708 4788
19.04 7.139 0.150 48777 3100 39644 9133 5213
20.40 6.360 0.162 52912 3100 43860 9052 5132
21.76 5.73'3 0.174 56625 3100 48076 854';1 4629

23.12 5.1J75 0.183 596E.3 3100 52292 n71 3451
24.4::: . 4.465 0.192 62617 3100 56508 6109 21S9
25.:34 3.917 0.200 '.~'j""'''''' 3100 60724 4509 589tl.J~.j.~1

27.20 3.401 0.207 67427 3100 64940 2487 0

29.92 2.538 0.218 70972 1450 688E:4 2088 0
32.64 1.885 0.227 73841 1450 72828 1013 (I

35.36 1.432 0.233 75951 1450 75951 (I (I

38.08 1.074 0.238 ""I ""I'7.:-c- (I 75951 1435 0I 1,-11_1 __1

40.80 0.E:21 0.241 7SE.51 1450 78E.51 0 0
46.24 0.516 0.247 80423 (I 7!::651 177'~' 011'<'

51.68 0.316 0.250 81436 1450 81436 I) I)

57.12 0.211 0.252 82111 0 81436 675 0

62.56 0.126 0.254 82617 0 81436 1181 0
68.00 0.084 0.255 82955 0 81436 1519 0
95.20 0.000 0.259 84390 1450 84390 (I I]



• SYNTHET IC FLOOD HYDROGR APH
FOR THE ACCESS RO AD • A-I· UNDERP ASS

FOR SO YE AR STORM:

V= 0.247 ACRE-FEET
Q= 10.04 CFS

Tt-= 13.600 t1IN.

•

•

PUMP X VOLUME STANDING

t q Iv Xv RATE PUMPED STORAGE YATER

MIN_ crs (ACRE-FT) (GALLONS) (GPM) (GALLONS) (GALLONS) (GALLONS)

0.00 0.000 0.000 0 (I 0 0 0

1.3E. 0.251 0.000 161 0 0 1E.l 0

2.72 O.E:73 0.002 563 0 0 563 (I

4.08 1.606 0.005 1610 0 0 1610 0

5.44 2.440 0.009 2897 1550 2108 789 0

6.80 3.474 0.016 5070 1550 4216 854 0

8.16 4 e''jf". 0.024 7726 1550 6324 1402 0....I_CI

Col 1;"-1 5.783 0.034 10945 1550 8432 2513 0.' ,._1"::"

10.:::::: 7.410 0.044 14486 3250 12852 1634 0

12.24 8.905 0.062 20361 3250 17272 3089 0

13.E.0 10.040 0.080 26156 3250 21692 4464 544

14.96 Cl '")" 0.099 32192 3250 26112 6080 2160
.'.~' I

16.32 8.424 0.115 37343 3250 30532 6811 2891

17.E.8 7.590 0.129 42091 3250 34952 7139 3219

19.04 6.807 0.143 46517 3250 39372 7145 3225

20.40 I 6.064 CI.155 50461 3250 43792 6669 2749

21.76 5.472 0.166 54002 3250 48212 5790 1870

23.12 4.839 0.175 56899 3250 52E.32 42E.7 347

24.48 4 '-Je', 0.183 59716 3250 57052 2664 (I
.~..JI

25.84 3.735 0.191 62211 3250 61472 -'7Q 0{..."

27.20 3.243 0.197 64303 3250 64303 0 0

29.92 2.420 0.208 67683 1550 67683 0 0

32.64 1.797 0.216 70420 1550 70420 0 0

35.3E. 1.365 o.... ,..,~, 72432 1550 72432 (I 0.,LLL

3:::.08 1.024 0.226 73800 0 72432 1368 0

40.E:O 0.783 0.230 75007 1550 75007 0 0

46.24 0.492 0.235 76697 0 75007 1690 0

51.68 0.301 0.238 77663 1550 77663 a 0

57.12 0.201 0.240 78307 0 77663 644 0

62.56 0.120 0.242 78790 0 77663 1127 [I

E.8.00 0.080 0.243 79112 0 77663 1449 (I

95.20 0.000 0.247 80480 1550 80480 0 0



•• SYHTHET IC FLOOD HYDROGR APH
FOR THE ACCESS RO AD • A-1 • UNDERP ASS

FOR 10 YE: AR STORM:
'.1= 0.1 81 ACRE-FT
Cr= 7.38 CFS

Tr= B.E.OO t'1IN.

•

•

PUMP I VOLUME STANDING

t q Iv Iv RATE: PUMPED STORAGE 'rI ATE:R

MIN. CFS (ACRE-FT) (GALLONS) (GPM) (GALLONS) (GALLONS) (GALLONS)

0.00 0.000 0.000 0 0 0

1.3E. 0.185 0.000 118 a 118 a
"'"J fr) 0.642 0.001 413 0 413 0L.IL

4.1)8 1.181 0.004 1180 0 1180 0

5.44 1.793 0.007 2123 1550 2108 15 0

E..80 2.553 0.G11 3715 0 2108 1607 0

8.1E, 3.328 0.017 r~ .. "", 1550 4216 1446 0....bb.L

q 1:'.-, 4.251 0.025 8021 1550 6324 1697 0.' , __I,L

10':::::: 5.446 0.033 10616 1550 8432 2184 0

12.24 E..54E. 0.04E. 14921 3250 12852 2069 0

13.60 7.380 0.059 19167 3250 17272 1895 0

14.96 6.819 0.072 23590 3250 21692 1898 a
16.32 6.192 0.084 27364 3250 26112 1252 0

17.68 C' C"l"q 0.095 30844 3250 30532 312 0__'.'-.11.'

19.04 5.004 0.105 34088 3250 34088 0 0

20.40 4.458 0.113 36977 1550 36196 782 0

21.76 4.022 0.121 39572 1550 38304 1269 0
23.12 7 crr O.12E: 41E.95 1550 40412 1284 0,_",_, __, I

24.4::: 3.129 0.134 43759 1550 42520 1240 0

25.:::4 2.745 0.140 45588 1550 44628 960 0

27.20 2.384 0.145 47121 1550 46736 385 0

29.92 1.779 0.152 49598 1550 49598 0 0

32.64 1.321 0.158 51E.03 1550 51603 0 0
-C' ~ .• 1.004 0.163 53078 0 51603 1474 0~,-I.·~'b

3:::.08 0.753 (1.166 54080 1550 54080 0 0

40.80 0.576 0.169 54965 0 54080 885 0

46.24 0.362 0.172 56203 1550 56203 0 0

51.68 0.221 0.175 56911 0 56203 708 0

57.12 0.148 0.176 573:33 0 56203 1180 0

62.56 0.089 0.177 57737 0 56203 1533 0

68.00 0.059 0.178 57972 0 56203 176'=.t (I

95.20 0.000 0.181 58975 1450 58975 0 0



(eD-rf:)

CALCULATION O~ DEPTH rOR UNDERPASS NO. 2

..;)7/S

STATION ELEVATION
(~iOI~D CENTE R)

9535. 17~:2.2~i BVC STA: 9525. (>()
9545 1721H75 B~}(~ ELEV 1722~7()

DI Ff="E: REI\!CE:
r--RDiVi ~:;UMP

5.00
.if. 5 i

'35'/~; 1 7;;::()" ~; 1

'::} ~5e.:.:.; 1 '?C::(> .. i::~

::j(-:,2~-:< 1 '7 i ESII '?9~5

'~:E.,35 17iB. "7 j

17 j 8. (> c.

1717.71

~:J )·fi:.~ l 7' 1 -;:' ., '"3(j

'3 '"7 ''7 5' .~. "7 i ~?." () i
';':J 7B;31 71 b. :L :.:~

'3 7 ':':':J ~:i 1 ~,7 j, fl,,, ~:~;::.

'~,~~. t :3 1 71 2... '"71
'::J t~\ c: ~5 i 7' .t [1.. '~~5

3.f?~~l

2~ .. 2(>

.- 'c:."C: ...<+ .....(

c~. i i
1 • [~O

i. 5 i

1 tt i::5
i. (>.1

0.80
O. [=.. 1
() H i t 5
O. ;:.: i
0.';::0
O. 1 i
(> .. (>S
0.01
0.00
(). () 1
(>w (i5

O. 1 i
(>" c:(>
O. ,~~;:i.

(> .. 1+5
()" f .. :i
0.80
1. (> i
I • ;:::;5

1. 80
;;::" :t i
2 .. 4:5

2~ II c:(>

i~ ,. ():)

.il-. ~;:t

b. t~!:~

"7" ;:?Ci
-,<: Lj-J
i " \_, .1.

-r'-{Plc".&l- 'EL'EUb/7cYi
D lFFE.e...tt-\US:' ;:::t.;1L

.A.LL 5UMP GlJCJ.JE~\



•
SVERDRUP

JOB ---I-,""",--~,-=- -.:.t.;-=0/7~-,-7 _

COMPUTATIONS FOR~~O?Ohl~~,

~-'.-- p -.::....

2 6 ri--",I--------=--

TC/iZ. \riE.. 10~ SlOlt.M,) A??eCX Dec:> ~ALL.CA'lS ( , CJ::::O
• \\ 1\ ~ I) II It 5"2./3 1/ if,. &-\

-- --------r; -- r-------- -.
-·-4E:> 2'% -------l

•
----...-. 1(Y)

-. '- -_.. -.-
--.~ '-

1---------------

~.P-_.------------.
..'-

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

A



DATE --l..~~----...::----=---

BY 8/Jtt.r CHKD ~-----..L--'--_

SHEET NO.3L_OF-.~'----
JOB~' 7

COMPUTATIONS FOR _tJ..l::!.Qp(2R:-~ V~J

SVERDRUP

•
T~ 1/2.- --PA..JE~.JiI 0J I V\1-I ~~:

b tU=;LT::; ( r26M) (.O?.') =- ,25" "IT

•
S~D~~

:::: ~sZ.

•
CQ...JFe-D ~ :: ClZ,FT

W= /26 + 125 ~33-:: 1'"::>125
L-:::- Lf5 fT

\1-fF:~31?5JJ4~')J f, o)lz :0 :,,1, FT~
~ Z. 3 J I ~ ....,72 M.., I

(D-.e.£ Do OF=~~ (V~L J
\ 2. \-\~LFS> J



•
SVERDRUP

JOB 10:1OTA '1C877

COMPUTATIONSFOR-~~ t/eAIN
DATE 'f.

~~ ./ r
BY 'P~ C H KD --L...J,.-,-V~_

"F0lZ.. FuLL '"Pbl..iE. 0 ~ ~ HO-Jl PE\2. vi?Ot'I(.)1N~

h -:: 2(0.5 ~~Z) = .. 53
\('-/ =- '2.0/5 to ,53 / =- 28 1\ FI

'13?~

L :=- 05 FT

v= r[e8!'~0S_J "-~ ]Z.:'J~10TI~
l ::. 1/-J I~ ~.

h-:= \ IT
L= C{a n ·
'0/ = '200 T (I ;;~ ~~ ) + ((1- J3)~333) = .3:)~c/ H

AiCFA O!= L.U6TE-R~ -=- Vz- (3:::>/11<10 '):= 13'10 F-T 'Z.

•
"•

AtZE.6 or ~~ <3 P.&0E '= y?- (h5x Z8.1) -::. Cf!.3 n'

VO_Ui"IE- a= t.u~~lFIt ~1~J£.053,,>=- t.r!tOJrQ/3 _' (/-/~"3)("'Z.') ~ I~Z
2-

~,l. V D~Lfi"l't \~r 0 Z ;-- '323 TI" '3 =- /405 IT~
= IOJ 50 ~ (;v·~:-,\... I

h-= z.
L-= \'2.5 rr ~

0)-= 2~6 +-(z. ~33J) + ((Z-S5;~333)-;' 3b/1 ~



•
SVERDRUP

COMPUTATIONS FOR~JL.~~N
DATE --lo~-LL _

BY~f2tt..rC H KD ~-JI-..L..-_-

•

b..'i(.e:..6 OF U,)A~ "?U1Z~'E @ 2,CJ::) n-~

;- Ie- (3Gfi ~ /25 ') -:::. 2;~

V':_· .u''"'·' F ~~~r" =- \2,3a? + Cfl3 ) 1 12.-,53)(7.)= 4/ 732~
A~ ~t"A~r:r 2. J

3~1 3~1

Il-Im t::>L Vbl.-Ui"'\= \0 CO->Ee.. t>.6U.EM~ -;.''''..:.' :: ,.....c:..:'

•



•
SVERDRUP

COMPUTATIONS FOR JJmeI2f?Af?2 ]2,=-J..L..+--

tOZ ~~~ \ l-t I f Gil )-~l!" .~ F\ \'021" I

--ck Tf2.p.LJE l- I 225' FT- 8 =:: 141f "PT ~.;p£t= 1))

h- /~)' !IJ?.) :::;. ,21 Fi

:.;) ~ /'1,5 +(,29 ~ 33::;') = \5: 37 FT
L -= 50 FT

v=

•
Gt -I

o M"
7 illiN

o 11!,1

13 )'Ill \

o

•



•
SVERDRUP

-<--"",,--_0F 53

\
-1
I~

\ I

.__ 2 ~ ?UMP C7H

SL.O?E- "0/ Q:: 8 c,.js
VIA, -= 24 I '

2'1

•

. ,O!O

• ~ \\ I
....) E:: VJf.':.



••
SUMMARY OF ElEVATIONS

ROAD H ROAD G-1 ROAD 1.-1
FACllITV

CATCH BASI N STATION

STATION 221+50., 12'LT 99+ 75.,12' LT 29+ 00, 15' RT
G~~ATE ELEVATION 1720.98 1717.83 1651.87
24" INV. ELEVATION 1717.48 1714.33 1648.37

FLOOR ELEVATION 1715.48 1712.33 1646.37

1I FT STATION

::HATION 221 +50,23' LT 99+ 75 .. 23' LT 29+00,26' PT
TOP :iLAB ELEVATION 1722.02 1718.87 1652.91
FLOOP ELEVATION 1710.02 1706.87 1640.91

• pur"'lP5 OFF ELEV. 1711.52 1708.37 1642.41
LEAD PUt"'lP ON ELEV. 1716.52 1713.37 1647.41
LAG PUt"'lP ON ELE'l. 1718.52 1715.37 1649.41
ALA~~t"1 ELEVATION 1719.52 1716.37 1650.41

24" PIPE INil ELEV . 1717.37 1714.22 1648.26

•



•
SVERDRUP

JOB TQ-1OJ'A
~II

COMPUTA TI ONS FOR ~:=:...1-ll--=--=-..!...~"'-=""',---__

SH E ET NO. 1I (0 'e:> OF--,5",,-3__

DA TE --!-7.-<-.....J...f-----;;:;-;;;;;:;~
BY~~CHKD-z'..J.-L-_-

.~ 1VMf Q ~ I(aCV~I?It1/pu~/ff V\ 7,15C~~
('2. '"Pt.;tI'(~ )

n=O.IO

."
7,);;) == q,( FT/~
Il\ (I)

Y

"":feOU'D '1'-\ 0 I -= V Ie '1 or," Yt.:: ('1 1 I) 0. ] lit. :: 1\ (00
/ I J ~.J 1~3z,zX I)

. lZ iY\ "F\C:1 Jr-c'-I ) HE. (.. 14

csv ~ if IN :: D,3 FT"

Ye, :: ""PI?::.. ( l?r 'c) '"Pe:'?'"f14 =- I,O-rr

dso/ O,~ Fl·

lYe =

h';J/ ::'
Ye

L-::, = 10 h~ =:; (OJ~ FT

L~ = 5' h?::; 513 IT

~~, "Fi~ XI - 'Z- I HEL.- JY

I, oro

•



-.
SVERDRUP

JOB -=:::r-ad _ ::to-\77__

COMPUTATIONS FOR -X<;)ttl£/..AU'f--1C::1E ~~)~

SHEET NO. q~ c,_ OF 53 _
DATE 7/q/ _
BY~ur CHKD A:rJ _

Ls

O· -- -r-
1"2)1

L I t'-rE B.bSt H IA..J /

FILTEr2- 'FA\:l'2Ic...,

...... -------_.

•
IIF,
0rr

d5D -:: 4 J i'\

~E CoIN ~

CS?

•



COMPUTATIONS FOR•

•

SVERDRUP

JOB .==ro~Yw.o",-mJ1!!!!!L c..~~-L7--J.7_~_

UtoefZ@¥y? ~IN,

.f
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1739.863 0.376136
i739.454 O.4(~518

1739.015 0.43&&52
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0.0 2S.5 O.OOS5
2.4 c'9. ~ (l .. J)(~5

~. 9 30.1 0.00£.5
2.7 29.3 0.0(~5

4.6 31.3 0.00&5
b.2 33.2 O.OOE.5
7.3 34.6 0.0065
&.5 34.1 0.00b5

10.0 27.6 0.00&5
9.& 39.5 O.O(~5

10. ::; 3'~. 1 0.0065
B.9 38.0 0.00S5



".TO T'~; Tvt,,"·;.n: ',-u' '1.nl.r·"\

jJECT ND. 4(1477
DRAI~~GE O~ NJR;~EAS; OVAL TRACK ~~C'ION

HI SUTTER LO SUTTER
STATro~~ ELEVA"l'ION TANGENT ELo DIp:' LEVATION ELo DIF~ ELEVATIDN EXST GRD EAST GRD HI CUT t.O CUT HI CUT LO CUT LO GLiTTER

!NCREMENT HDP 8R4DE FRD~ HDP HI GUTTER ~RO~ HDP LO GUTTER HI LO DEPTH DEPTH wIDTH wIDTH BRADt.

40S.(>(i

40700
40BO(i
409(;0
41(>(;0
41100
4:~'()(i

4, ~IV\

41400
4:500
41500
4:700
4180(;
4:900
420(l(i

•

42jOO
422(JO
-42300

42500
425-!)(i

42700
42800
4290('

43200
43300
4340(i
4350(;
43S00
437(1)
43B()0
439(H)
440(10
4i~100

44300
444(I(i

44500

•

44S00
447(1)

44800
44Qi)O

45(n)0
45:00
45200

:722.3990.648729
1721~ 751 0.&4B729
1721.102 0.648729
1720.453 0.&4B729
1719.8C~ 0.648729
1719.15& 0.548729
1718.507 0.648729
j7:7.~5& O.b4~729

i717.2090.64B729
;716.:,t.l0.648729

1715.263 0.648729
i7:4.~;4 0.648729
:7;3.9S60.648729
i713.3170.b4B729
!712.b5B 0.&48729
1712.020 0.648729
1711.371 0.64B729
1710.722 0.648729
17:0.073 0.648,729
1709.425 01648729
170e. 76 0.648729
17(~1 127 O.b4B729
:707.478 0.648729
1706.830 0.648729
:70S.1Bl 0.648729
1705.5320.648729
1704.884 0.648729
i 704.235 O. t.48729
1703.58E- 0.648729
17(~.937 0.648729
1702.289 0.648729
170:.~40 O.b48729
:700.991 0.648729
1700.3420.648729
1699.694 0.648729
lS99.0450.b48729
1698.3~b 0.648,729
:697.747 0.&48729
lE.97.099 0.648729
~b9b.4~) 0.648729

1695.• 53 0.64872~

1694.504 0.648729

1&93.20& 0.548729
1692.558 0.648729
1691.909 0.648729

4.678
4.678
4.678
4.67B
4.67B
4.b7B
4. f.7€.
4.67e.
4.£,7B
4.612,
4.678
4.678
4.678
4.67B
4. t.78
4.678
4.t·78
4.£'7&
4. t.78
4.678
4.67B
4.67B
4.678
4.&78
4.678

4. t.n
4.678
4.678
4.67B
4.678
4.678
4. £,78
4.67B
4.67B
4.67&
4.678
4.578
4.678
4. ne.
4.678
4. 67e.
4.678
4.678
4. t.78
4.b7B
4. E.78
4.678

1727.08
172&.43
i 725. 7E~

1725.. 13
1724.48
1723.83
172:3.i8
1722.54
172i.89
1721.24
1720.59
17;9.94
1719.2'3
171&.64
1718.00
17:7.35
1716.70
17i&..05
1715.40
m4.75
1714. j(;

1712.8;
,7;2.16
I7i 1.51
:71Ci.8S
1710.21
!709.56
170B. 'ji

170&.26
1707.£'2
171~'b. 97
1706.32
1705 .. 67
1705.02
1704.37
1703.72
i703.07
1702.43
1701. 7&
i 701.13

1t.99.83
;695.1B
1698.53
1597.&8
1697.24
169E.. 5'3

5.0:9 17ii.38
5.019 171&.73
5.019 i7iE.. OB
5.019 1715.43
5.019 1714.79
5.019 1714.14
5.019 1713.49
5. (JiI~ 1712. &4
5.019 17i2.19
5.01'317il.54
5.0i9 i710.89
5.0191710.24
5.019 1709.60
5.0:9 170&.95
5.019 1708.30
5.0!9 1707.65
5.019 1707.00
5. 019 1706. 35
5.019 i705.70
5.0: 9 1705.05
5.019 17~.4i

5.019 1703.16
5.019 1703.11
5.019 1702.46
5.0i9 170L8i
5.019 17(;1.1&
5.0i9 1700.51
5.01'3 1699. &5
5.019 1£.99.22
5.019 1698.57
5,019 1697.92
5.019 1697.27
5.0:9 1696.62
5.019 16.95.97
5.019 1695.32
5.0191694.67
5.019 i694.03
5.0191&93.38
5.0i9 1£.92.73
:,.0191692.08
5.0i9 it.9!. 43
5.0:9 1690.7&
5.019 W30.13
5. I);9 :be,9. 48
5.019 1£'8e.84
5. 0:9 1&e.a. 1'3
5.0:9 wn.54
5.(1;9 16&LB9

1729.0
1730.0
1729.7
1728.0
1729.0
1729.0
172£'.0
172&.0
i72b.5
1725.5
1724.0
1723.5
1723.5
1723.0
1722.0
1720.0
1718.3
171&•.2
1717.7
171E.• 0
1714.5
1714.0
1713.B
171S.0
1712.7
1712.0
1710.5
1709.0
1708.2
1707.0
170£.3
1705.0
1704.0
1702.8
1702.0
1700.0
W39.0
1698~5

1697.5
169b.2
1695.5
1b93.5
iE,92.5
1692,2
1£,91. (;
1£8'3.0
1£.90. (>

1688.5

i7~"j. 0
172&.0
1728.5
1727.0
1728.0
172&.0
172£'.0
1727.5
i72£.5
1725.5
1724.0
1722.5
1722.9
1722.4
1722.0
1720.3
i719.0
1717.0
17i7.0
171&.3
1714.5
1714.0
1712.5
1712.5
1712.0
17:1.5
i7iO.O
170&.5
1707.8
1707.0
170£'.0
1704.2
1703.3
1702.5
1701. 5
1700.0
16'39.0
:69B.0
W36.0
1696.0

:694. (i

;692.2
1691. 0
1b91.0
1690.5
1588.• 5

1.'3
S.b
3.9
2.9
4.5
5.2

4.£

~.4

4.2
4.4
4.0
2. 7
1. E,
2.2
.•, ....
c..,j

1.2
0.4
0.5
1.0
0.&
1.2
1.1
0.3
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
(i,0

0.0
0.0
0.0
0.0

11.6
11.3
12.4
11.6
13.2
13.9
12.5
14.7
14.3
14.0
13.1

13.3
Is.5
"j ...
..l ••h J

12:0
i(l. b

11. 3
i 1. 2
10. i
10.2
9.4

10. i)

10.2

9.5
B.b
8.6
8.4 .
8.1
b.9
b. 7
6.5
£..2

5.0
4.6

3.9
4.1

2.7

3.0
1.S

5.B
1(1.7
11. B
B.b

15.B
8.4

1b.4
13.8
12.&
10.2
10.7
12. t.
13.1
12.0

B.O
4.8
&.5
6.9
3. 7
1.2
1.b
3.0

3.4
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
f). (I

0.0
0.0
0.0
O. (i

0.0
0.0
0.0
0.0
0.0
0.0

34.9
~3.a

37.3
34.7
39.6
41.&
37.5
44.0
·F· "
41.9
39.3
3£'.&
39.9
40.4
41.1
3&.0
3f..0
31. 9
33.9
33. 7
30.3
30. 7

30.1
30.6
s1. (i

28.5
25.9
25.8
25.3

2(1.8

20.0
;9.b
18.5

14.9

9.B
11.8
E· .:.
J.'-.~

9. 7
e. t.
8.1
b.5
&.4
8.S
4.B

0.00£.5
0.00£5
0.0065
0.0065
0.00&5
0.0065
0.00£'5
0.00£'5
(;.00£5
0.0(l£5
0.00£5
O.OOtS
0.00;5
0.0065
0.tl(!£,5
0.0(it5
0.0065
0.00b5
O.OOE,5
O. (f(itS
0.00£5
O. (J(l£5
0.00E,5
0.0%5
0.00£'5
0,,00£5
O.00E.5
0.0065
0.00&5
O.OCl£5
O.OOf.s
0.ClOS5
0.00£.5
().0065
0.00£.5
O.00S5
0.OOE.5
O,t)r)S5
0.0065
0.00£'5
0.00£.5
0.00£5

0.0065
0.0055
0.00£5
0.0065
0.00S5



_
ITA TEST TRACK

- EC NO. 40477
. INAGE tfr NORTHEAST OVAL ~4L"'j( SECTION

HI 6UT'ft:R LO SUTTER
STAi!ON ELEVA~ION TANGENT EL. DIF~ E~Ev~TI0N EL. DIF~ ELEVATION EXST 6RD EXSi GRV HI CUT LO CUT HI CUT LO CUT LO GUTTER
INCREME~! HD~ GRA]~ ~RO~ HDP H! ~JITER FROM HDP LO GUTTER HI LO DEPTH DEPTH wID'H wrDTH GRADE

ir~JOO ;&9:.260 0.648729 4.678 Wj5.·j4 5. CJi9 1£.86.24 1£.88.0 1688.5 O. (l 2.3 0.0 6.8 0.00£5
45400 :590.£.:1 O. ~.4&729 4.57& 1695.. 29 5.019 1f>&5.59 1GB7.S :5&8.0 0.0 2.. 4 0.0 7.2 O.OOb5
4550{\ 162:3,9;3 O. £.4872'3 4.£.78 It·94. t,4 5.019 1£.Bit. 94 1687.0 lE,ti7.5 0.0 2.& 0.0 7. 7 0.00£.5
4560(· lE.B9" 314 0.&4&729 4.578 1693.99 5.019 lb&4.30 1&&6.5 1587.0 0.0 2. 7 0.0 &.1 0.0065
45700 :6&8. SE,5 0.648729 4.678 1693.34 5.019 iE,83.b5 1£.B6.1 168£..2 0.0 2.6 0.0 7. 7 0.0065
45&00 16BB..017 0.548729 4.578 1692.69 5.019 1583.00 16&5.0 1685.0 0.0 2.0 0.0 b.O 0.0065
45900 :687.3E.8 0.648729 4.678 W32.05 5.0:9 1E.B2.35 16B4.0 1£'8-4.0 0.0 1. 7 0.0 5.0 0.00E,5
450('0 loBe,7:9 :). 6.4&729 4.578 1691.40 5.0i9 if>Bl.70 15&2.3 1683.5 0.0 1.& 0.0 5.~ 0.0055
4~.j(\6 i btl;. ()7(1 0.6413729 4. b7e. i;;90.7S 5.0i~ WlLOS ibB2.5 i . .4 ~. O. (10£54.~

46200 16&5.422 0.64&729 4.67e. 1690.10 5. (119 16&0.4(1 16B2.0 1.6 4.a 0.0(1&5
4f,300 1634.773 0.648729 4.678 1589.45 5.019 1679.75 16&).5 O. 7 .:' oj 0.0065.......
4EAOO 1&84.124 0.648729 4.b78 16&B.80 5.019 1579.11 1579.8 0. 7 2.1 (1.0065
4E.5(li) lE.eZ.475 o. £48729 4.678 1f.BB.15 5.019 1678.4E. 1£'79.0 0.5 1.6 0.0065
4SS00 1&&2.827 O. f,487E"3 4.678 1687.50 5. Oi'~ 1677. 81 167&.1 0.. 3 0.9 0.0065
i,S70c ~ E,82. 178 0.f.4B729 4.t,78 1686.86 5.019 1677.16 1677.5 0.3 1.0 0.OOS5
458o(H) : £,81. 529 (1.648729 4.67B 1686.21 5.0:9 1676.51 167&.3 0.0 0.0 0.0065
4f,9~)() :set). e.Si "'. fJ;B72S 4.f.78 1£B5.56 5.019 iE.75. B6 1£'75.0 0.0 0.0 0.0065

.4~O?O IbB(},232 0.648729 4.678 1684.91 5.0:9 1675.21 1674.0 0.0 O. (I 0.0065
4i~OO 1£,79. 583 O. £.48729 4.£78 1b84.2E, 5.019 1674.56 1572.5 0.0 0.0 O,OOS5
472(>:) 157B. ~54 0.6048729 4.&7& 16E.s.61 5.0:9 1673.92 1571. :3 0.0 0.0 0.O(lf,5
4730(\ ;~,78. 2&1 O. b48729 4. f.78 16&2.9E. 5.019 1673.27 1£70.2 0.0 0.0 O.OOb5
474~)O :b77.S37 0.&4&729 4.578 1682.31 5.0: 9 1672.62 :56B.0 0.0 0.0 0.OOS5

•



'SVERDRUP

•
JOB_~~~ --'-=---'---'--L--__

~_OF Lj
DATE ~:L..J...L ~_

BY~u..r CHKD~---'--

1t\l:: t-f'": ~.D ~~__IJ2Ac.-k: HJ 6 -H ~ lJTIte

-------:.....::/'Z-::::-;.-p.....;.."I.......;.'?_'?~_E.......;.AD'---·---r

I Cr I zs '" I
\'\j )/= (2,5) C(J~0) + (Cf,I':;))( .07..} =: 1357 rT

G- ~ ("3)( h') = 3 C7;;57'):; I, 0 7 FT

I-....:::::..Q.:J-?;/_-

J ~~ 'BtX'-::::>IN C'if?AlE
I \~T I z. r-'i t:--{

To?_ TE\bt'iG:ULbf"'L 'OECilO1

/----.. L.. S/~ I/t W~ (-'.L \
~ = D,sh '"?< ~ T EG. ~y) ttEG \1.)

n
(') ~ 0,01 Co S::: O. 00&5 YFT"

,= OSb (,35)'h ('OO'J'S)1t. (1,07)~= 0,5'11. ,-h

•

)
5"/3 / \11t... ( /) ~ _ ('Q2.:: (2! S'"~ (100 l ,(XkJ5) I 357/,OZ; .::. 1. 171 b c. j.s:.

c),01~

• Q ~ = 0,sf, (, 0!ofA (,(x;("'5)' It ( (.~571.0&)-Z,<;\t~-;Q,507 d ..
o,o.v;

. \S/3 ( '\' It.. ( '\ 8/~
Ql1:: oS"t? . (/ ()z'/ d.:XJbS J qIS" J -::" C,8-:7 "f~

. 0,01(0



SHEET NO.-f-

DATE~~l-----
BY_~ur CH K D ---"""-->!---L__

JOB ~~ Li_'_=o:..._JU~7 _

COM PUTAT IONS FOR ---.:...'~I__=~-,~~-=...L..>'---"""'-="-~+-

SVERDRUP

•
I

Q~

•

•



••
SVERDRUP

JOB ~

COMPUTATIONS FOR

YOl\7

tE I ~ ~12A11'1

SH EET NO. _6.--0F---L.L-f-
DATE r,;9.
BY~CHKD v-r

Q (~li~~') @ V\&< ~~D

- Q\ -r Q-z. -Q3 + Qy.

::: O,5YZ + "Z,715-0,~07+ \\083::. l\\L\33c.Es

( yY -:: Q oFt,...ubl"B'f.. '?117.J:;(.,il..1( Dv;::"" 6\ \'2,6.1"E

= ~ \ +Q Z. - QI I - G), I ( Q / .::0 \

\.>;:- !~TO\Z::.L..;: 6,'\ t r-~+ Q:, - Q,... Gi ~ I 7fj:))
1:- FlZOl"\ u;>HP()T£L

"'Eo = (O'9iZ -t- L,7IS -0 - ~ 780) / , -= • 554 -:;~~~
( 19--lZ.'rZ,71~ - 0, 507+I,b83 )

•

~F (c..1-\ArZT 7) ~"EG \2)-=- Lo (~ M~ ~~)

12s (G-HD-Q:l 8) nEe,.. \'?..) 's'x 1/:; 0 107-/ 1~ '; {),O~
L"", 115fT ~ (3'fTbtet\~ 1<.1/:0% (.t.,.o( ,

c: K.r ~0 + 1?~ ( 1- 'Eo ) (EQ \'J t-\rG 12')

:=:; (.55Q ) -1-- .O~ (t-.5"54) =0 • S-8~

~ t. = E:. ~ -;: 1"5~ ((\ I L\~~ c~s .I :; 2 I 5Cf8> GJs ("fQ \"2 J ~1fG I'Z

Q'b::' ~ - ~b =:. 41Y3~- Z..5QB -= 1.835 c. ~~



••
SVERDRUP

SHEET NO._L-

DATE -----B!:.--L.L------
COMPUTATIONS FOR_~~~~~::::..LlJ-!-.J....ti~\~.)By~/tC<.rCHKD ;> ~T

(APOT" J)"ESt&l N
'?12cx.eD, 't/lA-tl(4)

•
l E b11+ OF Gt~>rE = "3 1=T

w \vn-t OF &\12Al'E = 3~

L~ = :::L.
Z

•

cL::: D~?n+ OF~ (H)

db::: Ot::m DF b-P-'2- (::: 3.S INC++) ::- I Zqz. FI

Toe. c...LOC;\C::::\lr\~ 01=' 50% I Lb L 3 Cs:» =: II S 'Fr

\1= lb L \ IS F\) -eF -= l, 0

n= Lc ? I,s FT) 'i2~ ~ IIs-j
/Lb

roe. SIDE. l=\..o:..v U-~~1 H~ J USE ~ CiIZ.,L\1E L-"eNGrTH 01=

~ 1, S'FT IN ~t\tb."eT 8 / t-t.Ec.. 1"2.. •



C'.
~ASIN DESIGN: CATCH BASiN CALCULATiON SHEET

LOCATiON DATA

HIGHWAY: TOYOTA, USA TEST TRACK

LOCATION: N/E TRACK SECTION, HIGH GUTTER

PROJECT NO':...;J4;.ll:,;04;u.7...L.7_"-..---.;,~ _

~

• .'

LOCATION __~.' GE'REA I a ac at So SL OTIED OF AIN GI lA-ED INLET

CB FROM TO Length Vi,. CA T L ab T V ab

NO ft. ft, "'Acres IN/HR CFS CFS CFS Wft ft ft. eFS ft. FPS CFS
,

"

393+00 .11"1':1 nn 1000 7 0.5~9 "83 4.39 000 439 0.0065 12.9 10 1.94 8.8 2.60 0.48

L1 403+00 406+25 325 9 0.179 8.3 ..... 1.49 0.48 1.96 0.0065 8.8 10 0.45 3.1 1.73 001

L2 406+25 409+50 325 12 0.188 8.3 '1:56 0.01 1.57 0.0065 7.8 10 0?6 ?5 1.50 0.00

l3 409+50 412+75 325 14 0.193 8.3 1.60'" 0.00 160 00065 79 10 0.28 2.5 1.52 0.00

14 41~+75 A." nn 3~5 13 0.191 83 1.59 ""'0.00 1.59 00065 7.9 10 0.27 2.5 1.51 0.00

L5 416+00 419+25 325 12 0.187 8.3 1.55 o.Db...... 1.55 0.0065 7.8 10 0.26 2.5 1.50 000

L6 419+25 422+50 325 8 0.176 8.3 1.46 0.00 ~, 1.46 0,0065 76 10 0?2 2.3 1.44 0.00

L7 422+50 425+75 325 4 0164 83 1.36 000 1'-36 00065 7.3 10 0.18 2.2 1.37 0.00

18 4?5+75 4?9+00 325 3 0.160 8.3 1.33 0.00 1.33"" 0.0065 7.2 10 0.17 2.1 1.35 000

L9 429+00 432+00 300 2 0.146 8.3 1.21 0.00 1.21 0':-6065 RR 10 013 HI 1~6 0.00

Ll0 432+00 OUTFALL 0 .""

_. ".)
,

•\..,\ -,
\\\

'.\j \ 1:'.....



• • •
CATCH BASIN DESIGN: CATCH BASIN CALCULATION SHEET

LOCATION DATA
HIGHWAY: TOYOTA. USA TEST TRACK

LOCATION: N/E TRACK SECTION, HIGH GUUER
PROJECT NO,:...;;);4~Q4..L.L7..L.7 _

\.. ':

. ,. \
\ ,

~,\ '". ,

\j\
\\
\\\

'-",

,~
. --
-\-'\

"'""
"-"

"'-",
"
"~

-
"......
Eo
..c



COM PUTATIONS FOR -W-~--.Ll:~~~..t.=::::!::::.!...!..J-.!--•
SVERDRUP

JOB IcH~ YD:1-l-L77__
DATE --<-....u-...L.'-- _

BY~W CHKD .......L..L"---"--__

•

V\'ZAl~ ~E "'S'-1":7\E:M 'L:!ESI&H Fc>e ~6t~ ~U1(CI'

e..c""\"L4 ~?JH ?Pt::>CIN~ ~

Q -= (L A l (SOC-fe.)=- 81~ IN/~e. (?EE ~~p
6~

1+'-(p~1'J

c-= o,qs- FOlt. -PL'cJEtvJe,...,.,...

0. '-40 ~"Ebrc:n-+ ?LoPES>

0J1"Dn-i OF ?~VE,Y/a-lT -+- ~tYTTEE ::. 7115n
GUT

wlDlM Or ~~ II ~~s.:: 14 r:T

( H\~\+ AU~ t="Qrt.. ~~ FT l.E:N~iH)

Q = Z,5Qfj ~-b (8\~ IN/4Q.) ( Cqs)(zl,s) + (J.:l)CL401'. L
l\~ j5G?Q )

L~ 523. Cli rr

1="DiG. ~ \t-l("H-) -= "3.30 rT

• "F02. ~ I 1'-14/ = ljl..\ 0 R

L)~E ~.:O\ ,-;~ -";;(.?bC....('}-I6r,



DATE~~I-----

Y~ CH KD --I--:L..'L-.L...--_CO M PUT A T ION 5 FO R -4-'=-=~-J::.....>l!:C-.!..L~""'-""'-"'-"'<.L=--,"",,--='--"

JOB-l-~::.w-~~ ~-I-L-I- _

SVERDRUP

:-.
CHEC~ MA~I MVM ~?~IM6:r OF' CAi'-H P;l~"""~''H~: _

S

•

(lY;,E., )~ I IV lY\AINi~I/'I ~~.

F~, 6.l/A'Z:DlZ.I~lL..') . f

#'
/; /

~/

/'

•
l~:= SD3LS "F\

¢= L (AP-(...~.S-d ):=. L. (AK= lS03I'5-IG.J\)
\' "'::;ID3.1,'S
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••
DESIGN DATA

FREa.ENCY: 50.00 (YEAR)

/

•~
STORM'sEWER DESIGN: SEWER CALCULATION SHEET

'",
'

LOCATION OATA -'-,,-

HIGHWAY: TOYOTA}I,.JSA TEST TRACK

LOCATION: NIE TRACK~E.CTlON, HIGH GUTIER

PROJECT NO.: 40477 '"

SEWER CALCULATIONS
'"''

'"-""
LOCATION DRAINAGE AREA -'" TIME OF FLOW (MIN.) I Q SEWER PRORLE SEWER DESIGN

LINE FROM TO NO. INCREM. LCA 'INLET SEWER DESIGN INV. ELEVATION LENGTH SLOPE DIAM. n QFULL V FULL V ACT. FLOW

NO. CA (in/hr) (CFS) INLET OUTLET (ft) (ftlft) (In) (CFS) (FPS) (FPS) (MIN.)

393+00 403+00 : LIMITS OF INITIAL DRAINAGE INTO SYSTEM

L1 403+00 406+25 0.533 0.533 4.9 " 5.00 8.36 4.46 1723.26 1721.25 326.99 0.0062 24 0.010 23 7.4 5.0 1.1
L2 406+25 409+50 0.179 0.712 4.9 1.09 5~00 8.36 5.96 1721.13 1719.12 326.99 0.0062 24 0.010 23 7.4 5.9 .9

L3 409+50 412+75 0.188 0.901 4.9 0.92 6.9h 7.48 6.74 1719.01 1717.00 326.99 0.0062 24 0.010 23 7.4 5.9 .9

L4 412+75 416+00 0.194 1.095 4.9 0.92 7.84 "'-7.06 7.73 1716.88 1714.87 326.99 0.0062 24 0.010 23 7.4 6.3 .9
L5 416+00 419+25 0.191 1.286 4.9 0.86 8.70 6.80, 8.75 1714.75 1712.74 326.99 0.0062 24 0.010 23 7.4 6.6 .8

L6 419+25 422+50 0.188 1.474 4.9 0.82 9.52 6.54 ....- ,.9.65 1712.62 1710.65 326.99 0.0061 24 0.010 23 7.3 6.9 .8

L7 422+50 425+75 0.176 1.650 4.9 0.78 10.30 6.39 10.54 1710.53 1708.55 326.99 0.0061 24 0.010 23 7.3 7.2 .8

L8 425+75 429+00 0.164 1.815 4.9 0.76 11.06 6.23 11.3t- 1708.43 1706.46 326.99 0.0061 24 0.010 23 7.3 7.2 .8

L9 429+00 432+00 0.161 1.976 4.9 0.76 11.82 6.04 11.93 17-Q.6.34 1704.52 301.85 0.0061 24 0.010 23 7.3 7.5 .7

L10 432+00 OUTFALL 0.146 2.122 4.9 0.67 12.50 5.92 12.56 1704':"'1 24
.....

'"~
):
~

~
""""'"

~

\

~
\\\

~
~



/
/

L A I N DA A
HIGHWAY: TOYOTA. USA TEST TRACK

LOCATION: NIE TRACK SECTION. HIGH GUTTER
PROJECT NO.: 40477

LOCATION SEWER PROFILE /
LINE FROM TO INV. ELEVATION GUTTER ELEVATION L~~lH SLOPE DIAM.
NO. INLET OUTLET INLET OUTLET T,) (FT/Fn (IN,)

/
L1 403+00 406+25 1723.16 1721 .15 1728.27 172646 326.99 0.0062 24
L2 406+25 409+50 1721.03 1719.02 1726.16 t724.06 326.99 0.0062 24
L3 409+50 412+75 1718.91 1716.90 1724.06 1/1721.95 326.99 0.0062 24
L4 412+75 416+00 1716.78 1714.77 1721A5 1719.84 326.99 0.0062 ~4

L5 416+00 419+25 1714.65 1712.64 1;((9.84 1717.74 326.99 0.0062 24
L6 419+25 422+50 1712.52 1710.55, /1717.74 1715.62 326.99 0.0061 24
L7 422+50 425+75 1710.43 1708~5 1715.62 1713.51 326.99 0.0061 24
L8 425+75 429+00 1708.33 y706.36 1713.51 1711.41 326.99 0.0061 24
L9 429+00 1706.2-4" 1704.42 1710.21 301.85 0.0061432+00 1711.41 24

L10 432+00 OUTFALL /.' 1709.46 2417-04.31

•

._. STORM SEWER DESIGN: PIPE ELEVATION SUMMARY

OC TO T

Q
"'/ r \'

.,1',,;

tjt"-:'j

•
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r .~

'" ""
Or r-0R--

1'---' .. v·-_.
~ I""L .... _. ______._. 0 ,

<;1 o~ t'-- "<;1

;-~ 'j'"" "- r--- Rectangular Orifice into an infinite Basin

(V L )AV E = A"Jerage Velocities L Feet Downstream from brink
) "'"V\ Circular Orifice into an Infinite Basin

/- .

o43~~"\(V AVE = Average Velocity at Outlet ,'7f -T
Design Curve .-1'~

~Ir-+-f- VA~E 0 \ I

WO-I-Q I
ft' ----~TW /

~
Sym ft cis fps

0 1.'\5 22.5 1S. 1 1.6
I j" i0 1.<15 14.6 10.3 1.6

( ~O

""0 3.07 65.4 9.3 3.07

• 3.07 84.0 11.9 3.07

~
Q 1.45 20-9 14.0 1.25
'Q 1.45 13.9 9.3 1.25

~I I I I I I

~
0

NOTE: For partially full circular sections or .-on circular brink areas. convert

welled cr" sectional ara to an rUivaler CirCU(ar aria wrh ram,eter W.

I"'"

X
H
I

1--'
1Il

(VLl AVE

V AVE

•1.0

{ 'J

".0

0.7

0.6

0.5

0.4

0.3

0.2

0.1

1 2 3 4 5 6

•••

7 8 9 10 20 30 40 50 60 70 80 90 100

•
."~

L Distance Downstream from Plane of the Outlet
- = -_.•._-----
Wo Culvert Width

Fig!Jre XI . 3 Distribution of Centerline Velocity for Flow frem 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 Chart can be used with Figure 2 of HEC No. 11 for sizing riprap

(00 not use Figure 1 HEC No. 11, use Mean Velocity Values)

~
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SVERDRUP

JOB_~~=---__-L~-!-I-__

COMPUTATIONS FOR~Lk.L--LJ~~~~U-

SHEET NO_ ~OF--'--'---_
DATE~~----

BY~CHKD T'T'

• ==0.433

TF ~~ (CH ""7; +tee \"t. ') =- L0 (?cE "P~~E ~ )

~ ~~I ( CHbQT 8, ++"8- \z) =; k.~= o. 0'2..8
J

L-- \\ 5" FT Sx= ("3 ts-)Cott1-+ (11.)COZ") _ 0 lor5
("3,Ot:T G1l2Ale w/S)% C.~~I) 3/5-;- 1'2.. -

V-= 463 'f--r'/~

E ~ 12. f t= 0 + lZ~ (l -~o) ( EQ \~) -H-a \"Z.)

= \ 10 (. LJ:3') t- 0~ !- ~ '133 ) - 0 .. ~ y 9

•



•
SVERDRUP

DATE -84--1-.>-- _
\'\ E \"17/':: L.: T r7 A I~ ~! . --

COMPUTATIONS FOR, l~~ ~~L4-- BY~CHKD.......L....>..-'----

:; Ci, A l= 8\3 'i~e (SEE csn:ee ~~s.)

C:: tJ ,qS ( 'PAVlttTErTTJ
"PAVED Af'::::C> W 1'011-t ';. ~O;- 11;-= ~/5Fr

== 0/40 ("EAen.+ C,Ui '='~)
w,~ E~ r:;A~ Irl Wlr:m+ ':: 4/ n .

•

•

Ue.;, \ \~ 20"FT OF ?L0li'E P 'DiZb-l H : ClO~&, J!.:C:t 0'1
~ G\tU:>DE.

-;::"fFEc.: uE- L~"'l~-n-l wi c.L~:;'br~er- = W (, e:, 7) :;:; 1?1~3 'PT

LT = 0,(0 . O,'-I~ So.;, ( I~?e ) 0,0 (r:Q l(o) )-\EL rz)
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I /_

~e. = S)< + 5w Eo ~t.u = O,Otdo - ,OtS
=- IO~l.

Se= ,O,QZ"::; T(.047-f·'-f?J3)-= .. OY";



SVERDRUP

• CO M PUT A T ION 5 FO R --'-1......--J.--'--==.:-;.;=---.:"'--""'~'-I-

::;- 31, 57 "FT

---.._OF_~_

DATE--~----==----

RV'By~k1: CH KD ----:...::...-'--'----

O,(~

XO\&){,C43)

1~,33 t=T/ _
/ 3C57rr-

•
\I~ ( )E:.= \- ( 1- ~T) FQ ILl/ \-tEL \-Z

( )
116

:::: \- I- I 47Z =- 0 I 0Z7

Ql ;::; (, Co7.7)( J?hBSI Co isJ-:::. 8,7/0 c~?

i:)6 = 1~,B61 -81 710 == 51 17/ G1~

•
v::. Q/A -:. 0; tCo /1183~

- Z,8z. ~~~c,

( 17l{O 1- 3, 701 - \\L (pO - I DC:;&; ) / "
( ,71..\0 t-'31701 - .8SL./ + 1/473 - ,(?;;?+ IC.(o ,)



'.
SVERDRUP

JOB \01~ YQ:l........7--L7__

COMPUTATIONS FOR }-LE. ~c.k: ]'2f20.1H

SHEET NO, -3 Z. OF l-f q
DATE ---!o-£l.....LJ-----

~/,y?~/
BY~I-V-J-L-C H K D -..L!5:,..;,....;V:........L-__

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

•

-

t:r= (G~tZl 7; 4-£6 \'2..')== \t 0

(~ (c 'rt~v- 8) +'\Ec.., rz.)

L -= hSFT bx II:.

t. (3 FT (.VI
'50% CUJft:6l1 HbTJ

\2.?c; 0,05'

'Dc?Tl-1-= ,'101
~D-=- Ill'll

t 315 I ?,.s- I Yl~'Z.. )

:" S- + '-\ RZ.
. \J~ '"' Q7.~ :: 3.7 DI-,ef3'-1..,

Az.-~ h'Z~ - ,'irz.

=. 3/54~a,

•
~ -= ~~? + . ~::;, e:>, 710 ,+ ""3 I 272. -:= III q8z.. ts

G:L:: ~~A:: {LCfB2. -= (8\~ \~X.It~) L_(/fSJ(('~'sJ-rC'1)lw 1)\ L
\ Y3j 5Co:J ")

-
-P=EStb\}·( ~TL.tt ~}f( wrn4~ A'COT 6PbG!r-1Gf ~BYO IT
....._ _ _ W t1'H w,\... ,oF OF ~o"'!'TE"D 'D12.L'. I ""'1,



CH KD ~"--J-__

SHEET NO.~=

DATE <5
BY.:::B&a.r

JOB_~~~=-- ~-L.L--l.-__

COMPUTATIONS FOR

SVERDRUP

•••

•
== c.,c A

cs?e~ @ ~TA -':'75.-+0:::; ~~ID(.H

. /O}~'"
= (8,:' '·Y+le.) (ICCO') ((Q5XfoIS)+ ('40) G'-I6') \

\ lt~15G£) /

Q (~T 'tI\~"MUM 6PR~~O)':= \0, (0 I (;fS < 1'2., zy
"TR.'-{ 7CO 'FI~
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• ~n- C.b\t..H ~'S>Ir--I? Q ~~ 372+CO



-.
SVERDRUP

JOB __I O'-'?=-....:-u=:-:..=IA""--'__----1.""""--J.....I--'- _

COMPUTATIONS FOR

- -- -- --

SHEET NO. 3!:L-OF_--+---+-

DATE~~~---

BY~~CHKD -L>-1I'-!../__

•

~~ 815'" G &~

T:::: \C{.2 IT

l>e?n-l e ~I,)~\c' =0\ 5":'8 l,=,

L
T

-= O,e:, Q O\~\'t. ~ 0,$ ( 1/ \ 01(0

In S~)

~= ~\5"CO'4) + (l\ IS)COZ.)
IS

:=. 0 \O"S

Eo': ,LillI

V:::. ~~ SIS-~''1b3:; 21lSX

<SW J = .0& - ,025" = ,o-\z..

•

=Cr!,02'5) +- ( ,O{Z;C L(l..\ \) -= 0 ,O~:; ,

L /. I \ I _0.42 ( :'\ 13 ( ) I"
T= ',ql ta I l8 ,':;l) " 10::>2.7) I ( =: \ '1 \CoY 'F\

!e 10\ C?)( I OY3 )

L ~ (20FT -s\..~o p~ l)( &7% c\...O'Oj ~: I?I?? i=T

LILT = \~l??/I =-. 07q
Iq,(f.I

"E -: \- ( \ - L/ L, ) \1::3 = \ - (\ - .b7~r) \\e=...8>71

Q" ~ (, ~7/ ') (8 I~) = 7, '3 qq cJ.~
\.J~,D .



SHEET NO. OF_......I-4-_

DATE ~G~+-- _
~4/~.,..i)v/ -

. BY~..J.6I'_-CH KD -u..(i.:!-.l- _

JOB -=:J--"O=..-J..~=:.- L~:...+--t-..I---__

CO M PUT A T ION S FO R -L.!.-I..=:..L--'-'r:=.=.:-==",--~~~_

SVERDRUP

••

~r EC' T e5 (I - 'Ee;)

- (~tO)! 8/8 ) -r /25 ( 1-18/8)

•

Q - LIDI Co ~!;:)
(G1eAw) -

~- ~t048'FT

(F= \I 0 I tt+~rzr 0 H-a

"2~= \ 25 (c.. f-\AIZ.T 8 J t-\-£L

IL)
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~= O,o~

\/ti, Q/A-= I,/oJ / :: !,k/e, 75fC.
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I /

l= 115) ~ -= O,Oll

t. :,rr «/50%~~Obc

•

Q. = ],:A'1 + ,qSI = 8,350 c..~
l
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•
CATCH BASIN DESIGN: CATCH BASIN CALCULATION SHEET

LOCATION DATA

HIGHWAY: TOYOTA. USA TEST TRACK

LOCATION: N/E TRACK SECTION, LOW GUTTER
PROJECT NO,:..:!4~04u7..l..7 _

• •

LOCATION ORAl NAGE AREA I Q Qc Qt So ~Lo11EP -0 iZ'AIN U IA I r::L INlET

CB FROM TO Length W CA T L Qb T V Qb

NO ft. ft. Acms IN/HR CFS CFS CFS Wft ft ft. CFS ft. FPS CFS

365+00 372+00 700 13 1 022 83 8.48 0.00 8.48 000'7 1g 1 '0 054 4~ 1~~ oo~

R1 ~7?cnn 375+30 330 19 0500 8.3 4.15 0.03 4.18 0.0038 12.2 10 1.00 53 18' 0.11

R2 375+30 378+60 3~0 19 0500 83 4.15 0.11 4.26 0.0048 11.6 10 1.16 5.4 2.06 0.13

R3 378+60 381+90 330 18 0.497 8.3 41' 013 4'6 0.0056 11.1 10 1.23 5.4 2.22 0.14

R4 381+90 385+20 330 17 0.494 8.3 4.10 0.14 4.'4 00061 108 10 1'8 53 '31 015

R5 385+20 388+50 330 19 0.500 8.3 4.15 0.15 4.30 0.0064 10.7 10 1.32 5.4 '.37 016

R6 388+50 391+80 330 " 0.509 8.3 4.23 0.16 4.38 0.0065 10.8 10 1.37 5.4 2.41 0.17

R7 391+80 395+10 330 '7 05'4 83 435 017 45' 0.0065 11.0 10 1.46 5.6 2.46 0.19

R8 395+10 398+40 330 32 0539 83 4.48 0.19 4.67 0.0065 11.' 10 1.57 5.8 '.5? 0"
R9 398+40 401+70 330 36 0552 8.3 458 0.22 4.80 00065 11.3 10 1.62 5.9 2.54 0.24

R10 401+70 405+00 330 38 0.558 83 463 0.24 4.87 0.0065 11.5 10 1 69 6.0 2.57 0.26

R11 405+00 408+30 330 36 055' 8.3 458 026 4.84 0.0065 114 10 1 67 59 2.56 026

R12 408+30 412+70 440 40 0.752 83 6.24 026 649 00065 135 20 053 33 1 80 0.01

R13 412+70 417+10 440 41 0.756 8.3 6.27 001 628 0.0065 133 20 048 31 1.75 0.01

R14 417+10 421+50 440 38 0.743 8.3 617 0.01 618 00065 13.1 20 043 30 1.70 0.00

R15 421+50 425+90 440 33 0.723 8.3 6.00 0.00 600 0.0065 129 20 038 2.8 1 65 000

R16 425+90 430+30 440 30 0711 8.3 5.90 000 590 00065 12.8 20 034 2.7 1.60 000

R17 430+30 434+70 440 27 0699 8.3 580 000 580 00065 127 20 03' '7 159 000

R18 434+70 439+10 440 22 0679 83 563 000 5.63 0.0065 12.5 20 0.28 2.5 1.52 0.00

R19 439+10 443+50 440 15 0.651 83 5.40 0.00 5.40 0.0065 12.2 20 0.21 2.3 1 42 0.00

R20 443+50 447+90 440 11 0.634 8.3 5.27 0.00 5.27 0.0065 12.0 20 0.18 2.1 1.37 000

R21 447+90 452+30 440 8 0.6" 83 516 000 5.16 00065 11.9 20 0.15 2.0 1.31 000

R22 452+30 456+70 440 8 0.622 83 516 000 5.16 0.0065 11 9 20 0.15 2.0 1 31 0.00

R23 456+70 461+10 440 7 0618 83 5.13 0.00 5.13 0.0065 11.8 20 0.15 2.0 1.30 000

R24 461 +10 46.4+50 340 4 0468 83 389 000 389 0.0065 10.0 20 000 0.1 0.23 0.00

t..Zs- '" 6'-ft-SO OU~u.. o

w

'"):
~



•
CATCH BASIN DESIGN: CATCH BASIN CALCULATION SHEET

LOCATION DATA

HIGHWAY: TOYOTA. USA TEST TRACK

LOCATION: N/E TRACK SECTION, LOW GUTTER

PROJECT NO,: 40477

• •
LOCATION ORAl NAGE AREA I Q Qc Qt So ?L-~p~. GFiATED INl.ET

CB FROM TO Length W CA T L Qb T V Qb

NO ft ft. Acres IN/HR CF5 CFS CF5 ftlft ft ft. CF5 ft. FPS CFS

365...00 37:>...00 700 13 1 022 8.3 8.48 0.00 8.48 0.0027 19.1 20 0.54 4.3 1.33 0.03
R1 372...00 375...30 330 19 0500 83 .i15 003 4,18 0,0038 12.2 0 4,13 12,2 2.74 1.i9

R2 375...30 378...60 330 19 0500 8.3 .i.15 1..i9 56.i 000.i8 136 0 560 13.5 3?3 ??.i

R3 378+60 381+90 330 18 0.497 8.3 4.12 2.24 6.37 0.0056 13.9 0 6.32 13.8 3.53 2.60

R4 381 ...90 385+20 330 17 0.494 8.3 4.10 2.60 6.70 0.0061 13.9 0 6.64 13.9 3.69 2.75

R5 385...20 388...50 330 19 0500 83 .i15 ?75 690 o 006.i 14.0 0 685 139 379 ?85

R6 388+50 391 ...80 330 22 0.509 83 .i.23 2.85 7.08 0.0065 14.1 0 7.05 14.1 3.8.i 2.97
R7 391+80 395+10 330 27 0.524 8.3 4.35 2.97 7.32 0.0065 14.4 0 7.31 14.4 3.87 3.12

R8 395...10 398...40 330 3? 0,539 8,3 4.48 31? 7,60 0.0065 14,6 0 75? 146 3.90 3?5

R9 398...40 401 ...70 330 36 OS5? 83 .i58 3.?5 783 00065 14.8 0 7.73 1.i.8 3.92 3.39

R10 401+70 405+00 330 38 0.558 83 4.63 3.39 8.01 0.0065 15.1 0 8.01 15.0 3.96 3.56

R11 405...00 408+30 330 36 0.552 83 4.58 3.56 8.13 0.0065 15.2 0 8.06 15.1 3.97 3.59

R12 408...30 412...70 440 40 075? 83 6?4 359 983 00065 11',6 0 973 16.6 .i.15 .i.67

R13 412...70 417+10 440 .i1 0.756 83 6.27 .i.67 1094 00065 17.6 0 1093 17.5 .i.27 5.46

R14 417+10 421+50 440 38 0.743 8.3 6.17 5.46 11 63 0.0065 180 0 11 50 18.0 4.33 5.84

R15 421+50 425+90 440 33 0.723 83 600 584 11 84 0.0065 18.2 0 11.71 181 4.35 599

R16 425...90 430...30 440 30 0711 83 590 599 11 89 00065 18.2 0 11.79 18.2 .i.35 604

R17 430...30 434...70 440 27 0699 8.3 580 604 11 84 00065 18.2 0 11.71 18.1 435 5.99

R18 434+70 439+10 440 22 0679 83 563 5.99 11 62 0.0065 180 0 11.50 • 18.0 433 5.84

R19 439+10 443+50 440 15 0651 8,3 5.40 584 11.24 0.0065 17.7 0 11.14 17.7 4.29 560

R20 443+50 447+90 440 11 0634 8.3 527 560 10.86 00065 17.5 0 10.79 17..i .i.?6 5.37

R21 447+90 452...30 440 8 0622 83 516 537 1053 00065 17.3 0 10.52 17.2 4.23 5.19

R22 452...30 456+70 440 8 0.6?? 8.3 5.16 5.19 10.35 0.0065 17.1 0 10.32 17.1 4.21 5.05

R23 456...70 461+10 440 7 0.618 8.3 5.13 5.05 10.18 0.0065 16.9 20 2.11 6.6 2,75 0.i0

R24 461+10 464+50 340 4 0.468 8.3 3.89 0.i0 4,29 00065 10.6 20 0.01 0.8 0.70 0.00

R?5 46.i...50 OUTFAll

W
'-l
~
~



JOB _l--'='------L.\,..L.-.L'=-- ~~l....._l___

COMPUTATIONS FOR~C1:: 12/ZI?fN

SVERDRUP

•
C..qEC.~ orp::;,ET "FOiZ 3~"Fr ~-P~/Nb-:

1I\A'< 1?:oTt:Jh ~~. (?')
<::?----~

•
/

/

6"?~1, q (S) ::::

¢='S
r

CD~

:J-. 'iT' r..c0.

•
.... t'l/ P. 0.)10 0

r-g _
f'

LCh \ 13:18 )) '=

d = l\qS)IS- - (415/,S- 'X l'l7::1 ) -~7-fT- ~I.



••
SVERDRUP

JOB=-rL?Y1:7f'Z;::. - t.fOy:n -
COMPUTATIONS FOR 1\tE...._-r:TZ..6 cAe -r/~)N

SHEET NO. 3'L OF ~ q__
DATE 8/Cfl
BY~CifCHKD l!'i[f

c
330/

•

\N~\DE GLJll"E'e.

~"l:bIlt>1 !H~;

/'

'y

(1:= 3.30 FI- 2.~ (SlN Yz. r)

= Z(LfiS-IS)( ~IN f)

T= 3 ,61C?'t a

L:. ~ (T(~o\~~»)

=0 (sxon")(3,8\'iZ..) (- ~~) =- ':;'~3. zqt/ r=r -:"~ll7!S

Tc:R... ~~rr5JZ:Sl10'1/HOI :.

• L = 12.. (r') ::: 3-3::) =(SCOJ)( I) 1JT 9 T-:- -,,761 0

~o

L": tt ~Il-l (lit- T:);; 2. (LfI!::>},S)~/f'1 (~,~l)== 3Z~ .. 74 n



•
SVERDRUP

COMPUTATIONS FOR]\iE_I~ Vf2.,.b-It/_-

SHEET NO. ':0 OF

DATE Bitt!
By~VrCHKD terJ

•

L == e..G:-)=f 4Yo = (~OYJ)(I)(~ )
?0{J

I=- 5,0-17- 0

C-= 2 e. 'S, N (Ik T)
= -Z (lf15IS ') SIH ('5,1:z..) :: '-1~-.5'l

l =::- :;50 = (sc::t:b') (T') ( "ZIT' ) 7 :r:: t...f, 0 J

- 3Go

• = '-{ t S =- (50"00) ( T') (I lir \ ~ r ~ (/,37 0

~bO)

C -: ?(tfl5/5) ?/r-I (':!.:J :: LI"Zo. 75



DATE~~.w-------
~/AI • .- rr---/
BY~CHKD~\'---"---

JOB =1'--"""C-.....J-,.,....-"'""""-----~---'-...1_f_---

COMPUTATIONS FOR -1!. \'E, =r]Z.LX..k. =PfZt>,I!'=L.;·

SVERDRUP

••
-- - - -- -- ~

•
\c. = 3.7 M l~\

~YEO A~'E.:6 -= Co I, ':J t=I X L

L- ~Hell::. / G6-Tl'J+ e,t>.s..1 Ii~~

:-:~-.::, CA l..(.. ,St,-SIS Ai2-:·~ ;;;;;i> \1-11 1l,....t:\R... FoR.- ++1 t-J+t d: (...(;U...I

t'l ~ I....: ". rc.. DNLI' Tt1t .f.'-.~~' . L \~1£\ I..)..b{2}~.~ -"' Vi r-1c'iE I
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•
STORM SEWER DESIGN: SEWER CALCULATION SHEET

LOCATION DATA DESIGN DATA
HIGHWAY: TOYOTA, USA TEST TRACK FfEO.B'.,(;Y:---..Q.Q

LOCATION: WE TRACK SECTION LOW GUillR
PROJECT NO':..:l4~O.:L4L7ZL- _

(YEAR)

• .'

.I;

~.r:.
~



-. STORM SEWER DESIGN: ELEVATION SUMMARY

LOCATION DATA

HIGHWAY: TOYOTA, USA TEST TRACK

LOCATION: N/E TRACK SECTION, LOW GUTTER
PROJECT NO.:....,;4.....;;.0...,;.4...;.,.7...;.,.7 _

•

•

LOCATION SEWER PROFILE

LINE FROM TO INV. ELEVATION GRATE ELEV. LENGTH SLOPE DIAM.

NO. INLET OUTLET INLET OUTLET (FT.) (FT/FT) (IN.)

R1 372+00 375+30 1731.10 1730.09 1736.06 1735.02 326.74 0.0031 24
R2 375+30 378+60 1729.98 1728.69 1735.02 1733.63 326.74 0.0040 24

R3 378+60 381+90 1728.57 1727.02 1733.63 1731.95 326.74 0.0048 24

R4 381+90 385+20 1726.90 1725.12 1731.95 1730.04 326.74 0.0055 24

R5 385+20 388+50 1725.01 1723.06 1730.04 1727.99 326.74 0.0060 24

R6 388+50 391+80 1722.44 1720.44 1727.99 1725.86 326.74 0.0062 30

R7 391+80 395+10 1720.32 1718.28 1725.86 1723.72 326.74 0.0063 30

R8 395+10 398+40 1718.16 1716.12 1723.72' 1721.58 326.74 0.0063 30

R9 398+40 401+70 1716.00 1714.00 1721.58 1719.44 326.74 0.0062 30

R10 401+70 405+00 1713.88 1711.87 1719.44 1717.30 326.74 0.0062 30

R11 405+00 408+30 1711.75 1709.74 1717.30 1715.16 326.74 0.0062 30
R12 408+30 412+70 1709.12 1706.36 1715.16 1712.31 435.59 0.0064 36
R13 412+70 417+10 1706.24 1703.47 1712.31 1709.45 435.59 0.0064 36
R14 417+10 421+50 1703.35 1700.62 1709.45 1706.60 435.59 0.0063 36

R15 421+50 425+90 1700.50 1697.78 1706.60 1703.74 435.59 0.0063 36
R16 425+90· 430+30 1697.66 1694.94 1703.74 1700.89 435.59 0.0063 36

R17 430+30 434+70 1694.82 1692.09 1700.89 1698.03 435.59 0.0063 36

R18 434+70 439+10 1691.97 1689.25 1698.03 1695.18 435.59 0.0063 36
R19 439+10 443+50 1689.13 1686.40 1695.18 1692.32 435.59 0.0063 36
R20 443+50 447+90 1686.28 1683.52 1692.32 1689.47 435.59 0.0064 36
R21 447+90 452+30 1683.40 1680.67 1689.47 1686.62 435.59 0.0063 36
R22 452+30 456+70 1680.55 1677.83 1686.62 1683.76 435.59 0.0063 36
R23 456+70 461+10 1677.71 1674.98 1683.76 1680.91 435.59 0.0063 36
R24 461+10 464+50 1674.86 1672.76 1680.91 1678.70 336.64 0.0063 36
R25 464+50 465+70 1672.65 1672.12 1678.70 135.00 0.0040 42

SD1 465+70 OUTFALL 1672.01



•

4

2

15

20

10

9

8

7

T (FT)

6,,,,,
" 5,,,,,

,,
'2

-C/)

" -~ (l)
LI.. <5- 0

c > II

> C-
20

0.3

15

0.2

10
9
8

7
0.1 6

0.08 5

0.03

0.04

0.06

\ ,,, ', ', ', ,
, ', ', ', '

" " 0.02, ,, ,, ,, ,, ,, ,, ,

Sx

0.1

0.08

0.06

1LIz
0.04 :J

0.03
C)

z
z
a::

0.02 ::>
~

,,,,
\

. O.OJ

GIVEN
S =0.02
Sx= 0.015

T =6 FT

n =0.016

EXAMPLE
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FIND

Vn =0.32 FT/S

V =1.95 FT/S

CHART 2. Velocity in triangular gutter sections.
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EXAMPLE: GIVEN:
n=0.016; Sx=0.03
S=0.04 i T =6 FT

FINO:
o =2.4 FT 3/S
on =0.038 FT~S

I) For V-Shope, use the nomooroph with

Sx =SxI Sx2 /( Sxl + Sx2)

2) To determinedischarOe In outter with

composite cross slopes, find Os usino

Ts and Sx. Then, use CHART 4 to

find Eo. The total dlscharoe is
O=Os/{I-Eo), and Ow=O-O.,
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CHART 3. Flow in triangular gutter sections.
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EXAMPLE:
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t: 9-

0
> 8

>0-
f- 7-u
CI...

6&II
>

U1
U1 II:

&II 5
>
CI
I 4:z:

M
~...

3A.
M

2

LENGTH OF GRATE L eFT) ; Rf

CHART 7. Grate inlet frontal flow interception efficiency.
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CHART I. Grate Inlet side fll. latereeptlla efflele.ey.
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CHART 9. Curb-opening and slotted drain inlet length
for total interception.

s

0.01

EXAMPLE:

GIVEN: n=0.016 i S=O.OI
Sx=0.02 ; Q= 4 FT3/S

FINO: LT = 34 FT

n

FOR COMPOSITE CROSS SLOPES, USE S. FOR Sx'

S. : Sx +~ Eo ; S~: a/w
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FOR NON-RECTANGULAR
SECTIONS

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

Ye = EQUIVALENT BRINK DEPTH

= BRINK DEPTH FOR BOX CULVERT

2

DESIGN DISCHARGE - Q

Vave

V(32:2)(Ye)

Vave = WETTED AREA AT BRINK OF CULVERT

<t. SECTION

1

FROUDE NUMBER

hs
NOTE: 2 < - < 4

- d50 -

IF TW > 0.75
Yo

RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTREAM
FROM BASIN - SEE DESIGN
EXAMPLE IN TEXT.
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SECTION AREA AT SEC. A-AI· SPECIFIED EXIT VelOCITY,

NATURAL CHANNel

~
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TO SUPPORT RIPRAP

2dso ORU~AX

EXCAVATE TO THIS LINE
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e e e
Toyota - Arizona Proving Ground 8/21/91

Oval Track Retention Volumes

Weighted
Track Area to be Retained Pavement Runoff Shoulder Runoff Retention Runoff Runoff Rainfall Total Area

Section Coeff. section Coeff. Basin Coeff . Coeff • (Inches) (Acres)
254+00 to 257+60 360x54 0.95 360x11. 8 0.50 75x50 1.00 0.89 3.3 0.668

257+60 to 264+00 640x54 0.95 640xl1. 5 0.50 125x50 1.00 0.89 3.3 1.157
264+00 to 272+70 870x54 0.95 870x15.8 0.50 150x50 1.00 0.87 3.3 1. 625
272+70 to 278+50 580x54 0.95 580x19.8 0.50 125x50 1.00 0.86 3.3 1.178

278+50 to 283+50 500x54 0.95 500x21. 3 0.50 100x50 1.00 0.85 3.3 1.024

283+50 to 288+90 540x54 0.95 540x21. 3 0.50 100x50 1.00 0.85 3.3 1.093

288+90 to 297+50 860x54 0.95 860x22.8 0.50 150x50 1.00 0.84 3.3 1. 747

320+00 to 326+50 650x54 0.95 650x22.3 0.50 125x50 1.00 0.85 3.3 1.334

326+50 to 331+25 475x54 0.95 475x23.3 0.50 100x50 1.00 0.84 3.3 1.002

331+25 to 338+00 675x54 0.95 675x23.3 0.50 125x50 1.00 0.84 3.3 1.393

338+00 to 341+00 300x54 0.95 300x23.3 0.50 75x50 1.00 0.85 3.3 0.656

341+00 to 344+00 300x54 0.95 300x25.3 0.50 75x50 1.00 0.84 3.3 0.670

344+00 to 347+50 350x54 0.95 350x22.3 0.50 75x50 1.00 0.85 3.3 0.737

347+50 to 351+30 380x54 0.95 380x22.3 0.50 75x50 1.00 0.85 3.3 0.789

351+30 to 357+20 590x54 0.95 590x22.8 0.50 100x50 1.00 0.84 3.3 1.164

357+20 to 361+40 420x54 0.95 420x20.5 0.50 75x50 1.00 0.86 3.3 0.878

361+40 to 365+00 360x54 0.95 360x18.3 0.50 75x50 1.00 0.86 3.3 0.721

Page 1



e e e
Toyota - Arizona Proving Ground 8/21/91

Oval Track Retention Volumes

Calculated Calculated
Runoff Runoff Pav't Pav't Pav't Shoulder Shoulder Shoulder Retention

Track Area to be Retained Volume Volume Length Width Area Length Width Area Area

(Acre Ft) (Cu Ft) (Ft) (Ft) (SF) (Ft) (Ft) (SF) (SF)
254+00 to 257+60

...
0.164 7,146 4,248 5394360 54 19,440 360 11.8

257+60 to 264+00 0.284 12,377 640 54 34,560 640 11.5 7,360 8494
264+00 to 272+70 0.389 16,926 870 54 46,980 870 15.8 13,746 10044
272+70 to 278+50 0.278 12,097 580 54 31,320 580 19.8 11,484 8494

278+50 to 283+50 0.239 10,428 500 54 27,000 500 21. 3 10,650 6944

283+50 to 288+90 0.255 11,109 540 54 29,160 540 21.3 11,502 6944

288+90 to 297+50 0.404 17,591 860 54 46,440 860 22.8 19,608 10044

320+00 to 326+50 0.310 13,499 650 54 35,100 650 22.3 14,495 8494

326+50 to 331+25 0.233 10,132 475 54 25,650 475 23.3 11,068 6944

331+25 to 338+00 0.322 14,021 675 54 36,450 675 23.3 15,728 8494

338+00 to 341+00 0.153 6,677 300 54 16,200 300 23.3 6,990 5394

341+00 to 344+00 0.155 6,759 300 54 16,200 300 25.3 7,590 5394

344+00 to 347+50 0.172 7,494 350 54 18,900 350 22.3 7,805 5394

347+50 to 351+30 0.184 8,009 380 54 20,520 380 22.3 8,474 5394

351+30 to 357+20 0.268 11,656 590 54 31,860 590 22.8 13,452 5394

357+20 to 361+40 0.207 9,019 420 54 22,680 420 20.5 8,610 6944

361+40 to 365+00 0.171 7,468 360 54 19,440 360 18.3 6,588 5394

Page 2



Cumulative Volume Computations for Retention Basins

On North Tangent Section of Oval Track

Retention Basin (75' x 50' )

storage Cumulative Cumulative

Area Volume Volume Volume

Elev. (Acres) (Acre Ft) (Acre Ft) (Cu Ft)
a 0.09 0.00 0.00 0
2 0.12 0.21 0.21 9,094

Retention Basin (lOO'x 50')

storage Cumulative Cumulative
Area Volume Volume Volume

Elev. (Acres) (Acre Ft) (Acre Ft) (Cu Ft)
0 0.11 0.00 0.00 0
2 0.16 0.27 0.27 11,891

Retention Basin (125'x 50')

Storage Cumulative Cumulative
Area Volume Volume Volume

Elev. (Acres) (Acre Ft) (Acre Ft) (Cu Ft)
0 0.14 0.00 0.00 0
2 0.20 0.34 0.34 14,688

Retention Basin (150'x 50')

Storage Cumulative Cum{ilative
Area Volume Volume Volume

Elev. (Acres) (Acre Ft) (Acre Ft) (Cu Ft)
0 0.17 0.00 0.00 0
2 0.23 0.40 0.40 17,484

8/21/91
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