oLD TROST CUT O
RICONSTRUCTION

ACYUP EYDRATLIC

DR

.

FLOODC

D CONTROL DISTRICT
RECEIVED

JUL 251994

CHENG

P&PM

DEP

HYDRO

ADMIN

LMGT

FINANCE

FILE

c&0

YOLUME

ENGR

REMARKS

TCDRC
2 \@ j: ﬁ@ i ?i

D, 94-24

JROCT

? A “;-

JULY 1993

ROIJTOT MO, TOORA0R




BEEIING
ELEVATIONS FOR THE
STORM PROTRAM




" . £ AT
, ' gl
. XZ Ay v
. . S

Greiner
Job No. EOOQIOZ ProlectQH &OSS &;/ [&M_G/I Sheet__/ of

. Sublect’B@ﬂluM‘A‘? /f«dvouch Cl/ade El 7‘52/ 760 STO*\M E
By 'Rl‘“’ i Date5— ‘;?lv ? yChecked By N M‘/ Date ‘i’ Z27 “(’:V

‘:"‘-RU/LDese L Dekuudue He Y WM‘Q be \««W éy&ml/c j

e e(eu&fv&v» (46L) T uae \A%z STok

Pocelure , Uting e €8 previvaudy couy uld af S, I(+00 Bur
Heo “HEC -2 cH//W Modé[ file vgue | EtPptzI-PAT
ard €l W; w{/hu})‘& Ve/ea%/ //,tzad! ot o Lo
culvat plus Ha Jeet of bead [ots due Yo /%
Exfaysion loss Fsn Ho foposed deulle 76 o’ 03¢
b e spun chaavel meacL Kowr S, Jito0 o |

. Sbar JOT00 . | @{qd@é&gg M
dives TR red au
Celeul &G clewwbsn af /too = rtaﬁv%; HE-2 CHMP Rwe
Box cuguw{‘ ve,ﬁec_yg Ko F//\S (Vu) HEC -2 File
PBox. culvet Vdocﬂ/7 head [Lv) 2.0’ | gﬁ%ﬁpfzz M,

Hol = €6 -l —H—%—@t!% %7 \) Gﬁawfea Weir

103
Dowustresce: Vdocfy H’e WJCSYA ¢ V)?&:gggg “1; |

ll\f/ = Ke (VVZVJA . | :HB«Q, |
3

Ke = 350 (b 9-) (éu bssn Eubigas S’fd.udm{

o€ ﬁyc(uau/ e futhitute )
o ?«'—" ,—5:72—0-—;?_0, s42z (5ee st 2) |
Ke = 3, S0 (&,05‘52) =0, /0v

Z /
[/lﬁ - 0./0 . (#9-8 /7 L = 00/7 Use @zo"é

27
. _ 7. 89 {4 04
Boghauieg HéL :[(%L\LLQ - %ﬂ = [(H“H‘:‘%‘la— 0.70)= 2. —B iy
Use /196.0) | -

{ ’Uo\le i EG  Wes Ofb‘eeJEJ Upleen é} Gueier f';FCl)l(C fev (Al (]¢{eJ Y2599,




- Greiner

Job zo.moo NN b 2 Project g\h& § £ hﬁ«\ m‘% %\ | m:mmﬂlN. of
Subject mQQ»S\S{ \n\w\&&\\\\ﬂ mJ;QR& m\~ M@? ﬂdmg B% A ¢ .
By @mm : Om:mm -2 \.wm\ Checked By .,2, NIV ’ Dmﬁmb\ -27 \\:\

" e Exist.
[2° " ehouell R Cubat

3
i 0
= e cosor 9
i g | |
Rk
' S g
1 S
|
1 - 3 IR
D)
1 :
R § ¥
] & A NT




Gl 2

BN

A0
-

T

o e

A

SEERREENY

7

j
l||||...|Ll it ..

T REgY
— 2O -
S mpe
, Le/ = <L
" ._N. T 0
N i T

i

OR CONTRACTIONT==-Aiphsebr"

|

.T-“" :

LI It Y

{O:1

H

1

-

argers i

._1 N P - -

}_ I T e

-+

TRANSITION HEAD LOSS — Pressure Elow

ft f i

i

RATFE OF FYPANSION

]

B R e el

|

—

FH L

N

Ke' = 3.50 (tan %)1.22 IBEE

'jjJ_TL Gibson ~ En

i
"';é£§_

g° 28' 4 7° 08" }-HH

-

19 1-F8° 08" H-H+Fe° 20

- fIH

S L

[1°19'

o

. S!andard of ‘the -Hydraulic Insti

]
R 1
el 4 TII X

]

1

g (i S S

PR e R

GBI QIS B S S

R P Bt ; m.w.w To Nl _ITHfO -
: , I R O I

1~ N R o X

' R
ihr
13

14° 03

Y

. -1-: l

:

O D

1 .l‘l" I....nl.w.u...w...fl




CRPEREELY
PrateE g
. RSN
- R AT
RO
S EA

Greiner

oo N 02/0 7 ProjectOlCl (}/O c¢< Q\'J/ (‘4(/\0 / Sheet Crl of

Subject BQQ:\M,MLPI /~/,9'07Vd,u,/l\c Gmc{o 5/4 'ﬁ\V 7‘&2 %PM @M:
By ?l‘iﬁ‘: 4 DateS‘-Q/ 2 Y CheckedBy_ N W Date__ )= 277 QL?L

Rupose '\ Pefanie Ko tfoansithon bss trom fo A Dowell
Roed Culwwrt u/SM %W;J I, O clawe!
reachs Koan sta. toto0 4o Hio0,

Foo
CQC/M )% w/oc/ o P‘ge /qcﬁdwe// Fd CZZ/I/@V/ ///587%5
2) Opfe CLWVLB/ Whet#y = AosTre— 10T s
B3YCulvert v = /,87 K | Sk 10700 (Yuled Hord woell Mhdosel])

4. Chawel v = 0.02 (1% Sta 10799 (Dutly fledosdl 218 0'cpe)
5) Ay < /cgg’GFsMce Av ca/uw/74v m/C&n)(fbf’

é) havKa (IALU «03(//85’) 0;& 0\&’7



‘‘‘‘‘ IR *““'“'“’#‘WWH; s
i - K - - - - .u .-
N

. :
\

~ ~

/
/

N \\
P N ~
> W o
. Z v
Vertical 33 3 §x§ \ : \ s:
L x £ o Swd T
-~ 9% © 8lu" x
/ . ‘”5 é Y Um'o \
- . [ = &A@
EXIST. 14'.x 10° g, glay < 10,
958 P <o EXIST. Ryw
oMo +'br = zu§ ) _\
T £ njwm :i
. EXIST. 10' X 100 55 ! . e ”‘7‘ -
: “¢B.c. e R« B .
- -~ Tt — P EXCAVATION LIMITS

QA TBM ~ PK NAIL IN PAVEMENT
McDOWELL ROAD ELEV. = 1192.36

TOP OF CONC. CHANNEL S c : _EXIST. .TOP OF BAN

STA. 10400
MMCOOWELL RD,
BOX' CULVERT

. 'SURFACE FEATURE INY, -—\ :




JUBICTITA]




1 o
\ c’
JUNCTION LOSS CALCULAIIONS Ny
PROJECT NAME: OLD CROSS CUT CANAL DESIGNER: CKED BY: \j
PROJECT NO.: E002102 DATE: 7—zo— DATE: - ,v "l
DOWNSTREAM STRUCTURE
NUMBER HEIGHT/ FRICTION VELOCITY
STORM PGM. Q OF WIDTH DIAMETER | AREA |PERIMETER | SLOPE VELOCITY| HEAD
SECNO STREET NAME MAINLINE NO. | (cfs) CULVERTS| (ft) (ft.) (sq.ft.) (ft.) _(ft/ft) (fps) (ft.)
19+00 GRANADA 2 4170 2 18 10 360.00 112.00| 0.0021647 11.58 2.08 74
35+81 OAK 5 4170 2 18 10 360.00 112.00| 0.0021647 11.58 2.08|. %
62+49 THOMAS S. 10 3900 2 18 10 360.00 112.00 | 0.0018935 10.83 1.82
64+34 THOMAS N. 11 3900 2 18 10 360.00 112.00| 0.0018935 10.83 1.82
75+85 EARLL 14 3800 2 18 10 360.00 112.00| 0.0017976 10.56 1.73
83+00 RICHARDSON 17 3800 2 12 10 240.00 88.00 | 0.0050353 15.83 3.89
88+61 OSBORN S. 18 2780 2 12 10 240.00 88.00 | 0.0026949 11.58 2,08
90+50 OSBORN N. 19 2780 2 12 10 240.00 88.00 | 0.0026949 11.58 2.08
96+64 WHITTON 20 2750 2| 12 10| 240,00 88.00 | 0.0026371 11.46 2.04
I 100+22 WELDON 22 2720 2 12 10 240.00 88.00 | 0.0025798 11.83 1.99
UPSTREAM STRUCTURE
NUMBER HEIGHT/ FRICTION LOCITY
STORMPGM. | Q OF  |WIDTHDIAMETER | AREA |PERIMETER | SLOPE VELOCITY | HEAD
SECNO |  STREETNAME __|MAINLINE NO. | (cfs) CULVERTS (ft) (ft) (sq.ft) (ft) (f/ft) (fps) (ft)
19+00 GRANADA 2 4113 2 18 10 360.00 112.00 | 0.0021060 11.43 2.03 /{
I 35+81 OAK 5 3721 2 18 10 360.00 112.00| 0.0017237 10.34 1.66| 7¢
62+49 THOMAS S. 10 3894 2 18 10 360.00 112.00| 0.0018877 10.82 1.82
64+34 THOMAS N. 1 3850 2 18 10 360.00 112.00| 0.0018452 10.69 1.78
75+85 EARLL 14 2745 2 18 10 360.00 112.00| 0.0009380 7.63 0.90
83+00 RICHARDSON 17 3765 2 12 10 240.00 88.00 | 0.0049429 15.69 3.82
88+61 OSBORN S. 18 2504 2 12 10 240.00 88.00| 0.0023464 10.81 1.81
90+50 OSBORN N. 19 2730 2 12 10 240.00 88.00 | 0.0025988 11.38 2.01
96+64 WHITTON 20 2741 2 12 10 240.00 88.00 | 0.0026198 11.42 2.08
100+22 WELDON 22 2646 2 12 10 240.00 88.00 | 0.0024414 11.08 1.89
T TATERAL STRUCTURE
I( NUMBE;J HEIGHT FRICTION VELOCITY
g STORM PGM. Q OF WIDTHDIAMETER | AREA  |PERIMETER | SLOPE VELOCITY| HEAD
SECNO | STREETNAME _ IMAINLINE NO. | (cfs) CULVERTS' (it) (ft) (sq.ft.) (ft) (Ft/ft) (fps) i3]
\ 19+00 GRANADA 2 57 1 3.5 9.62 11.00| 0.003210 5.82 0.55 ﬁ/j’
35+81 OAK 5 449 1 8 6 48.00 28.00| 0.003264 9.35 1.36|\g/L
62+49 THOMAS S. 10 6 1 3 7.07 9.42| 0.000081 0.85 0.01
I il 64+34 THOMAS N. 11 50 1 25 4.91 7.85| 0.014860 10.19 1.61
-’,_\ 75+85 EARLL 14 1055 1 12 10 120.00 44.00| 0.001552 8.79 1.20
A 83+00 RICHARDSON 17 35 1 25 4.91 7.85| 0.007281 7.13 0.79
88+61 OSBORN S. 18 186 1 6 6 36.00 24.00| 0.001190 5.17 0.41
90+50 OSBORN N. 19 50 1 4 12.57 12.57 | 0.001212 3.98 0.25
96+64 WHITTON 20 9 1 1.5 1.77 4.71| 0.007341 5.09 0.40
100+22 WELDON 22 74 1 4 12,57 12.57 | 0.002654 5.89 0.54
JUNC| [AT JUNC Q v hiv [OSS |
STR ANGLE TODELTA| LOSS IN IN IN COEF.
STORM PGM. | LGTH| MAIN | Y Hj STORM D.S. D.S. Ki
SECNO |  STREETNAME __|MAINLINENO. || (ft) | (deg) | (ft) () |PROGRAM | LINE LINE
<\)
4 4| 19+00 GRANADA 2 4.04 60.0| 0.107 0.0506 4100.00 11.39 2.01 0.03|| (-
‘L 35+81 OAK 5 36.96 12.5| 0.567 0.1426 4100.00 2, 11.39 2.01 0.07
20|00 62+49 THOMAS S. 10 3.46 60.0| 0.018| oY 0.0119|  4100.00 10€7/ 1189 \ 42201 0.01
< i_ 64+34 THOMAS N. 11 2.89 60.0| 0.076)" 0.0299|  4100.00| 5 4% 1439 \.42.2:01 Lot , 07
A0 & 75+85 EARLL 14 55.44 12.5| 0,949y 0.1220 4100.00| o.<f 1139 (. 3% 2:01 066| . 0%
DoV L 83+00 RICHARDSON 17 2.89 60.0( 0.141 0.0696|  4100.00| ¢, @7 1768 3% 453 0.02
/,‘;qU 1‘- 88+61 OSBORN S. 18 27.72 12.5| 0.487 0.2179 4100.00 "’, g 1768 2°0% 453 0:05| 0-10S
—~| 90+50 OSBORN N. 19 5.66 45.0| 0.145 0.0710 4100.00 @ 1708 |72-0% 4:53 002 0. 0%
47160 | 96+64 WHITTON 20 1.50 90.0| 0.031 0.0173 4100.00| |[5° “47.08172i0) 468 0:00( ©. o\
Wip | 100+22 WELDON 22 4.00 90.0| 0.224 0.1171 4100.00| |1-Hb 17.08 {*5% 4.53 O-03|REV. 7-1-94
A \0108 0. 0F
i
] A/ )
i !
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//
PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4A25\N0. OF GRATES: 3
JOB NUMBER: E002102 Height of Catch Basin: A Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.0.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: GRANADA RD. Manning's n: 0.014
TOP OF APRON ELEVATION 1201.80 Grate Total Area: 6.67
PIPE HG AT INLET 1199.697, ([ < Total Perimeter: 10.67 £
GRATE ELEVATION: 1199.30 Hydraulic Radius: 0.6251
Q Hp Ho An Ag KI KI—Kt Kig Vn Hvn Vg Hvg Kin Kin Qo
Assumed | Pressure | Oriface | Net Grate | Total Grate | Calulated Total Total Loss Coeffcient Calkulated Trashrack | Net Grate Area | Net Gratc Area | Total Grate Area | Total Grate Area |Calculated Trashrack *Small Dam's" Discharge
| Discharge| Head Head | Op Open Area | Loss Coefficient Without Trashrack Loss | Adjusted Coefficient Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficient | Oriface Equation
60 2.11 2.50 20.01 15.1133 1.5611 13.5523 4.7059 0.3439 2.9985 0.1396 5.5022 0.7573 108.39
70 2.11 2.50 20.01 11.1037 1.5611 9.5426 5.4902 0.4680 3.4983 0.1800 3.8743 0.7573 108.39
80 2:1% 2.50 20.01 8.5012 1.5611 6.9402 6.2745 0.6113 3.9980 0.2482 2.8177 0.7573 108.39
90 2.11 2.50 20.01 6.7170 1.5611 5.1560 7.0588 0.7737 4.4978 0.3141 2.0933 0.7573 108.39
100 2.11 2.50 20.01 5.4408 1.5611 3.8797 7.8431 0.9552 4.9975 0.3878 1.5752 0.7573 108.39
110 2.11 2.50 20.01 4.4965 1.5611 2.9355 8.6275 1.1558 5.4973 0.4693 1.1918 0.7573 108.39
120 2.11 2.50 20.01 3.7783 1.5611 2.2173 9.4118 1.3755 5.9970 0.5584 0.9002 0.7573 108.39
125 293 2.50 20.01 3.4821 1.5611 1.9211 9.8039 1.4925 6.24869 0.6060 0.7800 0.7573 108.39
126.015 291 2.50 A 20.01 3.4262 1.5611 1.8652 9.8835 1.5168 6.2976 0.6158 0.7573%2 0.7573 108.39
N A 4
LRI * A ““
g W\ @ 25 6-6%F LK’ ) -
\’],D\ el X 3 ’Af .’%, -
TS
7S

A B T D E = z f £ 7 E L M N
NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’

({) O¥ L e \/J,/ 65\/& 21 4 ’
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 19
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Ki: 0.0611
CATCH BASIN LOCATION: OAK STREET STA. 37+12.17 Manning's n: 0.014
CHIMP HG ELEVATION: 1205.26 Grate Total Area: 6.67
LATERAL HG AT INLET: 1202.68 Total Perimeter: 10.67
GRATE ELEVATION: Loy 1200.68 (CHIMP INV. EL. =1202.04) Hydraulic Radius: 0.6251
Q Hp Ho An Ag Kl KI—Kt Kig vn Hvn Vg Hvg Kin Kin Qo
Assumed |Pressure | Oriface Net Grate | Total Grate | Calkulated Total Total Loss Coeffcient Calkulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam's*® Discharge
Discharge| Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss | Adjusted Coefficiert Velocity Velocity Head Velocity Velocity Head Coefficiert Trashrack Coefficient | Oriface Equation |
400 2.58 4.58 80.75 126.73 16.6780 1.5611 15.1170 4.9536 0.3810 3.1563 0.1547 6.1375 0.7573 929.17
500 2.58 4.58 80.75 126.73 10.6739 1.5611 9.1129 6.1920 0.5953 3.9454 0.2417 3.6998 0.7573 929.17
600 2.58 4.58 80.75 126.73 7.4125 1.5611 5.8514 7.4303 0.8573 4.7345 0.3481 2.3757 0.7573 929.17
700 2.58 4.58 80.75 126.73 5.4459 1.5611 3.8848 8.6687 1.1669 5.5236 0.4738 1.5772 0.7573 929.17
800 2.58 4.58 80.75 126.73 4.1695 1.5611 2.6085 9.9071 1.5241 6.3126 0.6188 1.0590 0.7573 929.17
850 2.58 4.58 80.75 126.73 3.6934 1.5611 2.1324 10.5263 1.7205 6.7072 0.6985 0.8657 0.7573 929.17
860 2.58 4.58 80.75 126.73 3.6080 1.5611 2.0470 10.6502 1.7613 6.7861 0.7151 0.8311 0.7573 929.17
870 2.58 4.58 80.75 126.73 3.5255 1.5611 1.9645 10.7740 1.8025 6.8650 0.7318 0.7976 0.7573 929.17
880 2.58 4.58 80.75 126.73 3.4459 1.5611 1.8848 10.8978 1.8441 6.9439 0.7487 0.7652 0.7573 929.17
882.5 2.58 4.58 80.75 126.73 3.4264 1.5611 1.8653 10.9288 1.8546 6.9636 0.7530 0.7573 0.7573 929.17
§ =
) 5 ( a 1 ]
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NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should Column ‘N’
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: -
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Ki: 0.0611
CATCH BASIN LOCATION: WINDSOR fTA. 57+90 Manning's n: 0.014
CHIMP HG AT INLET: 1208.31 Grate Total Area: 6.67
MAINLINE HG AT DROP INLET: 1206.77 Total Perimeter: 10.67
GRATE ELEVATION: 1206.76 Hydraulic Radius: 0.6251
Q Hp Ho An ~ Ag [ KI—Kt Kig vn Hvn Vg Hvg Kin Kin Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Calkulated Total Total Loss Coeffcient Cakulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area [Calculated Trashrack *Small Dam's" Discharge
Discharge| Head Head QOpen Area | Open Area | Loss Coelfcient Without Trashrack Loss | Adjusted Coefficient Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficient | Oriface Equation |
90 1.54 1.55 17 26.68 8.7155 1.5611 7.1545 5.2941 0.4352 3.3733 0.1767 2.9047 0.7573 113.80
100 1.54 1.55 17 26.68 7.0598 1.5611 5.4985 5.8824 0.5373 3.7481 0.2181 2.2324 0.7573 113.80
110 1.54 1.55 17 26.68 5.8344 1.5611 4.2733 6.4706 0.6501 4.1229 0.2640 1.7350 0.7573 113.80
120 1.54 1.55 17 26.68 4.9025 1.5611 3.3414 7.0588 0.7737 4.4978 0.3141 1.3566 0.7573 113.80
130 1.54 1.55 17 26.68 41773 1.5611 2.6162 7.6471 0.9080 4.8726 0.3687 1.0622 0.7573 113.80
140 1.54 1.55 17 26.68 3.6018 1.5611 2.0408 8.2353 1.0531 5.2474 0.4276 0.8286 0.7573 113.80
142 1.54 1.55 17 26.68 3.5011 1.5611 1.9400 8.3529 1.0834 5.3223 0.4399 0.7877 0.7573 113.80
143 1.54 1.55 17 26.68 3.4523 1.5611 1.8912 8.4118 1.0987 5.3598 0.4481 0.7678 0.7573 113.80
143.54 1.54 1.55 17 26.68 3.4264 1.5611 1.8653 8.4435 1.1070 5.3801 0.4495 0.7573 0.7573 113.80

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 2
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: THOMAS RD. SOUTH SIDE Manning's n: 0.014
CHIMP HG AT INLET: 1209.61 - Grate Total Area: 6.67
HG IN LATERAL AT INLET: 1209.50 Total Perimeter: 10.67
GRATE ELEVATION: 1207.00 Hydraulic Radius: 0.6251
Q Hp Ho An Ag Ki KI—Kt Kig Vn Hvn Vg Hvg Kin Kin Qo
Assumed | Pressure | Oriface Net Grate | Total Grate | Calkulated Total Total Loss Coeffcient Calkculated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area [Calkulated Trashrack *Small Dam's" Discharge
Disc harge Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss Adjusted Coefficiert Velocity Velocity Head Velocity Vclocil! Head Coefficient Trashrack Coelfficiert | Oriface Equation
10 0.11 2.61 8.5 13.34 12.6064 1.5611 11.0453 1.1765 0.0215 0.7496 0.0087 4.4844 0.7573 73.83
15 0.11 2.61 8.5 13.34 5.6028 1.5611 4.0418 1.7647 0.0484 1.1244 0.0196 1.6410 0.7573 73.83
17 0.11 2.61 8.5 13.34 4.3621 1.5611 2.8010 2.0000 0.0621 1.2744 0.0252 1.1372 0.7573 73.83
18 0.11 2.61 8.5 13.34 3.8909 1.5611 2.3298 2.1176 0.0696 1.3493 0.0283 0.9459 0.7573 73.83
19 0:11 2.61 8.5 13.34 3.4921 1.5611 1.9310 2.2353 0.0776 1.4243 0.0315 0.7840 0.7573 73.83
19.182 0.11 2.61 8.5 13.34 3.4261 1.5611 1.8651 2.2567 0.0791 1.4379 0.0321 0.7572 0.7573 73.83
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 2
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.78 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kif: 0.0611
CATCH BASIN LOCATION: THOMAS RD. NORTH SIDE Manning's n: 0.014
CHIMP HG AT INLET: 121219 a . Grate Total Area: 6.67
HG IN LATERAL AT INLET: 1208.42 = [225 - C Total Perimeter: 10.67
GRATE ELEVATION: 12C7.50 Hydraulic Radius: 0.6251
Q Hp Ho An Ag KI KI—-K1t Kig Vn Hvn Vg Hvg Kin Kin Qo
Assumed | Pressure | Oriface | Net Grate [ Total Grate | Cakulated Total Total Loss Coeffcient Cakulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam's® Discharge
Discharge| Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss | Adjusted Coefficient Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficiert | Oriface Equation
50 3.77 4.69 8.5 13.34| \( 17.2822 1.6611) [, ¢ D 15.7211 5.8824 0.5373 3.7481 0.2181 6.3828 0.7573 98.97
60 3.77 4.69 8.5 13.34 12.0015 1.5611| | 10.4405 7.0588 0.7737 4.4978 0.3141 4.2388 0.7573 98.97
70 3.77 4.69 8.5 13.34 8.8174 1.5611 7.2564 8.2353 1.0531 5.2474 0.4276 2.9461 0.7573 98.97
80 3.77 4.69 8.5 13.34 6.7509 1.5611 5.1898 9.4118 1.3755 5.9970 0.5584 2.1071 0.7573 98.97
90 3.77 4.69 8.5 13.34) 5.3340 1.5611 3.7730 10.5882 1.7408 6.7466 0.7068 5 1.5318 0.7573 98.97
100 3.77 4.69 8.5 13.34| Y 4:3205 1.5611| 9 . <3 | 27595 11.7647 2.1492 7.4963 0.8726 (3 1.1204 0.7573 98.97
110 3.77 4.69 8.5 13.34 3.5707 1.5611| 2.0097 12,9412 2.6005 8.2459 1.0558 ! 0.8159 0.7573 98.97
112 3.77 4.69 8.5 13.34 3.4443 1.5611 1.8833 13.1765 2.6960 8.3958 1.0946 0.7646 0.7573 98.97
112.295 3.77 4.69 8.5 13.34 3.4262 1.5611 1.8652 13.2112 2.7102 8.4179 1.1003 0.7573 0.7573 98.97
2.0n' a\L
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 40
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: EARLL DRIVE Manning's n: 0.014
MAXIMUM ALLOWABLE PONDING EL.: 1213.00 Grate Total Area: 6.67
HG IN LATERAL AT INLET: 1210.96 Total Perimeter: 10.67
GRATE ELEVATION: 1209.75 Hydraulic Radius: 0.6251
Q. Hp Ho An Ag Ki KI—Kt Kig Vn Hvn Vg Hvg Kin Ktn Qo
Assumed | Pressure | Oriface Net Grate Total Grate | Calkulated Total Total Loss Coeffcien Cakulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam’'s" Discharge
Disc harge Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss | Adjusted Coefficiernt Velocity Velocilx Head Velocity Velocity Head Coefficient Trashrack Coefficiert | Oriface Equation
1000 2.04 3.25 170 266.8 9.3516 1.5611 7.7908 5.8824 0.5373 3.7481 0.2181 3.1630 0.7573 1647.81
1100 2.04 3.25 170 266.8 7.7286 1.5611 8.1676 6.47086 0.6501 4.1229 0.2640 2.5040 0.7573 1647.81
1200 2.04 3.25 170 266.8 6.4942 1.5611 4.9331 7.0588 0.7737 4.4978 0.3141 2.0029 0.7573 1647.81
1300 2.04 3.25 170 266.8 5.5335 1.5611 3.9725 7.6471 0.9080 4.8726 0.3687 1.6128 0.7573 1647.81
1400 2.04 3.25 170 266.8 4.7712 1.5611 3.2102 8.2353 1.0531 5.2474 0.4276 1.3033 0.7573 1647.81
1500 2.04 3.25 170 266.8 4.1563 1.5611 2.5952 8.8235 1.2089 5.6222 0.4908 1.0537 0.7573 1647.81
1600 2.04 3.25 170 266.8 3.6530 1.5611 2.0918 8.4118 1.3755 5.9970 0.5584 0.8493 0.7573 1647.81
1650 2.04 3.25 170 266.8 3.4349 1.5611 1.8739 9.7059 1.4628 6.1844 0.5939 0.7608 0.7573 1647.81
1652 2.04 3.25 170 266.8 3.4266 1.5611 1.8656 9.7176 1.4663 6.1919 0.5953 0.7574 0.7573 1647.81
1652.05 2.04 3.25 170 266.8 3.4264 1.5611 1.8654 8.7179 1.4664 6.1921 0.5954 0.7573 0.7573 1647.81

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 2
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: RICHARDSON Manning’'s n: 0.014
MAXIMUM ALLOWABLE PONDING EL.: 1217.31 Grate Total Area: 6.67
HG IN LATERAL AT INLET: 1216.48 Total Perimeter: 10.67
GRATE ELEVATION: 1214.15 Hydraulic Radius: 0.6251
Q Hp Ho An Ag Ki Kl - Kt Kig vn Hvn Vg Hvg Ktn Ktn Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Cakulated Total Total Loss Coetficient Calkulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calculated Trashrack *Small Dam’'s" Disc harge
| Discharge| Head Head | Open Area | Open Area | Loss Coefficient | Without Trashrack Loss | Adjusted Coefficiert Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficiert | Oriface Equation
20 0.83 3.16 8.5 13.34 23.7802 1.5611 22.2192 2.3529 0.0860 1.4993 0.0349 8.0210 0.7573 81.24
40 2.04 3.16 8.5 13.34 14.6118 1.5611 13.0509 4.7059 0.3438 2.9985 0.1396 5.2987 0.7573 81.24
60 2.04 3.16 8.5 13.34 6.4942 1.5611 4.9331 7.0588 0.7737 4.4978 0.3141 2.0029 0.7573 81.24
80 2.04 3.16 8.5 13.34 3.6530 1.5611 2.0919 9.4118 1.3755 5.9970 0.5584 0.8493 0.7573 81.24
82.605 2.04 3.16 8.5 13.34 3.4262 1.5611 1.8652 9.7182 1.4665 6.1923 0.5954 0.7573 0.7573 81.24

r

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should

Column ‘N’
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PROJECT NAME:

OLD CROSS CUT CANAL

Grate Net Area: 4.25 No. OF GRATES: 9
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: OSBORN SOUTH STA. 88+61 Manning's n: 0.014
MAXIMUM ALLOWABLE PONDING EL.: 1220.50 Grate Total Area: 6.67
HG IN LATERAL AT INLET: 1218.43 Total Perimeter: 10.67
GRATE ELEVATION: 1218.17 Hydraulic Radius: 0.6251
Q Hp Ho An Ag Kl KI—Kt Kig vn Hvn Vg Hvg Kin Ktn Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Calkulated Total Total Loss Coeffcient Calculated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calculated Trashrack *Small Dam's" Discharge
Discharge| Head Head | Open Area | Open Area | Loss Coeffcient | Without Trashrack Loss | Adjusted Coefficiernt Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficient | Oriface Equation
200 2.07 2.33 38.25 60.03 12.0097 1.5611 10.4487 5.2288 0.4245 3.3317 0.1724 4.2422 0.7573 313.93
300 2.07 2.33 38.25 60.03 5.3377 1.5611 3.7766 7.8431 0.9552 4.9975 0.3878 1.5333 0.7573 313.93
350 2.07 2.33 38.25 60.03 3.9215 1.5611 2.3605 9.1503 1.3001 5.8304 0.5279 0.9584 0.7573 313.93
360 2.07 2.33 38.25 60.03 3.7067 1.5611 2.1457 9.4118 1.3755 5.9970 0.5584 0.8711 0.7573 313.93
370 2.07 2.33 38.25 60.03 3.5090 1.5611 1.9480 9.6732 1.4530 6.1636 0.5899 0.7909 0.7573 313.93
374.44 2.07 2.33 38.25 60.03 3.4263 1.5611 1.8653 9.78983 1.4880 6.2375 0.6041 0.7573 0.7573 313.83

Column ‘N’

NS



Greiner

! o
Job No. EOOZ lo & Project O ,z Q @O SS iﬂl j—£_ CEUA a i’ Sheet [ of Z
Subject L/Xli‘elfa { A;Ua (’J S E ¢ ’f:.‘l(r 'L(/{v d‘(,é /Q‘(J—Gg/‘ ,‘? alsn - 66&1:’[/‘5 S‘f(}i“”—"
By 'R 1'”"‘\1:_: Date 7’ 20 - 7 o Checked By ,/v‘ id Date ;/ 24 - b."; &
= / { : L el
Feadweg > Osbova  Nark Covmeclon S 204Co
L :
Gvale El =1218.80 Q= 50 {1

E & q{‘ Ma:'..ﬂ.\m_a e . 99+Co = /2(9.38
Levg¥e of 48RP = f?/
& = 4S°

Se= 0.001212 &(H

E& i lLalorve! ot (ulef :
he = SL4l = Cooo2) (8") =) .

V=3,98 45

£l=he = 0.0l A

Lateol €& at lulet = DS. Box Eq + £la= 1219.28 + B01=R 4939
Lateval HG af luled = Lal, €6 ot lulet =hv = 1209.39- 0,27 = 120914

Mede A(‘@«s{ugi e HG > Grale el by pressiwe atolylis *ut

ule s will (deveepd wievo Wa SO F3 . This asSwes s
~ ' 7/ ,‘l ! ¢ 3 /
3 gmdes w/ S0% Chyghs, & quak: puvided,

({(\J [ S Y 1 B d'l Siear < S / :
ater 1o attacwe paa 4pres T pressue cunaly (/5.




PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 3
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: OSBORN NORTH — STA. 90+50 Manning’'s n: 0.014
MAXIMUM ALLOWABLE PONDING EL.: - 1221.00 Grate Total Area: 6.67
HG IN LATERAL AT INLET: 121914 Total Perimeter: 10.67
GRATE ELEVATION: I 1218.80 » Hydraulic Radius: 0.6251
Q Hp Ho An Ag KI Ki—-Kt Ktg vn Hvn Vg Hvg Ktn Ktn Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Cakulated Total Total Loss Coetfcient Cakulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam’'s" Discharge
| Discharge| Head Head | Open Area | Open Area | Loss Coefficient | Without Trashrack Loss | Adjusted Coefficient Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficiert | Oriface Equation
50 1.86 2.20 12.75 20.01] 19.1846 1.5611 17.6236 3.9216 0.2388 2.4988 0.0970 7.1552 0.7573 101.68
100 1.86 2.20 12.75 20.01 4.7962 1.5611 3.2351 7.8431 0.9552 4.9975 0.3878 1.3135 0.7573 101.68
110 1.86 2.20 12.75 20.01 3.9638 1.5611 2.4027 8.6275 1.1558 5.4973 0.4693 0.9755 0.7573 101.68
115 1.86 2.20 12.75 20.01 3.6266 1.5611 2.0655 9.0196 1.2633 5.7471 0.5129 0.8386 0.7573 101.68
1186 1.86 2.20 12.75 20.01 3.5643 1.5611 2.0033 9.0980 1.2853 5.7971 0.5218 0.8133 0.7573 101.68
147 1.886 2.20 12.75 20.01 3.5037 1.5611 1.9426 9.1765 1.3076 5.8471 0.5309 0.7887 0.7573 101.68
118 1.86 2.20 12.75 20.01 3.4445 1.5611 1.8835 9.2549 1.3300 5.8971 0.5400 0.7647 0.7573 101.68
118.315 1.86 2.20 12.75 20.01 3.4262 1.5611 1.8652 9.2796 1.3371 5.9128 0.5429 0.7573 0.7573 101.68

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 19 4 |
JOB NUMBER: £002102 Height of Catch Basin: 4 Ke: 050 O- @é ] ]
Top Slab Thickness: 1.75 Ko: 1.00 L—
GRATE TYPE: C.0.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611,_— ———
CATCH BASIN LOCATION: OAK STREET STA. 37+ 12.17 Manning’s n: 0.014 ’ G
CHIMP HG ELEVATION: 1205.26 Grate Total Area: 6.67 -~ I = 5 l '
LATERAL HG AT INLET: 1202.74 Total Perimeter: 10.87
GRATE ELEVATION: 1200.68 (CHIMP INV. EL. =1202.04) Hydraulic Radius: 0.6251
Q Hp Ho An Ag Kl Kl—Kt Kig vn Hvn Vg Hvg Kin Ktn Qo
Assumed | Pressure | Oriface Net Grate | Total Grate | Calkulated Total Total Loss Coeffciem Cakulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam's" Discharge
Discharge| Head Head Open Area | Open Area | Loss Coefficient | Without Trashrack Loss | Adjusted Coefficiert Velocity Velocity Head Velocity Velocity Head Coefficiert Trashrack Coefficiert | Oriface Equation ||
400 2.52 4.58 80.75 126.73 16.2902 1.5611 14.7291 4.9536 0.3810 3.1563 0.1547 5.9800 0.7573 929.17
500 2.52 4.58 80.75 126.73 10.4257 1.5611 8.8647 6.1920 0.5953 3.9454 0.2417 3.5990 0.7573 929.17
600 2.52 4.58 80.75 126.73 7.2401 1.5611 5.6790 7.4303 0.8573 4.7345 0.3481 2.3057 0.7573 929.17
700 2.52 4.58 80.75 126.73 5.3192 1.5611 3.7582 8.6687 1.1669 5.5236 0.4738 1.5258 0.7573 929.17
800 2.52 4.58 80.75 126.73 4.0725 1.5611 2.5115 9.9071 1.5241 6.31286 0.6188 1.0197 0.7573 929.17
850 2.52 4.58 80.75 126.73 3.6075 1.5611 2.0465 10.5263 1.7205 6.7072 0.6985 0.8309 0.7573 929.17
860 2,52 4.58 80.75 126.73 3.5241 1.5611 1.8631 10.6502 1.7613 6.7861 0.7151 0.7970 0.7573 929.17
870 2.52 4.58 80.75 126.73 3.44386 1.5611 1.8825 10.7740 1.8025 6.8650 0.7318 0.7643 0.7573 929.17
871 2.52 4.58 80.75 126.73 3.4357 1.5611 1.8746 10.7864 1.8066 6.8729 0.7335 0.7611 0.7573 929.17
872 2.52 4.58 80.75 126.73 3.4278 1.5611 1.8667 10.7988 1.8108 6.8808 " 0.7352 0.7579 0.7573 929.17
872.17 2.52 4.58 80.75 126.73 3.4264 1.5611 1.8654 10.8009 1.8115 6.8821 0.7355 0.7573 é——‘ == 0.7573 929.17
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Street Dralnage

The first term on the right side of Equation 3.14 is the ratio of intercepted frontal
flow to total gutter flow, and the second term is the ratio of intercepted side flow to
total side flow. The second termis insignificant with high velocities and short grates.

The interception capacity of a grate catch basin on grade is equal to the efficiency
of the grate multiplied by the total gutter flow:

Qi = EQ = Q [Rf E; +Rs (1 - Ep)] (3.15)

Sumps: The efficiency of catch basins in passing debris is critical in sump locations
because all runoff which enters the sump must be passed through the catch basin.
Total or partial clogging of catch basins in these locations can result in hazardous
ponding conditions. Grate catch basins alone are not recommended for use in sump
locations because of the tendencies of grates to become clogged. Combination catch
basins or curb-opening catch basins are recommended for use in these locations.

A grate catch basin in a sump location operates as a weir to depths dependent on
the bar configuration and size of the grate and as an orifice at greater depths. Grates
of larger dimension and grates with more open area, i.e., (with less space occupied
by lateral and longitudinal bars), will operate as weirs to greater depths than smaller
grates or grates with less open area.

The capacity of grate catch basins operating as weirs is:
Q; = Cy, Pd 15 (3.16)

where Cy, = 3.0.

The capacity of a grate catch basin operating as an orifice is:
Qi = Co A 2gd)** ha

where C, = 0.67.

Use of Equation 3.17 requires the clear opening area of the grate. Tests of three grates
for the Federal Highway Administration showed that for flat bar grates, such as
P-1-7/8-4 and P-1-1/8 grates, the clear opening is equal to the total area of the
grate less the area occupied by longitudinal and lateral bars.

Figure 3.29 (page 3-44) is a plot of Equations 3.16 and 3.17 for various grate sizes.
The effects of grate size on the depth at which a grate operates as an orifice is
apparent from the chart. Transition from weir to orifice flow results in interception
capacity less than that computed by either the weir or the orifice equation. This
capacity can beapproximated by drawing ina curve between the lines representing
the perimeter and net area of the grate to be used.

September 1, 1992 T3
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suppression and tube geometry can be evalu-
ated from figure 309, or from published data in
various ‘Thydraulic handbooks [1, 2]* and
textbooks.

Flow in an open channel downstream from
the headworks will be at either subcritical or
supercritical stage, depending on the flow con-
ditions through the control structure. In either
case, flow depths and velocities throughout the
channel can be determined from Bernoulli’s
equation, as discussed in section 203.

Flow in ungated outlet conduits will be sim-
ilar to that in a culvert spillway, as discussed

in section 213. Where the inlet geometry and

the conduit slope are such that the control will
remain at the inlet, part full flow will prevail
and flow depths and velocities will be in ac-
cordance with the Bernoulli theorem for open
channel flow. When flow from a pressure
conduit discharges into a free-flow conduit, the
flow in the latter most often will be at super-
critical stage, with flow depths and velocities
comparable to those which would prevail in an
open channel. Computation procedures to
determine the flow conditions according to the
Bernoulli equation are presented in section 203.

Outlet conduits flowing partly full should be
analyzed using maximum and minimum as-

" sumed values of the coefficient of roughness, 7,

when evaluating the required conduit size and
the energy content of the flow as is done for
spillway design (see sec. 203). To be assured
of a sufficient conduit size to allow for air swell
and surges, values of n of about 0.018 should be
assumed in computing the depth or area of
fow in a concrete-lined conduit. For comput-
ing the energy of flow at the end of the conduit
to determine dissipator design, a value of 7
of about 0.008 should be assumed. To assure
a free surface in the conduit for all stages of
flow, and to guarantee against sealing of some
portion from splashing or surging, the conduit
should be designed to flow not more than 75
percent full at maximum capacity.

Terminal deflectors or energy dissipating de-
vices placed at the downstream end of free-flow
outlet conduits will be similar to those dis-

2 Numbers in brackets refer to items in the bibliography, sec. 244.
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cussed in part E of chapter IX for spillways.
Transitions to diverge the flow from the con-
duit portal to the stilling device and the allow-
able convex curvature of the floor entering the
stilling device are determined as discussed in
section 204.

234. Pressure Flow in Outlet Conduits.—If a
control gate is placed at some point downstream
from the conduit entrance, that portion above
the control gate will flow under pressure. An
ungated conduit may also flow full depending
on the inlet geometry. The phenomena and
the hydraulic equations for flow through an un-
gated conduit under pressure are discussed in
section 213. The hydraulic design of a gated
pressure conduit is similar to that for an un-
gated pressure conduit, discussed in section
213. ,

Tor flow in a closed pipe system, as shown
on figure 310, Bernoulli’s equation can be writ-
ten as follows: '

. H1'=h[,-.l"hr2 (2)

where:

H—the total head needed to overcome the
various head losses to produce dis-
charge, and '

h;—the cumulative losses of the system.
Equation (2) can be expanded to list each loss,
as follows:

Hr= h¢+he+hbs+h[5+he:(5_4)+hf4+h¢(4—-3)
+h03+h’=(3—1)+h/x+hbx+h°(1—2)+h02+h"2 3)

where:
h.—trashrack losses,
h.—entrance losses,
h,=Dbend losses,
h.—contraction losses,
h.,—expansion losses,
h,=gate or valve losses,
h,=friction losses, and
h,=velocity head exit loss at the outlet.
In the above equation the number subscripts
refer to the various components, transitions,
and reaches to which head losses apply.
For a f_ree-discharging outlet, Hy is measured
from the reservoir water surface to the center
of the outlet gate or the outlet opening. If the




470 DESIGN OF SMALL DAms 0”"‘“’* Wor
y _o-h for the s}
"],::::;:_i':::";\ """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" oy to that I
s ¢ [
Sl Shbnbt 'y i he conve
\J\ s __f,__ hf(s) hbm E t Since:
T LRI
I ; ‘\‘hn(s)-m \‘~ ; ,'b Y. e .. : Q=ax
: \:lf:?.'.'::-‘:‘_{;,_jhgm s P
5 N N S oo P then:
: N S e S Pt .
E Pt L ..--Bhy ;
! E Do \ R " he
§ s < ] L ]
g Pl i “ L-Po g + Bbg, . # - Equatio:
: b 5 E LT
| e I NI S 4 I R
. : Ny i TN Sl I Hr=§_;,[
g o s s \ ...... L L
s Lo ; i R TSR +<
{110 — fr"Tl"QShI"OCk' P | : | L‘_h ' ’
i Area (6) P ; : Py Cm P :
| e | | | N +
X - oei-DFop infet - R : ! i '"{."""""'!"é
; e ! Area (5) P : i ! : 5 (
a | . s | ] s ga
‘ i R : : : Downstrec'm conduit - Areo (0, ; ':"‘ hv(z,
: g Upstream conduit - Vol S Horizontal bend- : ; : N
els \ ; ‘Area (4)-, P i Area (- ; ; | 5 If th
\ \ . } _ v z\x'lrr“ _\x ":.(._-----_J_';-E _ ,-" ~ 5_ {! represe
‘\‘\Bezge_o (5)‘ Pt “A’E/?LTL‘\ l . ‘ “~-Control valve-
RN i “--Exponding transition /¢« 1 { T>--Expanding transition A Area (2)
. E Contracting transition--" | ] E Contracting transition----" ! Then:
T s Lg-- S - R >
Guard gate-Area (3)--7 '
Figure 310. Pictorial representation of head losses in conduit flowing under pressure. 288-D—2532.

235.
outflowing jet is supported on a downstream = where: _ Genera
fioor the head is measured to the top of the K,=trashrack loss coefficient, are ca
emerging jet at the point of greatest contrac- K.=entrance loss coefficient, ance tc
tion; if the outlet portal is submerged the head K,=Dbend loss coeflicient, ditione
is measured to the tailwater level. f={riction factor in the Darcy-Weisbach ences,

Where the various losses are related to the equation for pipe flow (discussed in expan:
individual components, equation (8) can be sec. 235 (b)), and v
written: K..—expansion loss coefficient, ences

1Ly K.—contraction loss coefficient, duits,
Hy=K, +K +Kb 2 + PAD ) K,=gate loss coefficient, and should
g g K,=exit velocity head coefficient at the out- duit a
+Ke::< e >+fL4<v4 >+K <v_3__v4-> let. efficie:
20 29/ Di\2g 29 29 . . . of flov
Equation (4) can be simplified by expressing
vt v Ly vy indivi ; - . losses
+K, + K.. vt ol 4+ +K, the individual losses in terms of an arbitrarily in the
29 2¢/7 D, 29 \2¢g chosen velocity head. This velocity head is (b)
vt )2 usually selected as that in a significant section pipes
+ K. 2 2g +XK +K g (4)  of the system. If the various velocity heads
; AN
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for the system shown on figure 310 are related

to that in the downstream conduit, area (1),

the conversion for “z” area is found as follows:
Since:

249.2 29 2
3 ay vy az v

Q= a1 = Gz, 01701 =0a.",% and -==
2 29

then:

9 N2 a
v__<2_> ot
29 \a./ 29

Equation (4) thencan be written:

H —”—‘2[<2>2K +(ﬂ>2<K + Kt 4K >
T= 2g as t as e by D5 ez

a Y[ fL AN
+('—1'> <D 4"'I<¢;;::""I<c>"{'<'_l> (K0+Ku+Ke:)
4 a3

(17

+<IDTI—Kez+Kb1”Kc>
2
+(‘;—> <KC+K,,+K,,>] : (3)

If the bracketed part of the expression is
represented by K;, the equation can be written:

H:K% (6)

Q=anZE ™

235. Pressure Flow Losses in Conduits.—(a)
General.—Head losses in outlet works conduits
are caused primarily by the frictional resist-
ance to flow along the conduit side walls. Ad-
ditional losses result from trashrack interfer-
ences, entrance contractions, contractions and
expansions at gate installations, bends, gate
and valve constrictions, and other interfer-
ences in the conduit. As with free-flow con-
duits, greater than average loss coefficients
should be assumed for computing required con-
duit and component sizes, and smaller loss co-
efficients should be used for computing energies
of flow at the outlet. The major contributing
losses of a conduit or pipe system are discussed
in the remainder of this section.

(b) Friction Losses.—For flow in large
pipes, the Darcy-Weisbach formula is most

Then:
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often employed to determine the energy
losses due to frictional resistances’ of the con-

duit. The loss of head is stated by the
equation:
- f"L‘v2 .
hf'—'b_ 2g -([,' (8)

where f is the friction loss’ coefficient. This
coefficient varies with the conduit surface
roughness and with the Reynolds number.
The latter is a function of the diameter of the
pipe, and the velocity, viscosity, and density of
the fluid flowing through it. Data and pro-
cedures for evaluating the loss coefficient are
presented in a Bureau of Reclamation engi-
neering monograph [3]. Since f is not a fixed
value, many engineers are unfamiliar with its
variations and would rather use Manning’s co-
efficient of roughness, n, which has been more
widely defined. If the effect of the Reynolds
number influence is neglected, and if the rough-
ness factor in relation to the pipe size is as-
sumed constant, the relation of f in the Darcy-
Weisbach equation to » in the Manning equa-
tion will be:

K2 1QER2
f____llﬁ.:m =185n . ©)

Relationships between the Darcy-Weisbach
and Manning’s coefficients can be determined
from figure B-T (appendix B).

Where the conduit cross.section is horseshoe
or rectangular in shape, the Darcy-Weisbach
formula does not apply because it is for cir-
cular pipes, and the Manning equation may
be used to compute the friction losses. Man-
ning’s equation as applied to closed conduit

flow is:

) LT
-hy=29.1n? ;ﬁ;é‘é ;/x (10)
Maximum and minimum values of 7 which
may be used to determine the conduit size and
the energy of flow are as follows:

Mazimum Minimum
value value

Concrete pipe or cast in place conduit .. 0.014 0.008
Steel pipe with welded joints ... 012 .008
Unlined rock tunnel .......... ... 085 .020
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(¢) Trashrack Losses.—Trashrack struc-
tures which consist of widely spaced structural
members without rack bars will cause very lit-

tle head loss, and trashrack losses in such a

case might be neglected in computing conduit
losses. When the trash structure consists of
racks of bars, the loss will depend on the bar
thickness, depth, and spacing. An average ap-
proximation can be obtained [2] from the
equation:

Loss=K tz’n

where:

2
K,=1.45—0.45‘ﬁ‘—<%> (11)
M g

Gy

In the above:
K,—the trashrack loss coefficient (emplrlcal) ,
a,—the net area through the rack bars,
a,—the gross area of the racks and supports,
and,
v,—the velocity through the net trashrack
area.

Where maximum loss values are desired,
assume that 50 percent of the rack area is
clogged. This will result in twice the velocity
through the trashrack. For minimum trash-
rack losses, assume no clogging of the open-
ings when computing the loss coefficient, or
neglect the loss entirely.

(d) Entrance Losses.—The loss of head at
the entrance of a conduit is comparable to the
loss in a short tube or in a sluice. If H is the
head producing the discharge, C is the coefli-
cient of discharge, and a is the area, the
discharge

Q is equal to Can/29H
and the velocity

v is equal to C\/2¢H.
Or,

o

H=

lo'e

L
c?

S (12)

DESIGN OF SMALL DAMg

Since H is the sum of the velocity head &, ang
the head lost at the entrance k., equation (12)

may be written:
1 v v?
_+h i) 9 orh, <Cq 1>%

Then:

KC=<615—-1> (13)

Coefficients of discharge for square sluice

entrances are shown on figure 309. Coefhi-

cients of discharge and loss coefficients for typ.

ical entrances for conduits, as given in various

texts and technical papers, are listed in
table 33.

TABLE 33.—Coefficients of discharge and loss coefficients
for conduit entrances

Coeflicient C Loss coefficient X,

Maxi- | Mini- | Aver- | Maxi- { Mini- | Aver.
mum | mum | age |InQm | mum | age

(a) Gate in thin wall—un- |
suppressed contraction.| 0.70 | 0.60 | 0.63 1.80 | 1.00 1. 50
(b) Gate in thin wall—bot- :
tom s&nd sides sup-

pressed. .81 .68 .70 L1201 0.50 L0
(¢) Gate in thin wall—corn-
ersrounded............. .95 .7 .82} 100 .10 0. 50
(d) Square-cornered en-
trances. «ovemmeocoooo- .85 .77 .82 .70 .40 .50
(e) Slightly rounded en '
trances. . oo o.__o_o .92 .79 .90 .60 .18 .28
_{f) Fullyroundedentrances..| .9 .88 .95 .27 .08 .10
L>0as
D
(g) Circular bellmouth en- ;
rances. oo ... .98 .95 .98 .10 .04 05
(h) Square bellmouth en
trances. .o ... .97 .61 .93 .20 .07 .16
(i) Inward projecting e~
F9.2:8 1T S 80 .72 75 93 56 80

" (e) Bend Losses.—Bend losses in closed con-
duits in excess of those due to friction loss
through the length of the bend are a function of-
the bend radius, pipe diameter, and the angle
through which the bend turns. Although ex-
perimental data on bend losses in large pipes
are meager, the loss can be related to those de-
termined for smaller pipe. Figure 311(A)
shows the coefficients found by various investi-
gators for 90° bends for various ratios of radius
of bend to diameter of pipe, and an adjusted
curve assumed to be suitable for large pipes.
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Figure 311(E) indicates the correction factor

. to be applied to the values indicated in figure

311 (A) for other than 90° bends. The value
of the loss coeflicient, K, for various values

of %ﬁ can be applied directly for circular con-

duits; for rectangular conduits D is taken as
the height of the section in the plane of the
bend. :

(f) Transition Losses.—Head losses in grad-
ual contractions or expansions-in-a conduit can
be considered in relation to the increase or de-

* crease in velocity head, and will vary accord-

ing to the rate of change of the area and the
Jength of the transition. For contractions the
loss of head, k. will be approximately equal to
K. (g—;-g), where K, yaries from 0.1 for
gradual contractions to 0.5 for abrupt contrac-
tions. Where the flare-angle does not exceed
that indicated in section 236(b), the loss co-
efficient can be assumed as 0.1. For greater
flare angles, the loss coefficient can be assumed
to vary in a straight-line relationship to 2 max-
imum of 0.5 for a right angle contraction.
For expansions, the loss of head, k.., will be
V7 v,

Aapprommately equal to K., (55—-2—!]—), where

&, is as follows:

Flare lr 5° | 10° | 12° | 15° | 20° |'25° [ 30° | 40° | 50° | 60°

angle « i

K. [1]...1 0.03 o,o-a!,o.os 0.10{ 0.16/ 0.31} 0.40) 0.49] 0.60} 0.67] 0.72

K. 4. .02i .12 .16‘._-._ 271 .40 .55/ .66] .90} .00} ...
|

(g) Gate and Valve Losses.—No gate loss
need. be assumed where a gate is mounted at
the entrance to a conduit so that when wide
open it does not interfere with the entrance

flow conditions. Where a gate is mounted at

either the upstream or downstream side of a

“thin headwall such- that the sides and bottom

of the jet are suppressed but the top is con-
tracted, loss coefficients shown as item b in
table 33 will apply. Where a gate is mounted
in a conduit so that the floor, sides, and roof
both upstream and downstream are continu-
ous with the gate opening, only the losses due
to the slot will need to be considered, for which
a value of K, not exceeding 0.1 might be as-

* charging into air.
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sumed. For partly open gates, the coefficient of
loss will depend on the top contraction; for
smaller openings it will approach the valde of
1.0 as shown for item b in table 33,

For wide open gate valves K, will approxi-
mate 0.19. Similar to partly open gates, values
of the loss coefficient will increase for smaller
valve openings. Indicated loss coefficients for
partly open gate valves are 1.15 for three-
fourths open, 5.6 for one-half open, and 24.0
for one-fourth open. Average values of X, for
butterfly valves in the wide open position are
about 0.15; values vary between 0.1 and 0.5,
depending on the thickness of the gate leaf in
relation to the gross area. Losses in spherical
valves are negligible.

(h) Ezit Losses.—No recovery of velocity
head will occur where the release from a pres-
sure conduit freely discharges, or is submerged
or supported on a downstream floor. The ve-
locity head loss coefficient, K, in these instances
is equal to 1.0. When a diverging tube is pro-
vided at the end of a conduit, recovery of a
portion of the velocity head will be obtained
if the tube expands gradually and if the end of
the tube is submerged. The velocity head loss
coefficient will then be reduced from the value
of 1.0 by the degree of velocity head recovery.
If a, is the area at the beginning of the diverg-
ing tube and a. is the area at the end of the

. a\?
tube, K, is equal to (E) .

236. Transition Shapes.—(a) Entrances.—To
minimize head losses and to avoid zones where
cavitation pressures can develop, the entrance
to a pressure conduit should be streamlined to
provide smooth, gradual changes in the flow.
To obtain the best inlet efficiency, the shape of
the entrance should simulate that of a jet dis-
As with the nappe-shaped
weir, the entrance shape should guide and sup-
port the jet with minimum interference until it
is contracted to the dimensions of the conduit.
If the entrance curve is too sharp or too short,
subatmospheric pressure areas which may in-
duce cavitation will develop. A bellmouth
entrance which conforms to or slightly en-
croaches upon the free-jet profile will provide
the Dbest entrance shape. For a circular
entrance, this shape can be approximated by
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an elliptical entrance curve represented by the
equation:

x‘l 2

v
05D T 15D

1 (14)

where z and y are coordinates whose z-z axis
is parallel to and 0.65D from the conduit cen-
terline and whose -y axis is normal to the
conduit-centerline and 0.5D downstream from
the entrance face. The factor D is the diam-
eter of the conduit at the end of the entrance
transition.

The jet issuing from a square or rectangular
opening is not as easily defined as one issuing
from a circular opening; the top and bottom
curves may differ from the side curves both
in length and curvature. Consequently, it is
more difficult to determine a fransition which
will eliminate- subatmespheric pressures. An
elliptical curved entrance which will tend to
minimize the negative pressure effects is de-
fined by the equation: .

x2 y2

DT (033D (13)

where D is the vertical height of the conduit for
defining the top and bottom curves, and is the
horizontal width of the conduit for defining the
side curves. The major and minor axes are
positioned similarly to those indicated for the
circular bellmouth.

For a rectangular entrance with the bottom
placed even with the upstream floor and with
curved guide piers at each side of the entrance
opening, both the bottom and side contractions
will be suppressed and a sharper contraction
will take place at the top of the opening. For
this condition the top contraction curve is
defined by the equation:

2 y?

DT 067Dy (16)

where D is the vertical height of the conduit
downstream from the entrance shape.

(b) Contractions and Expansions.—To min-
imize head losses and to avoid cavitation
tendencies along the conduit surfaces, contrac-
tion and expansion transitions to and from

DESIGN OF SMALL DAmg

gate control sections in a pressure conduit
should be gradual. For contractions, the max.
imum convergent angle should not exceed that
indicated by the relationship:

tan a=

17)

Q=

where:
a=an angle of the conduit wall surfaces with
respect to its centerline, and

v
U=an arbitrary parameter .
VgD
The values of v and D are the average of the
velocities and diameters at the beginning ang

end of the transition.
Expansions should be more gradual than

contractions because of the danger of cavita- -

tion where sharp changes in the side wallg
occur. Furthermore, as has been indicated in
section 235 (f), loss coefficients for expansions
increase rapidly after the flare angle exceeds
about 10°. Expansions should be based on
the velationship:

1
tan a= 5U (18)
The notations are the same as for equation
(17). For usual installations, the flare angle
should not exceed about 10°.

The criteria for establishing maximum con-
traction and expansion angles for conduits
flowing partly full are the same as those for
open channel flow, as given in section 204 (b).

(¢) Ezit Transitions—When a circular
conduit flowing partly full empties into a chute,
the transition from the circular section to one
with a flat bottom can be made in the open
channel downstream from the conduit portal,
or it can be made within the conduit so.that the
bottom wil] be flat at the portal section.

Two types of transition are commonly- used.
The first type is made by constructing a
straight line of intersection between the 45°
points on each side of the invert of the up-
stream circular section to the corners of the
flat bottom at the downstream end of the tran-
sition. The radius of curvature between the

Outlet We
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_springline and the intersection line increases

from the radius of the conduit at the upstream
end to a radius of infinity along the vertical
wall at the downstream end. The radius of
curvature of the bottom of the transition also
increases from the radius of the conduit at the
upstream end to infinity along the flat bottom
of the downstream end. Figure 312 shows a
typical example of this type of transition,
includihg the conduit transition table. The
distance “X” in figure. 312 denotes the flair
from the upstream end of the transition to the
wider section downstream as in the case of a
stilling basin.

The second type of transition is made by
gradually decreasing the radius of the circular

. quadrants in the lower half of the pipe from

their initial radius at the upstream end to a
radius of zero at the corners of the flat bottom
at the downstream end. In both transitions
the roof of the conduit remains curved. These
transitions must satisfy the expansion criteria
established in section 236 (b), above.

For usual installations the length of the
transition can be related to the exit velocity.
An empirical rule which will give a satisfac-
tory transition is:

L (in feet) =% (19)

where:
D—the exit velocity in feet per second, and
v=the conduit diameter in feet.

Downstream from a free-flow conduit the
chute sections, including the transition into a
stilling basin, will be governed by open channel
fiow criteria. Floor curvatures and maximum
flare angles should be determined by equations
(19) and (21), respectively, of chapter IX.
To reduce the length of the open channel por-
tion from the conduit portal to the stilling
basin, the beginning of the flare and of the
convex curve may be located inside the conduit.
This transition may be combined with the
transition of the bottom shape.

In certain instances, as illustrated on ﬁgure
301, Crane Prairie Dam, and figure 303, Sco-
field and Newton Dams, an adverse slope and a
hump have been employed immediately down-
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Figure 312. A typical conduit transition. 288—-D-2809.

stream from the portal to permit more rapid

widening of the channel before it enters the

basin. No firm criteria have been established
for the design of these devices; the details were
determined by model tests. Certain inherent
disadvantages to this type of design are: (1)
care must be taken to avoid a hump of such
height that back pressure will cause a hydrau-
lic jump to occur inside the conduit, (2) the
floor section at the hump must be made struc-
turally sufficient to withstand the large dy-
namic forces resulting from impingement of
the flow on the rising floor, (3) during periods
of no flow a pond which can freeze during the
winter is formed in the conduit unless provi-
sion is made to drain the sump, and (4) access
into the downstream conduit is difficult unless
drainage is provided. Depending on tailwater
conditions, pumping may be required to pro-
vide drainage.
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» Outlet Works

237. Terminal Structures.—(a) General.—De-
flector buckets, hydraulic jump basins, and im-
pact type stilling basins are suitable terminal
structures for free-flow conduits, when appro-
priately used. These structures are com-
monly used in conjunction with spillways, and
their hydraulic designs are discussed in part
E of chapter IX. Other types of stilling de-
vices employed more often with outlet works
than with spillways are plunge basins and still-
ing wells. The hydraulic designs of these
structures are discussed in this section.

The hydraulic jump stilling basin is most
often used for energy dissipation of outlet
works discharges. However, where flow emer-
ges from the outlet in the form of a free jet, as
will be the case with valve-controlled outlets of
pressure conduits, it must be directed onto the
transition floor approaching the basin so it will
become uniformly distributed before entering
the: basin. Otherwise proper dissipation of
energy will not be obtained.

To evaluate the energy which must be dis-
sipated by the stilling device, the losses
through the outlet system should be minimized,
as discussed in sections 233 and 235(b). The
specific energy immediately downstream from
a gate or valve control will equal the exit veloc-
ity head based on minimum losses through the
pressure system, as measured above the out-
flowing water surface. If specific energies
have not been computed, approximate basin
depths can be obtained from figure 268, as
discussed in section 206 (d).

(b) Plunge Basins.—Where the outlet con-
duit ends with a flip bucket or where flows
issue from a downstream control valve or
freely discharging pipe, a riprap- or concrete-
lined trapezoidal plunge basin might be uti-
lized. Such a basin should be employed only
where the jet discharges into the air and then
plunges downward into the basin. Tests
have shown that if the angle of impingement is
too flat the jet will ride and skip across the sur-
face at high wvelocity. This will cause waves
and eddies in the basin sufficient to erode the
side slopes, and there will be high exit
velocities.

As indicated in section 210, no fixed criteria
have yet been established for plunge basins
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which will provide satisfactory dissipation for
all heads, discharges, and incoming jet condi-
tions. However, criteria that were estab-
lished for several small outlet works plunge
basins which have operated reasonably satis-
factorily are herewith presented for use only
as a preliminary guide to determine approx-
imate basin geometry. The general arrange-
ment of this basin is represented on figure 313.
The basin depths were made about one-fifth of
the difference in elevation between maximum
reservoir water surfaces and maximum tail-
water levels. The minimum bottom widths
were made the width of the incoming jet, or the
width required to limit the average velocity at
the end of the basin to about 3 feet per second,
whichever was greater.

(¢). Stilling Wells.—Stilling well designs as
described in section 230 are illustrated on fig-
ures 314 and 315 The well dimensions and
performance criteria for these designs were
established from model tests, and general cri-
teria for such designs applicable to various
conditions were not determined. The hydrau-
lic stilling action in these devices results from
turbulence and diffusion of the incoming high-
energy flow into the water bulk in the well, and
successful stilling is aided materially by spe-
cial fillets and diffuser Dblocks incorporated
along the sides and in the corners of the well.
The net area of the well is generally selected
by limiting the average rising velocity to be-
tween 1 and 3 feet per second. The total
depth of the well will be dictated by the energy
of the incoming flow which must be dissipated,
and by the effectiveness of the diffuser blocks
and fillets in diffusing the rising flow. Basins
with similar criteria can be patterned after
those illustrated in the figures. Basins for
considerably different conditions should be
model tested.

238. Chart for Estimating Pressure Conduit Sizes.
—PFigure 316 is a nomograph for the solution
of the equation for pipe flow. By use of this
figure, the required conduit diameter can be de-
termined for a given length and gross head
from reservoir water surface to the end of the
pipe. As will be noted from the equation, an
average total head loss coefficient of 0.5 has
been assumed for all contributing losses except
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MANNING'S 'n'= 0.014
ACTUAL CALCULATED
ANGLE Vvd Vu Hvd Hvu Vo DELTAy Q OPENING DELTAY
97.655215506 10.83 10.75 1.82 1.79] 15.000000 0.0610] 15| 0.061028744
P
NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL. Vv

THE TOTAL AREA OF WALL OPENING NEEDED FOR EQUILIZATION OF FLOW IS OP. AREA DIVIDED
BY THE SINE OF THE ANGLE. USE STANDARD OPENING OF 4'x8'".

TOTAL AREA OF OPENING NEEDED = 32

TOTAL NUMBER OF 4'x8' OPENINGS= 1
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BY THE SINE OF THE ANGLE. USE STANDARD OPENING OF 8'x4'.

TOTAL AREA OF OPENING NEEDED = 70
TOTAL NUMBER OF 8'x4' OPENINGS= 2

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL.
THE TOTAL AREA OF WALL OPENING NEEDED OF EQUILIZATION OF FLOW IS OP. AREA DIVIDED
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EQUILIZING OPENING SIZING ‘
STREET NAME: OSBORN ROAD SOUTH STA.=
Q DS.= 1390 DS. SIZE= 2—-12'x10" DS. AREA= 120 Hj= 0.2179
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ACTUAL CALCULATED
ANGLE vd Vu Hvd Hvu Vo DELTAy Q OPENING DELTAyY
36.264537909 11.58 10.81 2.08 1.81 2.657143 0.4874 93| 0.487364933

BY THE SINE OF THE ANGLE. USE STANDARD OPENING OF 8'x4'.

TOTAL AREA OF OPENING NEEDED = 59
TOTAL NUMBER OF 8'x4' OPENINGS= 2

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL.
THE TOTAL AREA OF WALL OPENING NEEDED OF EQUILIZATION OF FLOW IS OP. AREA DIVIDED
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TOTAL AREA OF OPENING NEEDED =
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68
2




PROJECT NAME: OLD CROSS CUT CANAL

=79 g .,
pEsiaNeY: [ NE cHECkED BY: [\
PROJECT NUMBER: E002102 DATE:_ 7 -C-9¢ DATE: -1 Gi
/
EQUILIZING OPENING SIZING
STREET NAME: WHITTON AVENUE STA.=
Q DS.= 1375 DS. SIZE= 2-12x10' DS. AREA= 120 Hj= 0.0173
Q Us.= 1371 US. SIZE= 2-12'x10' US. AREA= 120  LAT.WDTH.= 15
Q LAT.= 9 LAT.SIZE= 1-18" OP.AREA= 0.10 LAT. ANG.= 9
MANNING'S 'n'= 0.014
ACTUAL CALCULATED
ANGLE vd Vu Hvd Hvu Vo DELTAY QOPENING | DELTAy
94.352744375 11.46 11.42 2.04 2.03] 45.000000] 0.0306 5| 0.030622496

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL.
THE TOTAL AREA OF WALL OPENING NEEDED OF EQUILIZATION OF FLOW IS OP. AREA DIVIDED
BY THE SINE OF THE ANGLE. USE STANDARD OPENING OF 8'x4'.

TOTAL AREA OF OPENING NEEDED=
TOTAL NUMBER OF 8'x4' OPENINGS=

32
1

P4




PROJECT NAME: OLD CROSS CUT CANAL

[ A/
DESIGNBY: R HE cHeckepBy: [\ W '
PROJECT NUMBER: E002102 DATE: 7 -S5-%7F DATE: T4
EQUILIZING OPENING SIZING
STREET NAME: WELDON AVENUE STA.=
Q DS.= 1210 DS. SIZE= 2-12'x10' DS. AREA= 120 Hj= 0.0173
Q US.= 1173 US. SIZE= 2—-12'x10' US. AREA= 120  LAT.WDTH.= 4
Q LAT.= 74 LAT.SIZE= 1-48" OP.AREA= 0.10 LAT. ANG.= 90
MANNING'S 'n'= 0.014
ACTUAL CALCULATED
ANGLE vd Vu Hvd Hvu Vo DELTAy QOPENING | DELTAy
88.74210397 10.08 9.78 1.58 1.48 | 370.000000 0.1124 37| 0.1128377424

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL.
THE TOTAL AREA OF WALL OPENING NEEDED OF EQUILIZATION OF FLOW IS OP. AREA DIVIDED
BY THE SINE OF THE ANGLE. USE STANDARD OPENING OF 8'x4’.

TOTAL AREA OF OPENING NEEDED=
TOTAL NUMBER OF 8'x4' OPENINGS=

32
1

1




CATCH BASIN CRATE DESICH




Greiner

Job No.Eﬁ 0210 Z— Project O/d &0 Y [C.(/ (//:M/\Q / Sheet / of
suiet_Local Sunall Calcl Bagvuns o [vulepe {/,U“T/ N covice Floue
By ’EHF pate®=22 “Z¥ checked sy SVG6E pate__ 7/ =2 /2//0&

67\4%&%1 = 2L Y, F/St & Type Qél //(/&//744 Cloy L
c.o e L1520 Tye V' wy ¢-C.0.7
P/S6S TYPE | Geates M 50 RIW

/7‘0 /& - Save f,?(c’&‘f-. fnle ";3 ~ Wo new C{5 r nuisance

Oak Rc\éﬂf«/\(g&fﬂ%j CR -No vew <¢B V@{u;(/Q(l &

MM unVS G
Vibginio {2 - 2o, PIstT Tywe L wodified 3 Type &) ] located
J m ea couls A/lu e Sack 7<) ¢
Cambribyer |- caP. T /570 Type'l c& 1t M. R/w
l‘C.\O.()J P 1S T\/V)r k(_' C(E; AP C{Sé('\ SWK\' @1‘[
Cardsrge atl Cuth et

Theena S 2 taka exl,‘gﬁmy.
Placbol : Qussancs (o froses EIh 4 inte CHIMP ~Soudh Rt

Sove = Xre+ or+ of

Earll @ 2000 P-15€7  Type M — L-Locatd
Eall et Yo et vetern

Rooloudeee | Mowe needed

Osboenn | Use fx.?sw/!\n/ﬂ ;

LU(/LJA}['ILG—V\ 3 NIG CICIC/ t"‘/.;’:}'m;r/ V/';’é’a{k//

w("{’dcz\/! Mo add,' géa?i*«na/’/ /z“/;//

Jadian Sthodl ! 1 -C 0.F, PIs70  Type ‘W' [focatd 1 Rlw
5. of Mdize Sched! af ste. f¥ Fo5 22'R+H




(TR

Greiner
JobnoEOC210 2 ProjectQ/'/‘! (‘V’ﬂ s& CZV/ /&M‘?/: sheet__ ! of
Subject g~V‘0J/\tlt“&L (%le‘f 3 Cﬂ'?zf/ék BG.S}M G"\/OL‘LO DQS},?M ' éOCd'/ ‘SW‘@
By ’p H F: Dateé A ?d Checked By /V "(/ : Datei‘ 72¢ —§v

Puf/ﬂ&ﬂ' :‘be%evm}me, 7%_@ a’:‘sdétcw/f o ée \'7)/&‘/&6/07@0/ 97 7‘4(’ /4’///@
1(»1{("1[ &BQQ of Bimwods T E. of 48yh o ¥ 19

Procduie ? Golenlete He chichaye wwhvogpbd by Ao puoposed C.o.1,

Catth Basin Type L progssed 1y FHhe nectd e o
Gisnada Rd . / LULOA % Q[Q//Iéév of Llow ZJ O 88’
Uuse 7L(-Q C C""Ql B ﬂf{ﬂ 7@1/ & C‘ﬂ‘/"/& beCen S o
Swwy) ud o ) Pg 29 Storwn "D —DQS"}H Ay [ =
SHovur  Deams Wk g vy of Aafoe Speeets. < ul fract
Hic Flew soe, e 100 - yp. Elow o deteuwdae Wi
é‘/éﬁfw dfs @/(igcu/jz»e.

Gi-ewada B 100-JR [ /7T

Vo = ©.88 " Cdgl o Hheo )

L= BRHA (éw/)@ W /}4@{)

h=s" (heshl oF cwrb cywdy)

Y(?/h:Z. | v

R/ =187

B = Isch (& idocqhd by )
(36

Tok/ & %o /l/z)ébae//% r$ /gz,c,/z
& 'vt‘lsech//kc/ Ey N, R M Klaad iZSQV[J

%(J?M & = /2_2_6-1%—2,35?[\! B 4757[1

Brecedure Ca(cw{agf’ 5%% f {6\( W), e é‘vtﬁro f/a«,u
‘f*qva‘@j whl Mlwcot 79 cfs wit a lead
of 23", T{«,@ Grote EL ¢ (194 30, QuHe\L
ﬂn‘pe is @.- L2° ECJO C@'I/U/LCC{\ULL7 Yo YQJ dObL(ﬂLQ
18'Ki0" cBC af a (0° augle. PBox Sta he
coctnertba i 1940, 5 . Rovide an ADT
ModE’?C\e& Delta.’,@ 1S .70 aveund e Ay




Il B B BN BN BN B B B E B BE B B BN BN B B .
(w‘h

'+ N\
B Ad
T

Greiner

JobNoEQD2 [0 2

Pro;ectU/C{ /,(/OSC .(.6(1 //Uf

/

Sheet of_L

Subject éVCUJ(T A A

Catels Basin }.Cu'avt for Il

llets @) Cuanads -Gauvel Stu,

oy IO E

?qp()mf B@\L&/\MN\Q TIONYIP
tho oo L

Gero-a |

K‘L&{/%

—_— T

PPVUOL(LULN : U g Ger {r'cfe 0&4«) ¢ ch,d\( ) \( Nan ¢ e \,5;

P g e ]
head ot 257,

O 97/w/7~+'

MHez2.%
(2.~87 af;
r \
A _‘_'\_
SN
C,locm gt SO %

Le&@. 3 6\/\9& 91‘,

DaleJ /0 7“& Checked By

Xaz2Ls

N W Date 7 2Y '[)y
@% Lradec o ‘{QKQVM’IL 7 4;41,
_‘9_ EfJg—f VOJG/ Coert J//g/,- i 2yl [/',/«.’/ r
vy
= 80 C‘_{\

toih !

= 670484 F = Y

'\!’ /UO\(Q (-C. 0, /3 /'M@ [ P[Y&S' 7(/4‘[25 as a /e(( Q/eM C{'//\Or_/ov“/\

H4,0¢ AT

2 c.odb Tye | ke s

3




Greiner
Job No. Euo2(0 2 ctold G/E.cg &p‘( (@MQ( Sheet
Subiectpaj\ﬁ-ﬁ’\ Bd)b\/\ S}QM A\ ot éowuﬂ /:CD///C /WCZAW
By !_Et\\::‘ Dateé '2 7 7\'/ Checked By N . M/ Date / k'/'

L*zVOZMada Nl cw s Ee{xwu\’,

P\J\V‘bb e \D\(Q,L/ fa \f'Q.L cl/xl"/{cu/c’ lmw/ (oa té
BRIl T SUSlE e s

W\(Q‘\” Forsran 7{€ EOchwd/ 'GC/M CU«a.(yJ\f

Use a £.0.P Twwe "L ;\«(Cf Hswrere,
M?(ec‘t/ )(Q-ﬁ ’][&Z/U (MWCC,”((&({ ijw‘/(& ?‘QJ\ bm(‘/(
ojcke

Poocedue @ use &.349 '\«‘teﬂ [FeD A f CL/tw.l)b/J /4 (

QL;QO\\L (294150@ Co Z0k7

Co =
2 <5/>+ug - 058"
L = e+ (el @ﬂm\/\g 1077'\4730,8.'. ‘{"‘%0 =8;015
4=0088"
@RTET A ks

Fugun ‘ﬁQws O}«a[ys)s o~ can  Le delopuaine d oot
of Hy 122 ofs % Le Mw{&cf o LA(/‘?Q n\‘&’/‘\l
50&‘@4 0{ Cvmaela AVERE &) N/8S) Vbtus‘( mﬁ@»c@/’?
103 ofy (122 =19)




I PROJECT: OCCC GROSS AREA = 6.67 ft~2
I PROJECT NO.: E002102 NET AREA = 4.25 ft~2
N/G = 0.64 R
Street Name: Granada Rd Q= 103 cfs £-0cal N G, \[‘3“4 5
CLOG FACTOR= 2
l WIER:
| Q=3*L*H"1.5
| WITH
I H LENGTH GRATES CLOGGING
I 1 34.3 10 15
1.5 18.7 6 8
2 12.1 4 5
. 25 8.7 3 4
3 6.6 2 3
l 3.5 5.2 2 2
l ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
I H AREA GRATES CLOGGING
- 1 19.2 5 7 |
€3 1.5 15.6 4 6 -~ "
2 13.5 3 5 &
25 12.1 3 4 <2
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3.5 10.2 2 4
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I PROJECT: OCCC
I PROJECT NO.: E002102

' WIER:
Q=3*L*H~1.5

Street Name: Oak Street

Q=

CLOG FACTOR=

GRATES

GROSS AREA = 6.67 ft~2
NET AREA = 425ft"2
N/G = 0.64

687 cfs [ uee !

2

WITH
CLOGGING

l = LENGTH
1 229.0
l 1.5 124.7
2 81.0
2.5 57.9
I' 3 441
3.5 35.0
ORFICE:
Q=0.67A*(SQRT(2GH))
AREA
1 127.8
1.5 104.3
2 90.3
2.5 80.8
3 73.8
3.5 68.3

L=(V/2)*((D+Db) ~.5)

GRATES

FRONTAL FLOW INTERCEPTION:

-

WITH
CLOGGING
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\tering the curve in Fig. 15-16¢ with

o 6 X 36.9 = 154 ft. : '
ks as recommended are Di; thus the
tated sill is 0.2D., or 7 ft 5 in., and
\15D,, or 5 ft 6 in.

-

F, = 2.5 to 4.5, an oscillating
in, generating a wave that is
basin IV (Fig. 15-17) is designed
wave at its source.! This is

r
=]

.y

tional space 0 0

na oth width D1 0 0
e Sw 0 ” 0
(0]

ice on 5° slope

B BTSRRI

B Sill optional

iVl(U.S. Bureau of Reclamation (34].)

'hich appears in the upper portion of
ndiets deflected from large chute
. sBlwn in Fig. 15-17 is the minimum
- better hydraulic performance, it is
\omwwer than indicated, preferably
h!to 109 greater than the sequent
h™asin is made equal to the length
; basin without appurtenances and,
U in Fig. 15-4 (i.e., also equal to
Bilin IV is applicable to rectangular

tifilldesigns to substitute for basin IV, such
5) JRsve suppressors, and the impact-type

S\heﬁ f

HYDRAULIC JUMP AND ITS USE AS ENERGY DISSIPATOR 423
15-16. The Stlajgllj_D_rQu.Sﬁi—ll_\@y_._v The aerated free-falling nappe in

a straight drop spillway (Fig. 15-18) will reverse its curvature and turn
smoothly into supercritical flow on the apron. Consequently, & hydraulic
jump may be formed downstream. Based on his own experimental data

Fig. 15-18. Flow geometry of a straight drop spillway.

and those of Moore [40] and Bakhmeteff and Feodoroff [65], Rand [66]
found that the flow geometry at straight drop spillways can be described

by functions of the drop number, which is defined as

D = s (15-9)

where ¢ is the discharge per unit width of the crest of overfall, g is the
acceleration of gravity, and h is the height of the drop. The functions

are
Lo — 43000 (15-10)
Y2 = 1.00D°* (15-11)
% = (.54D%428 (15-12)
42 = 1.66D°% (15-13)

where Lg is the drop length, that is, the distance from the drop wall to
the position of the depth vy; y,JS—the—pooLdamh—under—th&nappe; Yy
is the depth at the toe of the nappe or the beginning of the hydraulic
jump; and y2 18 the tailwater depth sequent to y1. The position of the
depth 1 can be approximately determined by the straight line ABC which
joins the point A on the apron at the position of ¥, the point B on the
axis of the nappe at the height of pool depth, and the point Conthe axis
of the nappe at the crest of the fall. The fact that these three points lie
on a straight line was also verified by experiment.

For a given height h and discharge g per unit width of the fall crest,
the sequent depth y2 and the drop length La can be computed by Eqs.
(15-10) and (15-13). On the one hand, if the tailwater depth 1s less than

e e
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PROJECT: OCCC GROSS AREA = 6.67 ft~2
PROJECT NO.: E002102 NET AREA = 425 ft~2
N/G = 0.64
Street Name: Thomas N. Q= 57cfs Local Shoven
CLOG FACTOR= 2
WIER:
Q=3%*H"1.5
WITH
H LENGTH GRATES CLOGGING
1 19.0 6 9
1.5 10.3 3 5
2 6.7 2 3
2.6 4.8 1 2
3 3.7 1 2
3.5 2.9 1 1
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
H AREA GRATES CLOGGING
1 10.6 2 4
2 3
2 7.5 2 3
2.5 6.7 2 2
3 6.1 1 2
3.5 5.7 1 2

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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PROJECT: OCCC GROSS AREA = 6.67 ft~2
PROJECT NO.: E002102 NET AREA = 4.25ft"~2
N/G = 0.64 {91/
Street Name: Thomas S. Q= 90 cfs kOcd/ Sterwa
CLOG FACTOR= 2
WIER:
Q=2*L*-*1.5
WITH
H LENGTH GRATES CLOGGING
1 30.0 9 14
1.5 16.3 5 7
2 10.6 3 5
2.5 7.6 2 3
3 5.8 2 3
3.5 4.6 1 2
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
H AREA GRATES CLOGGING
1 16.7 4 6
! 3 5
2 11.8 3 4
2.5 10.6 2 4
3 9.7 2 3
3.5 8.9 2 3

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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PROJECT: OCCC GROSS AREA = 6.67 ft~2
PROJECT NO.: E002102 NET AREA = 425ft~2
N/G = 0.64
Street Name: Earll Drive Q= 1509 cfs [L.ocal S‘fcfwvm
CLOG FACTOR= 2
WIER: :
Q=3*L"H™1.5
WITH
H LENGTH GRATES CLOGGING
1 503.0 151 226
1.5 273.8 82 123
2 177 .8 53 80
2.5 127.3 38 57
3 96.8 29 44 ¢
3.5 76.8 23 35
e, i e Sy e A | S i | . S o e SO Ty A Do (| T | S | G g et iy T | Sy g et e leteinl) | i S et e gt e ‘ X\jb/
_\Q('-_ > o 0
ORFICE: \L 24
Q=0.67A*(SQRT(2GH)) y 0 ¥
WITH — FA\GY
H AREA GRATES CLOGGING ‘ Voo
. T T G S D S GEED D G E S G—— G —— — G TS CHED G . G G —— — —— — — — — — — — — — — — — 0 C
1 280.7 66 a9 U
1.5 229.2 54 31 &
2 198.5 47 70
2.5 177.5 42 63
3 162.0 38 57
3.5 150.0 35 53

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~ .5)
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l PROJECT: OCCC
l PROJECT NO.: E002102

' WIER:
Q=3*L*H"™1.5

street Name: Richardson

G

CLOG FACTOR=

GRATES

GROSS AREA =
NET AREA =
N/G =

66 cfs

2

WITH
CLOGGING

6.67 ft~2
425 ft"2

0.64
LOCa( S‘{M’M

i H  LENGTH
1 22,0

i 1.5 12,0
2 7.8

2.5 5.6

| 3 4.2
35 3.4

ORFICE:
Q=0.67A*(SQRT(2GH))

AREA

1 12.3

1.5 10.0

2 8.7

2.5 7.8

3 7.1

3.5 6.6

Pz

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)

GRATES

WITH
CLOGGING
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PROJECT: Old Cross Cut Canal
JOB NO.: E002102

FLOW SPLIT ANALYSIS FOR SPILLWAY AND INLET DESIGN

&

\

LOCAL STORM DISCHARGE: 431
ROADWAY RATING: Osborn Road GENERAL STORM DISCHARGE: 235
North South Total
Roadway Roadway Roadway
Elevation Capacity Capacity Capacity
1223.00 45.36 175.43 220.79
1223.10 59.94 209.69 269.63
1223.21 76.77 250.05 326.82
1223.32 98.29 293.09 391.38
1223.44 126.00 342.91 468.91
1223.56 156.33 395.85 552.18
1223.68 189.13 451.82 640.95
1223.80 224.34 510.43 734.77
North South
Roadway Roadway
|_Storm _ Elevation Discharge Discharge Discharge
General 1223.083 49.5 185.5
Local 1223.38 113.0 318.0
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PROJECT: OCCC GROSS AREA = 6.67 ft~2
PROJECT NO.: E002102 NET AREA = 425 ft"™2
N/G = 0.64
Street Name: Osborn S. Q= 318 cfs Coca( Stovan
CLOG FACTOR= 2
WIER:
Q=3**H"*1.5
WITH
H LENGTH GRATES CLOGGING
1 106.0 32 48
1.5 57.7 17 26
2 37.5 11 17
2.5 26.8 8 12
3 20.4 6 9
3.5 16.2 5 7
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
H AREA GRATES CLOGGING
1 59.1 14 21
1.5 48.3 11 17
2 41.8 10 15
2.5 37.4 9 13
3 34.1 8 12
3.5 31.6 § 11

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~ .5)
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PROJECT: OCCC GROSS AREA = 6.67 ft~2
PROJECT NO.: E002102 NET AREA = 4.5 ft~2
N/G = 0.64
Street Name: Osborn N. Q== 113 ¢fs L.ocal Stgrun
CLOG FACTOR= 2
WIER:
Q=8*.*H1.5
WITH
H LENGTH GRATES CLOGGING
1 37.7 11 17
1.5 20.5 6 9
2 13.3 4 6
2.5 9.5 3 4
3 7.2 2 3
35 5.8 2 3
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
H AREA GRATES CLOGGING
1 21.0 5 7
£ 1.8 17.2 4 6
wed 2 14.9 3 5
2.5 13.3 3 5
3 12.1 3 4
35 11.2 3 4

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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I PROJECT: OCCC GROSS AREA = 6.67 ft 2

PROJECT NO.: E002102 NET AREA = 425t~ 2
N/G = 0.64
Street Name: Whitton Ave. Q= 18 cfs tocel Stevun
CLOG FACTOR= 2
I WIER:
Q=3*L*H™*15
WITH
l H LENGTH GRATES CLOGGING
1 6.0 2 3
l 1.5 3.3 1 1
2 2.1 1 1
I 2.5 1.5 0 1
3 1.2 0 1
3.5 0.9 0 0
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
I H AREA GRATES CLOGGING
1 3.3 1 1
1.5 2.7 1 1
2 2.4 1 1
2.5 2.1 0 1
3 1.9 0 1
3.5 1.8 0 1

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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PROJECT: OCCC GROSS AREA = 6.67 ft"~ 2
PROJECT NO.: E002102 NET AREA = 4,25 ft™2
I N/G = 0.64 |
Street Name: Weldon Ave. Qi 149 cfs lﬂ(DCa\ g\kBVW/v
CLOG FACTOR= 2
WIER:
Q=3*_*H™*1.5
WITH
l H LENGTH GRATES CLOGGING
I 1 49.7 15 22
1.5 27.0 8 12
2 17.6 5 8
I 2.5 12.6 4 6
3 9.6 3 4
I 3.5 7.6 2 3
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
l H AREA GRATES CLOGGING
1 27.7 7 10
1.5 22.6 5 8
2 19.6 5 7
2.5 17.5 4 6 <—
3 16.0 4 6
3.5 14.8 3 5

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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I PROJECT: OCCC GROSS AREA = 6.67 ft~2

PROJECT NO.: E002102 NET AREA = 4.25 "2
N/G = 0.64
Street Name: Indian Sch.S Q= 13 cfs
CLOG FACTOR= 2
I WIER:
Q=3*L*H~1.5
WITH
I H  LENGTH - GRATES  CLOGGING
- 4.3 1 2
l 15 24 1 1
2 15 0 1
25 1.1 0 0
I 3 0.8 0 0
35 0.7 0 0
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
l H AREA GRATES CLOGGING
- 2.4 - 1
|< 15 20 0 1
2 1.7 0 1
2.5 1.5 0 1
3 1.4 0 0
3.5 1.3 0 0

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 1
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: SOUTH OF INDIAN SCHOOL RD. Manning’s n: 0.014
CHIMP ENERGY ELEVATION: 1240.12 Grate Total Area: 6.67
BOX CULVERT ENERGY ELEVATION: 12298.83 Total Perimeter: 10.67
GRATE ELEVATION: 1237.00 Hydraulic Radius: 0.6251
Q Hp Ho An Ag [ KI—-Kt Kig Vn Hvn Vg Hvg Ktn Kin Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Cakulated Total Total Loss Coeffcient Calkulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calculated Trashrack *Small Dam's" Discharge
Discharge| Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss | Adjusted Coefficiert Velocity Velocity Head Velocity Velocity Head Coefficiert Trashrack Coefficient | Oriface Equation
20 1.86 3.28 4.25 6.67 13.3226 1.5611 11.7616 4.7059 0.3439 2.9985 0.1396 4.7752 0.7573 41.39
25 1.86 3.28 4.25 6.67 8.5265 1.5611 6.9654 5.8824 0.5373 3.7481 0.2181 2.8280 0.7573 41.39
30 1.86 3.28 4.25 6.67 5.8212 1.5611 4.3601 7.0588 0.7737 4.4978 0.3141 1.7702 0.7573 41.39
35 1.86 3.28 4.25 6.67 4.3503 1.5611 2.7892 8.2353 1.0531 5.2474 0.4276 1.1324 0.7573 41.39
36 1.886 3.28 4.25 6.87 4.1119 1.5611 2.5508 8.4706 1.1141 5.3973 0.4523 1.0357 0.7573 41.39
37 1.86 3.28 4.25 6.67 3.8927 1.5611 2.3316 8.7059 1.1769 5.5472 0.4778 0.9466 0.7573 41.39
38 1.86 3.28 4.25 6.67 3.6905 1.6611 2.1294 8.9412 1.2414 5.6972 0.5040 0.8645 0.7573 41.39
39 1.86 3.28 4.25 6.67 3.5037 1.5611 1.9426 9.1765 1.3076 5.8471 0.5309 0.7887 0.7573 41.39
39.437 1.886 3.28 4.25 6.67 3.4264 1.5611 1.8654 9.2793 1.3370 5.9126 0.5428 0.7573 0.7573 41.39

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’

g : ’(A >
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DISCRIPTION:’\DVL‘)/ﬂ {H 8'( ’DPS P a_'{ S%x /H‘fl{\ (5: U(’/l«c{a"lw.

C. Qo=2, 3{9§2 ; Qu—_/: 347 i Qg= ] 7 (Qu/Qo)=). 22
D.Do=__J ;  Du= /O . B= ( i (DuDo)=__ /O
E. MAINLINE OUTLET STRUCTURE:__ 2 - Jo/X/o0”

F. MAINLINE UPSTREAM STRUCTURE: 2 ~¢0 ‘X/0 ~

2. GENERAL INSTRUCTION No. 1:
A. DOWNSTREAM HG= (2 ) 4.8 3
B. BOX REACH LENGTH— /O07S. O
C. BOX Sf=
D.Hf=Sf*L joam J015.0Y 3.]19

computep BY:_RH— CHECKED BY: DATE CHECKED: sHT__ | oF
FCDMC — FIGURE 4-9
INLET sTATION: /| | +2-S  pownsTReamHa: /2 (¥ B3 (@D /0/7‘/O>
1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME Il — HYDRAULICS PP 77 &78; fEQJION 4.2.4.3; FIGURE 4.9.
(ogom#QJQ_gﬁi

(B/Do)=__ 2]

E. PRESSURE LINE EL. AT D'S. SIDE OF JUNCTION sTRUCTURE = /2 | £ 83 +3./19 = /2.18.8 2.

3. GENERAL INSTRUCTION No. 2:

AVo=2049 : Ho=L(¥b ;[Ho=(Vo~2)2q]

4. GENERAL INSTRUCTION No. 4:
A. STRUCTURE INVERT ELEVATION = _[2 17, 7 &
B.PRESSUREDEPTH =/ |8:02 =12]7,78 =.0e@2F0: (2.5 - (4.A)
c K(Vo ~ 2/2g) WHERE K=3(Qg/Qo) = ; (PERSECTION 4.2.4.3 No. 4 — pg 4—2
C.d= : ((4 B) + (4.C))
USE

a{d&\ Cémue/ Flow

((2.B) + (Hu))

D. d/Do = = ;
NOTE:

FOR Qg/Qo = Du/Do =

Ku =

FOR d/Do = ; INCREMENT OF Ku =

THEREFORE Ku = Ku + Ku INCREMENT =

Hu = Ku(Vo "~2/2g) =

TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE
CHECK d:

i USE=

A. (UPSTREAM PRESSURE LINE EL.) — (STRUCTUR
B. d/Do = =

DOES d/Do = THE ASSUMED d/Do
A. IF YES STOP
B. IF NO COMPUTE THE CORRECT d/Do AND READ INCREMENT OF Ku AND PROCEED:
1. d/Do = (FROM CHECK d ABOVE)

2. INCREMENT OF Ku = 1 (FROM UPPER GRAPH OF FIGURE 4.9)
3. CORRECT Ky<= Ku + INCREMENT OF Ku =

Hu = Ku(Vo’%:

e

HG)APSTREAM PRESSURE LINE) + (Hu) =

7

FILE: DF - INLET.WK3

GREINER, INC.




Closed Condutts

To use Figure 4.8:
1. Determine the outfall pipe presshre line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the size ratios Dy/Do and A/Dy (Gen. Instr. 3).
4. Note whether the outfall pipe entrance is to be square-edged or rounded

smooth (note Gen. Instr. 6).

5.  Enter Figure 4.8 at the pipe size ratio Dy/Do and read Ky at the curve for
the proper value of A /Dy for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

6. Calculate hy (positive or negative) as indicated on the diagrams on Figure
4.8 and by Gen. Instr. 7.

7. Adda positive hyj to (or subtract the absolute value of a negative hyy from)
the elevation of the outfall pressure at the junction center to obtain the
elevation of the upstream pipe pressure line at the same location.

8. The water surface elevation in the junction corresponds to that of the
upstream pipe, whether above or below the outfall pressure line.

9.. Checktobesurethe watersurface elevationin the junctionis atleast 6 inches
below the top of the junction box so that overflow may not occur.

Comments: For a square-edged entrance to the outfall pipe, values of A/Dy less
than 1 do not appreciably reduce the values of Ky shown for A/Dy = 1. Ky
increases fordistances A /Dy greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi-
cient accuracy for all values of A/Dy up to 3.

4.2.43 Rectangular Manhole—Through Pipeline—with Inlet Flow: Coefficients
for pressure changes are presented in Figure 4.9 for use in determining the common
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the manhole sides (long dimension) and must
meet the alignment requirement stated for Figure 4.9. As much as half the total flow
may enter through a top inlet. The main graph of Figure 4.9 includes effects of
various portions of grate flow for a relative water depth d/Dg of 2.5. Increments of
Ky for other relative water depths are shown in the supplemental graphs; positive
increments for d/Dg less than 2.5 and negative for greater depths

To use Figure 4.9:

1. - Determine the outfall pipe pressure line elevatio;l (rGen.‘Irnstr.ilr). .
2. Calculate velocity head in the outfall (Gen. Instr. 2).

3. Calculate the ratios of Dy/Do and Qu/Qo (Gen. Instr. 3). (The mlet flow
ratio Qg/Qo =1- Qu/Qo)-
4. Estimate a value for the water depth, d.

» Follow Gen. Instr. 4.
» Estimate K=3 Qg/Qo.
5.  Calculate the corresponding relative water depth d/Do.

PSR SRR N
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I Closed Condults

5%

6. Iftheestimatedd/Doisapproximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Dy/Do and read Ky at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

7. If the estimated d/Dg is other than 2.5, follow Step 6, then enter the upper
graph on Figure 4.9 at the given Dy/Do and determine the increment of
Ky required to account for the effects of the estimated relative water depth
d/Du.

8. Add Ky from Step 6 and the increment from Step 7 to determine the total
value of Ky. Note that negative values of Ky may occur.

9. For a rounded outfall pipe entrance or one consisting of a pipe socket,
reduce Ky according to Gen. Instr. 6.

10.  Calculate hyas indicated on the diagram on the Figure and by Gen. Instr. 7.

11.  Add hy to the elevation of the outfall pressure line at the inlet center to

: obtain a more precise value for the water depth, d.

12. ' Repeat the above procedure with the 1mproved' value of d from Step 11 if
necessary. Such repetition may not be necessary if the original estimated
d/Do of Step'5 was reasonably accurate.

13.  Check to be sure the water elevation is at least 6 inches below the gutter
elevation at the inlet so that inflow may be admitted.

BN N N BE Em Em A

4.2.44 Rectangular Manhole—Upstream Main and 90 Degree Lateral Pipe—
with or without Inlet Flow: Pressure change coefficients are presented in Figure
4.10 foruse in determining the common elevation of the two upstream pipe pressure
lines and the water surface in the manhole. Flow into the combination inlet and
junction box is supplied by an upstream main, in-line with the outfall and flowing
through the short dimension of the manhole, and a 90 degree lateral pipe connected
at one end of the box, supplemented by flow through a top inlet. The main graph
of Figure 4.10 applies directly for no flow into the manhole through the inlet.
Increments of Ky and Ky, for inlet flow conditions are shown in the supplementary
graphs of the upper portion of the figure.

To use Figure 4.10:

Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
Calculate the velocity head in the outfall (Gen. Instr. 2).
Calculate the ratios Dyy/ Do, Qu/Qo (Gen. Instr. 3).

If no inlet flow is involved, enter the lower graph on Figure 4.10 at the pipe
size ratio Dy/Do and read Ky (or Kp) at the curve or interpolated curve for
Qu/Qo, then proceed as in Step 10.

5. With inlet flow, estimate a value for the water depth, d.
~» Follow Gen. Instr. 4 '
» EstimateK=1.5
6. Calculate the corresponding relative water depth d/Dg.

7.  Enterthelower graphand obtain Ky (or Kr) as in Step 4, this valueapplying
for Qc/Qo = 0.

I N N EE Em Em a2
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o ssasnssnssnens e o i .

l _ September 1, 1992 o ) 5




Greiner
JobNoCOOZ/O 2. Project O/d (VOSS dﬁ/ [K(//!d/ Sheet /of
Subject. /dé% 50/&00/ % U Cyd_{gﬁx BQ)&/‘A @Va\(p Dé_) ?q
By R Date & - ZS’"/“/“ Checked By N W Date__ /"~ il L)“ffi

7

e

. i

fndi'oin 8@,&1&:{ Pcl “Box Sta /6+83, 14 Rt= Road S, 306tLS, 37.5" Rt

-PUWV)@SQ f —56)179\ Qs IW{Z% b iM@C k3 \(’QQ ﬂm,u" M
o @B ol d s S&é@@ -~

Pocedube t fJostell a MAG s4d. DtlaZol” Seappe
“+o Cv\“&i)»tw& 28 C-{& # Co[\CC‘( M o
Moa Aol o B back side of
Hee scupe oud dieet A to ZECOW
PUSET Type - | 3\/0&5 Wi o wradbfed
Ade Afreens, " The  alat diselages
mte e bp o e box

C\r‘ak €l. = (Yo
2 = Gnlts W] 108" ol head - vt fuce Elo

~ Eeu@/ 7‘0 %\4{ // o/muc//cs 1@‘/ /»;/@/J Secfm., /Q,

?Qu,el/a Stecwn /Vﬁlfw sl g d

.\./,

) .



- - - - - - - - - P - - - -

Greiner
JobNeEQO2 10 2 ’ Project O /C{ (:/O cs KLL:T/ (\(ﬁ//fﬁ / Sheet 4 of
Subject F70 (,O gllo /'7‘[ AV\\K{(/‘,S " £
By ‘Rﬁc:‘ Date('g 2N ~7 ¥ checked By N W Date 7 -~ “7\-/
mdtam Soloe! Rd.

Puyfose ; Deteruude D saliawg e f/&w&j M Ree wal
and Sel Vs roaA,wM/ seclees Ko ool
bas  desin .

C_Pt,eco,clu{@'n U(&@ \{Q—i Q@-LU %ﬂ;{ (,(A*QQ/ W\ \lLQ-Q 30%
Subithl Yoo afel. Lol design Yo hlerhs
a flawo P pocontage  and ayyly f Yo

"“Q\Q / [ S‘@UM d; Q e o ,
Aud .SOLQ.ZL?OA d}-( Q,d—wief jia«i,? é@ﬁ:/[ Oé&!—vz-/%éjgf

derwns Mot Yo secln ol slad cocue
He /MC’V £ Las ﬁlé@ Cdy@a(/% ﬁw ﬁaf g,

Fow 20 % Sa—a@:u«f{ﬁz[t

Q.ro‘(a. < 1.467/!‘
@ww\«, e (% C7[~;

OA o’(@ A%\ U&LYQ SQC{Q‘« ;éé’-ql%:

F?Gv X8, % gufbbbu&q((( :

QLOc4é - ‘H C?[.;
Bkl = 0.68¢2 (Qual) = 283

Q sl - Glivenl = @M@ 2 4lefs -zgcﬁ : IBCfJ.

MO\&Q - mau\& 5 F@&Wy (o Césw‘uey e = Q{;.
Howeer uwl€e =R a3 ok , ,
v/




PROJECT: OCCC GROSS AREA = 6.67 ft"2
PROJECT NO.: E002102 NET AREA = 425 ft"~2
N/G = 0.64 5(?94/
Street Name: Indian Sch. V. Q= 28¢cfs Lo cal uA
CLOG FACTOR= 2
WIER:
Q=3*L*H"1.5
WITH
H LENGTH - GRATES CLOGGING
1 9.3 3 4
1.5 5.1 2 2
2 3.3 1 1
2.5 2.4 1 1
3 1.8 1 1
3.5 1.4 0 1
ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
H AREA GRATES CLOGGING
1 5.2 1 2
1.5 4.3 1 2
2 3.7 1 1
25 3.3 1 fgte
3 3.0 1 1
3.5 2.8 1 1

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) ~.5)
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PROJECT:O/J (/055 arlt @u&/ JoB NUMBER (=00 2/0 2_ oate:. Z- /B -PY
oiscretion:_[uduidual Doy Inlets at Udndsoe

) §
" _oad
COMPUTED BY: I HIE. CHECKED BY: N.\N\ DATE CHECKED: -\ W\{ sHT_<L_ oF Q
A

FCDMC — FIGURE 4-9
INLET STATION:S 7+ D DOWNSTREAMHG: 1204 , 1 & (gf«, SS+/ 7)

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME Il — HYDRAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.
C. Qo= 5f5( ;. au=38SO ; aqg= QQ . (Qu/o)=0 9847 : (QgQo)=0.0ISD ;
D.Do=__ Q' ; Du=__JA* ;| B=_3 ; ©upo)=___ 110 ; (BDo)=_3.7
E. MAINLINE OUTLET STRUCTURE;_ 2 -/8 Y/ O
F. MAINLINE UPSTREAM STRUCTURE: 2 - /8 XI 0

2. GENERAL INSTRUCTION No. 1:
A. DOWNSTREAM HG = A8
B. BOX REACH LENGTH= 55’ =
C.BOX St=0©

D.Hf=Sft*L=//<8Y\ % (,.00/502Y: 0,3
E. PRESSURE LINE EL. AT D.S. SIDE OF JUNCTION STRUCTURE = | 206 . I8 4+ 0.3 = /206 .48

3. GENERAL INSTRUCTION No. 2:
A.Vo=[D. i Ho=/l.83 ;[Ho=(Vo~2)/2g]

4. GENERAL INSTRUCTION No. 4:
A. STRUCTURE INVERT ELEVATION = /)@ [,0 2

B. PRESSURE DEPTH =2 06,48 - 1?02 = [ 56 i (2B - (4.A)
C. K(Vo ~2/2g) WHERE K=3(Qg/Qo)=, 0 & : (PER SECTION 4.2.4.3 No. 4 — pg 4—23)
C.d=[5.U6+0:08 =S .54 i, ((4.B) + (4.0)
D.d/Do=/sS¥ /0= [SS . USE /.S
NOTE:
FORQgQo=9.02  pupo=_/. 0
Ku=£./2
FORdDo =/, & : INCREMENT OF Ku = A
THEREFORE Ku = Ku + KLbIN RE.BME{\IT =0\ 124+0:06 =018
Hu = Ku(Vo~2/2g) =0, [+B%) :Q. 33
TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LNEEL =| 2.0, % 8+0:33 = 1 206, ] ) (2.E) + (Hu)
CHECK d:
A. (UPSTREAM PRESSURE LINE EL) — (STRUCTURE INVERTEL) =/ 200, 8| =|14102 = 1S4, use=| S, )
B.dbo=/S.,8 //0 = 1.<8 . USE_ /.S
DOES d/Do = THE ASSUMED d/Do Ze S
A. IF YES STOP
B. IF NO COMPUTE THE CORRECT d/Do AND READ INCREMENT-OF Ku AND PROCEED:
1.d/Do = . (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = ;  (FROM UPPER GRAPH OF FIGURE 4.9)

3. CORRECT Ku = Ku + INCREMENT OF Ku =

Hu = Ku(Vo "~ 2/2g) = g{},[&{ Ly Oa 3) =£2¢ 23

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = (200484 0:33=1206.8 |

FILE: DP - INLET.WK3

anow LOLS e GREINER, INC.J
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Flgure 4.9
Rectangular Manhole with Through Plpeline and Inlet Flow -
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Closed Condutts

To use Figure 4.8:
1. Determine the outfall pipe pressﬁre line elevation (Gen. Instr. 1). -
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the size ratios Dy/Dgo and A/Dy (Gen. Instr. 3).
4. Note whether the outfall pipe entrance is to be square-edged or rounded

smooth (note Gen. Instr. 6).

5.  Enter Figure 4.8 at the pipe size ratio Dy/Do and read Ky at the curve for
the proper value of A /Dy for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

6. Calculate hy (positive or negative) as indicated on the diagrams on Figure
4.8 and by Gen. Instr. 7.

7. Add a positive hy to (or subtract the absolute value of a negative hyy from)
the elevation of the outfall pressure at the junction center to obtain the
~ elevation of the upstream pipe pressure line at the same location.

8. The water surface elevation in the junction corresponds to that of the
upstream pipe, whether above or below the outfall pressure line.

9.  Checktobesurethe watersurface elevationin the junctionis atleast 6 inches

below the top of the junction box so that overflow may not occur.

Comments: For a square-edged entrance to the outfall pipe, values of A/Dy less
than 1 do not appreciably reduce the values of Ky shown for A/Dy = 1. Ky
increases fordistances A /Dy greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi-
cient accuracy for all values of A/Dy up to 3.

4.2.4.3 Rectangular Manhole—Through Pipeline—with Inlet Flow: Coefficients

for pressure changes are presented in Figure 4.9 for use in determining the common
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the manhole sides (long dimension) and must
meet thealignment requirement stated for Figure 4.9. As much as half the total flow
may enter through a top inlet. The main graph of Figure 4.9 includes effects of
various portions of grate flow for a relative water depth d/Dg of 2.5. Increments of

Ky for other relative water depths are shown in the supplemental graphs; positive

increments for d/Dg less than 2.5 and negative for greater depths. -
To use Figure 4.9:

1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate velocity head in the outfall (Gen. Instr. 2).

3. Calculate the ratios of Dyy/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio Qg/Qo =1-Qu/Qo).
4.  Estimate a value for the water depth, d.
» Follow Gen. Instr. 4.

» Estimate K =3 Qg/Qo.
5. Calculate the corresponding relative water depth d/Do.
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6. Iftheestimatedd/Doisapproximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Dy/Do and read Ky at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

7. If the estimated d/Dg is other than 2.5, follow Step 6, then enter the upper
graph on Figure 4.9 at the given Dy/Do and determine the increment of
Ky required to account for the effects of the estimated relative water depth
d/Du.

8. Add Ky from Step 6 and the increment from Step 7 to determine the total
value of Ky. Note that negative values of Ky may occur.

9. For a rounded outfall pipe entrance or one consisting of a pipe socket,
reduce Ky according to Gen. Instr. 6.

10.  Calculate hy as indicated on the diagram on the Figure and by Gen. Instr. 7.

11. Add hy to the elevation of the outfall pressure line at the inlet center to
- obtain a more precise value for the water depth, d.

12.  Repeat the above procedure with the improved value of d from Step 11 if
necessary. Such repetition may not be necessary if the original estimated
d/Do of Step 5 was reasonably accurate.

13. Check to be sure the water elevation is at least 6 inches below the gutter
elevation at the inlet so that inflow may be admitted.

4.2.4.4 Rectangular Manhole—Upstream Main and 90 Degree Lateral Pipe—
with or without Inlet Flow: Pressure change coefficients are presented in Figure
4.10 foruse in determining the common elevation of the two upstream pipe pressure
lines and the water surface in the manhole. Flow into the combination inlet and
junction box is supplied by an upstream main, in-line with the outfall and flowing
through the short dimension of the manhole, and a 90 degree lateral pipe connected
at one end of the box, supplemented by flow through a top inlet. The main graph
of Figure 4.10 applies directly for no flow into the manhole through the inlet.
Increments of Ky and K, for inlet flow conditions are shown in the supplementary
graphs of the upper portion of the figure.

To use Figure 4.10:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the ratios Dy /Do, Qu/Qo (Gen. Instr. 3).
4,

If no inlet flow is involved, enter the lower graph on Figure 4.10 at the pipe
size ratio Dy /Do and read Ky (or Kp) at the curve or interpolated curve for
Qu/Qo, then proceed as in Step 10.

5. With inlet flow, estimate a value for the water depth, d.
~» Follow Gen. Instr. 4 -

» EstimateK=1.5

6. Calculate the corresponding relative water depth d/Do.

7.  Enterthelowergraphand obtain Ky (orKp) as inStep 4, this value applying '
for Qc/Qo = 0.
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The line diagrams of Figure 4.5 illustrate the pipe positions and the function of each
as supply or outfall for each type of inlet and junction involved. A detail plan is
included to show junction and pipe diameter dimensions used. These dimensions
may be in inches, feet, or any other unit of linear measurement since they are used
in thedesign figures only as ratios of one to another. The figures included in Section
4.2.4 are based on tests of round pipe, and apply to pipes of circular cross section.
However, the figures will apply accurately enough to pipes of any cross section.

One of the diagrams on Figure 4.5 shows a through main at a junction of a 90 degree
lateral, with pressure lines and total head lines superimposed. It will be noted that
therelative elevations of the various total head lines are not dealt with in this sketch.

The same diagram shows the hydraulic grade lines projected to a point above the
“branch point,” this being the location in plan of the intersection of the outfall pipe
and lateral pipe centerlines. A similar point of reference, the center of the junction
box, is used for the upstream in-line pipe and its hydraulic grade line where no
lateral is present. The change of pressure at a junction is measured by the difference
in elevation between the outfall hydraulic grade line and an upstream hydraulic
gradeline, along the vertical line through the branch point. The vertical dimensions
hyand hy, indicate the change of pressure for the upstream in-line and lateral pipes,
respectively. The adjacent equations on Figure 4.5 state how each is calculated.

There will be situations where flow conditions are not represented in the design
figures. In this instance, it is generally acceptable to extrapolate. It is rare to have
required extrapolations that are significant.

In those rare instances where more than three pipelines enter the same manhole, it may
be necessary to make simplifying assumptions in regard to the flow conditions and
utilize the appropriate figure representing these assumptions. This approach is not
considered a serious constraint as there are many similarities between the graphics for
varying flow conditions. Table 4.2 lists the recommended graphs and assumptions.

|

At all junctions where a change of pressure occurs, a loss of total head must occur
whether the pressure change is positive or negative. This basic fact may be used to
check pressure results.

General Instructions for Use of Design Figures: Several operations are common to use
of the design figures for various types of junctions. Instructions for performing these
recurring procedures are consolidated in the following General Instructions. In the
detailed instructions for use of the individual figures, references to these General Instruc-
tions are made by number (Gen. Instr. 1, etc.). The general instructions are as follows:

1. Determine and tabulate the elevation of the outfall pipe pressure line at the
branch point or catch basin center (refer to Figure 4.5). This elevation is
obtained by adding the pipe friction loss to the elevation of the pressure line
at the preceding structure downstream. The friction loss, hf, is given by
Sf X L, where S; is the friction slope in a pipe flowing full.

September 1, 1962
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2. Calculate the mean velocity head of the flow in the outfall pipe.

2
_ Vo l28
3. Calculate the required flow rate and size ratios. Examples:
Qu/Qo Q/Quy Qg/Qo etc

Dy/Dg  Dp/Dg  B/Dg, etc.

4. Estimate the depth of water, d, in a manhole with flow into the manhole from
a top inlet, either along or combining with flow from an upstream pipe.

d = total depth of water, ft
h = (outfall pressure line elevation) — (catch basin bottom
elevation) + (K) VO2/ 2g
Table 4.2
Summary of Design Figure/Manhole Configuration Application
Case Design Figure

Catch Basin With Inlet Flow Only 4.7
Flow Straight Through Any Manhole 4.8
Rectangular Manhole, Through Pipe and Inlet Flow 49
Rectangular Manhole With [n-Line Upstream Main and 90" Lateral Pipe (wnh or without inlet

flow) 4.10
Rectangular Manhole With In-Line Opposed Lateral Pipes Each at 90" to Outfall (with or

without inlet flow) 4.11
Rectangular Manhole With Offset Opposed Lateral Pipes each at 90" to Outfall (with or without '

inlet flow) ' 4.12
Square Manhole at 90" Deflection 4.13
| Round Manhole at 90" Deflection 4.13
Deflectors in Square or Round Manholes at 30" Deflection 4.13
Square Manhole on Through Pipeline at Junction of a 90° Lateral Pipe (large size laterals:

DUDQO > 0.6) 4.13,4.14
Round Manhole on Through Pipeline at Junction of a 90" Lateral Pipe (large size lateral:

DUDO > 0.6) 4.13,4.14
Deflectors in Sqaare or Round Manholes on Through Pipelines at Junction of a 30° Lateral

Pipe (large size laterals: DDQ > 0.6) 4.13,4.14
Square or Round Manhole on Through Pipeline at Junction of a 90" Lateral Pipe (smaller size

laterals: DUDQ < 0.6) or laterals with no manhole. 4.15
Sewer Bends with or without Manhole 4.16
Square or Round Manhole on Through Pipeline with Two Laterals (DL/DQ > 0.5) or (QU/QQ >

0.3), Consider Upstream Pipe as Grate Flows 4.10
Square or Round Manhole on Through Pipeline with Two Laterals ((DL/DO < 0.5) or (QU/QQ <

0.3), Consider Upstream Pipe as Grate Flows 4.11,4.12

415
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K = the pressure change coefficient for the catch basin water depth
(This is estimated as detailed for each type of manhole. Such
estimates are not necessary for manholes with in-line or offset

opposed laterals.)

Use the coefficients K from the figures for manholes with square-edged
entrance to the outfall pipe (entrance flush with box side, with square edges).

Use reduced coefficients K, where applicable, for a rounded entrance to the
outfall pipe (rounded on 1/4 circle arc of approximate radius 1/8 D) or for
an entrance formed by the socket end of a standard tongue-and-groove con-

crete pipe.

Figure4.7: Insignificant effect, make no reduction.
Figure 4.8: Read directiy from the figure.
Figure 4.9: Reduce Ky; by 0.1 for usual proportions of inlet flow;
by 0.2 for Q. about 0.5Q.
Figure 4.10: Reduce Ky and K in same manner as Figure 4.9.
Figure 4.11: Insignificant effect, make no reduction. |
Figure 4.12: Insignificant effect, make no reduction.
. Figure4.13,4.14,  See specific instructions for each case.
4.15: ‘
Figure 4.16: Make no reductions.

Calculate pressure change. To calculate the change of pressure at a manhole,
working upstream from the outfall pipe to an upstream pipe, the design figure
applying to the type of junction involved is selected. The pressure change
coefficient for a specific upstream pipe is read from the figure for the particular
flow rate and size ratios already calculated. The pressure change is calculated:

b= s Voz/zg (4.1)

The coefficient is a dimensionless number, and therefore, the change of pres-
sure will be in feet.

Apply the pressure change. The pressure change, in feet, for each upstream
pipe is added to the outfall pipe pressure line elevation at the branch point to
obtain the elevation of each pressure line for further calculations upstream
along the pipe. In some cases, the upstream pressure line at the branch point
will beatalower elevation than the downstream pressure line. Where this less
common situation may occur with a particular type of junction, it is mentioned
in the instructions for use of the specific figure.
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9. Determine the elevation of the water surface. The elevation of the water surface
in a manhole (with or without catch basin flow) receiving flow from a pipe or
pipes will correspond to that of the upstream in-line pipe pressure line. Ata
junction with offset opposed laterals, the water surface will correspond to the
elevation of the far lateral pipe pressure line. Ata junction with in-line opposed
laterals, the water surface will correspond to the elevation of the pressure line
of the higher-velocity lateral pipe.

Verify that the water surface is above the crown elevation of all pipe connec-
tions to the structures that are being analyzed. Small pipes, such as laterals to
catch basins, which carry a small portion of the total flow, may reasonably be
constructed to affect a manhole in the same way as catch basin flow from the
ground surface.

4.2.3.3 Design Procedure for Open Channel Flow: The hydraulic grade line
(HGL) in an upstream pipe that is in line with the outlet will seek normal depth
when the slope of the pipe is greater than the slope required for full flow. Should
the slope of the pipe be less than that required for full flow, the HGL will be at an
elevation greater than the crown of the pipe. Drawdown effects will be observed
near the outfall from the pipe. In this case, the depth will pass through critical depth
ator near the point of outfall. Backwater or drawdown calculations forlarge diameter
pipes should be made along the length of the pipe to determine whether normal depth
or pressure flow is attained before the next manhole.

o wéﬁa«»ﬁ(/to assume a straight water surface. It is also assumed that the energy grade line is
parallel to the pipe grade, and that any losses other than pipe friction may be

accounted for by assuming point losses at each manhole.

| floto ol 7
The basic approach to design of open channel flow in storm drains should be to
calculate the energy grade line along the system. Once the discharge has been.
determined and a pipe size and slope assumed for a given section, the d/D and
v/ Vg ratios can be determined from a graph of Hydraulic Elements of Circular
Conduits (Figure 4.6).

~ The next step is to calculate the energy grade line:

H=Z+d+@©%72g) 4.2)

At each manhole the energy grade line of all pipes should coincide, allowing for
reasonable values of head loss to the junction.

The usual method of stating head losses at manholes is in terms of a constant K
times the velocity head of the conduit in question,

h, = (K)v72g )

R

‘ %V For the size of pipes normally encountered in storm drain design, it is reasonable

September 1, 1982 417
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PROJECT NAME: OLD CROSS CUT CANAL
PROJECT NUMBER: FCDMC 94-24; GREINER E002102

RE: Modification To STORM Program Results Due To Inappropriate Internal Loss Calculation for Velocity
Changes.

This section contains the output from the STORM Program and a correction table. It was determined that the
STORM Program was computing additional losses when the velocity changed without an appropriate reason. The
table repeats the information from the STORM Program output along with a energy computation. It also computes
the correct energy and hydraulic grade elevations at all locations. The table corrects the problems and the results
from the table were used in all calculations.

Refer to the following table and specifically the line for Cambridge which is the first location that this occurs.
The STORM Program computes an hydraulic grade elevation (HG2) for the line for Virginia of 1204.74 and
velocity head of 2.09°. The energy grade elevation (EG2) for the line for Virginia is computed as 1206.83. The
velocity for the line for Cambridge at V1 is 10.9 fps and the STORM Program computes the hydraulic grade
elevation (HG1) at Cambridge to be 1205.25. However, this would cause the energy to be 1207.09. This does
not equal the energy at EG2 for the line for Virginia which can not be true. The hydraulic grade line elevation
at this location should be 1204.99. The losses for the line from Virginia to Cambridge are 0.93" and the energy
grade elevation at Cambridge (EG2) should be 1207.76 and the hydraulic grade elevation (HG2) should be
1205.92. The last three columns of the table show the correct computed results. These values should be used for
all calculations.
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PROJECT NAME: Old Cross Cut Canal
PROJECT NO.: E002102

CORRECTED STORM PROGRAM RESULTS FOR THE GENERAL STORM

DESIGN BY: 1 F’: CHECKED BY:
DATE: 7 — N DATE:

BOX | CORRECTED | COMPUTED | COMPUTED

STREET NAME STATION | V1 [ HG1 | Hvi [ EG1 [ V2 [ HG2 | Hv2 [ EG2 EG2 Hv2 HG2
OUTLET 11+00 - = = = 11.6 1196.00 2.09 1198.09 1198.09 2.09 1196.00
GRANADA 19+00 11.6 1196.00 2.09 1198.09 11.6 1197.83 2.09 1199.92 1199.92 2.09 1197.83
HOLLY 27 +17 11.6 1197.83 2.09 1199.92 11.6 1199.60 2.09 1201.69 1201.69 2.09 1199.60
S. CEMETARY DR. 33+57 11.6 1199.60 2.09 1201.69 11.6 1200.99 2.09 1203.08 1203.08 2.09 1200.99
OAK 35+81 11.6 1200.99 2.09 1203.08 11.6 1201.62 2.09 1203.71 1203.71 2.09 1201.62
N. CEMETARY DR. 40+57 11.6 1201.62 2.09 1203.71 11.6 1202.65 2.09 1204.74 1204.74 2.09 1202.65
VIRGINIA 50+26 11.6 1202.65 2.09 1204.74 11.6 1204.74 2.09 1206.83 1206.83 2.09 1204.74
CAMBRIDGE 55417 10.9 1205.25 1.84 1207.09 10.9 1206.18 1.84 1208.02 1207.76 1.84 1205.92
WINDSOR 57 +90 10.9 1206.18 1.84 1208.02 10.9 1207.03 1.84 1208.87 1208.61 1.84 1206.77
S. OF THOMAS 62+49 10.8 1207.05 1.81 1208.86 10.8 1207.94 1.81 1209.75 1209.50 1.81 1207.69
N. OF THOMAS 64434 10.8 1207.94 1.81 1209.75 10.8 1208.31 1.81 1210.12 1209.87 1.81 1208.06
PINCHOT 71+37 10.8 1208.31 1.81 1210.12 10.8 1209.64 1.81 1211.45 1211.20 1.81 1209.39
GRADE BREAK 75400 10.6 1209.82 1.74| 1211.56 10.6| 1210.47 1.74| 1212.21 1211.85 1.74 1210.11
EARLL 75+85 10.6 1210.47 1.74 1212.21 10.6 1210.73 1.74 1212.47 1212.11 1.74 1210.37
BEGIN TRANSITION 77 +00 10.6 1210.73 1.74 1212.47 10.6 1210.94 1.74 1212.68 1212.32 1.74 1210.58
END TRANSISTION Tr+25 15.8 1208.86 3.88 1212.74 15.8 1210.82 3.88 1214.70 1214.28 3.88 1210.40
RICHARDSON 83+00 15.8 1210.82 3.88 1214.70 15.8 1213.75 3.88 1217.63 1217.21 3.88 1213.33
S. OF OSBORN 88-+61 11.6 1217.37 2.09 1219.46 11.6 1218.99 2.09 1221.08 1218.83 2.09 1216.74
N. OF OSBORN 90+50 11.6 1218.99 2.09 1221.08 11.6 1219.56 2.09 1221.65 1219.38 2.09 1217.29
WHITTON 96+64 11.5 1219.63 2.05 1221.68 11.8 1221.27 2.05 1223.32 1221.02 2.05 1218.97
GRADE BREAK 97 +00 10.1 1222.19 1.58 1223.77 10.1 1222.26 1.58 1223.84 1221.09 1.58 1219.51
WELDON 100+22 10.1 1222.26 1.58 1223.84 10.1 1222.96 1.58 1224.54 1221.79 1.58 1220.21
BEGIN TRANSITION 101+00 10 1222.99 1.55 1224.54 10 1223.15 1.55 1224.70 1221.95 1.55 1220.40
END TRANSISTION 101410 12.1 1222.46 227 1224.73 12.1 1222.90 2.27 1225.17 1222.39 2.27 1220.12
S. OF INDIAN SCHOOL 111+25 121 1219.05 2.27 1221.32 12.1 1230.84 2.27 1233.11 1230.21 6.56 1223.65
N. OF INDIAN SCHOOL 116+83 20.1 1223.77 6.27 1230.04 15.7 1230.23 3.83 1234.06 1235.00 6.56 1228.44
INLET 117+50 13.3 1231.47 2.75 1234.22 15.6 1230.70 3.78 1234.48 1235.58 6.56 1229.02
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LA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS
(INPUT)

PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 7SD594.DAT

CD L2 MAX Q ADJ Q LENGTH FL 1 FL 2 CTL/TW D W S KJ KE KM LC

——
8 1 1.1796.10\‘ 6}//

L
N
=2 208‘5@08?.0 800.00 1180.04 1181.96 1197.90 120. 216. 3 0.00 0.00 0.00 1
e

2 3 2085.0 2085.0 817.00 1181.96 1183.92 1199.40 120. 216. 3 0.00 0.00 0.00 0

\ D
Lk/{\l 9£§Z<‘\€;{ 2 4 2085.0 2085.0 640.00 1183.92 1185.46 1201.21 120. 216. 3 0.00 0.00 0.00 0

(=

\ u,@/ /
L) A7

S

b

2 5 2085.0 2085.0 224.00 1185.46 1186.00 1202.00 120. 216. 3 0.00 0.00 0.07 0
2 6 2085.0 2085.0 476.00 1186.00 1187.14 1202.19 120. 216. 3 0.00 0.00 0.00 0
2 7 2085.0 2085.0 969.20 1187.14 1189.46 1205.20 120. 216. 3 0.00 0.00 0.00 0

2 8 1955.0 1955.0 490.73 1189.46 1190.64 1206.40 120. 216. 3 0.00 0.00 0.00 0

~n
O

1955.0 1955.0 273.07 1190.64 1191.30 1206.80 120. 216. 3 0.00 0.00 0.18 0
2 10 1950.0 1950.0 459.00 1191.30 1192.40 1208.08 120. 216. 3 0.00 0.00 0.01 0
2 11 1950.0 1950.0 185.00 1192.40 1192.84 1208.65 120. 216. 3 0.00 0.00 0.01 0
2 12 1950.0 1950.0 703.32 1192.84 1194.53 1210.24 120. 216. 3 0.00 0.00 0.00 0
2 13 1900.0 1900.0 362.68 1194.53 1195.40 0.00 120. 216. 3 0.00 0.00 0.00 0
2 14 1900.0 1900.0 85.00 1195.40 1195.79 1210.50 120. 216. 3 0.00 0.00 0.06 0
2 15 iéOb;O ;900.0 115.00 1195.79 1196.32 0.00 120. 216. 3 0.00 0.00 0.00 0
2 16 1900.0 1900.0 25.00 1196.32 1196.44 0.00 120. 144. 3 0.00 0.00 0.47 0
2 17 1900.0 1900.0 575.00 1196.44 1199.08 1218.72 120. 144. 3 0.00 0.00 0.01 0
2 18 1390.0 1390.0 561.00 1199.08 1201.66 1222.05 120. 144. 3 0.00 0.00 0.05 0
2 19 1390.0 1390.0 189.00 1201.66 1202.53 1222.22 120. 144. 3 0.00 0.00 0.02 0
2 20 1375.0 1375.0 614.00 1202.53 1205.35 1227.17 120. 144. 3 0.00 0.00 0.01 0
2 21 1210.0 1210.0 36.00 1205.35 1205.52 0.00 120. 144. 3 0.00 0.00 0.00 0
2 22 1210.0 1210.0 322.00 1205.52 1208.29 1230.00 120. 144. . 3..0.00.0.00 0.03 0
2 23 1205.0 1205.0 78.00 1208.29 1208.96 0.00 120. 144. 3 0.00 0.00 0.00 0
2 24 1205.0 1205.0 10.00 1208.96 1209.05 0.00 120. 120. 3 0.00 0.00 0.18 0

2 25 1205.0 1205.0 1015.00 1209.05 1217.78 1243.31 120. 120. 3 0.00 0.00 0.00 0

20

21

22

23

24

25

26

L4

REPT: PC/RD4412.1
DATE: 07/18/94
PAGE 1

A}

Al A3 A4 J N

0. 0. 0. 0.00 0.013



LA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS

(INPUT)

PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00

DESIGNER: RHF 7SD594.DAT

CD L2 MAX Q ADJ Q LENGTH FL 1 FL 2 CTL/TW D W S KJ KE KM LC

2 26 1205.0 1205.0 558.00 1217.78 1222.57 1242.50 120. 120. 3 0.00 0.00 0.00 0

2 27 1180.0 1180.0  67.00 1222.57 1223.15 0.00 120. 120. 1 0.00 0.50 0.00 0

L1

27

L3

REPT:
DATE:
PAGE

PC/RD4412.1
07/18/%4
2

0.00 0.013

0.00 0.013



LA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS REPT: PC/RD4412.2
DATE: 07/18/94
PAGE 1

PROJECT: 0OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 7SD594.DAT

LINE Q D W DN DC  FLOW SF-FULL V1 V2 FL 1 FL 2 HG 1 HG 2 D1 D2 ™ ™

NO (CFS) (IN)(IN) (FT) (FT) TYPE (FT/FT) (FPS) (FPS) (FT) (FT) CALC CALC  (FT) (FT)  CALC CcK REMARKS
1 HYDRAULIC GRADE LINE CONTROL = 1196.10
2 2085.0 120 216 7.93 7.46 FULL 0.00216 11.6 11.6 1180.04 1181.96 1196.10 1197.83 16.06 15.87 0.00 0.00

3 2085.0 120 216 7.93 7.46 FULL 0.00216 11.6 11.6 1181.96 1183.92 1197.83 1199.60 15.87  15.68 0.00 0.00

o

4 2085.0 120 216 7.92 7.46 FULL

o

.00216 11.6 11.6 1183.92 1185.46 1199.60 1200.99 15.68 15.53 0.00 0.00

o

5 2085.0 120 216 7.91 7.46 FUuLL 0.00216 11.6 11.6 1185.46 1186.00 1200.99 1201.62 15.53 15.62 0.00 0.00
6 2085.0 120 216 7.93 T7.46 FULL 0.00216 11.6 11.6 1186.00 1187.14 1201.62 1202.65 15.62 15.51 0.00 0.00

7 2085.0 120 216 7.93 7.46 FULL 0.00216 11.6 11.6 1187.14 1189.46 1202.65 1204.74 15.51 15.28 0.00 0.00

o

8 1955.0 120 216 7.55 7.15 FULL 0.00190 10.9 10.9 1189.46 1190.64 1205.25 1206.18 15.79  15.54 0.00 0.00

o

9 1955.0 120 216 7.54 7.15 FUuLL 0.00190 10.9 10.9 1190.64 1191.30 1206.18 1207.03 15.54 15.73 0.00 0.00

o

10 1950.0 120 216 7.55 7.14 FULL 0.00189 10.8 10.8 1191.30 1192.40 1207.05 1207.94 15.75 15.54 0.00 0.00

11 1950.0 120 216 7.57 7.14 FULL 0.00189 10.8 10.8 1192.40 1192.84 1207.94 1208.31 15.54  15.47 0.00 0.00

o

12 1950.0 120 216 7.54 7.14 FULL 0.00189 10.8 10.8 1192.84 1194.53 1208.31 1209.64 15.47 15.11 0.00 0.00

o

13 1900.0 120 216 7.40 7.01 FULL 0.00180 10.6 10.6 1194.53 1195.40 1209.82 1210.47 15.29 15.07 0.00 0.00

o

14 1900.0 120 216 5.86 7.01 FULL 0.00180 10.6 10.6 1195.40 1195.79 1210.47 1210.73 15.07 14.94 0.00 0.00

15 1900.0 120 216 5.85 7.01 FULL 0.00180 10.6 10.6 1195.79 1196.32 1210.73 1210.94 14.94 14,62 0.00 0.00

o

16 1900.0 120 144 8.62 9.19 FULL 0.00504 15.8 15.8 1196.32 1196.44 1208.86 1210.82 12.54 14.38 0.00 0.00

o

17 1900.0 120 144 8.77 9.19 FULL 0.00504 15.8 15.8 1196.44 1199.08 1210.82 1213.75 14.38 14.67 0.00 0.00

18 1390.0 120 144 6.87 7.46 FULL 00269 11.6 11.6 1199.08 1201.66 1217.37 1218.99 18.29 17.33 0.00 0.00

o

19 1390.0 120 144 6.87 7.46 FULL 00269 11.6 11.6 1201.66 1202.53 1218.99 1219.54 17.33 17.01 0.00 0.00

o

20 1375.0 120 144 6.82 7.41 FUuLL 0.00264 11.5 11.5 1202.53 1205.35 1219.63 1221.27 17.10 15.92 0.00 0.00

o

21 1210.0 120 144 6.12 6.80 FULL 0.00204 10.1 10.1 1205.35 1205.52 1222.19 1222.26 16.84 16.74 0.00 0.00

22 1210.0 120 144 4.91 6.80 FULL 00204 10.1 10.1 1205.52 1208.29 1222.26 1222.96 16.74 14.67 0.00 0.00

o

23 1205.0 120 144 4.89 6.78 FULL 0.00203 10.0 10.0 1208.29 1208.96 1222.99 1223.15 14.70 14.19 0.00 0.00

o

o

24 1205.0 120 120 5.76 7.66 FULL 0.00328 12.1 12.1 1208.96 1209.05 1222.46 1222.90 13.51 13.85 0.00 0.00



LA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS REPT: PC/RD4412.2
DATE: 07/18/94
PAGE 2

PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 7SD594.DAT

LINE Q D W DN DC  FLOW SF-FULL V1 Vv 2 FL 1 FL 2 HG 1 HG 2 D1 D2 ™ ™
NO (CFS) (IN)(IN) (FT) (FT) TYPE (FT/FT) (FPS) (FPS) (FT) (FT) CALC CALC  (FT) (FT)  CALC CK REMARKS

25 1205.0 120 120 5.86 7.66 FULL 0.00328 12.1 12.1 1209.05 1217.78 1219.05 1230.84 10.00 13.06 0.00 0.00 HJ @ UJT

26 1205.0 120 120 5.87 7.66 PART 0.00328 20.1 15.7 1217.78 1222.57 1223.77 1230.23 5.99 7.66 0.00 0.00

27 1180.0 120 120 5.75 7.55 PART 0.00314 13.3 15.6 1222.57 1223.15 1231.47 1230.70 8.90 7.55 1236.39 0.00 HYD JuMp
X = 0.00 X(N) = 0.00 X(J) = 32.61 F(J) = 866.29 D(BJ) = 6.84 D(AJ) = 8.33




V1, FL 1, D1 AND HG 1 REFER TO DOWNSTREAM END

V 2, FL 2, D 2 AND HG 2 REFER TO UPSTREAM END

X - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE HG INTERSECTS SOFFIT IN SEAL CONDITION
X(N) DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE WATER SURFACE REACHES NORMAL DEPTH BY EITHER DRAWDOWN OR BACKWATER
X(J) - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE HYDRAULIC JUMP OCCURS IN LINE

F(J) THE COMPUTED FORCE AT THE HYDRAULIC JUMP

D(BJ) - DEPTH OF WATER BEFORE THE HYDRAULIC JUMP (UPSTREAM SIDE)

D(AJ) - DEPTH OF WATER AFTER THE HYDRAULIC JUMP (DOWNSTREAM SIDE

SEAL INDICATES FLOW CHANGES FROM PART TO FULL OR FROM FULL TO PART

HYD JUMP INDICATES THAT FLOW CHANGES FROM SUPERCRITICAL TO SUBCRITICAL THROUGH A HYDRAULIC JUMP

HJ @ UJT INDICATES THAT HYDRAULIC JUMP OCCURS AT THE JUNCTION AT THE UPSTREAM END OF THE LINE

HJ @ DJT INDICATES THAT HYDRAULIC JUMP OCCURS AT THE JUNCTION AT THE DOWNSTREAM END OF THE LINE

|
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GENERAL NOTES

1. THIS MAP IS A GRAPHICAL REPRESENTATION OF THE FLOW SPLITS,
INTERCEPTED FLOWS AND FLOWS CARRIED IN THE CHIMP. PLEASE REFER TO
GREINER, MEMORANDUM TO THE FILE DATED MAY 17, 1994 SUBJECT: BOX
CULVERT, SURFACE FEATURE AND INLET DESIGN PROCEDURES PRESENTED TO
THE FCDMC IN THE WEEKLY MEETING ON MAY 18, 1994 FOR PROCEDURE
EXPLANATION.

2. THE FLOW SPLITS GRAPHICALLY SHOWN HERE DEPICT THE WAY THE STORM
DRAIN PROGRAM DATA WAS ENTERED INTO FILE 7SD594.DAT, AND REPRESENTS
THE FLOW INTERCEPTION FOR INLETS ONLY NEEDED FOR THE GENERAL STORM.

GRAPHICAL REPRESENTATION OF THE GENERAL STORM FLOW SPLIT

= ITY
*x  C.M.P. CHIMP MAXIMUM CAPAC MAP FOR FILE
7SD594.DAT
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 2 (W/O CLOGGING A TOTAL OF 4 ON PLANS)
JOB NUMBER: E002102 Height of Catch Basin: “ Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: HOLLY — STA. 28+ 24 (INLETS IN CHIMP) Manning's n: 0.014
CHIMP HG AT INLET: 1203.47 Grate Total Area: 6.67
BOX CULVERT HG ELEVATION: 1199.83 Total Perimeter: 10.67
GRATE ELEVATION: 1199.60 Hydraulic Radius: 0.6251
Q Hp Ho An Ag Ki KI—Kt Kig vn Hvn Vg Hvg Ktn Kin Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Cakulated Total Total Loss Coefficient Calkulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calculated Trashrack *Small Dam’s" Discharge
Discharge Head Head Open Area Open Area | Loss Coeffcient Without Trastvack Loss | Adjusted Coefficiert Velocity Velocllx Head Velocity Velocity Head Coefficient Trashrack Coefficient | Oriface Equation
40 3.64 3.87 8.5 13.34 26.0723 1.5611 24.5112 4.7059 0.3439 2.9985 0.1396 9.9516 0.7573 89.91
50 3.64 3.87 8.5 13.34 16.6863 1.5611 15.1252 5.8824 0.5373 3.7481 0.2181 6.1408 0.7573 89.91
60 3.64 3.87 8.5 13.34 11.5877 1.5611 10.02686 7.0588 0.7737 4.4978 0.3141 4.0708 0.7573 88.91
70 3.64 3.87 8.5 13.34 8.5134 1.5611 6.9523 8.2353 1.0531 5.2474 0.4276 2.8227 0.7573 89.91
80 3.64 3.87 8.5 13.34 6.5181 1.5611 4.9570 9.4118 1.3755 5.9970 0.5584 2.0125 0.7573 89.91
90 3.64 3.87 8.5 13.34 5.1501 1.5611 3.5890 10.5882 1.7408 6.7466 0.7068 1.4571 0.7573 89.91
100 3.64 3.87 8.5 13.34 4.1716 1.5611 2.6105 11.7647 2.1492 7.4963 0.8726 1.0599 0.7573 89.91
110 3.64 3.87 8.5 13.34 3.4476 1.5611 1.8865 12.8412 2.6005 8.2459 1.0558 0.7659 0.7573 89.91
110.34 3.64 3.87 8.5 13.34 3.4264 1.5611 1.8653 12.9812 2.6166 8.2714 1.0624 0.7573 0.7573 89.91
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 Y o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o 4] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
o 0.00 o o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’

Maxi wuwr Fow at Holy /c &l s Hoe Ha Jewewa | Stovet.
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provect: 04 Gross Lt cotal JoB NUMBER & 002 © 2 paTE: 722 ~P Y

DISCRIPTION: /%ld\( 1\ CHM/{W /w[/\QtL/\‘TL \D@m\ﬂ«(‘r{ ’f:\}.(/ 6@«{;&0( Stovwen
Wi/ 2 frmd@s 4 C/Demuq usl (0w\/‘[wf0¢j (+ /?z/owmr/)

compuenBy: RHF CHECKEDBY._M DATE CHECKED; __ /= 74 - qu SHT____ OF

FCDMC — FIGURE 4-—9
INLETSTATION:_.ZQ-(ZS\_ DOWNSTREAM HGIJﬁQ_‘_{_D HO//j

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME Il — HYDRAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.
C.Qo=9IS28  au=Y9447 ;. ag= = © (Qu/Qo)=O)« ‘?82( (Qg/Q0)=0. 0179 ;
7 '

D.Do=__ 1O ;. Du=_ (O : B= 3% . (DuDo)=_[ O (B/Do) =
E. MAINLINE OUTLET STRUCTURE.__ Z - (8 X/o

F. MAINLINE UPSTREAM STRUCTURE:_Z ~{ & x/O

2. GENERAL INSTRUCTION No. 1:
A. DOWNSTREAM HG= | (96 1/ O
B. BOX REACH LENGTH=__[72 ¥
C.BOXSt=__  ©O.00 28> - (,72%
D.Hi=sf*L=__ (@ .0025Y2 -
E. PRESSURE LINE EL. AT D.S. SIDE OF JUNCTION STRUCT RE = /)90 44,40 = (20050

3. GENERAL INSTRUCTI 0.2:
A. Vo= ’Zgé i Ho= 24%(4 ; [Ho=(Vo ™~ 2)/2¢g]

4. GENERAL INSTRUCTION No. 4:
A. STRUCTURE INVERT ELEVATION = /]QL{' (8

B. PRESSURE DEPTH = [2001S0 /IS8 = 1b & 2~ i (2.5 - 4A)

C. K(Vo ~ 2/2g) WHERE K=3(Qg/Qo)= D 1 : (PER SECTION 4.2.4.3 No. 4 — pg 4—23)

C.d= (523013 = \ [ped < (4B)+{,4\C))

D. d/Do = (/%S Z/00=. /20{ __; USE
NOTE:

FOR Qg/o =_O. | DuDo=_[/ D

Ku =

FORdDo = /(S . INCREMENTOFKu=0, 04

THEREFORE Ku = Ku + Ku INCREMENT.= © ( ( &

Hu=Ku(Vo~2/29) = O 1| R ( A M= B 4T

TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINEEL = [200¢SQ +o. Y = (200,74 (2.5 + (Hu))
CHECK d: V

A. (UPSTREAM PR§SS)JRE LINE EL) - (STRUCTURE INVERT EL) -(200 7Y -1EH(8= 16176 usE=[b R
B.d/Do=_)/n. ) . USE J.S

DOES d/Do = THE ASSUMED d/Do Z@ <

A. IF YES STOP

B. IF NO COMPUTE THE CORRECT d/Do AND READ INCREMENT OF Ku AND PROCEED:
1. d/Do = ;  (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = :  (FROM UPPER GRAPH OF FIGURE 4.9)

3. CORRECT Ku = Ku + INCREMENT OF Ku =

Hu = Ku(Vo~2/2g) =0,/ 8 (—2-%@; 0. ¥Y

HGu = (UPSTREAM PRESSURE LINE) + (Hu) =_(200,S0 +©./4Y = [ 202,94

FILE: DF - INLET.WK3

Use K=0d8 GREINER, INC.
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Closed Condutts

To use Figure 4.8:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the size ratios Dy/Do and A /Dy (Gen. Instr. 3).
4. Note whether the outfall pipe entrance is to be square-edged or rounded

smooth (note Gen. Instr. 6).

5. Enter Figure 4.8 at the pipe size ratio Dy/Do and read Ky at the curve for
the proper value of A/Dy for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

6. Calculate hy (positive or negative) as indicated on the diagrams on Figure
4.8 and by Gen. Instr. 7.

7. Adda positive hy to (or subtract the absolute value of a negative hy from)
the elevation of the outfall pressure at the junction center to obtain the
elevation of the upstream pipe pressure line at the same location.

8. The water surface elevation in the junction corresponds to that of the
upstream pipe, whether above or below the outfall pressure line.

9. Checktobesurethe watersurface elevationin the junctionis atleast 6 inches
below the top of the junction box so that overflow may not occur.

Comments: For a square-edged entrance to the outfall pipe, values of A/Dy less
than 1 do not appreciably reduce the values of Ky shown for A/Dy = 1. Ky
increases for distances A /Dy greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi-
cient accuracy for all values of A/Dy up to 3.

4.2.4.3 Rectangular Manhole—Through Pipeline—with Inlet Flow: Coefficients
for pressure changes are presented in Figure 4.9 for use in determining the common
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the manhole sides (long dimension) and must
meet thealignment requirement stated for Figure 4.9. As much as half the total flow
may enter through a top inlet. The main graph of Figure 4.9 includes effects of
various portions of grate flow for a relative water depth d/Dg of 2.5. Increments of
Ky for other relative water depths are shown in the supplemental graphs; positive
increments for d/Dg less than 2.5 and negative for greater depths.

To use Figure 4.9:

1.- Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate velocity head in the outfall (Gen. Instr. 2).

3. Calculate the ratios of Dyy/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio Qc/Qo =1- Qu/Qo).
4. Estimate a value for the water depth, d.
» Follow Gen. Instr. 4.

» Estimate K=3 Qg/Qo.
5. Calculate the corresponding relative water depth d/Do.




Closed Condults

6. Iftheestimatedd/Doisapproximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Dy/Do and read Ky at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

7. If the estimated d/Dg is other than 2.5, follow Step 6, then enter the upper
graph on Figure 4.9 at the given Dy/Do and determine the increment of
Ky required to account for the effects of the estimated relative water depth
d/Dy.

8. Add Ky from Step 6 and the increment from Step 7 to determine the total
value of Ky. Note that negative values of Ky may occur.

9. For a rounded outfall pipe entrance or one consisting of a pipe socket,
reduce Ky according to Gen. Instr. 6.

10.  Calculate hy as indicated on the diagram on the Figure and by Gen. Instr. 7.

11.  Add hy to the elevation of the outfall pressure line at the inlet center to
- obtain a more precise value for the water depth, d.

12.  Repeat the above procedure with the improved value of d from Step 11 if
necessary. Such repetition may not be necessary if the original estimated
d/Do of Step 5 was reasonably accurate.

13.  Check to be sure the water elevation is at least 6 inches below the gutter
elevation at the inlet so that inflow may be admitted.

4.2.4.4 Rectangular Manhole—Upstream Main and 90 Degree Lateral Pipe—
with or without Inlet Flow: Pressure change coefficients are presented in Figure
4.10 foruse in determining the common elevation of the two upstream pipe pressure
lines and the water surface in the manhole. Flow into the combination inlet and
junction box is supplied by an upstream main, in-line with the outfall and flowing
through the short dimension of the manhole, and a 90 degree lateral pipe connected
at one end of the box, supplemented by flow through a top inlet. The main graph
of Figure 4.10 applies directly for no flow into the manhole through the inlet.
Increments of Kyy and K, for inlet flow conditions are shown in the supplementary
graphs of the upper portion of the figure.

To use Figure 4.10:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the ratios Dyy/Do, Qu/Qo (Gen. Instr. 3).
4. Ifnoinletflow is involved, enter the lower graph on Figure 4.10 at the pipe

size ratio Dy/Dg and read Ky (or Kp) at the curve or interpolated curve for
Qu/Qo, then proceed as in Step 10.

5. With inlet flow, estimate a value for the water depth, d.
» Follow Gen. Instr. 4

» Estimate K=1.5

6.  Calculate the corresponding relative water depth d/Do.

7.  Enterthelower graphand obtain Ky (or K1) as inStep 4, this value applying
for Qc/Qo =0.




PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 4 (W/O CLOGGING A TOTAL OF 6 ON PLANS)
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: S. CEMETARY — STA. 34 +39 (INLETS IN CHIMP) Manning's n: 0.014
CHIMP HG AT INLET: 1204.80 Grate Total Area: 6.67
BOX CULVERT HG ELEVATION: 1201.22 Total Perimeter: 10.67
GRATE ELEVATION: 1201.08 Hydraulic Radius: 0.6251
Q Hp Ho An Ag KI Kl— Kt Kt Vn Hvn Vg Hvg Ktn Ktn Qo
Assumed |Pressure | Orilace Net Grate | Total Grate | Cakulated Total Total Loss Coeffcient Calkculated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam's" Discharge
Disc harge Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss | Adjusted Coefficiert Velocit Velocity Head Velocity Velocilx Head Coefficient Trashrack Coefficiert | Oriface Egualio_n_
EO 3.58 3.72 = 17 = 26.68 102.5700 1.5611 101.0090 2.y3528 = 0.0860 1.4993 0.0349 41.0097 0.7573 176.29
50 3.58 3.72 17 26.68 65.6448 1.5611 64.0838 2.9412 0.1343 1.8741 0.0545 26.0180 0.7573 176.29
60 3.58 3.72 17 26.68 45.5867 1.5611 44.0256 3.5294 0.1834 2.2489 0.0785 17.8744 0.7573 176.29
70 3.58 3.72 17 26.68 33.4923 1.5611 31.9312 41176 0.2633 2.6237 0.1069 12.9641 0.7573 176.29
80 3.58 3.72 17 26.68 25.6425 1.5611 24.0815 4.7059 0.3439 2.9985 0.1396 9.7771 0.7573 176.29
80 3.58 3.72 17 26.68 20.2608 1.5611 18.6997 5.2941 0.4352 3.3733 0.1767 7.5921 0.7573 176.29
100 3.58 3.72 17 26.68 16.4112 1.5611 14.8502 5.8824 0.5373 3.7481 0.2181 6.0292 0.7573 176.29
110 3.58 3.72 17 26.68 13.5630 1.5611 12.0019 6.47086 0.6501 4.1229 0.2640 4.8728 0.7573 176.29
120 3.58 3.72 17 26.68 11.3967 1.5611 9.8356 7.0588 0.7737 4.4978 0.3141 3.9933 0.7573 176.29
130 3.58 3.72 17 26.68 9.7108 1.5611 8.1497 7.6471 0.9080 4.8726 0.3687 3.3088 0.7573 176.29
140 3.58 3.72 17 26.68 8.3731 1.5611 6.8120 8.2353 1.0531 5.2474 0.4276 2.7657 0.7573 176.29
150 3.58 3.72 17 26.68 7.2939 1.5611 5.7328 8.8235 1.2089 5.6222 0.4908 2.3275 0.7573 176.29
160 3.58 3.72 17 26.68 6.4106 1.5611 4.8496 9.4118 1.3755 5.9970 0.5584 1.9689 0.7573 176.29
170 3.58 3.72 17 26.68 5.6786 1.5611 4.1176 10.0000 1.5528 6.3718 0.6304 1.6717 0.7573 176.29
180 3.58 3.72 17 26.68 5.0652 1.5611 3.5041 10.5882 1.7408 6.7466 0.7068 1.4227 0.7573 176.29
180 3.58 3.72 17 26.68 4.5460 1.5611 2.9850 11.1765 1.9397 7.1214 0.7875 1.2119 0.7573 176.29
200 3.58 3.72 17 26.68 4.1028 1.5611 2.5418 11.7647 2.1482 7.4963 0.8726 1.0320 0.7573 176.29
210 3.58 3.72 17 26.68 3.7214 1.5611 2.1603 12.3529 2.3695 7.8711 0.9620 0.8771 0.7573 176.29
218.858 3.58 3.72 17 26.68 3.42862 1.5611 1.8652 12.8740 2.5736 8.2031 1.0449 0.7573 0.7573 176.29

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’
Ty Méxiwua Flew at Hots JocabOn  ss /YT 6‘7(.‘. fou ﬂjﬁ ?ébédf’/mf S"’C)l«’vw '




PROJECT@/A Cposs e Caual JOBNUMBER (=082 | © 2

pate:. /=22 ~ZY

CCOq g la not C&ﬂ&@d) (é /Z/U(/cf.lﬁ(/\

DISCRIPTION: ’ule‘(' 1 CH{MP 'M\}Qt‘/‘flbcs,;/uo(/ ?Qw (’u/«.;a/p( S‘fléaa,, a?/;(%{%é}

COMPUTED BY: E ! “é‘- CHECKED BY: t { 'U DATE CHECKED: / “7¥. SHT OF
!

FCDMC - FIGURE 4-9
NLETsTATION: 3 Y4+ 3F  pownsTReamHG: /200 9% S, Ceue {4//

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME Il — HYDRAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.
C.Q=4S2 8B ; = ; . Qg=Y379 . (Quo)=0.b

D.Do=_ 10O ;  Du= i B= &7 i (Du/Do)=_/eQ
E. MAINLINE OUTLET STRUCTURE 2-/8 X007
F. MAINLINE UPSTREAM STRUCTURE: 2 - /9/ ¥/ !

2. GENERAL INSTRUCTION No. 1: o 4
A. DOWNSTREAM HG= /200 . .
B. BOX REACH LENGTH= &[S £ 7!
C.BOXSt=_D D252,
D.Hf=St*L=(0:002552)(4¢5)= /7« N7 ﬁ/

(Qg/Qo)=8 Q32
(8/Do)=_3, 7

E. PRESSURE LINE EL. AT D.8. SIDE OF JUNCTION sTRUcTURE = // N7 + /200,9¢ = 202, S

A.Vo=_/2.:S 8 i Ho= 21“{-(4 ; [Ho=(Vo "~ 2)/2¢g]

4. GENERAL INSTRUCTION No. 4:
A. STRUCTURE INVERT ELEVATION = // 8 S ¢ =
B. PRESSURE DEPTH =/R02,5| =//BC 16T 2 1L . Bl ((RF) - (4.A)

C.d= (f‘40//0 —/(/’;, o ((4B)+é4c))
D-d/D°=/(p/ﬂf'//C /;7(“ ~ USE

NOTE:
FOR Qg/Qo = jz ) O Du/Do = g: (2
Ku = f2 N h
FORADo=_/, & ; INCREMENT OFKu=£%Q
THEREFORE Ku = Ku + Ku INCREMENT = 0 ./
Hu = Ku(Vo~2/2g) = &4/ 9 (2% = 4V

3. GENERAL INSTRUCTION No. 2: ‘\/;

C. K(Vo /" 2/2g) WHERE K=3( Qg/Qo) 0:/0 ; (PERSECTION 4.2.4.3 No. 4 — pg 4-29)

TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LNEEL =/2 02 S/ + D442 1202, 7 §_((2.E) + (Hu))

CHECK d:

A. (UPSTREAM PRESSURE LINE EL) — (STRUCTURE INVERT EL) = =1202.9C- 1856821100 use=[7.30

B.d/Do= {71%0 / /0.0 = [+7%, : USE I+7

'

DOES d/Do = THE ASSUMED d/Do \! & §

A. IF YES STOP

B. IF NO COMPUTE THE CORRECT d/Do AND READ INCREMENT OF Ku AND PROCEED:
1. d/Do = i  (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = ;  (FROM UPPER GRAPH OF FIGURE 4.9)

3. CORRECT Ku = Ku + INCREMENT OF Ku =

Hu = Ku(Vo~2/29) =0, [& ( 2, %) 0.4

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = [202.%/ Jo4Y = Do 3¢

FILE: D? - INLET.WK3

GREINER, INC.
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Closed Condufts

To use Figure 4.8:

Determine the outfall pipe pressure line elevation (Gen. Instr. 1).

Calculate the velocity head in the outfall (Gen. Instr. 2).

Calculate the size ratios Dy/Do and A /Dy (Gen. Instr. 3).

Note whether the outfall pipe entrance is to be square-edged or rounded

smooth (note Gen. Instr. 6).

5.  Enter Figure 4.8 at the pipe size ratio Dy/Do and read Ky at the curve for
the proper value of A /Dy for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

6.  Calculate hy (positive or negative) as indicated on the diagrams on Figure
4.8 and by Gen. Instr. 7.

7. Adda positive hy to (or subtract the absolute value of a negative hy from)

the elevation of the outfall pressure at the junction center to obtain the
elevation of the upstream pipe pressure line at the same location.

8. The water surface elevation in the junction corresponds to that of the
upstream pipe, whether above or below the outfall pressure line.

9. Checktobesurethe watersurface elevationin the junctionis atleast 6 inches
below the top of the junction box so that overflow may not occur.

il I

Comments: For a square-edged entrance to the outfall pipe, values of A/Dyj less
than 1 do not appredably reduce the values of Ky shown for A/Dy = 1. Ky
increases for distances A /Dy greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi-
cient accuracy for all values of A/Dy up to 3.

4.2.43 Rectangular Manhole—Through Pipeline—with Inlet Flow: Coefficients
for pressure changes are presented in Figure 4.9 for use in determining the common
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the manhole sides (long dimension) and must
meet the alignment requirement stated for Figure 4.9. As much as half the total flow
may enter through a top inlet. The main graph of Figure 4.9 includes effects of
various portions of grate flow for a relative water depth d/Dg of 2.5. Increments of
Ky for other relative water depths are shown in the supplemental graphs; positive
increments for d/Dg less than 2.5 and negative for greater depths.

To use Figure 4.9:

1.— Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate velocity head in the outfall (Gen. Instr. 2).
3. Calculate the ratios of Dyy/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio Qg/Qo =1- Qu/Qo).
4.  Estimate a value for the water depth, d.
» Follow Gen. Instr. 4.

» Estimate K=3 Qg/Qo.
5.  Calculate the corresponding relative water depth d/Do.




Closed Condults

6. Iftheestimatedd/Doisapproximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Dy/Dg and read Ky at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

7. If the estimated d/Dg is other than 2.5, follow Step 6, then enter the upper
graph on Figure 4.9 at the given Dy/Do and determine the increment of
Ky required to account for the effects of the estimated relative water depth
d/Duy.

8. Add Ky from Step 6 and the increment from Step 7 to determine the total
value of Ky. Note that negative values of Ky may occur.

9. For a rounded outfall pipe entrance or one consisting of a pipe socket,
reduce Ky according to Gen. Instr. 6.

10.  Calculate hy as indicated on the diagram on the Figure and by Gen. Instr. 7.

11.  Add hy to the elevation of the outfall pressure line at the inlet center to
» obtain a more precise value for the water depth, d.

12.  Repeat the above procedure with the improved value of d from Step 11 if
necessary. Such repetition may not be necessary if the original estimated
d/Do of Step 5 was reasonably accurate. _

13.  Check to be sure the water elevation is at least 6 inches below the gutter
elevation at the inlet so that inflow may be admitted.

4.2.4.4 Rectangular Manhole—Upstream Main and 90 Degree Lateral Pipe—
with or without Inlet Flow: Pressure change coefficients are presented in Figure
4.10 foruse in determining the common elevation of the two upstream pipe pressure
lines and the water surface in the manhole. Flow into the combination inlet and
junction box is supplied by an upstream main, in-line with the outfall and flowing
through the short dimension of the manhole, and a 90 degree lateral pipe connected
at one end of the box, supplemented by flow through a top inlet. The main graph
of Figure 4.10 applies directly for no flow into the manhole through the inlet.
Increments of Ky and Ky, for inlet flow conditions are shown in the supplementary
graphs of the upper portion of the figure.

To use Figure 4.10:

Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
Calculate the velocity head in the outfall (Gen. Instr. 2).
Calculate the ratios Dy/Do, Qu/Qo (Gen. Instr. 3).

If no inlet flow is involved, enter the lower graph on Figure 4.10 at the pipe
size ratio Dy/Do and read Ky (or Kp) at the curve or interpolated curve for
Qu/Qo, then proceed as in Step 10.

5.  With inlet flow, estimate a value for the water depth, d.
» Follow Gen. Instr. 4

el

» EstimateK=1.5

6. Calculate the corresponding relative water depth d/Do.

7.  Enterthelower graphand obtain Ky (orKp) as in Step 4, this value applying
for Qc/Qo =0.




PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 3 (W/O CLOGGING A TOTAL OF 6 ON PLANS)
JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: NORTH CEMETARY — STA. 41+49 (INLETS IN CHIMP) Manning's n: 0.014
CHIMP HG ELEVATION: 1206.24 Grate Total Area: 6.87
BOX CULVERT HG ELEVATION: 1202.85 Total Perimeter: 10.67
GRATE ELEVATION: 1202.78 Hydraulic Radius: 0.6251
Q Hp Ho An Ag Kl Kl—-Kt Ktg Vn Hvn Vg Hvg Ktn Kin Qo
Assumed |Pressure | Oriface | Net Grate | Total Grate | Calkulated Total Total Loss Coeffcient Calkulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calkulated Trashrack *Small Dam's" Discharge
Discharge| Head Head | Open Area | Open Area | Loss Coefficient | Without Trashrack Loss | Adjusted Coefficiert Velocity Velocity Head Velocity Velocity Head Coefficient Trashrack Coefficiert | Oriface Equation
50 3.39 3.46 12.75 20.01 34.9655 1.5611 33.4044 3.9216 0.2388 2.4988 0.0970 13.5622 0.7573 127.52
75 3.39 3.46 12.75 20.01 15.5402 1.5611 13.8792 5.8824 0.5373 3.7481 0.2181 5.6755 0.7573 127.52
100 3.39 3.46 12.75 20.01 8.7414 1.5611 7.1803 7.8431 0.9552 4.8975 0.3878 2.9152 0.7573 127.52
125 3.39 3.46 12.75 20.01 5.5945 1.5611 4.0334 9.8039 1.4925 6.2469 0.6060 1.6376 0.7573 127.52
150 3.39 3.46 12.75 20.01 3.8851 1.5611 2.3240 11.7647 2.1492 7.4963 0.8726 0.9435 0.7573 127.52
155 3.39 3.46 12.75 20.01 3.6384 1.5611 2.0774 12.1569 2.2949 7.7461 0.9317 0.8434 0.7573 127.52
156 3.39 3.46 12.75 20.01 3.5920 1.5611 2.0309 12.2353 2.32486 7.7961 0.9438 0.8245 0.7573 127.52
157 3.39 3.46 12.75 20.01 3.5463 1.5611 1.9853 12.3137 2.3545 7.8461 0.9559 0.8060 0.7573 127.52
158 3.39 3.46 12.75 20.01 3.50186 1.5611 1.9405 12.3922 2.38486 7.8961 0.9681 0.7879 0.7573 127.52
159 3.39 3.46 12.75 20.01 3.4577 1.5611 1.8966 12.4706 2.4148 7.9460 0.9804 0.7700 0.7573 127.52
159.724 3.39 3.46 12.75 20.01 3.4264 1.5611 1.8654 12.5274 2.4369 7.9822 0.9894 0.7573 0.7573 127.52

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should = Column ‘N’ -
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prOJECT:D [d @‘OS’.S Gt (6’60{1/ JOB NUMBER /=0 D 2/ D 2 pATE: J- 22 ~9Y
DISCRIPTION: /u ///f CHI ”/ /‘7("%”/L\" el ﬁéﬂ‘f’kw" Efben, L(]/g C?Va}ltol
(C/a‘?m{/ LM&/C&%S/C[’F@Z/) (é Ger //d'//p>

¥

COMPUTED BY: E Ht CHECKED BY: ," A DATE CHECKED: // /({ - w’ L{ SHT OF

{ —_— —_—

FCDMC — FIGURE 4-9
INLET STATION: 44/ 4 Y g DOWNSTREAM HG: /2O ¥ 20 D . Cz@bvef‘l'&vj

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.

B. USE FCDMC VOLUME Il — HY RAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.
C. Qo= ()2 ; Qu= . ag=/2 £ ; (Qu/ao) Qi'z_é- B Soh Qg Z?Z_&
D.Do=_[0O ;  Du= B=_ 17 i (DuDo)y=_/1O /Do)=_A/7

E. MAINLINE OUTLET STRUCTURE:_2 —} v/ 0O
F. MAINLINE UPSTREAM STRUCTURE: 2 ~/ 5 X/

2. GENERAL INSTRUCTION No. 1:
A. DOWNSTREAM Ha= J2 0 Y. 2 O
B. BOX REACH LENGTH= Y
C.BOXSt=0.,802.300 T 5,79
D.Hf=Sf*L=(p,002300)(2%5)*= 17 -
E. PRESSURE LINE EL. AT D.S. SIDE OF JUNCTION STRUCTURE =_| A Q%2 O+ ©,7% = [ROY. 99

3. GENERAL INSTRUCTIOM, No. 2:
A. Vo= . Ho=_212 O ;[Ho=(Vo~2)/2g]

4. GENERAL INSTRUCTION No. 4:
A. STRUCTURE INVERT ELEVATION =_ || 87
B. PRESSURE DEPTH = (R0 % 94~ 127, 36= l? h3 i ((2.E) - 4.A)
C. K(Vo ~2/2g) WHERE K=3 g/Qo) 0+07] ; (PERSECTION 4.2.4.3 No. 4 — pg 4-23)
Cd=17kd>4 0,07 =\ . ((4.8) + (4.0)
D.d/Do=1"a7/ 10O = 1,77 i USE 2

NOTE:
FORQ Q{o—Q Q  bupo=_[, O
Ku =
FOR d/Do = (¥ ; INCREMENTOFKu=0,0 ¥
THEREFORE Ku = Ku + Ku !N(CREMEN\T =0i(240.0 §
Hu=Ku(Vo~2/29) =0.17 (2:20)= ©:127
TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE EL = /% 0 kb?eH- 0:37 = 12053 (2.6 + (Hu)

CHECK d:

A. (UPSTREAM PRESSURE LINE EL) — (STRUCTURE INVERT EL) = C—/lB7%=18 : use= 2.0
B. d/Do = (50 {0,060 = B : USE 2.

DOES d/Do = THEASSUMED d/Do Y€ 5

A. IF YES STOP

B. IF NO COMPUTE THE CORRECT d/Do AND READ INCREMENT OF Ku AND PROCEED:
1.d/Do = ;  (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = ; (FROM UPPER GRAPH OF FIGURE 4.9)

3. CORRECT Ku = Ku + INCREMENT OF Ku =

Hu = Ku(Vo~2/2g) = 27 (mzcﬂ 20357

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = / 20499 40.37= 0036

FILE: DF -INLET.WKO3

GREINER, INC.
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Closed Condults

To use Figure 4.8:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the size ratios Dy/Do and A /Dy (Gen. Instr. 3).
4. Note whether the outfall pipe entrance is to be square-edged or rounded

smooth (note Gen. Instr. 6).

5. Enter Figure 4.8 at the pipe size ratio Dy/Dg and read Ky at the curve for
the proper value of A/Dy for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

6. Calculate hy (positive or negative) as indicated on the diagrams on Figure
4.8 and by Gen. Instr. 7.

7. Add a positive hy to (or subtract the absolute value of a negative hyy from)
the elevation of the outfall pressure at the junction center to obtain the
elevation of the upstream pipe pressure line at the same location.

8. The water surface elevation in the junction corresponds to that of the
upstream pipe, whether above or below the outfall pressure line.

9. Checktobesurethe watersurface elevation in the junctionis atleast 6 inches
below the top of the junction box so that overflow may not occur.

Comments: For a square-edged entrance to the outfall pipe, values of A/Dy less
than 1 do not apprediably reduce the values of Ky shown for A/Dy = 1. Ky
increases for'distances A /Dy greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi-
cient accuracy for all values of A/Dy up to 3.

4.2.4.3 Rectangular Manhole—Through Pipeline—with Inlet Flow: Coefficients

for pressure changes are presented in Figure 4.9 for use in determining the common
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the manhole sides (long dimension) and must
meet the alignment requirement stated for Figure 4.9. As much as half the total flow
may enter through a top inlet. The main graph of Figure 4.9 includes effects of
various portions of grate flow for a relative water depth d/Dg of 2.5. Increments of
Ky for other relative water depths are shown in the supplemental graphs; posmve
increments for d/Dg less than 2.5 and negative for greater depths. -

To use Figure 4.9:

1.- Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate velocity head in the outfall (Gen. Instr. 2). il

3. Calculate the ratios of Dyy/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio Qc/Qo =1-Qu/Qo)
4. Estimate a value for the water depth, d.
» Follow Gen. Instr. 4.

» Estimate K=3 Qg/Qo.
5.  Calculate the corresponding relative water depth d/Do.
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Closed Condults

6. Iftheestimatedd/Doisapproximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Dy/Do and read Ky at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

7. If the estimated d/Dg is other than 2.5, follow Step 6, then enter the upper
graph on Figure 4.9 at the given Dy/Do and determine the increment of
Ky required to account for the effects of the estimated relative water depth
d/Du.

8. Add Ky from Step 6 and the increment from Step 7 to determine the total
value of Ky. Note that negative values of Ky may occur.

9. For a rounded outfall pipe entrance or one consisting of a pipe socket,
reduce Ky according to Gen. Instr. 6.

10.  Calculate hyy as indicated on the diagram on the Figure and by Gen. Instr. 7.

11.  Add hy to the elevation of the outfall pressure line at the inlet center to
; obtain a more precise value for the water depth, d.

12.  Repeat the above procedure with the improved value of d from Step 11 if
necessary. Such repetition - may not be necessary if the original estimated
d/Do of Step 5 was reasonably accurate.

13.  Check to be sure the water elevation is at least 6 inches below the gutter
elevation at the inlet so that inflow may be admitted.

4.2.44 Rectangular Manhole—Upstream Main and 90 Degree Lateral Pipe—
with or without Inlet Flow: Pressure change coefficients are presented in Figure
4.10 for use in determining the common elevation of the two upstream pipe pressure
lines and the water surface in the manhole. Flow into the combination inlet and
junction box is supplied by an upstream main, in-line with the outfall and flowing
through the short dimension of the manhole, and a 90 degree lateral pipe connected
at one end of the box, supplemented by flow through a top inlet. The main graph
of Figure 4.10 applies directly for no flow into the manhole through the inlet.
Increments of Ky and K, for inlet flow conditions are shown in the supplementary
graphs of the upper portion of the figure.

To use Figure 4.10:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the ratios Dyy/Do, Qu/Qo (Gen. Instr. 3).
4. Ifnoinlet flowis involved, enter the lower graph on Figure 4.10 at the pipe

sizeratio Dy/Do and read Ky (or Kp) at the curve or interpolated curve for
Qu/Qo, then proceed as in Step 10.

5. With inlet flow, estimate a value for the water depth, d.
» Follow Gen. Instr. 4 :

» Estimate K=1.5

6. Calculate the corresponding relative water depth d/Do.

7. Enterthelower graphand obtain Kiy (or K) as in Step 4, this value applying
for Qc/Qo=0.




PROJECT NAME:

OLD CROSS CUT CANAL

Grate Net Area:

4.25 No. OF GRATES:

5 (W/O CLOGGING A TOTAL OF 8 ON PLANS)

JOB NUMBER: E002102 Height of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grate Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: WINDSOR STA. 57+ 90 (INLETS IN CHIMP) Manning's n: 0.014
CHIMP HG AT INLET: 1208.31 Grate Total Area: 6.67
MAINLINE HG AT DROP INLET: 1206.77 Total Perimeter: 10.67
GRATE ELEVATION: 1206.76 Hydraulic Radius: 0.6251
Q Hp Ho An Ag Ki KI—Kt Kig Vn Hvn Vg Hvg Kin Ktn Qo
Assumed | Pressure | Oriface Net Grate | Total Grate | Cakulated Total Total Loss Coeficient Cakulated Trashrack | Net Grate Area | Net Grate Area | Total Grate Area | Total Grate Area |Calculated Trashrack *Smal Dam's" Discharge
Discharge| Head Head Open Area | Open Area | Loss Coeffcient Without Trashrack Loss | Adjusted Coefficiert Velocity Velocity Head Velocity Velocity Head Coefficiert Trashrack Coefficiert | Oriface Equation
100 1.54 1.55 21.25 33.35 11.0306 1.5611 9.4695 4.7059 0.3438 2.9985 0.1396 3.8446 0.7573 142.25
120 1.54 1.55 21.25 33.35 7.6601 1.5611 6.0991 5.6471 0.4852 3.5982 0.2010 2.4762 0.7573 142.25
140 1.54 1.55 21.25 33.35 5.6278 1.5611 4.0668 6.5882 0.6740 4.1979 0.2736 1.6511 0.7573 142.25
160 1.54 1.55 21.25 33.35 4.3088 1.5611 2.7478 7.5294 0.8803 4.7976 0.3574 1.1156 0.7573 142.25
170 1.54 1.55 21.25 33.35 3.8168 1.5611 2.2558 8.0000 0.9938 5.0975 0.4035 0.9158 0.7573 142.25
175 1.54 1.55 21.25 33.35 3.6018 1.5611 2.0408 8.2353 1.0531 5.2474 0.4276 0.8286 0.7573 142.25
176 1.54 1.55 21.25 33.35 3.5610 1.5611 2.0000 8.2824 1.0652 5.2774 0.4325 0.8120 0.7573 142.25
1T 1.54 1.55 21.25 33.35 3.5209 1.5611 1.9598 8.3294 1.0773 5.3073 0.4374 0.7957 0.7573 142.25
178 1.54 1.55 21.25 33.35 3.4814 1.5611 1.9204 8.3765 1.0895 5.3373 0.4423 0.7797 0.7573 142.25
179 1.54 1.55 21.25 33.35 3.4426 1.5611 1.8816 8.4235 1.1018 5.3673 0.4473 0.7639 0.7573 142.25
179.423 1.54 1.55 21.25 33.35 3.4264 1.5611 1.8654 8.4434 1.1070 5.3800 0.4494 0.7573 0.7573 142.25

NOTE: Qo Should Be > Q (Column ‘A’ < Column ‘O’); Column ‘M’ Should

Column ‘N’

Max Flowo at UJA\/\Q(QGLL/ IS 6O a(; /g/ @, 7@6(/(«'/ ‘Sf‘dx/c_(,\
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proJECT: O Rwse G Coe.a/ JOB NUMBER: (—00.2/0 2

DATE: /=72 ~ 94/

DISCRIPTION: lw\e% N CHI MY ’\A\}O’/‘" Dey ) Tor /ﬂmz/d §J‘é»’ Lé/gjva{@J

(0[033,\/\5/ G CEMS?Q[Q//Q({S/ (8 o ,ﬂéz&d)

E. MAINLINE OUTLET STRUCTURE,__ 2 —/& £.(O
F. MAINLINE UPSTREAM STRUCTURE: 2 —/ 8 X /1

2. GENERAL INSTRUCTION No. 1:
A. DOWNSTREAM HG= [20OT , 3
B. BOX REACH LENGTH=_ 1@\ |
c.Boxst=0 .00223p 0
D.Hf = St* L =( 0002300 ( IGFN\ = 2.77

i/ sl
COMPUTED BY: X L—j - CHECKED BY: ZV W DATE CHECKED:__ /- 7 = ‘?U, SHT OF
f
FCDMC - FIGURE 4-—9
INLET STATION:. S74 90 DOWNSTREAM HG: |205 13 6
1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME Il — HYDRAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9,
C. Qo= L_—{:Z-ﬂ é D oau=4223 © Qe=_04D : (Qu/Qo)=Q‘i 8{40; (Qg/Qo) Q {ﬂg
D.Do=_/HDcO ; Du=yPpceO_ : B=_ =37 i (DuDo)=_Sco _; (BDo)=_> .7 ;

E. PRESSURE LINE EL. AT D.S. SIDE OF JUNGTION STRUCTURE = J]2 00X . 3L+ 3.77 = /20213

3. GENERAL INSTRUCTION No. 2:

AvVo=[.TY ; Ho=Z:2| ;[Ho=(Vo~2)/2g]

4. GENERAL INSTRUCTION No. 4:
A. STRUCTURE INVERT ELEVATION = [( 2(. 3O
B. PRESSURE DEPTH = 13-/ = i (2B — (4.A)
c K(Vo Az/z% WHERE K 3( og/oo)— oo (PER SECTION 4.2.4.3 No. 4 — pg 4—23)
2+090V= {1787 ; ((4 B) + (4.C))
Dd/Do—lZ,b:ZZ[Q: = /.K i USE 2.0

NOTE:
FOR Qg/Q0 = ,/(0 Dufbo -0

ku=Q_(2

FORd/Do = 2O INCREMENTOF Ku=  2S

THEREFORE Ku = Ku + Ku INCREMENT = O , /7

Hu=KuVo~220) =7 (2:20\ =025

TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINEEL = |2 07, /3 + 0.38 = |209.S[ (25 + (Hu)

CHECK d:

A. (UPSTREAM PRESSURE LINE EL) — (STRUCTURE INVERTEL) = /209, T/ -119/,30=14,2 : use=18. 0

B.dDo=_ /8.0 [/O.0 = /1BD : USE Z2:0

DOES d/Do = THE ASSUMED d/Do 2& S

A. IF YES STOP

B. IF NO COMPUTE THE CORRECT d/Do AND READ INCREMENT OF Ku AND PROCEED:
1. d/Do = ;  (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = 1 (FROM UPPER GRAPH OF FIGURE 4.9)
3. CORRECT Ku = Ku + INCREMENT OF Ku =

Hu = Ku(Vo~2/2g) = 7./ 7 (2. PDE 0.3A8

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = | 209, /3 #0.:3% = [209.S |

v

FILE: DF - INLET.WK3

GREINER, INC.
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Closed Condults

To use Figure 4.8:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1. -
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3. Calculate the size ratios Dy/Dgo and A/Dy (Gen. Instr. 3).
4. Note whether the outfall pipe entrance is to be square-edged or rounded

smooth (note Gen. Instr. 6).

5. Enter Figure 4.8 at the pipe size ratio Dy/Do and read Ky at the curve for
the proper value of A/Dy fora square-edged entrance condition, or at the
dashed curve for a rounded entrance.

6. Calculate hy (positive or negative) as indicated on the diagrams on Figure
4.8 and by Gen. Instr. 7.

7. Add a positive hys to (or subtract the absolute value of a negative hy from)
the elevation of the outfall pressure at the junction center to obtain the
elevation of the upstream pipe pressure line at the same location.

8. The water surface elevation in the junction corresponds to that of the
upstream pipe, whether above or below the outfall pressure line.

9.  Checktobesurethe watersurface elevationin the junctionis atleast 6 inches
below the top of the junction box so that overflow may not occur.

Comments: For a square-edged entrance to the outfall pipe, values of A/Dy less -
than 1 do not appreciably reduce the values of Ky shown for A/Dy = 1. Ky i
increases fordistances A /Dy greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi-

cient accuracy for all values of A/Dy up to 3.

4.2.4.3 Rectangular Manhole—Through Pipeline—with Inlet Flow: Coefficients
for pressure changes are presented in Figure 4.9 for use in determining the common
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the manholesides (long dimension) and must
meet the alignment requirement stated for Figure 4.9. As much as half the total flow
may enter through a top inlet. The main graph of Figure 4.9 includes effects of
various portions of grate flow for a relative water depth d/Dg of 2.5. Increments of
Ky for other relative water depths are shown in the supplemental graphs; positive
increments for d/Dg less than 2.5 and negative for greater depths. A

To use Figure 4.9:

1.- Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate velocity head in the outfall (Gen. Instr. 2).
3. Calculate the ratios of Dy/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio Qc/Qo =1-Qu/Qo)-
4. Estimate a value for the water depth, d.
» Follow Gen. Instr. 4.

» Estimate K =3 Qg/Qo.
5.  Calculate the corresponding relative water depth d/Do.
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6. Iftheestimatedd/Doisapproximately 2.5, enter thelower graph on Figure
4.9 at the pipe size ratio Dy/Do and read Ky at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

7.  If the estimated d /Do is other than 2.5, follow Step 6, then enter the upper
graph on Figure 4.9 at the given Dy/Do and determine the increment of
Ky required to account for the effects of the estimated relative water depth
d/Dy.

8. Add Ky from Step 6 and the increment from Step 7 to determine the total
value of Ky. Note that negative values of Ky may occur.

9. For a rounded outfall pipe entrance or one consisting of a pipe socket,
reduce Ky according to Gen. Instr. 6.

10.  Calculate hy as indicated on the diagram on the Figure and by Gen. Instr. 7.

11. Add hy to the elevation of the outfall pressure line at the inlet center to
- obtain a more precise value for the water depth, d.

12.  Repeat the above procedure with the improved value of d from Step 11 if
necessary. Such repetition ' may not be necessary if the original estimated
d/Do of Step 5 was reasonably accurate.

13.  Check to be sure the water elevation is at least 6 inches below the gutter
elevation at the inlet so that inflow may be admitted.

4.2.4.4 Rectangular Manhole—Upstream Main and 90 Degree Lateral Pipe—
with or without Inlet Flow: Pressure change coefficients are presented in Figure
4.10 for use in determining the common elevation of the two upstream pipe pressure
lines and the water surface in the manhole. Flow into the combination inlet and
junction box is supplied by an upstream main, in-line with the outfall and flowing
through the short dimension of the manhole, and a 90 degree lateral pipe connected
at one end of the box, supplemented by flow through a top inlet. The main graph
of Figure 4.10 applies directly for no flow into the manhole through the inlet.
Increments of Ky and K, for inlet flow conditions are shown in the supplementary
graphs of the upper portion of the figure.

To use Figure 4.10:
1. Determine the outfall pipe pressure line elevation (Gen. Instr. 1).
2. Calculate the velocity head in the outfall (Gen. Instr. 2).
3.  Calculate the ratios Dy/Do, Qu/Qo (Gen. Instr. 3).
4. Ifnoinlet flow isinvolved, enter the lower graph on Figure 4.10 at the pipe

size ratio Dyy/Do and read Ky (or Kp) at the curve or interpolated curve for
Qu/Qo, then proceed as in Step 10.

5. With inlet flow, estimate a value for the water depth, d.
» Follow Gen. Instr. 4 :

» EstimateK=1.5

6.  Calculate the corresponding relative water depth d/Dq.

7. Enterthelower graphand obtain Ky (or KL) asinStep4, this valueapplying
for Qc/Qo=0.
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PROJECT:

DESIGNER: RHF 8SD594.DAT

CD L2 MAX Q@ ADJ Q LENGTH
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0 807.
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0 490.
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0 579.
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0 603.
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1243,
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.00

.00
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120.
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120.
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216.

216.
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PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00

DESIGNER: RHF 8SD594.DAT

CD L2 MAX Q ADJ Q LENGTH FL 1 FL2 CTL/TW D W S K KE KM LC

2 26 1205.0 1205.0 558.00 1217.78 1222.57 1242.50 120. 120. 3 0.00 0.00 0.00 0

2 27 1180.0 1180.0 67.00 1222.57 1223.15 0.00 120. 120. 1 0.00 0.50 0.00 0

L1

27

L3

REPT:
DATE:
PAGE
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LA COUNTY PUBLIC WORKS

PROJECT:
DESIGNER: RHF 8SD594.DAT
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NO

1

N

w

~

w

o

O

=25

—24

Q

D

W

DN

(CFS) (IN) (IN) (FT)

DC
(FT)

0CCC EG=1198.02 SUBMIT 7-94 BEGIN STA.

FLOW SF-FULL
(FT/FT)

TYPE

HYDRAULIC GRADE LINE CONTROL

2264.0 120 216

2264.0

2224.0
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.00255

.00246

.00230

.00230

.00230

.00201

.00201

.00201

.00201

.00180

.00180

.00180

.00180

.00504

.00504
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EE Y|

1.1

Tl
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FL 1
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1180.04

1181.98
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1191.02

1192.41

1192.85

1194.53
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1196.44
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1208.96

FL 2
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1181.98

1183.92
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1194.53

1195.40

1196.15

1196.32
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1201.84

1202.58

1205.35

1205.52

1208.38

1208.96
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1
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HG 2
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1214.

1217.
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1226.

1226.

2%
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57

57

30

46

21

D1
(FT)

18.23

19.08

18.89

18.83

18.64

18.98

18.56

18.34

17.99

17.65

21.60

20.56

20.38

20.14

D2
(FT)

16.26

16.82

17.46

17.89

18.23

18.52

18.89

18.83

18.58

18.56

18.34
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17.89

20.56

20.29

19:22

20.05

™
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LA COUNTY PUBLIC WORKS

PROJECT: OCCC EG=1198.02 SUBMIT 7-94

DESIGNER: RHF 8SD594.DAT

LINE Q D W DN
NO (CFS) (IN)(IN) (FT)

25 1205.0 120 120 5.86

26 1205.0 120 120 5.87

27 1180.0 120 120 5.75

7.66

FLOW
TYPE

FULL

FULL

FULL

STORM DRAIN ANALYSIS

BEGIN STA. 11+00

SF-FULL V1 V2 FL 1 FL 2 HG 1 HG 2 D 1

(FT/FT)  (FPS) (FPS) (FT) (FT) CALC CALC  (FT)

0.00328 12.1 12.1 1209.05 1217.78 1226.21 1229.54 17.16

0.00328 12.1 12.1 1217.78 1222.57 1227.78 1233.43  10.00

0.00314 11.8 11.8 1222.57 1223.15 1233.62 1234.10 11.05

REPT: PC/RD4412.2
DATE: 07/22/94
PAGE 2

D2 ™ ™
(FT) CALC CK REMARKS

1.76 0.00 0.00

10.86 0.00 0.00 HJ @ WIT

10.95 1236.80 0.00




V1, FL1, D1 AND HG 1 REFER TO DOWNSTREAM END

V 2, FL 2, D 2 AND HG 2 REFER TO UPSTREAM END

X - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE HG INTERSECTS SOFFIT IN SEAL CONDITION
X(N) - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE WATER SURFACE REACHES NORMAL DEPTH BY EITHER DRAWDOWN OR BACKWATER
X(J) - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE HYDRAULIC JUMP OCCURS IN LINE

F(J) - THE COMPUTED FORCE AT THE HYDRAULIC JUMP

D(BJ) - DEPTH OF WATER BEFORE THE HYDRAULIC JUMP (UPSTREAM SIDE

D(AJ) - DEPTH OF WATER AFTER THE HYDRAULIC JUMP (DOWNSTREAM SIDE

SEAL INDICATES FLOW CHANGES FROM PART TO FULL OR FROM FULL TO PART

HYD JUMP INDICATES THAT FLOW CHANGES FROM SUPERCRITICAL TO SUBCRITICAL THROUGH A HYDRAULIC JUMP

HJ @ UJT INDICATES THAT HYDRAULIC JUMP OCCURS AT THE JUNCTION AT THE UPSTREAM END OF THE LINE

HJ @ DJT INDICATES THAT HYDRAULIC JUMP OCCURS AT THE JUNCTION AT THE DOWNSTREAM END OF THE LINE

EOJ 7/22/1994  16:17
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Table 3.2

Rational Method

C Coefficients for Use with the Rational Method

Return Period

Land Use 2-10 Year | 25Year | 50 Year | 100 Year
Streets and Roads el
Paved Roads 0.7540.85)]0.83 — 0.94 [0.90 —0.95 |0.94 — 0.95
Gravel Roadways & Shoulders  |0.60 — 0.70 |0.66 —0.77 |0.72 —0.84 |0.75 —0.88
industrial Areas ~
Heavy 0.70 —0.80 [0.77 —0.88 |0.84 —0.95 |0.88 — 0.95
Light 0.60 —0.70 |0.66—0.77 [0.72 —0.84 |0.75 —0.88
Business Areas
Downtown 0.75-0.85 |0.83—0.94 [0.90 —0.95 |0.94 — 0.95
Neighborhood 0.55 —0.65 |0.61 —0.72 |0.66 —0.78 |0.69 — 0.81
Residential Areas :
Lawns — Flat 0.10-0.25 |0.11—0.28 [0.12—0.30 |0.13 — 0.31
— Steep 0.25 —0.40 |0.28 —0.44 |0.30 - 0.48 |0.31 —0.50
Suburban 0.30 —0.40 |0.33—0.44 |0.36 —0.48 |0.38 —0.50
Single Family 0.45—0.55 [0.50—0.61 |0.54 —0.66 |0.56 —0.69
Multi-Unit 0.50 — 0.60 |0.55—0.66 |0.60 —0.72 |0.63 —0.75
Apartments 0.60 —0.70 |0.66—0.77 |0.72—0.84 [0.75—0.88
B Parks/Cemetaries 0.10 €0.25 J0.11—0.28 |0.12 —0.30 |0.13 — 0.31
Playgrounds 0.40 — 0.50 |0.44 —0.55 |0.48 —0.60 |0.50 — 0.63
Agricultural Areas 0.10-0.20 |0.11-0.22 |0.12-0.24 |0.13-0.25
Bare Ground 0.20 — 0.30 |0.22—0.33 |0.24 —0.36 |0.25 —0.38
Undeveloped Desert 0.30-0.40 |0.33—-0.44 [0.36 —0.48 |0.38 —0.50
Mountain Terrain (Slopes > 10%) [0.60 —0.80 {0.66 —0.88 [0.72 —0.95 [0.75 — 0.95

the 2-10 Year values.

June 1, 1992

Note: Values of C for 25, 50 and 100 Year were derived using frequency adjustment
factors of 1.10, 1.20, and 1.25, respectively, with an upper limit of 0.95 for C for

3-5
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