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JUNCTION LOSS CALCULAIIONS
/ PROJECT NAME: OLD CROSS CUT CANAL DESIGNER: 'tC Ht- CKED BY: '/ ~

PROJECT NO.: E002102 DATE: 7-2.0-91..1 DATE: .;, -7, -0
cJuVY....~ NI: .... 5 I

NUMBER HEIGHTI FRICTION VELOCITY
STORM PGM. Q OF WIDTH DIAMETER AREA PERIMETER SLOPE VELOCITY HEAD

SECNO STREET NAME MAINLINE NO. (efs) ULVERTS (ft) (ft) (sa.ft.! (ft.) (ftfft) (fps) (ft)

19+00 GRANADA 2 4170 2 18 10 360.00 112.00 0.0021647 11.58 2.08
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
100+22 WELDON 22 2720 2 12 10 240.00 88.00 0.0025798 11.33 1.99

NUMBER HEIGHTI FRICTION VELOCITY
STORM PGM. Q OF WIDTH DIAMETER AREA PERIMETER SLOPE VELOCITY HEAD

SECNO STREET NAME MAINLINE NO. (efs) ULVERTS (ft) (ft.) (sQ.ft.) (ft.) (ftffl) (fps) (ft.)

19+00 GRANADA 2 4113 2 18 10 360.00 112.00 0.0021060 11.43 2.03
35+81 OAK 5 3721 2 18 10 360.00 112.00 0.0017237 10.34 1.66
62+49 THOMAS S. 10 3894 2 18 10 360.00 112.00 0.0018877 10.82 1.82
64+34 THOMAS N. 11 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 2594 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 2.03
100+22 WELDON 22 2646 2 12 10 240.00 88.00 0.0024414 11.03 1.89

LAI t:HAL
NUMBER HEIGHT FRICTION VELOCITY

STORM PGM. Q OF WIDTH DIAMETER AREA PERIMETER SLOPE VELOCITY HEAD
SECNO STREET NAME MAINLINE NO. (efsl ~ULVERTS (ftl (ftl (sa.ft.! (ftl CftIfll (fosl (ft.)

19+00 GRANADA 2 57 1 3.5 9.62 11.00 0.003210 5.92 0.55
35+81 OAK 5 449 1 8 6 48.00 28.00 0.003264 9.35 1.36
62+49 THOMAS S. 10 6 1 3 7.07 9.42 0.000081 0.85 0.01
64+34 THOMAS N. 11 50 1 2.5 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
83+00 RICHARDSON 17 35 1 2.5 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

IN
STORM PGM. STORM

SECNO STREET NAME MAINLINE NO. PROGRAM

tl~ 19+00 GRANADA 2 4.04 60.0 0.0506 4100.00 0.03 ~
35+81 OAK 5 36.96 12.5 0.1426 4100.00 0.07

~O)~ 1-
62+49 THOMAS S. 10 3.46 60.0 ~ry 0.0119 4100.00 0.01
64+34 THOMAS N. 11 2.89 60.0 • 0.0299 4100.00

,>WV 75+85 EARLL 14 55.44- 12.5 0.1220 4100.00
83+00 RICHARDSON 17 2.89 60.0 0.0696

4;1~ t 88+61 OSBORN S. 18 27.72 12.5 0.2179
90+50 OSBORN N. 19 5.66 45.0 0.0710

1/19> 96+64 WHITTON 20 1.50 90.0 0.0173

~1lP
100+22 WELDON 22 4.00 90.0 0.1171
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00KIn KInHv

3

0.50

1.00

0.0611.

VoHvn

4.2:\NO. OF GRAT~:::

1.75 Ko:
5.75 Kf:

0.014

6.67

10.67
0.6251

Vn

Grate Ne{ Area:
Heigt-t of Calch Basin:

Top Slab Thickness;

Length:
Manning's n:

Grate Total Area:
Tolal Perimcr:er:

Hvdraulic Radius:

KlKI KtKI

OLD CROSS CUT CANAL

E002102

C.O.P. Standard Detail P 1565 Type 1 Grate
GRANADA RD.

1201.80
11 ••. ....-.I;.s
1199.30 "-
AnAnHo

GRATE TYPE,
CATCH BASIN LOCATION:
TOP OF APRON ELEVATION
PIPE HG AT INLET
GRATE ELEVATION:

o H

PROJECT NAME:
JOB NUMBER:

Assumed Pressure
Dischurne Head

Orilace
Head

Net Grate

Onen A,ea
Total GrBle
Onen Area

Calculated Tolal
Loss Coellicient

TOlal Loss Coel1cient
Without TfDstvack Loss

Calculated Trastvack
Ad'usted Coefficiert

Net Grate Area

Velocitv
Net GmIQ Area
Vehx:ilv Head

Total Grate Area
Velocitv

Total Grate Area
Velocity Head

Calculated Trashrack ·Small Dam's·
Coelficiere Trashrack Coctfic iere

Disc horge
Oriltlce Enuation

10&.39
108.39

108.39

108.39

108.39
108.39

108.39

108.39
108.39

5.5022 0.7573
3.8743 .:.. 0.7573

2.8177 0.7573

2.0933 0.7573
1.5752 0.7573
1.1918 0.7573

0.9002 0.7573

0.7800 0.7573

0.7~73t:- 0.7573

t,_--J

0.1396
0.1900
0.2482

0.3141

0.3878
0.4693

0,.5584

0.6060
0.6158

2.9985
3.4983

3.9980

4.4978

4.9975
5.4973

5.9970

6.2469
6.2976

0.3439
0.4680

0.6113

0.7737

0.9552
1.1558

1.3755

1.4925

1.~168

4.7059
5.4902

6.2745

7.0588
7.8431
8.6275
9.4118

9.8039
9.8835

13.5523
9.5426

6.9402

5.1560
3.8797
2.9355

2.2173
1.9211

1.8652

1.5611
1'.5611

1.5611

1.5611

1.5611
1.5611

1.5611

1.5611
1.5611

15.1133
11.1037

8.5012

6.7170
5.4408
4.4965

3.7783

3.4821
3.4262

20.01
20.01

20.01

20.01

20.01
20.01

20.01

20.01
20.01

12.75
12.75

12.75

12.75
12.75
12.75

12.75

12.75
12.75

2.50
2.50

2.50

2.50

2.50
2.50

2.50

2.50
2.50

60 2.11
70 2.11

80 2.11

90 2.11

100 2.11
110 2.\ 1

120 2.11

125 2.11

126.015 /11

f!.!5 \'l.D\.~~ t
;-- \1Of)'3fT"ZS
\'2.0\-\-i? ,xS
Il\~~
l/V\~

NOTE: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should

t
{tg < (Q, 0JrCflce- ~ ~~S

A p

Column 'N'

H

0, b1*(3'* 4-'~) (z(7,z 7 Y;:r)
log· 3~ cfs
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Koad v\9CL-~( ~ Oct (c
'-' J

GV'O--~ E\.::: /200, (p 8 '
be; a--t M O--~tA \ ~ \Ai2 C<- • 3 $ 1-8 \ ::
Lev...~ ~.(' & ( )<(, ( CFSc ~ S~ I

( i { ... -0
~1J'tl a.~ I - (lJA.1· e 5 (!) \ . i, \ l,L \,(

~*' ~ O. b 0 (52.. G, L/ f-{ IIi I
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I

00KInKInHv

19
0.50

1.00
0.0611

vHvn

4.25 No. OF GRATES:
4 Ke:

1.75 Ko:

5.75 Kf:
0.014

6.67
10.67

0.6251
Vn

Grate Net: Area:
Heigtt of Catch Basin:

Top Slab Thickness:
Length:

Manning's n:
Grole Total Area;

Tolal Perimeler:
Hvdraulic Radius:

KIKI Kt
CHIMP INV. EL. -1202.04

KI

C.O.P. Standard Detail P 1565 Type 1 Grate
OAK STREET STA. 37 + 12. 17

205.26
1202.68
1200.68

An

OLD CROSS CUT CANAL
E002102

AnHo

GRATE TYPE:
CATCH BASIN LOCATION:
CHIMP HG ELEVATION;
LATERAL HG AT INLET;
GRATE ELEVATION:

o Hp

PROJECT NAME:
JOB NUMBER:

Assumed Pressure

Discharac Head
Orilacc

Head
NCI GrUle

ODcn Area
TOlol Grote
Ooen Area

Calcul'Jled Tolal

Loss CoclfCient

TOlal Loas Coefficienl

Wilhoul Trastvack Loss

Calculated Trostvack

Ad'usTed Coefficie ....
Net Grate Area

VelocilY
Nel Grate Area
Velocity Head

Total Grate Area

VelocilY
Total Grale Area

VelocilY Head

Calculaled Trastvack

Coelficie ....

·SmuR Darn's·
Trashrack CocUicie ....

Disc h.arge
Orilace Eauation

400 2.58
500 2.58

600 2.58

700 2.58
800 2.58
850 2.58

860 2.58

870 2.58
880 2.58

882.5 2.58

4.58
4.58
4.58

4.58
4.58
4.58

4.56

4.56
4.58

4.58

80.75
80.75
80.75

80.75

80.75
80.75

80.75

80.75
80.75

80.75

126.73
126.73

126.73

126.13
126.73
126.73

126.73
126.73

126.73

126.73

16.6780
10.6739

7.4125

5.4459
4.1695
3.6934

3.6080

3.5255
3.4459

3.4264

1.5611
1.5611

1.5611
1.5611

1.5611
1.5611

1.5611
1.5611

1.5611

1.5611

15.1170
9.1129

5.8514
3.8848

2.6085
2.1324

2.0470
1.9645
1.8848

1.8653

4.9536
6.1920
7.4303

8.6687
9.9071

10.5263

10.6502
10.7740

10.8978

10.9288

0.3810
0.5953
0.8573

1.1669
1.5241
1.7205

1.7613

1.6025
1.6441

1.8546

3.1563
3.9454
4.7345

5.5236

6.3126
6.7072

6.7861

6.8650
6.9439

6.9636

0.1547
0.2417

0.3481
0.4738

0.6188
0.6985

0.7151

0.7318
0.7487

0.7530

6.1375
3.6998

2.3757
1.5772

1.0590
0.8657

0.8311

0.7976
0.7652

0.7573

0.7573
0.7573

0.7573

0.7573
0.7573
0.7573

0.7573

0.7573
0.7573

0.7573

929.17
929.17
929.17

929.17

929.17
929.17

929.17

929.17
929.17

929.17

kl-l~\1d;

NOTE: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should Column 'N'



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

v

Greiner
J /7 ..!.c! I

Job No. EOD2! 0 2- Project 0 fer LVr9 5' S ~U.! a.Lt () ;' Sheet_' of L
SUbjec0) v~j) 1\.1\ \L~ AlActl~ "S .... q eMeVCl ( S+ov \.VJ
By__l$.L....::....::..bl.'-\-_' Date '7 -lQ-1Y CheckedBy IV. j("..' Date ~/- /'(/- -:~~:

I I ' ,

IvJei IJ, Ot ()j:~d~w, ~+o., 57+90

Gvo.-k EL, :::. l'2.-o~(70 \'Z-O~·-=r31

/\)\(1J\A Uw t1~ Gt-\: Dvop (~le-~ -= 1~

fJo~" At~@.4r~ Ii~ :7 bvcde Et, ) blj fJ~~J ().<.e at..--..ai yJ /J

-tt..~ ;V\le-t w "t I ;v{. -kYCJ2_?;) 1- 01~ ~ \It 1W ~ 0 e.fJ .

Itt~s GS,Sc.u,.vQ.J (./ ~l/'~~~ uJ/ 50% c/o1~;'~q,
1/1.1.9 4 g 3V O-k ) (h.()-{)/'ill.. d ,



- - - - - - - - - - - - - - - - - - -
/

PROJECT NAME: OLD CROSS CUT CANAL Grale Net Area: 4.25 No. OF GRATES; 4

JOB NUMBER: EOO2102 Heigh of Catch Basin: 4 Ke: 0.50
Top Slab Thickness; 1.75 Ko: 1.00

GRATE TYPE: C.O.P. Slandard Detail P1565 Type 1 Grate LengTh: 5.75 Kf: 0.0611

CATCH BASIN LOCATION: WIND a TA.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 Perimaer: 10.67
GRATE ELEVATION: 1206.76 Hvdraulic Radius: 0.6251

Q He Ho An Ao KI KI KI Klo Vn Hvn VQ Hv KIn KIn Qo

Assumed Pressure Oriface Net Grate TOlal Grale Calculated TOlal TOlol Loss Coellicicni Calculated Trastvack Net Grate Area Net Grote Area Total Grate Area Total Grate Area Calculated Trastvack wSmaA Dam's· Dischalge

Dischatne Head Head Onen Area Onen Area Loss Cocllicient Wilhout Trastyack Loss Ad'usled Coetficlert Velocl1 Velocit Head Velocilv Velocit Head Coefficiert Trashrack Coetficiert Orilace Enuation

90 1.54 ~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 4.1773 1.5611 2.6182 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 2EL68 3.5011 1.5611 1.9400 8.3529 1.0834 5.3223 0.4399 0.7877 0.7573 113.80

143 1.54

~
17 26.68 3.4523 1.5611 1.8912 8.4118 1.0987 5.3598 0.4461 0.7678 0.7573 113.80

143.54 1.54 1.5 17 26.68 3.4264 1.5611 1.8653 8.4435 1.1070 5.3801 0.4495 0.7573 0.7573 113.80

f

NOTE: Qo Should Be > Q (Column 'A' < Column '0'); 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; EOO2102 Helgtt of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: r.o.

GRATE TYPE: C.O.P. Standard Detail P1565 Type 1 Grote Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: THOMAS RD. SOUTH SIDE Manning's n: 0.014
CHIMP HG AT INLET: 1208." Grate Tocal Area: 6.67
HG IN LATERAL AT INLET: 1208.50 Total Perimeter: 10.67
GRATE ELEVATION 12.07.00 Hvdraulic Radius: 0.8251

0 H Ho An A KI KI KI KIO Vn Hvn Vo Hvo KIn Kin 00
Assumed Pressure Oriface Net Grale Tolal Grate Calculated TOlal TOlal Loss Coeffcient Calculated Trast"Yack Net Grale Area Net Grale Area Total Grale Area Tolal Grole Area Calculated Trashrack ·8mn. Dam's· Discharge
OischarQC Head Head Ooen Area Ooen Area Loss Coeflcient Without Trashrack Loss Ad·usted Coefficiert Velocltv Velocilv Head Velocity Velocitv Head Coetficiert Trashrack Coeffic iere Oriface Ecuation,. 0.11 2.61 •. 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 •. 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 •. 5 13.34 4.3621 1.5611 2.8010 2.0000 0.0621 1.2744 0.0252 1.1372 0.7573 73.83

1. 0.11 2.61 •. 5 13.34 3.8909 1.5611 2.3298 2.1176 0.0696 1.3493 0.0283 0.9459 0.7573 73.83,. 0.11 2.61 •. 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 •. 5 13.34 3.4261 1.5611 1.8651 2.2567 0.0791 1.4379 0.0321 0.7572 0.7573 73.83

NOTE: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should Column 'N'
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QeKInKInHv

2
0.50

1.00
0.0611

vHvn

4.25 No. OF GRATES:
4 Ke;

1.75 Ko:
5.75 Kf:

0.014

6.67

10.67
0.6251

Vn

Grate Net Area:
Heign of Catch Basin:

Top Slab Thickness:
Length:

Manning's n:
Grate Total Area:
Total Perimeler:

Hydraulic Radius:

KIKI Kt

C.O.P. Standord Desail P 1SS5 Type 1 Grole
THOMAS AD. NORTH SIDE

1212.18
1208."~

1207.50

A KI

OLD CROSS CUT CANAL
E002102

AnHo

PROJECT NAME:
JOB NUMBER:

GRATE TYPE:
CATCH BASIN LOCATION:
CHIMP HG AT INLET;
HG IN LATERAL AT INLET:
GRATE ELEVATION:

Q He
Assumed PrcssLXc
Oischarne Head

Orilace
Head

Nel Grate
Ooen Area

Total Grate Calculated Total
ODen Area Loss Coelfcienl

TOlal Loss Coel1cient
Wihout Trastyock Loss

Caculated Trastvack
Ad·usled Coeffciert

Net Grate Area
Velocit..,

Net Grate Area
Velocit.., Head

Total Grate Area
Veloclt

Total Grate Area
Velocit Head

Calculated Trashrack
Caefficiert

·Sma. Dam's·
Trashrack Caeflic iert

Discharge
Oriface Eauation

50 3.77

60 3.77

70 3.77

80 3.77

90 3.77
100 3.77

110 3.77

112 3.77
112.295 3.77

4.69
4.69

4.69

4.69

4.69
4.69

4.69

4.69

8.5
8.5

8.5

8.5

8.5
8.5

8.5

8.5
8.5

~~:~: \C..ry ~.~~:
13.34 8.8174

13.34 6.7509

~~:~: l.t ·l~ t-:~~-~-~
13.34 3.5707

13.34 3.4443
13.34 3.4262

1.5611
1.5611

1.5611

1.5611

1.5611
1.5611

1.5611

1.5611
1.5611

I ~.1J8r +~~:=~~
7.2564

5.1898

3.7730

2.,5~lp-o·"'-
2.0097

1.8833
1.8652

5.8824

7 .0588
8.2353

9.4118

10.5882
11.7647

12.9412

13.1765
13.2112

0.5373
0.7737

1.0531

1.3755

1.7408
2.1492

2.6005

2.6960
2.7102

3.7481
4.4978

5.2474

5.9970

6.7466
7.4963

8.2459

8.3958
8.4179

0.2181
0.3141

0.4276

0.5584

0.7068
0.8726

1.0558

1.0946
1.1003

6.3828
4.2388

2.9461

2.1071
1.5318

il'(A. 1..,.1.2-04

" 0.8159
0.7646
0.7573

0.7573

0.7573
0.7573

0.7573

0.7573
0.7573

0.7573

0.7573
0.7573

98.97
98.97
98.97

98.97
98.97
98.97

98.97

98.97
98.97

{it· L1<0- '7f 0, '2 (SJ1

o ,5'31 ~

Column 'N'

l{:-V)~ 'l-th

tt~ hbJ--
~~

NOTE: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should
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Qa
Discharge

Oriface Eouation

KIn
'SmaR Dam's·

Trashrack Coeffic iert

KIn
Caculated Trastvack

Coefficiert

Hv
Total Grate Area

Velocitv Head

40

0.50
1.00

0.0611

v
Tolal Grate Area

Velocitv

Hvn
Net Grate Area
Velocitv Head

4.25 No. OF GRATES:
4 Ke:

1.75 Ko:

5.75 K':
0.014

6.87
10.67

0.6251
Vn

Net Grale Area
Velocity

Calculated Trost-nick
Ad'usted Coefficiert

Grate Net Area:
Heigtt of Catch Basin:

Top Slab Thickness:
Length:

Manning's n:
Grate TCJI(sl Area:
Total Perimaer:

Hvdraulic Radius:
KIaKI Kt

,/

Total Loss Coeffcient
Wilhout Trastvack Loss

KI
Caculated Total
Loss Coelfcienl

Tolal Grale
Onen Area

C.O.P. Standard Derail P 1565 Type 1 Grate
EARLL DRIVE

1213.00
1210.96
1201.75
Aa

OLD CROSS CUT CANAL
E002102

An
Net Grate

Onen Area

Ha
Orilacc
Head

Assumed PresslXe
Oischarne Head

GRATE TYPE:
CATCH BASIN LOCATION:
MAXIMUM ALLOWABLE PONDING EL:
HG IN LATERAL AT INLET:
GRATE ELEVATION:

Q H

PROJECT NAME:
JOB NUMBER:

1000 2.04
1100 2.04

1200 2.04
1300 2.04

1400 2.04
1500 2.04

1600 2.04

1650 2.04
1652 2.04

1652.05 2.04

3.25
3.25

3.25

3.25
3.25
3.25

3.25

3.25
3.25

3.25

170
'70
170

'70
170
170

170

170
170

170

266.8
266.8

266.8

266.8

266.8
266.8

266.8
266.8
266.8

266.8

9.3516
7.7286

6.4942

5.5335

4.7712
4.1563

3.6530
3.4349

3.4266
3.4264

1.5611
1.5611

1.5611

1.5611

1.5611
1.5611

1.5611

1.5611
1.5611

1.5611

7.7906

6.1676
4.9331

3.9725

3.2102
2.5952

2.0919

1.8739
1.8656

1.8654

5.8824
6.4 708

7.0588

7.6471

8.2353
8.8235
9.4118

9.7059
9.7176

9.7179

0.5373
0.6501

0.7737

0.9080

1.0531
1.2089

1.3755
1.4628
1.4663

1.4664

3.7481

4.1229
4.4978

4.8726

5.2474
5.6222

5.9970

6.1844
8.1919
6.1921

0.2181
0.2640

0.3141

0.3887
0.4276
0.4908

0.5584

0.5939
0.5953

0.5954

3.1630
2.5040

2.0029

1.6128

1.3033
1.0537

0.8493

0.7608
0.7574
0.7573

0.7573
0.7573

0.7573

0.7573

0.7573
0.7573

0.7573

0.7573
0.7573

0.7573

1647.81
1647.81

1647.81

1647.81
1647.81
1647.81
1647.81

1647.81
1647.81

1647.81

NOTE: Qo Should Be > Q (Column 'A' < Column '0'); Column 'M' Should Column 'N'
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00KInHvo

2
0.50

1.00
0.0611

Va

Ke:
Ko:
Kf:

Hvn

4.25 No. OF GRATES:
4

1.75
5.75

0.014

6.67

10.67
0.6251

Vn

Grate Net Area:
Heigh of Catch Basin:

Top Slab Thickness:
Length:

Manning's n:
Grate Total Area:

TOlol Perimeter:
Hydraulic Radius:

KIKI KtKl

C.O.? Standard Detail P 1565 Type 1 Grate
RICHARDSON

1217.3'
1218.4'
1214.1&
A

OLD CROSS CUT CANAL
E002102

AnHo

PROJECT NAME:
JOB NUMBER:

GRATE TYPE:
CATCH BASIN LOCATION:
MAXIMUM ALLOWABLE PONDING EL.:
HG IN LATERAL AT INLET:
GRATE ELEVATION:

a Ho
Assumed

DischarQc
PreSSLXe

Head
Oriface
Head

Net GrUle

Ooen Area
Total Grote
Ooen Area

Calculated Total
Loss Coefficient

TOlal Loss Coeltcient
Wlhout Trostvock Loss

Cak:ulated Trashrack
Ad'usted Coefficiert

Net Grate Area
Velocity

Net Grate Area
Velocity Head

Total Grate Area
Velocity

TOlal Grate Area
Velocity Head

Calculated Trashrack
Coef1iciert

·Sma_ Dam's·

Trashreck Coe"iciert

Discharge
Oriface Eauation

20
40

60

80
12.605

~

0.83
2.04

2.04

2.04
2.04

3.16
3.16

3.16

3.16

3.16

8.5
8.5

8.5

8.5
8.5

13.34
13.34

13.34

13.34
13.34

23.7802
14.6119

6.4942

3.6530

3.4262

1.5611
1.5611

1.5611

1.5611
1.56 t 1

22.2192
13.0509

4.9331

2.0919
1.8652

2.3529
4.7059

7.0588

9.4118
9.7182

0.0860
0.3439

0.7737
1.3755

1.4665

1.4993
2.9985
4.4978

5.9970

6.1923

0.0349
0.1396

0.3141

0.5584
0.5954

9.0210
5.2987
2.0029

0.8493
0.7573

0.7573
0.7573
0.7573

0.7573

0.7573

81.24

81.24
81.24

81.24

81.24

NOTE: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should Column 'N'
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00KInKInHv

9
0.50
1.00

0.0611

Hvn

4.25 No. OF GRATES:

4 Ke:
1,75 Ko:

5.75 Kt:
0.014

6.67

10.67

0.6251

Vn

Grote Net Area:

Heigh. of Catch Basin:
Top Slab Thickness:

Length:
Manning's n:

Grate TOIal Area:
Total PerimEter:

Hvdraulic Radius:

KIKI KtKI

C.O.P. Standard Detail P 1565 Type 1 Grate
OSBORN SOUTH STA. 88+61

1220.50
J.&:l8.4
12.-18.17
A

OLD CROSS CUT CANAL
E002102

AnHo

PROJECT NAME:
JOB NUMBER:

GRATE TYPE:
CATCH BASIN LOCATION:

MAXIMUM ALLOWABLE PDNDING EL.:
HG IN LATERAL AT INLET:
GRATE ELEVATION:

o Ho
Assumed Pressure
Disc harae Head

Oriface
Head

Net Grate

Ooen Area

TOlal Grate
Ooen Area

Calculaled Tolal

Loss Coelfcient

Total Loss Coetfi::ient

Wihout Trashrack Loss

Calculated Trastvock

Ad'usted Coefficicrt

Net Grate Area

Velocit

Net Grate Area

Velocit Head

Total Grote Area

Velocitv

Total Grale Area

Velocil Head

Calculated Trastvack

Coefficiert

WSmaU D.nm's·
Trashrack Coefficiert

Discharge
Orilace Eauation

200 2.07

300 2.07

350 2.07

360 2.07

370 2.07
374.44 2.07

2.33
2.33

2.33
2.33

2.33
2.33

38.25
38.25

38.25

38.25

38.25
38.25

60.03
60,03

60.03

GO.03
60.03
60.03

12.0097

5.3377

3.9215

3.7067

3.5090
3.4263

1.5611
1.5611

1.5611

1.5611

1.5611
1.5611

10.4487
3.7766

2.3605

2.1457

1.9480
1.8653

5.2288
7.8431

9.1503

9.4118

9.6732
9.7893

0.4245
0.9552

1.3001

1.3755

1.4530
1.4880

3.3317
4.9975

5.8304

5.9970

6.1636
6.2375

0.1724
0.3878

0.5279

0.5584

0.5899
0.6041

4.2422
1.5333

0.9584

0.8711

0.7909
0.7573

0.7573
0.7573

0.7573

0.7573

0.7573
0.7573

313.93

313.93

313.93

313.93

313.93
313.93

NOTE: Qo Should Be > Q (Column 'A' < Column '0'); Column 'M' Should Column 'N'
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PROJECT NAME: OLD CROSS CUT CANAL Grale Net: Area: 4.25 No. OF GRATES: 3
JOB NUMBER: EOO2102 Heigh of Catch Basin: • Ke: 0.50

Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Delai! P1565Type 1 Grale length: 5.75 KI: 0.0611
CATCH BASIN LOCATION: OSBORN NORTH - STA. 90+50 Manning's n: 0.014
MAXIMUM ALLOWABLE PONDING EL: 1221.00 Grate Talal Area: 6.67
HG IN LATERAL AT INLET: 1219.14 Total Perimeter; 10.67
GRATE ELEVATION: 1218.10 S H\ldraulic Radius: 0.6251

0 Hp Ho An Ao KI KI KI Klo Vn Hvn Vo Hvo KIn Kin 00
Assumed Pressure Oriface Net Grale TOIDI Grate Cak::ulatcd Total Total Loss Coetfcient Calculated Trastvack Net Grate Area Net Grole Area Total Grate Area Tatal Grale Area Calculated Tmstvack 'Smal Dam's' Discharge
DischarCle Head Head On en ArC3 Open Area Loss Coeffcienl Wrhoul Trastvack Loss Ad·usted Coeffciert Velocitv Velocity Head Velocity Velocilv Head Coefficiert Trashrack Coetficiert Oriface Enuation

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
116 1.86 2.20 12.75 20.01 3.5643 1.56 t 1 2.0033 9.0980 1.2853 5.7971 0.5218 0.8 t 33 0.7573 101.68
117 1.86 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: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should Column 'N'
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00
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Discharge
Oriface EQuation

-

I $GU

-
kL~ K-t + ~+to+ f::~

~-~ ~ I·')~II

5.9800 0.7573
3.5990 0.7573

2.3057 0.7573

1.5258 0.7573
1.0197 0.7573

0.8309 0.7573

0.7970 0.7573

0.7643 0.7573
0.7611 0.7573
0.7579 0.7573

0.75731.<c?--'3-~" 0.7573

Ktn Ktn

-

Cak::ulilted Trashrack ·Sma. Dam's·
Coefficiert Trashrack Coeffic iert

Hvc

-

0.1547
0.2417
0.3481
0.4738
0.6188
0.6985

0.7151

0.7318
0.7335

. 0.7352

0.7355

~2- t-

ZS.

Total Grate Area
Velocitv Head

3.1563
3.9454

4.7345

5.5236
6.3126
6.7072

8.7861
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6.8729
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6.8821
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PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES:
JOB NUMBER: EOO2102 Helgt-t of Catch Basin: 4 Ke:

Top Slab Thickness: 1.75 Ko:
GRATE TYPE: C.O.P. STandard Detail P1S6S Type 1 Grate Length: 5.75 Kf:
CATCH BASIN LOCATION: OAK STAEET STA. 37+12.17 Manning's n: 0.014
CHIMP HG ELEVATION: 1205.26 Orate Total Area: 8.67 -
LATERAL HG AT INLET: 1202.74 Total Perlmeler: 10.87

GRATE ELEVATION: 1200.88 CHIMP INV. EL. _1202.04) Hydraulic Radius: 0.6251

0 Ho Ho An A KI Kl Kt Kt Vn Hvn
Assumed PresslXe Orifoce Net Grale Total Grate Cak:ulaled Totol Total Loss Coeffclem Cok:uloted TrastTack Net Grote Area Net Grote Area
Discharce Head Head Ooen Area ODen Area loss CoeHciem Wlhout Trashrock Loss Ad·usted Coefficiert Velocitv Velocity Head

400 2.52 4.58 80.75 126.73 16.2902 1.5611 14.7291 4.9536 0.3810
500 2.52 4.58 80.75 126.73 10.4257 1.15611 8.8647 6.1820 0.5953

600 2.52 4.58 80.75 126.73 7.2401 1.5611 5.6790 7.4303 0.8573

700 2.52 4.58 80.75 126.73 5.3192 1.5611 3.7582 8.8687 1.1669
800 2.52 4.58 80.75 126.73 4.0725 1.5611 2.5115 9.9071 1.5241
850 2.52 4.58 80.75 126.73 3.6075 1.5611 2.0465 10.5263 1.7205

860 2.52 4.58 80.75 126.73 3.5241 1.5611 1.9631 10.8502 1.7613

870 2.52 4.58 80.75 126.73 3.4436 1.5611 1.8825 10.7740 1.8025
871 2.52 4.58 80.75 126.73 3.4357 1.5811 1.8746 10.7864 1.8066
872 2.52 4.58 80.75 126.73 3.4278 1.5611 1.8667 10.7988 1.8108

872.17 2.52 4.56 80.75 126.73 3.4264 1.5611 1.8654 10.8009 1.8115

-

t::: L t1 N Q

et.{.. -r-7f"io..L~ bire:;o
_ Column 'N' () .

~[(~~7}(i9TI J2j (~,~2i<t) I 87Z,l7 ck
Q (Column 'A' < CO,lumn '0'); Column 'M' Should

.A [Zj ~#(-:

o

NOTE: 00 Should Be >

() . 3g/0

1If.-- 73 *" 0- IS-S-

--
.yr.

DI7~73(I,g'I~)':II~ZI8 (f·
o I ~ (()l/;]~) ') .:. 0 l3G, 78 .('{,

D.orel' (o/73~S ') ::. {) I ol..f'+9 .pl.

/,0 (£). 71 ~ r-) ;. t9, 7 ~ J' S r.,e,,
, I

--""')J~. oK-----:.:4

~t '" G. (,.V11-)
r e. LkvJ,) :.
Ie + ( ~ v1) .:.
k 0_ (kv~ ') :.

~ ~L .:. Hp



."

·1

(2) 2-1/2"X 1/4"X 16-1/2" END BARS -

..- ---.1""---.-•..-_.---,"1 L L
'-- ---'~ ~2" 3-1/2"

1/4"~
TYPE 2

(10) 3-1/2"X 1/2"X 39-1/2" BEARING BAR 
APPROXIMATELY 1-7/8" ON CENTER.

I
CD

3/16" I'-. /EACH BAR &: ROD

-r-- rr==='i\~V~F==11====w=:t1F====i
I

-'---

I· --
40"

·1/4" .-11-- 39-1/2"

~
• • • ... •

(7) 1/2" DIA. X 16-1/2", TRANSVERSE RODS, 5" ON CENTER

FLUSH WITH GRATE SURFACE.

i •

, ,

. I··

\

f '\ ( ~" :=..,t' ./ I I
""i r 40"-n~~3fj lJ/<;': (

r- (7) 1/2" DIA. X 24", TRANSVERSE RODS, 5" ON CENTER'~
FLUSH WITH GRATE SURFACE. 0

~ (~2)~-f'/2.Qx 24", END BARS ,( '3lQ~/
.(14 3-1/2"X 1/2"X 39-1/2" BEARING BARV\\/

PROXIMATELY 1-7/8" ON CENTER. \ r(
\

3/16" I'-- . ~
EACH BAR &: ROD . /'

L\;\\ V t,,~
ry - \ I· "-
.. /. {I

"'-

~

I
I

I
'--

, .
I
I
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NOTES:
1. ALL STEEL SHALL BE IN ACCORDANCE WITH A.S.T.M. A-36.

2. WELDING SHALL BE IN ACCORDANCE WITH A.W.S. SPECIFICATIONS.

3. FRAME AND GRATE SHALL BE TESTED FOR ACCURRACY OF FIT
AND SHALL BE MARKED IN SETS BEFORE DELIVERY.

4. THE COMPLETED ASSEMBLY SHALL BE GIVEN ONE SHOP COAT· OF
NO. 1 PAINT AND TWO FIELD COATS OF NO. 10 PAINT AS PER SECTION 790.

5. THE GRATE SHALL BE FABRICATED TO WITHIN 1/8" OF
SPECIFIED DIMENSIONS.

DETAIL NO.

P1565

20 ':70 C>
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6 OGd o,cJ
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CATCH BASIN GRATES~@(}~a~

STANDARD DETAIL

DETAIL ·NO.
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I
! .

~M•.



Street Drainage

:::::::::::: ::::::::;:. ::;:;::::::::::". ::::::::.;::;:::::::;:::; :.:.:.;.;.;.:.-.:-:.;.;.:.;.;.::::;:::;:;:;:; ::::;:::::::: ::::::::; ::;:; ..: : :.;.;.; :.; ,.:.;.;.:.;.;.:.;.;:;:;.:.:-:.;.;.;:::;.;.:.:.;.;.;.;.;.;.:.:.;:;.:.;.:.:.;.:.;.;::.;.;.;.;.;.:.;.:. :::::::::::;~:;:::::::::::::::::::::: :;;:::;:;:;:::: ::::::::::: ::::;:::::::;::::::::::::::::::::::::::::::.;:.:::::.:.:

September 1,1992 3-21

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

(3.15)

(3.16)

. (3.17)

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.

Qi = Co A (2gd)o.5

Qi = Cw Pd 1.5

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, Le., (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 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 term is insignificant with high velocities and short grates,

The capadty of grate catch basins operating as weirs is:

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
capadty less than that computed by either the weir or the orifice equation. This
capadty can be approximated by drawing in a curve between the lines representing
the perimeter and net area of the grate to be used.

The capacity of a grate catch basin operating as an orifice is:

~ where Co = 0.67.

~ where Cw "= 3.0.

---......""';::s-5- 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.
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where:
H T=the total head needed to overcome the

various head losses to produce dis-
charge, and

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

where:
ht=trashrack losses,
he=entrance losses,
hb=bend losses,
hc=contraction losses,

heJ:=expansion losses,
hg=gate or valve losses,
hr=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 free-discharging outlet, H T is measured
from the reservoir water surface to the center
of the outlet gate or the outlet opening. If the

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.

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

:! Numbers in brackets refer to items in the bibliography. sec. 244.

suppression and tube geometry can be evalu
ated from figure 309, or from published data in
various hydraulic handbooks [1, 2]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, n,
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
flow 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 n
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-
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Figure 310. Pictoriol representotion of head losses in conduit flowing under pressure. 288-0-2532.I
I
I
I
I
I
I

outflowing jet is supported on a downstream
floor the head is measured to the top of the
emerging jet at the point of greatest contrac
tion; if the outlet portal is submerged the head
is measured to the tailwater level.

Where the various losses are related to the
individual components, equation (3) can be
written:

HT=Kt(~6;)+Ke(~5;)+Kbl~5;)+f~:(~5;)

+Kex(V52_V42)+.fL4(V42)+Kc(V32_V42)
2g 2g D 4 2g 2g 2g

+Kg(~3;)+Kex(~~2_~;)+f~:(~l;)+Kb/~l;)

+Kc(~~- ~;)+Kg(~2;)+Kr(~2;) (4)

where:
KI=trashrack loss coefficient,
Ke=entrance loss coefficient,
Kb=bend loss coefficient,

f=friction factor in the Darcy-Weisbach
equation for pipe flow (discussed in
sec. 235 (b»),

Kex=expansion loss coefficient,
Kc=contraction loss coefficient,
Kg=gate loss coefficient,and
K,,--:-exit velocity head coefficient at the out

let.

Equation (4) can be simplified by expressing
the individual losses in terms of an arbitrarily
chosen velocity head. This velocity head is
usually selected as that in a significant section
of the system. If the various velocity heads
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(9)

0.008
.008
.020

(8)

0.014
.012
.035

Concrete pipe or cast in place conduit 
Steel pipe with welded joints. -..---------
Unlined rock tunnel --------- -

..
fL v2

hf= D 2g /!

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 n in the Manning equa-
tion will be :

. L "v2''-1
.ky=.29.1n2-- '., (10)

r 413 2g !
Maximum and minimum values of n which

may be used to determine the conduit size and
the energy of flow are as follows:

Relationships between the Darcy-Weisbach
and Manning's coefficients can be determined
from figure B-7 (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:

471
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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:

(7)

235. Pressure Flow Losses in Conduits.-(a)
General.-Head losses iIi outlet works conduits
are caused primarily by the frictional resist
ance to flow along the conduit side walls. Ad
ditionallosses 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:

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

v ~

HT=KL2~ (6)

1.1,,2 (a1)2 Vl
2

2g= a" 2g

Equation (4) then can be written:

then:

HT =~;[(::YKt+(::Y(Ke+Kbs+ft:+K.,,)

+(::Y«;44-K.,,-Kc)+ (:~Y (K c+Kg+K.,,)

+«;\I-K.,,+Kb1 - Kc)

+(::Y (Kc+Kg+Kv)] (5)

for the system shown on figure 310 are related
to that in the downstream conduit, area (1),
the conversion for "x" area is found as follows:

Since:

Outlet Works

I

)

I
rling
itrarP--

:Iion
ads

i2)

I
I
I

eisbachSf in

-------r--r

I i j, ,, ,
: ;, ,
: :

I : '
, ', ,

,
: :

I ~c i, ,
, ,

I :H

T

:

I
:
:

I). !
,
I,,

~I_L

(I)

211c.':,\

I



472
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(13)

Coefficient C I Loss coefficient X,

Maxi· Mini· Aver· Maxi· Mini· Aver·
mum mum age mum mum age

---------------------
(a) Gate in thin wall-un·

suppressed contraction. 0.70 0.60 0.63 1.80 1.00 1.00
(b) Gate in thin wall-bot·

tom and sides sup·
pressed. .81 .68 .70 1. 20 0.00 1.00

(c) Gate in thin wall-corn·
ers rounded............... .95 .71 .82 1.00 .10 0.00

(d) Square·cornered en·
trances................... .85 .77 .82 .70 .40 .00

(e) Slightly rounded en·
trances.•...........•... .92 .79 .00 .60 .18 .23

(C) Fully rounded entrances.. .96 .88 .95 .27 .08 .10

i~0.15

(g) Circular bellmouth en·
trances______________ ___ .98 .95 .98 .10 .04 .05

(h) Square bellmouth en·
trances.................. .97 .91 .93 .20 .07 .J

(i) Inward proiecting ellf'
trances.................. .80 .72 .75 .93 .56

Since H is the sum of the velocity head hi' and
the head lost at the entrance he, equation (12)
may be written:

v2 1 v2 ( 1 )V2
?+he=C2 ? or he = C'2-1 ?
~g ~g ~g

DESIGN OF SMALL DAMS

Coefficients of discharge for square sluice
entrances are shown on figure 309. Coeffi
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

Then:

(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
perimentaldata 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.

(ll)

(12)

"

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 coeffi
cient of discharge, and a is the area, the
discharge

In the above:
Kt=the trashrack loss coefficient (empirical),
an=the net area through the rack bars,
ag=the gross area of the racks and supports,

and,
vn=the velocity through the net trashrack

area.

V 2

Loss=Kt~g

and the velocity
v is equal to C-..j2gH.

Or,

Q is equal to Ca-..j2gH

(c) Trashraclc Losses.-Trashrack struc
tures which consist of wideiy 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:
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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 value of
1.0 as shown for item b in table 33.

For wide open gate valves Kg 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 Kg 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) Exit 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 l is the area at the beginning of the diverg
ing tube and a2 is the area at the end of the

tube, K v is equal to (~:y.
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
charging into air. 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 best entrance shape. For a circular
entrance, this shape can be approximated by

Flare \ 2" 5° 10° 12° 15° 20° .25° 30° 400 j500 60·
angle DC i

~.. [I]J-:: -::-~ .o. 08 -:-: -=-:-: 0.40-:-::' o. 67,~
K .. 141---1 .02\ .12\ .1\•• __ .271 .40 .55 .66\ .90 1. 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 Kg not exceeding 0.1 might be as-

I
I
I
I

I'

I
Figure 311 (B) 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 coefficient, K b for various values

of ~b 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
length of the transition. For contractions the
loss of head, he, will be approximately equal to

K c (~~-~:). where K e varies 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 a max
imum of 0.5 for a right angle contraction.

For expansions, the loss of head, hex, will be

I,;~::x:;:~::w:~ual to K" (~~- ~~). where

1

I
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(15)

(14)

. v
U = an arbItrary parameter ,,--c;::;'

vgD

(18)

(17)
1

tan a=fj

1
tan a=-

2U

The values of v and D are the average of the
velocities and diameters at the beginning and
end of the transition.

Expansions should be more gradual than
contractions because of the danger of cavita
tion where sharp changes in the side walls
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 relationship:

where:
a=an angle of the conduit wall surfaces with

respect to its centerline, and

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:

The notations are the same as for equation
(17) . For usual installations, the flare angle
should not exceed about 100.

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).

(c) Exit 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 will 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

(16)

an elliptical entrance curve represented by the
equation:

x2 y2
(O.5D)2+ (O.15D)2= 1

where x and yare coordinates whose x-x axis
is parallel to and O.65D from the conduit cen
terline and whose y-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 transition which
will eliminate subatmospheric pressures. An
elliptical curved entrance which will tend to
minimize the negative pressure effects is de
fined by the equation:

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

x2 y2
D2+ (0.33D)2= 1

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:
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figure 311. Bend loss coeffkienls. 288-0-2533.
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DESIGN OF SMAll' DAMS

Figure 312. A typical conduit transition. 288-0-2809.

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.

Sto. 15"65 :
El 2829.91 r-

(19)L (in feet) =v~
;)

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
flow 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-

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:
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Outlet Works

237. Terminal Structures.-(a) Gene1"al.-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 ~rom 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 velocity. 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

477

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 onfigure 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.

(c) 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 blocks 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.
-Figure 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 \vater 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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NOTE THAT THE ANGLE IS THE CONFLWENCE 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 4'x8'. .

?
lIe'vV7,

I/vl I v\ r)-V

--.

0.146973376

CALCULATED
DELTA

I

CHECKED BY:_('f,,-=-'._W~._
DATE: 7-7 ?---{.I~

( I \

, tiC:,1-~::;:' b.-~ - '1.: 66 +- 1: ()O

6 ~;;... . OCD:)7 t 2.- o~ - u- (J\) -:::..

DESIGN BY: 12 tf f
DATE: -t- ~-1 t
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,./ ).t? ...... j j I" I

, '""' \A. v
'---/

~ j 7...6J - ~ Vd +~V\-\

~ \.-\ - V\~. t- "'-0d - Lwu.
" (Q,. Vd') - (()" Vee) - [(GD 110 CO, e)] _0 s iI

A 'j ~ ~S" ---C~ (A L( -+ Aci ')l . 1 ~

Solve f;v

lX\::

TOTAL AREA OF OPENING NEEDED= 3
TOTAL NUMBER OF 4'x8' OPENINGS= 1

STREET NAME: GRANADA ROAD STA.=
41 0-0 "'bO~

Q DS.= ~ OS. SIZE= 2-18'x10' OS. AREA= 180 Hj= 0.0678
Q US.= '7JJ 0"'2 ~ US. SIZE= 2-18'x10' US. AREA= 180 LAT. WDTH.= 4

Q LAT.= 1'" ~ LAT. SIZE= 1-48" OP. AREA= 17.00 LAT. ANG.= 60
MANNING'S 'n'= 0.0 4

ACTUAL
ANGLE Vd Vu Hvd Hvu Vo DELTA Q OPENING

45.540819313 11.58 11.36 2,08 2.00 2.352941 0.1470 40

EQUILlZlNG OPENING SIZING

* PROVIDE MINIMUM WALL OPENING OF 1-4'x8' OPENING

PROJECT NAME: OLD CROSS CUT CANAL

PROJECT NUMBER: E002102
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0.1852
8

12.5

CHECKED BY: NI w'. _
DATE: /1- 1: #(.fU

I '

o

Hj=
LAT. WDTH.=

LAT. ANG.=

I

180
180

36.20

DESIGN BY: 7?+l F
DATE: 7- '$"-9 if

418
13

STA.=

- I
CO)

DS. SIZE= 2-18'x10' DS. AREA=
US. SIZE= 2-18'x10' US. AREA=
LAT. SIZE= 1-8'x6' OP. AREA=

2085
1861
~9

0.014

~J' "- A j - kvd -I- t.. v~

A'J -=- ~ j ~ h\J J - kv LA

A'1 ~ (Qd V/) - ( () ILVtA) - [( 0 0 Vo C~ <9)]

- 0, s; CJ (Au.+A DYJ

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

STREET NAME: OAK STREET

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

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 EQUILIZATlON OF FLOW IS OP. AREA DIVIDED
BY THE SINE OF THE ANGLE. USE STANDARD OPENING OF 8'x4'.

EQUILIZING OPENING SIZING

ACTUAL CALCULATED
ANGLE Vd Vu Hvd Hvu Vo DELTA v QOPENING DELTA v

4.9695205176 11.58 10.34 2.08 1.66 6.201657 0.6097 225 0.6097096

PROJECT NUMBER: E002102

PROJECT NAME: OLD CROSS CUT CANAL
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ACTUAL CALCULATED
ANGLE Vd Vu Hvd Hvu Va DELTA V Q OPENING DELTA v

90.178158333 10.00 9.98 1.55 1.55 3000.000 0.0152 3 0.01517167

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SC8N 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'.

STREET NAME: THOMAS ROAD SOUTH STA.=

PROJECT NAME: OLD CROSS CUT CANAL

0.01
3

60

CHECKED BY: N, W'·
DATE.' --+j--"..ry"=".----,.,ri"7,(

( -- v ., "'~i L('

Hj=
LAT. WDTH.=

LAT. ANG.=

180
180

0.001

DESIGN BY: E;.HF
DATE: =:</._'!f(

32
1

OS. SIZE= 2-18'x10' OS. AREA=
US. SIZE= 2-18'x10' US. AREA=
LAT. SIZE= 1-36" OP. AREA=

1800
1797

6
0.Q14

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

EQUILIZING OPENING SIZING

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

PROJECT NUMBER: E002102
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ACTUAL CALCULATED
ANGLE Vd Vu Hvd Hvu Vo DELTA V Q OPENING DELTA V

97.655215506 10.83 10.75 1.82 1.79 15.000000 0.0610 15 0.061028744

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA ISAT A SCEW TO THE WALL.
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'.

PROJECT NAME: OLD CROSS CUT CANAL

0.0331
3

60

CHECKED BY:
DATE:

Hj=
LAT. WDTH.=

LAT. ANG.=

180
180
1.00

DESIGN BY: 9/,1F
DATE: - s-11

OS. SIZE= 2-18'x10' OS. AREA=
US. SIZE= 2-18'x10' US. AREA=
LAT. SIZE= 1-36" OP. AREA=

1950
1935

30
0.014

TOTAL AREA OF OPENING NEEDED- 32
TOTAL NUMBER OF 4'x8' OPENINGS= 1

STREET NAME: THOMAS ROAD NORTH STA.=

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

PROJECT NUMBER: E002102

EQUILlZlNG OPENING SIZING (

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ACTUAL CALCULATED
I ANGLE Vd Vu Hvd Hvu Vo DELTA V Q OPENING DELTA V

45.211690807 10.56 7.50 1.73 0.87 10.990000 0.9780 550 0.978026067

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SC'eN 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'.

PROJECT NAME: OLD CROSS CUT CANAL

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

/

N. 'IV.
'/} . . j-1 _- '1 4-

!

0.122
12

12.5

CHECKED BY:
DATE:

Hj=
LAT. WDTH.=

LAT. ANG.=

180
180

50.00

DESIGN BY: ---..f:. t1 F
DATE: 7-'\-9'\

70
2

STA.=

DS. SIZE= 2-18'x10' DS. AREA=
US. SIZE= 2-18'x10' US. AREA=
LAT. SIZE= 1-12'x10' OP. AREA=

1900
1351
1099

0.014

STREET NAME: EARLL DRIVE

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

EQUILIZING OPENING SIZING

PROJECT NUMBER: E002102

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ACTUAL CALCULATED
ANGLE Vd Vu Hvd Hvu Va DELTA y Q OPENING DELTA v

36.264537909 11.58 10.81 2.08 1.81 2.657143 0.4874 93 0.487364933

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'.

PROJECT NAME: OLD CROSS CUT CANAL

0.2179
6

12.5

CHECKEDBY:~
DATE:~

Hj=
LAT. WDTH.=

LAT. ANG.=

120
120

35.00

DESIGN BY:
DATE:

OS. SIZE= 2-12'x10' OS. AREA=
US. SIZE= 2-12'x10' US. AREA=
LAT. SIZE= 1-6'x6' OP. AREA=

1390
1297

18
0.014

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

STREET NAME: OSBORN ROAD SOUTH STA.=

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

EQUILIZING OPENING SIZING

PROJECT NUMBER: E002102

I
I
I
I
I
I
I
I
I
I·'
I
I
I
I
I
I
I
I
I



ACTUAL CALCULATED
I ANGLE Vd Vu Hvd Hvu Vo DELTAy Q OPENING DELTA y

36.035693843 11.58 11.38 2.08 2.01 0.625000 0.1453 25 0.145269971

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'.

PROJECT NAME: OLD CROSS CUT CANAL

STREET NAME: OSBORN ROAD NORTH STA.=

v

0.071
4

45

CHECKED By:_+-N-,--,_\}--=-)'--,
DATE: __r:_jf-.--'7:....':_-,C,::-.:lJ- t'

Hj=
LAT. WDTH.=

LAT. ANG.=

120
120

40.00

DESIGN BY: RHF
DATE: 7-5-1f

DS. SIZE= 2-12'x10' DS. AREA=
US. SIZE= 2-12'x10' US. AREA=
LAT. SIZE= 1-48" OP. AREA=

1390
1365

50
0.014

TOTAL AREA OF OPENING NEEDED= 68
TOTAL NUMBER OF 8'x4' OPENINGS= 2

EQUILIZING OPENING SIZING

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

PROJECT NUMBER: E002102

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



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'.

ACTUAL CALCULATED
ANGLE Vd Vu Hvd Hvu Va DELTA V Q OPENING DELTA v

94.352744375 11.46 11.42 2.04 2.03 45.000000 0.0306 5 0.030622496

PROJECT NAME: OLD CROSS CUT CANAL
RNP N, \;\.IDESIGN BY: CHECKED BY:

PROJECT NUMBER: E002102 DATE: 7-r;;-1[{- DATE: 1""1 ··7 - ::J

EQUILIZING OPENING SIZING

STREET NAME: WHITION AVENUE STA.=

Q DS.= 1375 DS. SIZE= 2-12'x10' DS. AREA= 120 Hj= 0.0173
Q US.= 1371 US. SIZE= 2-12'x10' US. AREA= 120 LAT. WDTH.= 1.5

Q LAT.= 9 LAT. SIZE= 1-18" GP. AREA= 0.10 LAT. ANG.= 90
MANNING'S 'n'= 0.014

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

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

32
1



ACTUAL :Ll. II Ll. -ED

ANGLE Vd Vu Hvd Hvu Va DELTA y Q OPENING DELTA v
88.74210397 10.08 9.78 1.58 1.48 370.000000 0.1124 37 0.112377424

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- 32
TOTAL NUMBER OF 8'x4' OPENINGS= 1

STREET NAME: WELDON AVENUE

0.0173
4

90

CHECKED BY:-----if---,'J;;=-.~W,..-'--,
DATE: I /""", -." _ 'c.t.!--

I

Hj=
LAT. WDTH.=

LAT. ANG.=

120
120

0.10

DESIGN BY: R HF
DATE:~

STA.=

DS. SIZE= 2-12'x10' DS. AREA=
US. SIZE= 2-12'x10' US. AREA=
LAT. SIZE= 1-48" OP. AREA=

1210
1173

74
0.014

Q DS.=
Q US.=

Q LAT.=
MANNING'S 'n'=

EQUILIZING OPENING SIZING

PROJECT NUMBER: E002102

PROJECT NAME: OLD CROSS CUT CANAL

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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======================== ========= =======

======================== ========= =======

======================== ========= =========

1 34.3 10 15
1.5 18.7 6 8

2 12.1 4 5
2.5 8.7 3 4

3 6.6 2· 3
3.5 5.2 2 2

6.67ft A 2
4.25ft A 2

103 cfs t-2~6:l Stev1<A ~d,'{;~ s
2

WITH
CLOGGINGGRATES

WITH
GRATES CLOGGINGAREA

LENGTH

H

H

PROJECT: OCCC
PROJECT NO.: E002102

WIER:
Q=3*L*H A 1.5

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

I
I
I
I
I
I
I
I
I
I(:':;l

_.(

~;y

I
I
I
I
I
I
I
I
I

1 19.2 5 7 ~,
1.5 15.6 4 6 . ~~~l-b~ fictW

2 13.5 3 5 ~(YL-
2.5 12.1 3 4 <!:--

3 11.1 3 4
3.5 10.2 2 4

= = = = == == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

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

C]1.. /
Ie

6.67 ftA 2
4.25ft A 2
0.64

L(J~C' I687 cfs
2

WITH
CLOGGING

WITH
CLOGGINGGRATES

GRATES

GROSS AREA =
NET AREA =
N/G =

Q=
CLOG FACTOR=

AREA

sp ;l\uJotj GU :~L leI fa (
,I J

30 1V'o.~S pV<9l/ t c:fed

'-i~e ptCUA S

LENGTH .

H

H

1 127.8 30 45
1.5 104.3 25 37

2 90.3 21 32
2.5 80.8 19 29 ~ Us~ 30

3 73.8 17 26
3.5 68.3 16 24

1 229.0 69 103
1.5 124.7 37 56

2 81.0 24 36
2.5 57.9 17 26

3 44.1 13 20
3.5 35.0 10 16

======================== ========= =======

======================== ========= =========

= == = = = == == == = = = = == = = = = = = = = = = = = = = = = = = = = = = = = == = =

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((O+Ob) A .5)

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

WIER:
Q=3*L*H A 1.5

Street Name: Oak Street

I PROJECT: OCCC
PROJECT NO.: E002102

I
I,
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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tileSil1;nS to substitute for hatiin IV, sueh
5) ave suppreS>lors, and the impact-type

I

I
I
\
I
I

(15-9)

--l-----L---l

are
~d = 4.30Do.21

(15-10)

Yv l.OODO.%2 (15-11)

T
yl O.54Do.m

(15-12)
T=

Yh2 = 1.66Do.21
(15-13)

where Ld is t4.!Ulr.opjength, that is, the distance from the droPJl!:U.10
the position oLtlHLcletltl:t1J l ; y,..is-the-pooLdeP-th.....under:-the.-nappe; YJ
is the depth at the toe of the nappe or the beginning of the hydraulic
jump; and Y2 is the tailwater depth sequent to Yl. The position of the
depth Yl can be approximately determined by the straight line ABC which
joins the point A on the apron at the position of Yl, the point B on the
axis of the nappe at the height of pool depth, and the point C on the axis
of the nappe at the crest of the bll. The fact that these three points lie

on a straight line was also verified by experiment.
For a given heicrht h and discharge q per unit width of the fall crest,

the sequent depth y2 and the drop length Ld can be computed by Eqs.
(15-10) and (15-13). On the one hand, if the tailwater depth is less than

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

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

Aerated 
h

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

by functions of the drop n1tmber. which is defined as
q2

D=
gh3

HYDRAULIC JUMP AND ITS USE AS ENERGY DISSIPATOR 423

16-16. The s..tnjwJ2J..9.~.1Yt.ltY~-The aerated free-falling nappe in
a straight drop spillway (Fig. 15-18) will reverse its curvature and turn
smoothly into supercriticn.1 flow on the apron.- Consequently, a hydraulic
jump may be formed downstream. Based on his own experimental data

o

onawoth width 01

e.5 w

I
tional space

I F
l

= 2.5 to 4.5, an oscillating
in, generating a wave that is

basin IV (Fig. 15-17) is designed
~r wave at its source. l This is

I ..

ILOW
.tering the curve in Fig. 15-1&- with

1
6 X 36.9 = 154 ft. .
ks as recommended are D I; thus the
tated sill is O.2D" or 7 ft 5 in., and

.15D" or 5 ft 6 in.

hich appears in the upper portion of
nljets deflected from large chute
. s wn in Fig. 15-17 is the minimum
. better hydraulic performance, it is
lalwer than indicated, preferably
h to 10 % greater than the sequent
h asin is made E:qual to the length

basin without appurtenances and,
.ul in Fig. 15-4 (i.e., also equal to
B in IV is applicable to rectangular

Ivl (U.S. Bureau afReclamation [341·)
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======================== ========= =========

= = === = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

= = = = = = == = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = =

6.67ft A 2
4.25ft A 2

0.64 f
L~57 cfs

2

WITH
CLOGGING

WITH
CLOGGINGGRATES

GRATES

GROSS AREA =
NET AREA =
N/G =

Q=
CLOG FACTOR=

AREA

LENGTH

H

H

1 19.0 6 9
1.5 10.3 3 5

2 6.7 2 3
2.5 4.8 1 2

3 3.7 1 . 2
3.5 2.9 1 1

1 10.6 2 4
1.5 8.7 2 3

2 7.5 2 3
2.5 6.7 2 2

3 6.1 1 2
3.5 5.7 1 2

= = == == == = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = =

I PROJECT:OCCCI PROJECT NO.: E002102

'Street Name: Thomas N.

I WIER:
Q=3*L*H A 1.5

I
I
I
I
I ORFICE:

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

I
I~

I
I
I

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

I
I
I
I
I
I



======================== ========= =======

======================== ========= =========

======================== ========= =======

= = = === == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

6.67ft A 2
4.25ft A 2
0.64( I

90 cfs lOed- s.~lA/\
2

WITH
CLOGGING

WITH
CLOGGING

GRATES

GRATES

GROSS AREA =
NET AREA =
N/G =

Q=
CLOG FACTOR=

AREA

LENGTHH

H

1 16.7 4 6
1.5 13.7 3 5

2 11.8 3 4
2.5 10.6 2 4

3 9.7 2 3
3.5 8.9 2 3

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

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

I
I
I
I
I
I
I
I
I

I PROJECT: OCCC
PROJECT NO.: E002102

I
Street Name: Thomas S.

I WIER:
Q=3*L*H A 1.5

I
I
I
I
I ORFICE:

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

I
1€8
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== == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == ==

PROJECT: OCCC GROSS AREA = 6.67 ft"'2
PROJECT NO.: E002102 NET AREA = 4.25 ft '" 2

N/G = 0.64
Street Name: Earll Drive Q= 1509 cfs l- OC Q.../ S i&V"l.A/1

CLOG FACTOR = 2

FRONTAL FLOW INTERCEPTION:
L=(V/2)*((D+Db) /'0, .5)

V-;,.(g·t{S f5
)) -... 't 2. :: 0 t 7 res (
l)b ::'O,~qI7

L ~ q ,s '< + J /: /
)J or. I (71,,11,1 ~' ~3 6va.~r \O£,.,'--rtt~ WIC./Cff(~J'

oHJ .rA-Jf 21'S 0 (~t'4 I

" ~ 0-3 9v"{ ek J, l.f ~ u.J :de.. JD f ~ Le-v.)

fJu (.e ',(pO j.r~l IV"(;{/,L-rh.., ~3% etoy!,";.~ ~ lacJ
S~,

WITH
CLOGGING

WITH
CLOGGINGGRATES

GRATES

AREA

LENGTH

H

1 280.7 66 99
1.5 229.2 54 81

2 198.5 47 70
2.5 177.5 42 63 .......--

3 162.0 38 57
3.5 150.0 35 53

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

ORFICE:
Q=0.67A*(SQRT(2GH»

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

H
=== == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == =

======================== ========== ==========

======================== ========= =======
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= = = == = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ::

======================== ========= =========

6.67 ftA. 2
4.25 ftA. 2

0.64/
L. Dca S fc9-t--" U--166 cfs

2

WITH
CLOGGINGGRATESLENGTH .H

1 22.0 7 10
1.5 12.0 4 5

2 7.8 2 4
2.5 5.6 2 3

3 4.2 1 2
3.5 3.4 1 2

1 12.3 3 4
1.5 10.0 2 4

2 8.7 2 3
2.5 7.8 2 3~

3 7.1 2 3
3.5 6.6 2 2

I PROJECT: OCCC GROSS AREA =

I
PROJECT NO.: E002102 NET AREA =

N/G =
Jtreet Name: Richardson Q =

CLOG FACTOR=I WIER:
Q=3*L*H A.1.5

I
I
I
I ======================== ========= =======

I ORFICE:
Q= O. 67A*(SQRT(2GH))

WITH

I H AREA GRATES CLOGGING
= = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

It:

I
I
I

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

I
I
I
I
I
I
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PROJECT: Old Cross Cut Canal
JOB NO.: E002102

FLOW SPLIT ANALYSIS FOR SPILLWAY AND INLET DESIGN

LOCAL STORM DISCHARGE:
ROADWAY RATING: Osborn Road GENERAL STORM DISCHARGE:

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 Total

Storm Elevation DischarQe DischarQe Discharge
General 1223.03 49.51 185.5\ 235.0

Local 1223.38 113.0 318.0 431.0

._--- --_ 4 __~

431
235



== ==== == == ==== ==== == == == == == == == === == == ===

======================== ========= =======

== == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == ==

======================== ========= =========

6.67ft"'2
4.25 ft'" 2
0.64

318 cfs C,f9Ca ( ~vV\
2

WITH
CLOGGING

WITH
CLOGGING

GRATES

GRATES

GROSS AREA =
NET AREA =
N/G =

Q=
CLOG FACTOR=

AREA

LENGTH

H

H

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 7 11

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

I PROJECT: OCCCI PROJECT NO.: E002102

<3treet Name: Osborn S.

I WIER:
Q=3*L*H '" 1.5

I
I
I
I
I ORFICE:

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

I
1~

40:
"''''''~7)~:.~ •

I
I
I

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

I
I
I
I
I
I



======================== ========= =======

======================== ========= =======

======================== ========= =========

1 21.0 5 7
1.5 17.2 4 6

2 14.9 3 5
2.5 13.3 3 5

3 12.1 3 4
3.5 11.2 3 4

6.67 ft'" 2
4.25 ft'" 2
0,64

113 cfs L-oc-OJ\ S~
2

WITH
CLOGGING

WITH
CLOGGING

GRATES

GRATES

GROSS AREA =
NET AREA =
N/G =

Q=
CLOG FACTOR=

AREA

LENGTH

H

H

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
3.5 5.8 2 3

1 PROJECT: OCCC1 PROJECT NO.: E002102

Street Name: Osborn N.

1 WIER:
Q=3*L*H "'1.5

1
1
1
1
1 ORFICE:

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

I' = ==== = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

I @
~

1
I
1

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

1
1
1
I
I
1
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======================== ========= =======

======================== ========= =========

6.67 ftA 2
4.25ft A 2
0.64 ( c./ _.

L 0 eev D 1"8'V \/Vt18 cfs
2

WITH
CLOGGING

WITH
CLOGGING

GRATES

GRATESAREA

LENGTH .

H

H

1 6.0 2 3
1.5 3.3 1 1

2 2.1 1 1
2.5 1.5 0 1

3 1.2 0 1
3.5 0.9 0 0

1 3.3 1 1
1.5 2.7 1 1.4-

2 2.4 1 1
2.5 2.1 0 1

3 1.9 0 1
3.5 1.8 0 1

I PROJECT: OCCC GROSS AREA =

I
PROJECT NO.: E002102 NET AREA =

N/G =
Street Name: Whitton Ave. Q=

CLOG FACTOR=I WIER:
Q=3*L*H A 1.5

I
I
I
I ======================== ========= .=======

I ORFICE:
Q= O. 67A* (SQRT(2GH))

I ======================== ========= =========

l··~:

I
I
I

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

I
I
I
I
I
I
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= = ==== == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

= = = = == == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

6.67ft A 2
4.25 ftA 2
0.64 I d _

~()CQ\ Sw-vvt.--;149 cfs
2

WITH
CLOGGING

WITH
CLOGGINGGRATES

GRATES

AREA

LENGTH .

H

H

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

1 49.7 15 22
1.5 27.0 8 12

2 17.6 5 8
2.5 12.6 4 6

3 9.6 3 4
3.5 7.6 2 3

I PROJECT: OCCC GROSS AREA =

I
PROJECT NO.: E002102 NET AREA =

N/G =
Street Name: Weldon Ave. Q =

CLOG FACTOR=I WIER:
Q=3*L*H A 1.5

I
I
I
I ======================== ========= =======

I ORFICE:
Q = O. 67A*(SQRT(2GH))

I = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

I~-- .

I
I
I

FRONTAL FLOW INTERCEPTION:
L= (V/2)*((O+Ob) A .5)

I
I
I
I
I
I
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Job Project No. -----c---- Sheet~of_

Description Computed By _V.:...-G-...L?>__ Date ~ / z'l!9'tf
_________ checkedBY_.J.--:-f'l~·kJ_,_ Date 7- 7'1 ~1t(

IS

@ Q/' ::. (),O) C3.0) (O~40~ ~ 2,2...1 C t-'.5 V

(i) Q; :: 0,0 (.3.0) L()13SS) 'is- == /, 10 CF..5 v'

® ~; :: C2ID) @\O) (6, 30S)'IS :: /152 CF..s I

(f) () \= (2.0) 0.0) ~ )'l~ /J 10 CF5
/1

6 (2lf.~ --
(j) q,. =-: (:3.0) ~.b)

I..r \JC0, Ib~ ) - O/~ 2. C.F.5-

I
I
f

I
I
I
I
I
I
I
1_-"-
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I
I
I
I
I
I
I
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I



I
I
I
I
I
1
I
I' -:.:. . ." ~:

3

1. inch .;J.bsolu.te
. 0052 ft I ft

(-:iut-t::0'Y' c!"r()p ==
r;:o''''c:!',vay Slop,,,,

.c ~ •.t ••
! ~".' ;..t. t.:

Gutter width = 1.416667 feet
Cy'oss ~;l(:lpe = u()194 ft/f·t

Calcu:late (iepth o'f fll~w in sectil~t':

Fl O'·,J ~" :[ ;C.) c f ~o

CUP BAN D 6 U T T E R FLO W ~ ALe U L A TID N S
DDDDDDVDDDDDDDDVDDDDDDDV~DVDDDDDDDDDDDDDDDDDDDDDDDDDVVDDDDDVDDVDDDDDDDDDDDDVVDDV

l.l~cation: 481'~! STREE~' JUST SOUTH OF ISR 300+40 - 3()::·~·70

C.:lmpOIJ()c! S~':--,:1~; '~In [!+:::-O!YIi:~t!·-~/ d~:).t:EI.~

Mal~lt1i~lg~s n ~: ~()~5 Sll~pe e!f Cl.~l~b f~c~ = 0 Hl~riz : 1 V~~y·t

Lu R~vise flow I:alculatic,ns
3. City of Phoenix curb opening inlet on grade
4. Cu.,-b 0pf:n:i.n[l inlet in sump
5~ Sll~·tted drain on graeje
6. Grate inlet on grade
7. 130:0 to DOS
8. Quit

VVDDDDDDDDDDDDVVVDvnvvvnnnDVDVVDDDDDDDDVDDDDVVDDVVDDDDDDDDDDVDDDDDDDDDDVDDDDVDDD
Ent~r YOll~ s~lel:tion~

...... ''-','

.:.~ .. :~ •.." . . ," j·1·· ..·'·····. '.

·:.1': :"
.. "---- .:-:'"

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

.,:.:: :?O,.

CUR BAN D GUT T E R FLO W CAL C U L A TID N S
DVVVVVVVDVVDVVVDDVVDVVVVVVVVDDDVVDVVVDVVVVVVVVVVVVDVVVDDDDDVDDDVDDDDDDDDDVDVVDDV
Location: 48TH STREET JUST SOUTH OF ISR 300+40 - 302+70

1
1

........ ;- .... j

C:omp'~lJtld sel:tiorl g~on)etry data:
Manning's n = .015
Gutter width = 1..41.6667 feet
Cross slope = .0194 f~!ft

Cal':lJlate d~0t~1 clf fl,~~ in sectil~t1:

Flot...; "" '3,'33 cfs
PVlnt Sp~e2d = 19"02838 feet

Inle't Cal.:ulation Menu
1.. Ne'~·.;] oc .~t i o;.-!
2" ~'~vise flow calculaticl~s

Slop~ of C:u."r··l:) f':~.cE- ::: 0 H()ri:·~ : 1 ~.)-9'r-t

13utter dr1:1p = 1 itlC~l absoll.lte
R(~adw2Y SJ.clpe a()052 ft/f'~

Av~Yag~ Velocity = 2,795873 fps

I CI.:l,'·t.' ()pt"!'tl1.ng inl~t in ::-=.u.rr"lp
Sl~tted d~'ain Otl gYad~

Grate in'l~t O~ J~ade

I
l .. C1!:: -t; c Dele3

fOL, [i'x:' t
nnDDDVrDDDDDDDDDD~VPD~VDD~~VVrVI)DVnDDDDDDVnDrnDDOnnnDDnDDOODDrTDDnnn~.~~1)E~D7'DDDD

I
I
I



I
I
I

depth of fl~)w "3830895 f~e·t

Average Vell~l:ity = :2"5897~~9 fps

faCi~ ::::: 0 Hc)'(iz ~

1 inch ,3.!J-:.7..o1u.t~~

. 00:;':,2 it / it

Slope of Curb
Gutt,;,r d·.... op '"
F:oad'*,3.y S10pt,

C U F: B ,t, N D (:; U T T E F.' F l... (] !t.) C P, L. C l! l_ A T I (J !\! S
DDDDDDDDDVDDDDVDDDDDDDDDDDDDDDDVDDDDVDDDDDDDDDDDDDDDDDDDDVDDDDDDDDDDDDDDDDDDDDDD
l_oca·tion: ~;8TH STREET JlJ5T SQU1'!-! OF- ISR 300+40 -- 3()2~-70

Cl~mpound section geometry data:
Manning's !1 = M015
Gutter width = 1.416667 feet
Cross slope = .0194 ft/ft

Calculate depth of flow in section:
Fl Clt",l =:= 7 .. 25 c f s
Pvmt Spread = 16.86801 feet

I
I

I

. '. : .: ~ .

I
\ .... ,..

Inlet Calculation Menu
1 n !\~f..""I.....1 1 oc .::1, t: j. on

3a City l~f F'hc,et1ix t:l.trb openitlg inlet on grade
4. Cu·.... b openin£j inlet in sump
5" Slotted drain orl gYade
6. Grate inlet on grade
7. Go to DDS
8. Qui t

'·-1 DDDDDDDDDDDDDDDDDDDDDDDVDDDDDDDDDDDDDVDDDDVDDDDDDDDDDVDDDDVDDDDDDDDDDDDDDDDDVDDD
Enter your sele-:tion:

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

f d(~ e '" 0 He, i z :
1 inch ab,,;oll...,tc;'

,-.- ., 005:~: ft:.I ft:

SIOpta of Cl!.Y/:)
(;ut t er !it· ,~,p =,

CUR BAN D GUT T E R FLO W CAL C U L A TID N S
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDVnVDDDDVDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
L.ocation: 48TH STREET JUST SOUTH OF ISR 300+40 - 302+70
Compound section geometry d~ta:

Manning's n = .015
Gutter width = 1.416667 feet
l:yOSS sl,::p~ = .()lg~L tt/f·t

Cal-:lllate (jept~l o·p 'fll~w i~, sel:ti!~tl~

Flo ..~ ~, 4.':;'t:, cfs
PVln~ SrY~~d = 14n571(~:~ fe~t

I
I Il·'~f.·~t '::alcuJ.a"tic:n lv;Y?-nu

1 . !',1.::·~--...,,]. oe at: i Cit'

I
I

..,
:.+ ,

'",-' ..
,_.....
7.

Ci t: y 0 f F'hc1t... (, j ~,_., ,- J 1'..- r--. (""'"]'.:-';-1" no ~. ~~ l~.:·t ::11'1 gr EJ.(:ff.a

CI_~rh op~ring inl~t i~ ~IJ~'p

Slottpd ~r~in _~n oYa~~

l~iY"_':'1:·.:t-- i -·-,l,?-t '-:';0"_ g·r-2:i.w.

(30 t 0 DD~:

I
I
I



I
I
I

:i.nch ,o'.b:'oolf...I.te
.0052 ft/ft

., ::;»00073 ·f·e,c·t
'" :? 0 10E.A:3 f P <~.

I:::;U.'i-.:t~:t·!'- c!"(OP ::-.:
F::':).9.dl~ ...IE~,Y S:I. op '1:"

dt:'pth (::rf fl ()I.",l

Average V~l'~cj.ty

CUR 8 AND GUT T E R FLO W CAL C U L A TID N S
DVDDDDDDDDDDDDDDVIJVDDDVDDDDDDDDDDDDDDDVDVDDDDDDDDDDDDDDDVDVDVDDDDDDDDDDVDDVDDDDD
L.oca'til:t!'l: 1~~8T!-i S-rREI~'r JLJST ~3GlJ-r~! OF ISR 3()C)'i-~~() .- 302~-70

1:0m~J'~\Jn(::1 secti(:ltl g~(:tnl~tYy d0'~2~

~Iatlt'litlg's tl ~: n015
GlJ'tteY wj.dth :: 1,,~~lG557 feet
(~YCrS~~ ~~ll~pe := ~()19~~ f-t/ft

Calculate depth of flow in section:
F 1. Clt..,;-l ::::: ~~}. Of7} C f ~~

Pvmt SDr~ad ~ 12.0G9QG feet

I
I

I
F:evise flJ:)w cal!:L!:la·t·ilJn~~

C;j.ty ot F'~1()0tllx CLl~C) '~P~;·l:I.~lg

Curb opening inlet in sump
Slotted drain on grade
G~a·te inlet on gYad~

I~]o t 0 D()~3

J:alCL~12ti!:)t'1 ~!e!1Ll

!\~ ':::~ '..) ]. () c ':~'. t i () ~"'r

":1,,,

.=...J"

Inl+~·,t

L

.:<'_' ~.;; ;... ~""".:;...., I."; : .. " ~

",',: f.j" Qui.t
VDDVDDDDDDDDDDVDVDDDVVDDDVVDDDDDDDVDDDDl'D~DVVDDDDVDDVVVDDDDDDDVDVDDVDDDDDDDDDDDD

Etlter Yl~t_tr selectiCrtl:

I

CUR BAN D GUT T E R FLO W CAL C U L A TID N S
DDVVDDDVVDDDDDDDDDDDDDVVDDDVDDDDDDDDDDDDVVVDDDDDDDDDDDDDDVDVVDDDDDDDDDDDDDDDDDDD
Location: 48TH STREET JUST SOUTH OF ISR 300+40 - 302+70

.:;!. C: U "r- 1:", 0 p ;::' n i. ~"': ~J 'l i'"j "I. t'~' .~: i. n :::~ t .; rn 1:::'
;-:)" :=;:1 ",t"J .. '11 _I : i"j ,-.:", '=~'f ::? :~i '.-::-
(.:; " ;':'j ',,- .::~ '!',: .;::' "i. ~-I 1 ~.:' t (-I n ...., ·.r ,:'1 t , .~':"

.., Ci ..:, t":' pr'Y::

E~" D!..!. i, t
DDDDDViJl)DVnDDl)DVnlJDn!)lJn~~,~nr9V~[0DVDnDnnDnDJJnnnODDDnDl)DUDVDD0n0un~n~~l;~VD0UDDDVDD

d~pt~1 l~f ~li~\'! ~;~:3:~~~~6~t fee'~

Average Veloctty = J~7'374~~3 fps

Slop" o"f Curb face = (:0 Hoy'iz : J. 'yf:l't
GtJ"tter drop == 1 itl.:h absoll.lt~

C1:)mpOltnd sel:ticrr geoffi~try data~

Manning's n = 0015
Gll'tteY' width == j.~4·1£6G7 f~et

C::ros~::. c::,J.()P·:~·:- ::::: "O:L'~:.I'::l ft/f+,
Calc:lJlai:e d~lJt~~ !~f fl'~w i.r" ~0C~~!:)~1:

I.. ..:.".:- ':,......

I
I
I
I
I
I
I



I
I
I

f .;31: +~, == 0 Ho~r i :.~:

1. inch 2.bsolute
.005:? ft:/ft:

depth of flow .1598052 feet
Average Velc,city = lh383285 fP~3

Sl 0PE~ ()f Cl:y-b
I~iutt,,·r· dY·op ~,

P0-:3.dW~3.y 81 0Pt~

Pvmt Spread = .5 .. 35E351,8

CUR 2 . AND 13 U T T E R FLO W CAL C U L A TID N S
DODDDODVDDDVDVVVODDVVDDDDDVDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDVDDDDDDD~DODDDDVDDDDD
L c=c at i 01", ~ ,:::'8TH STI~~E!::~T .JI..lST ~3c)L.IT!··1 OF J ~3r..~t 300+.:.1-0 -- 30~?+70
CI~mpOUtld sectil:ln geometry data:

Manning's n = .015
Gutter width = 1.416667 feet
Cross sll~pe = ~0194 ft/ft

Calculate depth of flow in section:
FJ. eo,,, ~, .44 c f'"

I

I
I

I
!!11~t CalcLllatio~) ~!enu

1. ~ Nl:::-l~ ....l l ..~!c ~"?I-;; "I. 0""

.~" Revise flcl~ l:alcl.lla·til~ns

3. City of Phoenix curb opening inlet on grade
4. Curb openi riD inlet in sump
5ft Slotted draitl !~tl grad~

6. Grate inlet on grade
7. Go to DDS
8. Qui t

DDDDDDDDVDVDDDDVVDDDDVVVDDD~VDDDDDDDDDDDVDDDDDDDDDDDDDDDDDDDVVVDVDDDVDDDDDDDVDDD

Enter your selection:

I
I
I
I
I
I
I



II
J I
!I'
,

7

4 ft:
r:l ~:l.

1:J" 00 C f·'3
0.00') ft/ft

0 .. ~:!7 F·r
~:;. 7 n-:'~3

O.01:?::5 FT/n-

~. _.-

TF' I (;"L. I) [::P Ti···!:::

VALUES = FOR CRITICAL DEPTH
44.79 44.79

~'.!UI"!

[I;:: I T J: C:/"L Dr':i='TH:::
\)EUJCITY=

'.l··.L·..,....,..
** ~l::~~

****~************

** ****---------------------**
** 0.62 **

DRAINAGE SWALE - SOUTH OF INDIAN SCHOOL PD NEAR BTA. 301+00
CHANNEL HYDRAULICS CHARACTERISTICS

Cf-'>,L_[Ul...,c,TEf)
FLOW= 13.00 CFS

NORMAL DEPTH= 0.62 FT
VELOCITY= 3"3 FPS
FROUDE #= 0.7

TOP WIDTH WS= 8.9 FT

I
I
I
I
I
I
I
I
I
I~.· ,-,Jun·-':;;'4 12: 11 PI'1

,-:~,

I
I
I
I
I
I
I
I
I



Greiner
I

Sheet_of_

Date ,- Y{/-'$Vr .

~ De-'-tev~~ D :--SeLCd.-0ge I/~.~~ l~ ~:e t1~~
CU/\c1 ~ou-ll.. y~ roadWtLj s;ee-1,-'Ye',:---< s 1:.- ('vf~
6CtJ '>-A d QS) I/~ ,

7G 0 C<2du.~ " ~ts e 'i~- ('r{)J..u SI) { UJ-Qd t~ ~, 3 0 ~~
~ u11J.hita ( ~, CQtLc-" b cd J-. d (? f ;1 fA Yo ch {vJ-- u-. A--~_
0. ffO-u-) S/{~( rf2;VU2JA.{oYr? ~d o.tJt/1j ·~f 10
~ , 0 (' (1_' ~rA.A. d/JcLtUJ t>, B-vz.c<:!.- 'f{z l-i~~
~d S&1A.~ d 'J cJ....tA--ieJ kcv-R b~ (llt----0f.,1u{ed)
ck~N ~"t_-( 'fJ..Q S'ec{0.~ ~~{ 3~/J CG-q~Y
fL.e IP-fO$/ Q ~aJ Y-L C1YqU7~v ~_at t:J,

I
I
I
I
I
I
1
I
I
1,/",

f". '

~._,

I
I
I
I
I
1
I
I
I

~ 3 0 % S~~~¥\{tC(1 '.

c6=;;~~~-t"~~ t
Q ~19vl{l ~ I ~ Ch
()~ 0 (0 ~"""' 'lJk'A.. cSeci£<-. ~ 08.4 L %'

F6v ~ 0 ~ ~~b~I'f{l1:(:------
Q Ltx.tt {::. If t c- £
~~6U-~ -- O,b&t(-2. ( Q~(af) "=' 28 c0
Q ~'(-t :. Q~~ca.l - Q vtJ9-;~ .: LtL ~h - 28 c0 0: 13e-0.

10 C)~ • lJ cY--R Y2... ? Od.cLUJ-4--1 C6-t- C&---tv'€ y .:2r;; c.r; .
H~v ll5 e :2.£ tl's o{r, \/



======================== ========= =======

6.67 ft"'2
4.25ft"'2
0.64

13 cfs
2

WITH
CLOGGINGGRATES

Iii -:;,::'-
I ; J -:-- -- "

Ovit}c.e F{uw uJ/ I

Ow.v 1t. 7vcA.e ,

LENGTH 'H

1 4.3 1 2
1.5 2.4 1 1

2 1.5 a 1
2.5 1.1 a a

3 0.8 a a
3.5 0.7 a a

1 2.4 1 1
1.5 2.0 a 1

2 1.7 a 1
2.5 1.5 a 1

3 1.4 a a
3.5 1.3 a a

======================== ========= =========

GROSS AREA =
NET AREA =
N/G =

Street Name: Indian Sch.S Q=
CLOG FACTOR=

I PROJECT: OCCC
PROJECT NO.: E002102

I
I WIER:

Q=3*L*H'" 1.5

I
I
I
I ======================== ========= =======

I ORFICE:
Q=O.67A*(SQRT(2GH))

WITH

I H AREA GRATES CLOGGING
======================== ========= =========

1(.::';
\:.~~,.,.

I
I

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

I
I
I
I
I
I



- - - - - - - - - - - - - - - - - - -

PROJECT NAME: OLD CROSS CUT CANAL Grate Net Area: 4.25 No. OF GRATES: 1
JOB NUMBER: EOO2102 Heigrr of Catch Basin: 4 Ke: 0.50

Top Slab Thickness: 1.75 Ko: 1.00
GRATE TYPE: C.O.P. Standard Detail P 1565 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 Toc:al Area: 6.67
BOX CULVERT ENERGY ELEVATION: 1229.93 Total Perimdcr: 10.67
GRATE ELEVATION 1237.00 Hvdraulic Radius: 0.6251

a H Ho An A KI KI K. KIa Vn Hvn V" Hv" Kin KIn 00
Assumed Pressure Oriface Net Grate Total Grate Cnlculated Total Total Loss CoeHcient Calculated Trastvack Net Grale Area Net Grate Area Total Grate Area Total Grate Area Calculated Trastvack ·Sma. Dam's· Discharge
Discharac Head Head Ooen Area Ooen Area loss Coeffi:ient Wilhout Trash'"ack loss Ad'usted Coetfic iert Velocity Velocity Head Velocity Velocity Head Coefficiert Trast"Yack Coetficiert Orilace Eouation

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 2.8260 0.7573 41.39

30 1.88 3.28 4.25 6.67 5.9212 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

3. 1.86 3.28 4.25 6.67 4.1119 1.5611 2.5509 8.4 706 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

3. 1.86 3.28 4.25 6.67 3.6905 1.5611 2.1294 8.9412 1.2414 5.6972 0.5040 0.8645 0.7573 41.39

3. 1.86 3.28 4.25 8.67 3.5037 1.5611 1.9426 9.1765 1.3076 5.8471 0.5309 0.7887 0.7573 41.39
39.437 1.86 3.28 4.25 8.67 3.4264 1.5611 1.8654 9.2793 1.3370 5.9126 0.5428 0.7573 0.7573 41.39

NOTE: 00 Should Be > Q (Column 'A' < Column 'a'); Column 'M' Should Column 'N'

/3 c(;. 74eve
(oea ~~"V1 ,

V/0 t2UkJJ



SHT----lOF__

((2.E) + (Hu))

USE= _

GREINER, INC.

DATE CHECKED: _

JOB NUMBER: (-: 0 () 2/ () z...-

Itt ~---.lll of L r-

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:-:J""'U::-CNC=T=:-IO=N"""S=T=R7':U=CT=U=R=E=P-=-RE=S:-O-SURE LIN E

A. (UPSTREAM PRESSURE LINE EL) - (STRUCTUR
B. diDo = _

HG - (UPSTREAM PRESSURE LINE) + (Hu) = _

NOTE:

DOES dIDo = THE ASSUMED dIDo
A. IF YES STOP
B, IF NO COMPUTE THE CO ECT diDo AND READ INCREMENT OF Ku AND PROCEED:

1. dIDo = , (FROM CHECK d ABOVE)
2, INCREMENT OF u = ; (FROM UPPER GRAPH OF FIGURE 4.9)
3. CORRECT K - Ku + INCREMENT OF Ku = _

4. GENERAL INSTRUCTION No.4:
A. STRUCTURE INVERT ELEVATION = /217 I 7 (3 .- IJ (A-I
B.PRESSUREDEPTH=/.2iQ,02 -l217.2B -:: 0'2.9' ; ((2.E)-(4.A)) o~ e....:.t;~~ (~
C. K(Vo ~ 2/2g) WHERE K=3(Qg/Qo) = ; (PER SECTION 4.2.4.3 No.4 - pg 4-2~ .
C. d = ; ((4.B) + (4.C))
0, dIDo = ; USE _

CHECKd:

3. GENERAL INSTRUCTION No.2:
A.Vo=2Q,'+O ; Ho= t4.<'!~ ;[Ho=(Vo~2)/291

2, GENERAL INSTRUCTION No.1:
A. DOWNSTREAM HG = '2 I 'f < ~ .3
B. BOX REACH LENGTH = /0 1 , 0
C.BOXSf= Q IQ~~f~ •
D.Hf=Sf*L= '0 t (lDIS~O)~,?/9 .
E,PRESSURELINEELATD.S.SIDEOFJUNCTIONSTRUCTURE= /2/ </,. &3 +.3,/<:]:: /2-18,c9 2.

COMPUTED BY: f;t\E CHECKED BY: _

FCDMC FIGURE 4-9

INLETSTATION:jlf ±2-S DOWNSTREAMHG:f.2/Y-, £3 (({i)/O/-f/O)
1, DESIGN CONDITION:

A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME II - HYDRAULICS PP 77 &78; SECIION 4.2.4.3; FIGURE 4.9.
C.Qo=23~O ; Qu=234-7; Qg= 13 ; (Qu/Qo)=O",79'fS; (Qg/Qo)=O.QOS:("";
D. Do= I ; Du= I Q ; B= 2l ; (Du/Do)= ItO ; (B/Do)= .2 d ;
E. MAINLINE OUTUET STRUCTURE: 2 - )0 'XIO'-
F. MAINLINE UPSTREAM STRUCTURE: 2 -to''x/t)'

I'
I
I-

I
I
I
I
I
I
1m
I
I
I
I
I
I
I
I
I





I
I
I
I
I
I
I

I

Closed Conduits

6. If the estimated. diDo is approximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Du/Do and read Ku at the curve of interpolated
curve for Qu/Qo: then proceed. as in Step 9.

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

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

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

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

11. Add hu to the elevation of the outfall pressure line at the inlet center to
obtain a II:\ore 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 ofStep 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 rnairt, 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 Ku and KL 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 Do/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 Do/Do and read KU (or K0 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 diDo.
7. Enter the lower graphand obtainKu (or Kr) as inStep 4, this value applying

for QclQo =o.
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(0 Ctt ~~W'\28 cfs
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WITH
CLOGGING

WITH
CLOGGINGGRATES

GRATES

AREA

LENGTH -H

H

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

1 5.2 1 2
1.5 4.3 1 2

2 3.7 1 1
2.5 3.3 1 1"

3 3.0 1 1
3.5 2.8 1 1

I PROJECT: OCCC GROSS AREA =

I
PROJECT NO.: E002102 NET AREA =

N/G =
1treet Name: Indian Sch. ,v I Q=

CLOG FACTOR=I WIER:
Q=3*L*H A 1.5

I
I
I
I
I ORFICE:

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

I
1(>

I
I
I
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PROJECT:O feb (voss ad G.-ua/ JOBNUMBER:~Z- DATE: 7- 18,.;?y -
DISCRIPTION:~ lcll1a.! D./()r/) !VJ leiL-o:L1JJ,\"d~~

} ,
-1/ ,1-~r SHT~ OF-!LCOMPUTED BY:R.t:Lf:. CHECKED BY: Nl'~~' DATE CHECKED:

\

FCDMC - FIGURE 4-9

INLET STATION: Sl +'l 0 DOWNSTREAMHG: l2.o~ / /8.... (~t<ll $~+/7)

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FC~C VOLUME II - HYDRAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.

;C. Qo= ~/O ; Qu= '08'$0 ; Qg= ~q ; (Qu/Qo) =0 .QBl/7; (Qg/Qo)=Od:lIS~
D. Do= /0' ; Du= 10' ; B= ; (Du/Do) = I. 0 ; (B/Do)= 3,7 ;
E. MAINLINE OUTLIET STRUCTURE: . 2 .18 '/.t 0
F. MAINLINE UPSTREAM STRUCTURE: 2 - /8 )(,1 0

2. GENERAL INSTRUCTION No.1: lzt":>u, '8
A. DOWNSTREAM HG= ~. I.
B. BOX REACH L1ENGTHq I }:;~
C. 80XSf= 0 ICO I l) 3
D. Hf = Sf * L = 11''<:: P.. "\ ~ ( •O() teto g ):. ill I ;)

E. PRESSURE LINE EL AT D.S. SIDE OF JUNCTION STRUCTURE = 12 o(P I fB -+ ~.3 .:: 1'<'0 <0.4-8

3. GENERAL INSTRUCTIO~O. 2:
A. Vo= fo • ; Ho= /. 83 ; [Ho=(Vo"'2)/2g]

4. GENERAL INSTRUCTION No.4:
A. STRUCTURE INVERT ELEVATION = / I q /10 2-
8. PRESSURE DEPTH =r2..CU>I~e -/lql,o~ = [:::J.'ffo ; ((2.E) - (4.A))
C. K(Vo "'2/2g) WHERE K=3(Qg/Qo)= . 013 ; (PER SECTION 4.2.4.3 No.4 - pg 4-23)
C. d = 1'3.4<o±O,E>8 c.1 S ,SCI: ; ((4.B) + (4.C))
D. dIDo = 15,W//o = (. s=s= ; USE I, '5:,

NOTE:
FOROQO = 0.02- Du/Do = 1.0
Ku= ,/2.
FOR dIDo = b -5 ; INCREMENT OF Ku = 0 I 0 ~

THEREFORE Ku = Ku + Ku ICCREMENT =~tt+O,O~': Q 01'8
Hu = Ku(Vo "'2/2g) = 0 I I 9 /. 'B \J :0

\ '2ljto, 8/TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE EL = 12.0<0, tt8 +0,3,3 .::. ((2.E) + (Hu))

CHECKd:
A. (UPSTREA~PRESS/IE LINE EL) - (STRUCTURE INVERT EL) = f 2CXO. BI -llQ/jOZ.=-/S I J&f'; USE = 15/.8'
B. dIDo = I ~ ,'8 . V = ,. ~ 8 ; USE 1- 'S

DOES dIDo = THE ASSUMED diDo Ie ~
A. IF YES STOP
B. IF NO COMPUTE THE CORRECT dIDo AND READ INCREMENT OF Ku AND PROCEED:

1. dIDo = ; (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) = 0,18(1,'63) =0,33

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = ('?OCo,ltS t 0 I '33.: 120b, 8 !

PIll!: Df'-INUrr.W1O

,'0\10 s.,o~M "{)j~ ~\(~ a,f@, P\J---\--- GREINER, INC.
v1A~V\oV' Lt!J!.5'u
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Supplementary Chart for Modification of Ku
for Depth in Inlet other than 2.5 Do

Flgure 4.9
Rectangular Manhole with Through Pipeline and Inlet Row

017 O.~ 0.9 1.0 1.1

Ratio Diameter Upstream Pipe to Dlometer Outfall ~o

0.7
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Closed Conduits

6. If the estimated d/Dois approximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Du/Doand read Ku at the curve of interpolated
curve for QuiQo: then proceed as in Step 9.

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

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

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

10. Calculate hu as indicated on the diagram on the Figure and by Gen. Instr. 7.
11. Add hu to the elevation of the outfall pressure line at the inlet center to

obtain a rr:t0re 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
diDo 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 i..riflow Iriay be admitted.

4.2.4.4 Rectangular Manhole-Upstream Main and 90 Degree Lateral Pipe
with or without Inlet Flow: Pressure change coeffidents 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 mairl, 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 Ku and KL 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 Dv/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 DuIDo and read Ku (or K0 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 diDo.
7. Enter the lower graph and obtain Ku (or Kr) as in Step 4, this value applying

for QclQo = o. __
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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 the design figures only as ratios of one to another. The figures included in Section
4.2.4 are based on tests of rOillld 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 jilllction of a 90 degree
lateral, with pressure lines and total head lines superimposed. It will be noted that
the relative 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 lised for the upstream in-line pipe and its hydraulic grade line where no
lateral is present. The change of pressure at a jilllction is measured by the difference
in elevation between the outfall hydraulic grade line and an upstream hydraulic

. grade line, along the vertical line through the branch point. The vertical dimensions
hu and hL indicate the change of pressure for the upstream in-lineand 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 acceptabJe 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 jilllctions. 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 (Gell. 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 Sf is the friction slope in a pipe flowing full.

September 1, 1992
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2. Calculate the mean velocity head of the flow in the outfall pipe.

V0
2 /2g

Case Design Rgure

Catch Basin With Inlet Flow Only 4]

Flow Straight Through My Manhole 4.8
Rectangular Manhole. Through Pipe and Inlet Flow 4.9
Rectangular Manhole With In-Une Upstream Main and 90' Lateral Pipe (with 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 90' Deflection 4.13
Square Manhole on Through Pipeline at Junction of a90' Lateral Pipe (large size laterals:

DUDo > 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 Square or Round Manholes on Through Pipelines at Junction of a90' Lateral

Pipe (large size laterals: DUDO > 0.6) 4.13 4.14
Square or Round Manhole on Through Pipeline at Junction of a90' Lateral Pipe (smaller size

laterals: DUDO <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 (DUDO > 0.5) or (QUlOQ >
0.3), Consider Upstream Pipe as Grate Flows 4.10

Square or Round Manhole on Through Pipeline with Two Laterals ((DUDO <0.5) or (QUlQO <
0.3), Consider Upstream Pipe as Grate Flows 4.11 4.12

total depth of water, ft

(outfall pressure line elevation) - (catch basin bottom

elevation) + (K) V0
2/2g

Table 4.2
Summary of Design Figure/Manhole Configuration Application

Calculate the required flow rate and size ratios. Examples:

Qu/QO' QL/QU' <2c/QO' etc.

Du/DO' DL/DO' B/DO' etc.

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 =
h

4.

3.
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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 Do> or for
an entrance formed by the socket end of a standard tongue-and-groove con
crete pipe.

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.)
•

•

Insignificant effect, make no reduction.

Re~d directly from the figure.

Reduce Ku and KL in same manner as Figure 4.9.

Reduce Ku by 0.1 for usual proportions of inlet flow;
by 0.2 for Qc about 0.5Q.

Insignificant effect, make no reduction.

Insignificant effect, make no reduction.

Figure 4.9:

Figure 4.7:

Figure 4.8:

Figure 4.10:

Figure 4.11:

Figure 4.12:

5.

6.

Storm DrainsI
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Figure 4.16: Make no reductions.

_Figure 4.13,4.14, See specific instructions for each case.
4.15: "

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

•

(4.1)

September 1, 1992

2 '
h = Kx Va /2g

7. 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:

8. 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 be at a lower elevation than the downstream pressure line. Where this less
cornman 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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At each manhole the energy grade line of all pipes should coindde, allowing for
reasopable 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_velodty head of the conduit in question,

(4.2)H =Z +d"+ (v 'l2g )

The next step is to calculate the energy grade line:

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
Eipes will correspond to that of the upstream in-line pipe pressure line. At a
junction with offset opposed laterals, the water surface will correspond to the
elevation of the far lateral pipe pressure line. At a junction with in-line opposed
laterals, the water surface will correspond to the elevation of the pressure line
of the higher-velodty lateral pipe.

The basic approach todesign 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 diD and
v IVfull ratios can be determined from a graph of Hydraulic Elements of Circular
Conduits (Figure 4.6).

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
at or near the point of outfall. Backwater or drawdown calculations for large 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.

~For the size of pipes normally encountered in storm drain design, it is reasonable
Df~~~( to assume a straight water surface. It is also assumed that the energy grade line is
fL~ 0V1{ yJparallel to the pipe grade, and that any losses other than pipe friction may be

j accounted for by assuming point losses at each manhole.
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2he = (K) v12g
(4.3)
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PROJECT AME: OLD CROSS CUT CANAL

I PROJECT NUMBER: FCDMC 94-24; GREINER E002102

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

Changes.
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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 VI is 10.9 fps and the STORM Program computes the hydraulic grade
elevation (HGl) 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.

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.
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PROJECT NAME: Old Cross Cut Canal
PROJECT NO.: E002102

CORRECTED STORM PROGRAM RESULTS FOR THE GENERAL STORM

DESIGN BY: 7?4~
DATE: 7- -19--

CHECKED BY: _
DATE: _

BOX CORRECTED COMPUTED COMPUTED
STREET NAME STATION V1 HG1 HV1 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 55+17 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.OFTHOMAS 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.OFTHOMAS 64+34 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 75+00 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 77+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.OFOSBORN 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.OFOSBORN 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 11.5 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 101 +10 12.1 1222.46 2.27 1224.73 12.1 1222.90 2.27 1225.17 1222.39 2.27 1220.12

S. OF INDIAN SCHOOL 111 +25 12.1 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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STORM DRAIN ANALYSIS
(INPUT)

0.00 120. 216. 3 0.00 0.00 0.00

0.00 120. 144. 3 0.00 0.00 0.47

0.00 120. 144.

0.00 120. 216.

0.00 120. 144.

0.00 120. 120.

BEGIN STA. 11+00~

FL 2 CTL/TW 0 W S

800.00 1180.04 1181.96 1197.90 120. 216. 3 0.00 0.00 0.00

817.00 1181.96 1183.92 1199.40 120. 216. 3 0.00 0.00 0.00

5 2085.0 2085.0 224.00 1185.46 1186.00 1202.00 120. 216.

4 2085.0 2085.0 640.00 1183.92 1185.46 1201.21 120. 216. 3 0.00 0.00 0.00

6 2085.0 2085.0 476.00 1186.00 1187.14 1202.19 120. 216.

7 2085.0 2085.0 969.20 1187.14 1189.46 1205.20 120. 216.

9 1955.0 1955.0 273.07 1190.64 1191.30 1206.80 120. 216.

8 1955.0 1955.Q 490.73 1189.46 1190.64 1206.40 120. 216. 3 0.00 0.00 0.00

14 1900.0 1900.0 85.00 1195.40 1195.79 1210.50 120. 216.

15 1900.0 1900.0 115.00 1195.79 1196.32

22 1210.0 1210.0 322.00 1205.52 1208.29 1230.00 120. 144.

20 1375.0 1375.0 614.00 1202.53 1205.35 1227.17 120. 144.

21 1210.0 1210.0 36.00 1205.35 1205.52

23 1205.0 1205.0 78.00 1208.29 1208.96

24 1205.0 1205.0 10.00 1208.96 1209.05

19 1390.0 1390.0 189.00 1201.66 1202.53 1222.22 120. 144.

25 1205.0 1205.0 1015.00 1209.05 1217.78 1243.31 120. 120.

17 1900.0 1900.0 575.00 1196.44 1199.08 1218.72 120. 144. 3 0.00 0.00 0.01

2

2

18 1390.0 1390.0 561.00 1199.08 1201.66 1222.05 120. 144. 3 0.00 0.00 0.05

2 10 1950.0 1950.0 459.00 1191.30 1192.40 1208.08 120. 216.

2 12 1950.0 1950.0 703.32 1192.84 1194.53 1210.24 120. 216.

2 16 1900.0 1900.0 25.00 1196.32 1196.44

2 11 1950.0 1950.0 185.00 1192.40 1192.84 1208.65 120. 216.

2 13 1900.0 1900.0 362.68 1194.53 1195.40

LA COUNTY PUBLIC WORKS

PROJECT: OCCC EG=1198.02 SUBMIT 7-94
DESIGNER: RHF 7SD594.DAT

CD L2 MAX Q ADJ Q LENGTH FL 1

I~
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I
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LA COUNTY PUBLIC ~ORKS STORM DRAIN ANALYSIS REPT: PC/RD4412.1
( INPUT) DATE: 07/18/94

PAGE 2

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

CO L2 MAX Q ADJ Q LENGTH FL 1 FL 2 CH/Tli D Ii S KJ KE KM LC L1 L3 L4 A1 A3 A4 N

26 1205.0 1205.0 558.00 1217.78 1222.57 1242.50 120. 120. 0.00 0.00 0.00 0 27 0 o. O. O. 0.00 0.013

27 1180.0 1180.0 67.00 1222.57 1223.15 0.00 120. 120. 0.00 0.50 0.00 0 0 0 o. O. O. 0.00 0.013
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LA COUNTY PUBLIC WORKS STORM ORAIN ANALYSIS REPT: PC/RD4412.2
DATE: 07/18/94

PAGE 1

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

HYDRAULIC GRADE LINE CONTROL = 1196.10

I
I

LINE
NO

Q 0 W ON
(CFS) (IN) (IN) (FTl

DC FLOW SF-FULL
(FT) TYPE (FT/FT)

V 1 V 2

(FPS) (FPS)
FL 1

(FT)

FL 2
( FTl

HG 1

CALC
HG 2
CALC

o 1

(FTl
o 2
( FT)

Til

CALC
TW
CK REMARKS

I
I
I
I
I
I
I
I
I
I
I
I
I
I

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

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

4 2085.0 120 216 7.92 7.46 FULL 0.00216 11.6 11.6 1183.92 1185.46 1199.60 1200.99 15.68 15.53

5 2085.0 120 216 7.91 7.46 FULL 0.00216 11.6 11.6 1185.46 1186.00 1200.99 1201.62 15.53 15.62

6 2085.0 120 216 7.93 7.46 FULL 0.00216 11.6 11.6 1186.00 1187.14 1201.62 1202.65 15.62 15.51

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

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

1955.0 120 216 7.54 7.15 FULL 0.00190 10.9 10.9 1190.64 1191.30 1206.18 1207.03 15.54 15.73

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

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

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

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

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

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

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

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

18 1390.0 120 144 6.87 7.46 FULL 0.00269 11.6 11.6 1199.08 1201.66 1217.37 1218.99 18.29 17.33

19 1390.0 120 144 6.87 7.46 FULL 0.00269 11.6 11.6 1201.66 1202.53 1218.99 1219.54 17.33 17.01

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

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

22 1210.0 120 144 4.91 6.80 FULL 0.00204 10.1 10.1 1205.52 1208.29 1222.26 1222.96 16.74 14.67

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

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

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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LA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS REPT: PC/R04412.2
DATE: 07/18/94

PAGE 2
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PROJ ECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 7S0594.0AT

LINE Q 0 W ON DC FLOW SF-FULL V 1 V 2 FL1 FL 2 HG 1 HG 2 o 1 o 2 TW TW

NO (CFS) (IN) (IN) (FT) (FTl TYPE (FT/FTl (FPS) (FPS) (FT) (FTl CALC CALC (FTl (FTl 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 HYO JUMP

X = 0.00 X(NI 0.00 X(J) = 32.61 F(J) = 866.29 O(BJ) = 6.84 O(AJ) 8.33
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V 1, FL 1, D 1 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 HYORAULIC 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 7/21/1994 20: 7
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PROJECT NAME:
JOB NUMBER:

GRATE TYPE:
CATCH BASIN LOCATION:
CHIMP HG AT INLET:
BOX CULVERT HG ELEVATION:

OLD CROSS CUT CANAL
E002102

C.O.P. Standard Detail P 1565 Type 1 Grate
HOLLY - STA. 28+ 24 (INLETS IN CHIMP)

1203.47
1199.83

Grate Net Area:
Heigt1 at Catch Basin:

Top Slab Thickness:
length:

Manning's n:
Grate Total Area:

TOlal Perimeter:

4.25 No. OF GRATES:
4 Ke:

1.75 Ko:
5.75 ~:

0.014

8.87
10.67

2 (W/O CLOGGING A TOTAL OF 4 ON PLANS)

0.50
1.00

0.0611

GRATE ELEVATION: 1198.60 Hvdrauli:: Radius: 0.8251

0 Ho Ho An Ao K. KI KI KIa Vn Hvn VQ Hv KIn KIn 00

Assumed PressLXe Orilace Net Grale Tolal Grate Calculated Total Total Loss Coel1bient Calculated Trastvack Net Grate Area Net Grate Area Total Grale Area Total Grate Area Calculoted Trostvack ·Smal Dam's· Disc h,uge
Disc harne Head Head Onen Area Onen Area Loss Coeffcient WihoU1 Trastvack Loss Ad'usted Coefficiert Velocll v Velocit Head Velocitv Velocitv Head Coefficiert Trastvack Coetficiert Oriface Enuation

40 3.64 3.87 8.S 13.34 26.0723 1.5611 24.5112 4.7059 0.3439 2.9985 0.1396 9.9516 0.7573 89.91

SO 3.64 3.87 8.S 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.S 13.34 11.5877 1.5611 10.0266 1.0588 0.7737 4.4978 0.3141 4.0708 0.7573 89.91

70 3.64 3.87 8.S 13.34 8.5134 1.5611 6.9523 8.2353 1.0531 5.2474 0.4278 2.8227 0.7573 89.91

80 3.64 3.87 8.S 13.34 6.5181 1.5811 4.9570 9.4118 1.3755 5.8870 0.5584 2.0125 0.7573 89.91

90 3.64 3.87 8.S 13.34 5.1501 1.5611 3.5890 10.5882 1.7408 8.7466 0.7068 1.4571 0.7573 89.91

100 3.64 3.87 B.S 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 B.S 13.34 3.4476 1.5611 1.8865 12.9412 2.6005 8.2459 1.0558 0.7659 0.7573 89.91

110.34 3.64 3.87 B.S 13.34 3.4264 1.5611 1.8653 12.9812 2.6166 8.2714 1.0624 0.7573 0.7573 89.91

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.00"'0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

0 0.00 0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00

NOTE: 00 Should Be > Q (Column 'A' < Column '0'); Column 'M' Should Column 'N'

~; I4U U/l riol/(.) 4 f MJl1y i.r 81 c.t! -Ik- ~ 9euev« ( stoV-lVr.
v·



HGu = (UPSTREAM PRESSURE LINE) + (Hu) = {J. 00 15'"0 +(() 14 If ::: I 2{),j /l'!

3. GENERAL INSTRUCT~O. 2:
A. Vo= /2 ; Ho=;2.1 If(P ; [Ho=(Vo"2)/2g)

4. GENERAL INSTRUCTION No.4:
A. STRUCTURE INVERT ELEVATION ="..-+(....,I~~r.{-'-,-.-'(;-:B~--,.,- _
B. PRESSURE DEPTH = f~ooll:;O - /184 .af=:. ,G:>, {) 'L ; ((2.E) - (4.A))
C. K(VO," 2/2g) WHERE K=3(Qg/Qo) = 0 I \ ~ ; (PER SECTION 4.2.4.3 No.4 - pg 4-23)
C. d = (p. ~2.. 4- (l, l~:.. \ IoN S- ; ((4.B) + (1.C))
D. diDo = 1(,;,14$1 IOrO - T~ G? ; USE~_'_

OFSHT

GREINER, INC.

FIGURE 4-9
J-!()/!J

FCDMC

ll~e. k: odS

FOR Qg/Qo = 0 I I Du/Do =-.h2__
Ku = Q I /2 J,
FOR diDo = / IS"; INCREMENT OF Ku = 0 , ()~
THEREFORE Ku = Ku + Ku I~CRJMENt.= {) ( ! ~
Hu = Ku(Vo "2/2g) = 0 If"" ( ~ ,I{{~l'=" f), 4-
TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE EL = I~OO (\;;() +tlNV.:. POQ 19 'f ((2.E) + (Hu))

V
A. (UPSTREAM PR~SS~RE LINE EL) - (STRUC1UR~ INVERT EL) =, '200, CJLf - J18Q. 18 =. Ik '7(;,; USE = / h , 8
B. diDo = /6 ( D,L/ 0 = [r] ; USE /.:)

CHECKd:

NOTE:

i/
2. GENERAL INSTRUCTION No.1:

A. DOWNSTREAM HG= I f1Co 1/0
B. BOX REACH LENGTH= I~~ q,
C. BOXSf= 0, 00 2~'\.>.
D. Hf = Sf * L = ( (:J ,0 '"Z-S--z..) (/72 "t):::. U(~O
E. PRESSURE LINE EL AT D.S. SIDE OF JUNCTION STRUCTURE = 1/ 9{b (! () 141 C/O :: (2 DO, t:;O

DOES diDo = THE ASSUMED diDo Ye s;;
A. IF YES STOP
B. IF NO COMPUTE THE CORRECT diDo AND READ INCREMENT OF Ku AND PROCEED:

1. diDo = (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = ; (FROM UPPER GRAPH OF FIGURE 4.9)
3. CORRECT Ku = Ku + INCREMENT OF Ku = _

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME II - HYDRAULICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.
C. Qo= <-J.S28 ; Qu= <-ftftf:J ; Qg= 81 ; (Qu/Qo)=o88z( (Qg/Qo)=OI0I79;
0.00= '0 Du= (0 ; B= ,37 (Du/Do)= {,O (B/Do)= ,317
E. MAINLINE OUTLIET STRUCTURE: l.. - (8 'f..(D

F. MAINLINE UPSTREAM STRUCTURE: 2 -( S xla

INLET STATION:.2 8i~~ DOWNSTREAM HG: / lq0 ~ {0

PROJECT:OI::i ~>5 0f CtlUd / JOB NUMBER: ~ 0 0:< I 0 '2.... _ DATE: 7 ~ .2 2.. :!l!L_
DISCRIPTION: I\.It te ~ I ~\ C {-( rtV( til 11.1 ~),/''i. j)e ~ ~f (,.,~ct~ 6;€.J,(Q.t--o. ( SiD Y (,.VJ

JJJL 2 ~~--.C C{Oj,1I~J tll)~.S;~J)-fl flJ4{/#erl)
COMPUTED BY: '}HP. CHECKED BY: N'tt./ DATE CHECKED: 7- W -9 J

Pn.E: Dr- INl.BI'.WIO
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Rectangular Manhole with Through Pipeline and Inlet Flow
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Closed Conduits

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 00/00 and A/Du (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 auIDo and read Ku at the curve for

the proper value of A/Oo for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

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

7. Add a positive hu to (or subtract the absolute value of a negative hu 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. Check to be sure the watersurface elevation in the junction is at least 6inches
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/Du less
than 1 do not appreciably reduce the values of Ku shown for A/Du = 1. Ku
increases for distances A/Du 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/Du 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 JTIa.Ilhole 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 diDo of 2.5. Increments of
Ku for other relative water depths are shown in the supplemental graphs; positive
increments for diDo 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 Du/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow

ratio QclQo =1- Qu/Qo).
4. Estimate a value for the water depth, d.

» Follow Gen. Instr. 4.

» Estimate K = 3 QclQo.

5. Calculate the corresponding relative water depth diDo.
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Closed Conduits

6. If the estimated d/Dois approximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Du/Do and read Ku at the curve of interpolated
curve for QuI Qo: then proceed as in Step 9.

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

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

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

10. Calculate hu as indicated on the diagram on the Figure and by Gen. Instr. 7.
11. Add hu 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 procedtire With the improved value of d from Step 11 if
necessary. Such repetition may not be necessary if the original estimated
diDo 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 coeffidents are presented in Figure
4.10 foruse in determining the cornman 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 maID, 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 Ku and KL 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 Du/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 Du/Do and read Ku (or Kr) 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 diDo.

7. Enter the lower graph and obtain Ku (orK0 as in Step 4, this value applying
for QclQo =o.

I : : : : : " .: ,:.: : :..: ::::::::
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PROJECT NAME:
JOB NUMBER:

GRATE TYPE:
CATCH BASIN LOCATION;
CHIMP HG AT INLET:
BOX CULVERT HG ELEVATION:

OLD CROSS CUT CANAL
E002102

C.O.P. Standard Detail P1565Type 1 Grote
S. CEMETAAY - STA. 34+39 (INLETS IN CHIMP)

1204.80
1201.22

Grale Net Area:
Heigtt of Catch Basin:

Top Slab Thickness;
Length:

Manning's n:

Grate Toeal Area:
Total Perimdcr:

4.25 No. OF GRATES:
4 Ke:

1.75 Ko:
5.75 Kf:

0.014

6.67

10.67

4 ('IN/D CLOGGING A TOTAL OF 6 ON PLANS)

0.50

1.00
0.0611

GRATE ELEVATION: 1201.08 Hvdraulic Radius: 0.6251
a Hp Ho An AD KI KI KI KID Vn Hvn Vp Hvp KIn KIn 00

Assumed Pressure Oriloce Net Grote Total Grate Colculoled Total Tolo! LOBS Coelfcient Calculated TroslYock N el Grole Area Net Grate Area Total Grate Area Total Grote Arco Calculated Trashrack "Small Dam's· Discharge

Discharne Head Hcad Oncn Area Onen Area loss Coellbienl Wihout Trastvack loss Ad'usled Coeflicien: Vclocitv Velocltv Head Velocity Velocitv Head Coefficiert Tfastvack Coetticiert Oriface Enuation

40 3.58 3.72 17 26.68 102.5700 1.5611 101.0090 2.3529 0.0880 1.4993 0.0349 41.0097 0.7573 176.29

50 3.58 3.72 , 7 26.68 65.6448 1.5611 84.0838 2.8412 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 0.1934 2.2489 0.0785 17.8744 0.7573 176.29

70 3.58 3.72 17 26.68 33.4923 1.5611 31.8312 4.1176 0.2833 2.6237 0.1069 12.9641 0.7573 176.29

80 3.58 3.72 17 26.68 25.6425 1.5611 24.0815 4.7058 0.3439 2.9985 0.1396 9.7771 0.7573 176.29

90 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

'00 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 13.5830 1.5811 12.0019 6.4706 0.6501 4.1229 0.2640 4.8728 0.7573 176.29

120 3.58 3.72 17 26.88 11.3967 1.5811 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

'40 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

"0 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

, 60 3.58 3.72 17 26.68 6.4108 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 4.1178 10.0000 1.5528 8.3718 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

190 3.58 3.72 17 26.68 4.5480 1.5611 2.9850 11.1765 1.9387 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 2.3685 7.8711 0.9620 0.8771 0.7573 176.29

218.858 3.58 3.72 17 26.68 3.4262 1.5611 1.8852 12.8740 2.5736 8.2031 1.0449 0.7573 0.7573 176.29

NOTE: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should - Column 'N'

~ Mti X~!-(;(t{~ F{c9-W a.-t jL~~ /OC#{j)·~ /t IY9 cf:, ~ ~ ?~'(/.f ..S-fOl/vVf I



PIU!: Dr - INI.BT.WX3

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = I~02.,'S"1 -{D,'+l(.: /.)0).95

GREINER, INC.

OFSHT

(? ,1.14·:; /).. 02 f 9 r-((2.E) + (Hu))

-'

; [Ho = (Yo A 2)/2g]

FOR Qg/Qo = () f 0 OutDo = .l 0
Ku = 0 tl2.
FOR d/Do = II" : INCREMENT OF Ku = ()~ 0 &
THEREFORE Ku = Ku + Ku INCREMENT = 0, 18
Hu = Ku(Yo "2/2g) = 0 II B (2.·7'6) ---'-25"""='--'-:,Y:~Cf.----
TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE EL =L:J. V,?, S""t +

NOTE:

CHECKd:
A. (UPSTREAM PRESS}JRE LINE EL) - (STRUCTURE INVERT EL) = })02 /:;[-/1 8)·,C,f;;.11. \0: USE = 17 I :3 0
B. d/Do = 17, ;'0 / 10 to = 1,7 '1" : USE I f I

3. GENERAL INSTRUCTION No.2:
A. Vo= I? I'S 8; Ho=;; I y..~

I

DOES d/Do = THE ASSUMED d/Do y(9 )
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 = _

2. GENERAL INSTRUCTION No.1: A 1'.' I
A. DOWNSTREAM HG= , ~ C <-, • ...., "/J
B. BOX REACH LENGTH7"'"=---;G"'--;-IS=--'f?-iI-,-
C. BOXSf= O/~2 '~z... d
D.Hf=Sf*L=(O'002SS'.l.){'::;'~\':: ItS7rr' .
E. PRESSURE LINE EL AT D.S. SIDE OF JUNCTION STRUCTURE =-:.I_,_S"'---'-7--'-+--'-/_)_0_O__')'-''l'---'-V_-_-__'I.=~_'_O=__2__','____'S-__'_(__

\/

4. GENERAL INSTRUCTION NO.4: 11 0 I ,...
A. STRUCTURE INVERT ElEVATION = 0 '\" 1 ~:::L
B. PRESSURE DEPTH =1;;{0.2,)/ -1/'B.,.r("-=--"',",~fi='-'~:"":/7:v~, '8'-0,.----,-((2.E) - (4.A))
C. K(Yo ,2(2g) WHERE K=3(Qg/Qo) = 0, (0 ; (PER SECTION 4.2.4.3 No.4 - pg 4-23)
C. d = ,'tR ·Q(7 -I- 0,1 0 ~/b /16 ; ((4.B) + (4.C))
D. d/Do = l&(rb/I t.? - /,70 ; USE.-L../'--'L~__

1. DESIGN CONDITION:
A. INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME " -7D~ULlCS PP 77 &78: SECTION 4.2.4.3; FIGURE 4.9.
C.Qo=4-S.2B : Qu= 4- : Qg= 1./-379 : (Qu/Qo)=V/1~7L: (Qg/Qo)=~,Q)..-:?9:
D. Do=~__: Du=, ; 8= 1; : (Du/Do)= It Q ; (B/Do)= .377 :
E. MAINLINE OUTLET STRUCTURE: 2 - ( , X~ "
F. MAINLINE UPSTREAM STRUCTURE: .2 -If:;' ,

. I
II

FCDMC - FIGURE 4-9
INLET STATION:3lf+ 2) 9 DOWNSTREAM HG: I~00 I 9 if- £, I ('CUA {/../

PROJECT:DId. &(955 hi C~Ci-( JOB NUMBER: CoO..2 / V 2. DATE: Z-Zz.. -9'1.(

DISCRIPTION,bJd ,'''' CHIMP 1~\IY.t+.J>es~ ~ Geuev.( Sib",,,,, --'4L-0-j.vdcJ
~~(jt~ ~ v10t ca-qs,'ek-edJ L~JL(j.l<.....::t\de=-->....L.d-,}) _

COMPUTED BY: R HF I CHECKED By:ft DATE CHECKED: ;- 7-:.: -1 if_
f

I
I
I
I
I
I
I
I
I
I',:

I
I
I
I
I
I
I
I
I
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Supplementary Chart for Modification of Ku
for Depth in Inlet other than 2.5 Do

Figure 4.9
Rectangular Manhole with Through Pipeline and Inlet Flow
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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 Du/Do and A/Do (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 Du/Do and read Ku at the curve for
the proper value of A/Du for a square-edged entrance condition, or at the
dashed curve for a rounded. entrance.

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

7. Add a positive hu to (or subtract the absolute value of a negative hu 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. Check to be sure the watersurface elevation in the junction is at least 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/Du less
than 1 do not appreciably reduce the values of KU shown for A/Du = 1. Ku
increases for distances A/Du greater than 3, but such values are not usual in storm
drain construction. For rounded entrances, the curve shown will apply with suffi
dent accuracy for all values of A/Du 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 COIU1ect 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 diDO of 2.5. Increments of
Ku for other relative water depths are shown in the supplemental graphs; positive
increments for diDo 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 Du/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio QclQo =1 - Qu/Qo).

4. Estimate a value for the water depth, d.

» Follow Gen. Instr. 4.

» Estimate K = 3 QclQo.

5. Calculate the corresponding relative water depth diDo.

..............:::;:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.::. :.:.:.:.:.:.:.:.:.:.:.:.:.: :.:.:.:.:.:.:.:.:.:.:::;:::;:;:;:;:;:::;:;:;:::;:;:::;:;:::::::::::.:.:.:. ;:::;:......•...............•.;.•.:.:.:.;.:.:.;.:.::;;.:;.:.. :::;:::::::;:;:::::::;;::::;:;::;;:;:;:~::;:::;:;;::;:;::::;;::;::;:;:;:;:;:;::;;:;:;:;:;:::::::;:::;:;:;;::::::;:;:;:;:;;:::;,;:::::;:::;:;:::;:;:;:;:::::;:;:::;:;:;:::;:::;:.::;:::;:::;:.::;:;:;:;:.::::;:::;:;:::~

September 1, 1992 4-23



I

I
I
I
I
I
I
I

I"

I
I
I
I
I"

Closed C<lndults

6. U the estimated diDo is approximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Du/Do and read Ku at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

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

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

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

10. Calculate hu as indicated on the diagram on the Figure and by Gen. Instr. 7.
11. Add hu 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
diDo 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 Ku and KL 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 Du/Do, Qu/Qo (Gen. Instr. 3).

4. U no inlet flow is involved, enter the lower graph on Figure 4.10 at the pipe
_ size ratio au/DO and read Ku (or K0 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 diDo.
7. Enter the lower graph and obtain Ku (or KJJ as in Step 4, this value applying

for Qc/Qo =o.

I September 1, 1992
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PAOJECT NAME: OLD CAOSS CUT CANAL Grate Net Area: 4.25 No. OF GAATES: 3 CHIO CLOGGING A TOTAL OF 6 ON PLANS)

JOB NUMBER: E002102 Heigh of Catch Basin: 4 Ke: 0.50
Top Slab Thickness: 1.75 Ko: 1.00

GAATE TYPE: C.O.P. Sianderd Detail P1565 Type 1 Grale Length: 5.75 Kf: 0.0611
CATCH BASIN LOCATION: NOATH CEMETAAY - STA. 41 +49 (INLETS IN CHIMP) Manning's n: 0.014
CHIMP HG ELEVATION; 1206.24 Grele Toeal Aree: 6.67
BOX CULVERT HG ELEVATION: 1202.85 Tolal Perimeer: 10.67
GRATE ELEVATION: 1202.78 Hvdraulic Radius: 0.6251

Q Hp Ho An Ao KI KI KI Klo Vn Hvn Vo HvO KIn KIn Qo

Assumed Pressure Oriface Net Grale Tolal Grate Calculaled Tolal Total Loss Caellc/ent Calculated Trastvack Net Grale Area Net Grale Area Total Grate Area Talal Grole Area Calculated Trastvack ·Sma. Dam's' Discharge
Discharoe Head Head Oocn Area Onen Area Loss Coelfcient Wilhout Traatvock Lou Ad'usled Coefficiert VeJccit Velocitv Head Velccitv Velocitv Head Coefficiert Trastvack Coefficiert Orilace 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 20.0 t 15.5402 1.5611 13.9792 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 4.9975 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 1.5811 2.3240 11.7647 2.1482 7.4863 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

15. 3.39 3.46 12.75 20.01 3.5920 1.5611 2.0309 12.2353 2.3246 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

15. 3.39 3.46 12.75 20.01 3.5016 1.5611 1.9405 12.3922 2.3848 7.8961 0.9681 0.7879 0.7573 127.52

IS' 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: 00 Should Be > Q (Column 'A' < Column '0'); Column 'M' Should

I ~CZ? cf~ ,:> ;1-1.'-kvce(yJ(ed a.t. yJJ.; 5 I()~a (/l5-&{
Column 'N'



HGu = (UPSTREAM PRESSURE LINE) + (Hu) = I::2.Dl{- ..91 +0.37= (,)0';.30

OFSHT

FIGURE 4-9
fJ I CeVJ2-~j

FCDMC

Du/Do =--r-ol,-,1-<;9__

DOWNSTREAM HG: /"<0 <ft 2. 0

FOR Qg/Qo = 0 . 0
Ku=(),{'2..
FOR dIDo = .A. <0 ; INCREMENT OF Ku = % s:=
THEREFORE Ku = Ku + Ku INCREMENT = 0 ,/~ i 0 < () s=-
Hu = Ku(VoA2/2g) = 0, l] (21 2 OJ ~ 0, ;; 7
TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE EL =

CHECKd:
A (UPSTREAM PRESSURE LINE ELl - (STRUCTURE INVERT EL) = 1'<Q5,3G -I [67t}f., =/8; USE = (P , 0
B. diDo = lli!>, 0/10 It! = I. E> 0 ; USE..=:~:>.....:.....,-",0,--

DOES dIDo = THE ASSUMED dIDo 'Ie s
A IF YES STOP
B. IF NO COMPUTE THE CORRECT dIDo AND READ INCREMENT OF Ku AND PROCEED:

1. diDo = ; (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = ; (FROM UPPER GRAPH OF FIGURE 4.9)
3. CORRECT Ku = Ku + INCREMENT OF Ku = _

3. GENERAL INSTRUCfTI0M. NO.2:
AVo=_ll. I"J ; Ho= 2,2, () ; [Ho=(Vo""2)/2g]

4. GENERAL INSTRUCTION NO.4:
A STRUCTURE INVERT ELEVATION = I r B7 ( (, c::,
B. PRESSURE DEPTH = 1:<0 If. ?q~ I\~b -Sb =. /7,(03 ; ((2.E) - (4.A))
C. K(Vo A 2t2g) WHERE K=3(Qg/Qo) = Q I (:) 7 ; (PER SECTION 4.2.4.3 No.4 - pg 4-23)
C.d=111\o':.l-\: O,Of =-17,7D ; ((4.B) + (4.C))
D. dIDo = /717/ I 0 = J,'''',, ; USE-,":<=-.:.l-'.O__

Hu = Ku(Vo""2/2g) = 0,(7 ('7 I 2 oJ:::.. Qt37

INLET STATION: '1-1-1 Vc;

GREINER, INC.

NOTE:

1. DESIGN CONDITION:
A INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC VOLUME II - H1[;7ULlCS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9.
c.Qo=4r2. 9 S; Qu= -I 0; Qg=L2. @?, ; (Qu/Qo)=O/17~ (Qg/Qo)=~~;
0.00= 0 ; Du= I ; B= 37 ; (Du/Do)= /10 ; (B/Do)= ¢/7 ;
E. MAINLINE OUTLET STRUCTURE: :I-=10 '/../0
F. MAINLINE UPSTREAM STRUCTURE:.2 ~ I Bx/ Q

2. GENERAL INSTRUCTION No.1: ,I 0
A. DOWNSTREAM HG= j.) () 7" .2.
B. BOX REACH LENGTH = r'='-t 9- s:-
C. BOXSf=D .DO.A300
D. Hf = Sf* L =t'Il,OO:z..}l,O"))( ~'f:::l::' 017'1
E. PRESSURE LINE EL AT D.S. SIDE OF JUNCTION STRUCTURE =J J" 0 I.f. 2. () T 0 /29 .:. /;;< 0 t/- L 99

PROJECT:o/d u...o,~~ Cat (ftut( JOB NUMBER:..EQd?2ID 2- DATE: 7-.22--~

DISCRIPTION: lid leI 1~1 CiliA/!P A,v"<Jtl '.beSt'Fccl ffn.-- cC,et--\G.lA:t./ sf~r.1vt r4/s LJ?1th
Cc!011Lo U~(~~s/~cI) (~&vr ,t/!au..J)

./, 7 Cd
COMPUTED BY: RHE CHECKED BY: N 'Ai DATE CHECKED: --1- ]'If -' j'i
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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 Ou/Do and A/Ou (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 Ou/Do and read Ku at the curve for
the proper value of A/Ou for a square-edged entrance condition, or at the
dashed curve for a rounded entrance.

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

7. Add a positive hu to (or subtract the absolute value of a negative hu 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. Check to be sure the water surface elevation in the junction is at least 6inches
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/Du less
than 1 do not appreciably reduce the values of Ku shown for A/Ou = 1. Ku
increases for distances A/Ou 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/Du 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 cornmon
elevation of the upstream in-line pipe pressure line and the water surface in the
manhole. The in-line pipes connect at the ]Il.anhole 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 diDo of 2.5. Increments of
Ku for other relative water depths are shown in the supplemental graphs; positive
increments for diDo less than 2.5 and negative for greater depths.

To use Figure 4.9:

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

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

3. Calculate the ratios of Du/Do and Qu/Qo (Gen. Instr. 3). (The inlet flow
ratio QclQo =1 - QuiQo)·

4. Estimate a value for the water depth, d.

» Follow Gen. Instr. 4.

» Estimate K =3 QclQo.

5. Calculate the corresponding relative water depth diDo.
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Clo3e{j Conduits

6. If the estimated diDo is approximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Du/Doand read Ku at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

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

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

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

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

11. Add hu 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
diDo 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 coeffidents are presented in Figure
4.10 for use in determining the cornmon 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 Ku and KL 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 Du/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 DuIDa and read Ku (or K0 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 diDo.
7. Enter the lower graph and obtain Ku (or Kr) as in Step 4, this value applying

for QclQo = o.

I
II
!
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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: EOO2102 Heigtt of Catch Basin: 4 Ke: 0.50

Top Slob 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 STA. 57+90 (INLETS IN CHIMP) Manning's n: 0.014
CHIMP HG AT INLET: 1208.31 Grate Toeal Area: 6.67
MAINUNE HG AT DROP INLET: 1206.77 Total Perimeter: 10.67
GRATE ELEVATION 1206.76 Hydraulic Radius: 0.6251

0 H Ho An AO KI KI K, KIO Vn Hvn Va Hvo K'n KIn 00
Assumed PressU'e Orilace Net Grate TOlal Grote Catulated Total Total Loss Coelfclem Calculoled Trastvack N el Grate Area Net Grate Area Total Grate Area Total Grate Area Calculated Trastvack ·Smal Dam's· Discharge
Oischarae Head Head Ooen Area Ooen Area Loss CoetfCient Wlhout Tra stvock Loss Ad usted Coetficiert Velocitv Velocitv Head Veloclt Velocitv Head Coefticien Trastvack Coctfic ien Orilace Eauation

100 1.54 1.55 21.25 33.35 11.0306 1.5611 9.4695 4.7059 0.3439 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 0.4952 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
17. 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
177 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
17. 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: 00 Should Be > 0 (Column 'A' < Column '0'); Column 'M' Should - Column 'N'

ill( Q j( F !o (A) <:t..-{- ().J J~J S' <9-t.-- , .... <; 0 0 ~h. ~ ~-I' 7~ eva. I j;f(j..v C-<.-..

l-----
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GREINER, INC.

3. GENERAL INSTRUPION No.2:
AVo= 1[.'l± ; Ho=2. t 2.{ ; [Ho=(Vo"2)/2g]

OFSHT

/

FIGURE 4-9FCDMC
DOWNSTREAM HG: 1.:20$ t ';) 6

FOR OglOo = o'olY-O Du/Do = 1,0
Ku =0 .. ("2-
FOR diDo = L..I Q INCREMENT OF Ku = Q, OS"
THEREFORE Ku = Ku + Ku INCREMEN\= 0 I Il,
Hu = Ku(Vo"2/2g) = Qr/7 {.z.,2Jj .::. 0,_8
TRIAL UPSTREAM OF JUNCTION STRUCTURE PRESSURE LINE EL = P Q 9', /3 + a,3B :: /2..01S I ((2.E) + (Hull

NOTE:

DOES diDo = THE ASSUMED diDo 'je S
A IF YES STOP
B. IF NO COMPUTE THE CORRECT diDo AND READ INCREMENT OF Ku AND PROCEED:

1. diDo = ; (FROM CHECK d ABOVE)
2. INCREMENT OF Ku = ; (FROM UPPER GRAPH OF FIGURE 4.9)
3. CORRECT Ku = Ku + INCREMENT OF Ku = _

4. GENERAL INSTRUCTION No.4:
A. STRUCTURE INVERT ELEVATION = / ('1/,30
B. PRESSURE DEPTI-i =/209,13 - /,.-,-,I""q':'II,,-'A~'--:':-'O:::::''::':-=/;-'7''',-B'''-:;3'----; -((2.E) - (4.A))
c. K(Vo "2/2g) WHERE K=3(OglOo) = n 10 'f- ; (PER SECTION 4.2.4.3 No.4 - pg 4-23)
C. d = 17,8 3 t 0,0'(:= 17,87 ; ((4.B) + (4.C))
D.d/Do=(l,C07/tf:hO = I,B ; USE Z,O

Hu = Ku(Vo ~ 2/2g) = 0 tl7 (2, .2 i,) :; 0, 38

CHECKd:
A (UPSTREAM PRESSU!E LINE EL) - (STRUCTURE INVERT EL) = /209/ t( -II 'lj;31J.:.J&' 2; USE = 18 I 0
B. diDo = /8.0 ,liD'" 0 = It 80 ; USE 2...(0

HGu = (UPSTREAM PRESSURE LINE) + (Hu) = 1).,01', n f 0 /3 g-= /llJ'f. s (

2. GENERAL INSTRUCTION NO.1: ')
A. DOWNSTREAM HG= !2.0'; "00
B. BOX REACH LENGTH=_lL...::b::...,'+~\ _
C. BOX Sf= 0 ,002.3 n Q
D. Hf = Sf * L =( n ,002. 300 ) ( f to 4-1\ =- 3,71
E. PRESSURE LINE EL AT D.S. SIDE OF JUN'CTION STRUCTURE =---L.:l2.=-.:o::"""'::'S"L-'-'1<....3'-'<ac..L±~3'""-'-,--'-7-'-7__---'-Itz:),>-.:Q"'--'?-:.,..:...1~3~__

INLET STATION: 57-+10
1. DESIGN CONDITION:

A INLET LOCATED OVER THE BOX CULVERT.
B. USE FCDMC eLUME II - HYDRABICS PP 77 &78; SECTION 4.2.4.3; FIGURE 4.9. .
C.Oo= 42 1 ; ou=~· ; Og= ~() ; (Ou/Oo)=o/t8foo; (OglOo)=o,O(lf!D;
D.Do=/Oco ; Du=/OtO ; B=-----.:3.1--; (Du/Do)=/co ; (B/Do)=,2,,7 ;
E. MAINLINE OUTLET STRUCTURE: .z-f~ '1-70
F. MAINLINE UPSTREAM STRUCTURE: 2.--- 8 X.fO

PROJECT:-00 C2--0s,> ad C~tZl JOB NUMBER: Eoo2-lo z..... DATE:"'7-Z2 "'1t..(

DISCRIPTION: !V\ Ie1: \V\ CHlMr /VlV<0- D@) 'f~<PQI fi'v (;12~ ( S +6~ ""~ s JvtL~ J

~'J 1/l6v1 mv,J}~dS (8 ~ ;r~s-)
COMPUTED BY:'k ri t= CHECKED BY: N vJ DATE CHECKED: / ~ 7.J - q,J- ~ (
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I.

Closed Conduits

6. If the estimated diDo is approximately 2.5, enter the lower graph on Figure
4.9 at the pipe size ratio Du/Doand read Ku at the curve of interpolated
curve for Qu/Qo: then proceed as in Step 9.

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

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

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

10. Calculate hu as indicated on the diagram on the Figure and by Gen. Instr. 7.
11. Add hU 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
diDo 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 m.airt, 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 Ku and KL 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 Du/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 DuIDa and read Ku (or K0 at the curve or interpolated curve for
- Qu/Qo, then proceed as in Step 10.

S. 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 diDo.

7. Enter the lower graph and obtain Ku (or K0 as in Step 4, this value applying
for Qc/Qo =o.
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LA COUNTY PUBLIC ~ORKS STORM DRAIN ANALYSIS
( INPUT)

REPT: PC/R04412.1
DATE: 07122/94

PAGE 1

PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 8S0594.0ATI
CD L2 MAX Q AOJ Q LENGTH FL 1 FL 2 CTL/T~ 0 ~ S KJ KE KM LC L1 L3 L4 A1 A3 A4 N

2 3 2264.0 2264.0 807.00 1181.98 1183.92 1199.40 120. 216. 3 0.00 0.00 0.18

I
I

8 1196.10

2 2264.0 2264.0 810.00 1180.04 1181.98 1197.90 120. 216.

2 4 2224.0 2224.0 640.23 1183.92 1185.46 1201.21 120. 216.

t
O.o()O.OO 0.03

0.00 0.00 0.18

o

o

3

4

5

o

a

o

o O. O. O. 0.00 0.013

O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. O. 0.00 0.013

o O. O. o. 0.00 0.013

o

o

o

o

o

o

o

o

6

9

7

8

o 13

o

o

o

0.00 0.00 0.00

0.00 0.00 0.07v1 0

11 2007.0 2007.0 182.50 1192.41 1192.85 1208.65 120. 216.

12 1900.0 1900.0 699.82 1192.85 1194.53 1210.24 120. 216.

2 92007.0 2007.0 158.39 1190.64 1191.02 1206.80 120. 216. 3 0.00 0.00 0.00 0 10

j
2 102007.0 2007.0 579.68 1191.02 1192.41 1208.08 120. 216. 3 0.00 0.00 0.02 0 11

.J
0.00 0.00 0.01 0 12

~ 5 2149.0 2149.0 354.94 1185.46 1186.31 1202.00 120. 216.

6 2149.0 2149.0 344.83 1186.31 1187.14 1202.19 120. 216. 3 0.00 0.00 0.17

2 7 2149.0 2149.0 969.20 1187.14 1189.46 1205.20 120. 216. 3 0.00 0.00 0.17

~
2 8 2007.0 2007.0 490.73 1189.46 1190.64 1206.40 120. 216. 3 0.00 0.00 0.00

I
I

I
I

0.00 0.00 0.00 0 14

·1
0.00 0.00 0.06 0 15

0.00 120. 216. 0.00 0.00 0.00 0

0.00 120. 144. 3 0.00 0.00 ~~ 0

2 14 1900.0 1900.0 163.93 1195.40 1196.15 1210.50 120. 216.

O. 0.00 0.013

O. 0.00 0.013

O. 0.00 0.013

O. 0.00 0.013

O. 0.00 0.013

O. 0.00 0.013

O.

O.

O.

O.

O.

O.O.

O.

O.

O.

o

o

o

o

o O.

o O.

o o. O. O. 0.00 0.013

o O. o. O. 0.00 0.013

o

o

o

o

o

o

o

a

17

18

19

16

20

21o

o

o

o

0.00 120. 216.

J
18 1390.0 1390.0 599.73 1199.08 1201.84 1222.05 120. 144. 3 0.00 0.00 0.05

.J
19 1390.0 1390.0 159.50 1201.84 1202.58 1222.22 120. 144. 3 0.00 0.00 0.02

J
20 1375.0 1375.0 603.06 1202.58 1205.35 1227.17 120. 144. 3 0.00 0.00 0.01

J
17 1900.0 1900.0 575.77 1196.44 119~.08 1218.72 120. 144. 3 0.00 0.00 0.02

2 16 1900.0 1900.0 25.00 1196.32 1196.44

2 13 1900.0 1900.0 362.68 1194.53 1195.40

2 15 1900.0 1900.0 36.07 1196.15 1196.32I

I

I

I

J
22 1210.0 1210.0 332.72 1205.52 1208.38 1230.00 120. 144. 3 0.00 0.00 0.03

0.00 0.00 0.00 0 24

~J
0.00 0.00 0.18 0 25

2 25 1205.0 1205.0 1015.00 1209.05 1217.78 1243.31 120. 120.

O. 0.00 0.013

O. 0.00 0.013

O.

O.O.

O.

o O. O. O. 0.00 0.013

o

o

o O. O. O. 0.00 0.013

o O. o. O. 0.00 0.013

o

o

o

o

o

22

23o

o

o 260.00 0.00 0.00

0.00 120. 144. 3 0.00 0.00 0.00

0.00 120. 120.

0.00 120. 144.

21 1210.0 1210.0 36.94 1205.35 1205.52

24 1205.0 1205.0 10.00 1208.96 1209.05

23 1205.0 1205.0 67.28 1208.38 1208.96I
I

I
I
I
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LA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS REPT: PC/RD4412.1
( INPUT) DATE: 07/22/94

PAGE 2

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 FL 2 CTL/TW D W 5 KJ KE KM LC L1 L3 L4 A1 A3 A4 N

2 26 12D5.D 1205.0 558.DD 1217.78 1222.57 1242.50 120. 120. 0.00 0.00 0.00 0 27 0 0 O. O. O. 0.00 0.013

27 1180.0 1180.0 67.00 1222.57 1223.15 0.00 120. 120. 0.00 0.50 0.00 0 0 0 0 O. O. O. 0.00 0.013
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lA COUNTY PUBLIC WORKS STORM DRAIN ANALYSIS REPT: PC/R04412.2
DATE: 07/22/94
PAGE 1

PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 8SD594.DAT

HYDRAULIC GRADE lINE CONTROL = 1196.10

I
I

lINE Q 0 W ON
NO (CFS) (IN) (IN) (FTl

DC FLOW SF-FUll
(FT) TYPE (FT/FTl

V 1 V 2

(FPS) (FPS)
Fl 1

(FTl
Fl 2
(FTl

HG 1

CALC
HG 2 0 1

CALC (FTl
D 2 TW
(FTl CALC

TW

CK REMARKS

I
I
I
I
I
I

2 2264.0 120 216 8.43 7.88 FUll 0.00255 12.6 12.6 1180.04 1181.98 1196.10 1198.24 16.06 16.26

3 2264.0 120 216 8.42 7.88 FUll 0.00255 12.6 12.6 1181.98 1183.92 1198.24 1200.74 16.26 16.82

4 2224.0 120 216 8.31 7.79 FUll 0.00246 12.4 12.4 1183.92 1185.46 1200.92 1202.92 17.00 17.46

5 2149.0 120 216 8.11 7.61 FUll 0.00230 11.9 11.9 1185.46 1186.31 1203 23 1204\20) 17.77 17.89

6 2149.0 120 216 8.10 7.61 FUll 0.00230 11.9 11.9 1186.31 1187.14 1204.20 1205.37 17.89 18.23

72149.0120 216 8.11 7.61 FUll 0.00230 11.9 11.9 1187.14 1189.46 1205.37 1207.98 18.23 18.52

82007.0120 216 7.70 7.27 FUll 0.00201 11.1 11.1 1189.46 1190.64 1208.54 1209.53 19.08 18.89

9 2007.0 120 216 7.71 7.27 FUll 0.00201 11.1 11.1 1190.64 1191.02 1209.53 1209.85 18.89 18.83

102007.0 120 216 7.71 7.27 FUll 0.00201 11.1 11.1 1191.02 1192.41 1209.85 1211.05 18.83 18.64

11 2007.0 120 216 7.69 7.27 FUll 0.00201 11.1 11.1 1192.41 1192.85 1211.05 1211.43 18.64 18.58

12 1900.0 120 216 7.40 7.01 FUll 0.00180 10.6 10.6 1192.85 1194.53 1211.83 1213.09 18.98 18.56

13 1900.0 120 216 7.40 7.01 FUll 0.00180 10.6 10.6 1194.53 1195.40 1213.09 1213.74 18.56 18.34

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

I
I

14 1900.0 120 216 5.87 7.01 FUll 0.00180

~ 15 1900.0 120 216 5.80 7.01 FUll 0.00180

~ 16 1900.0 120 144 8.62 9.19 FUll 0.00504

17 1900.0 120 144 8.78 9.19 FUll 0.00504

10.6 10.6

Al0.6
~15.8
15.8 15.8

1195.40 1196.15 1213.74 1214.14

1196.15 1196.32 1214.14 1214.21

1196.32 1196.44 1212.13 1214.09

1196.44 1199.08 1214.09 1217.06

18.34

17.99

15.81

17.65

17.99

17.89

17.65

17.98

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

I
I
I
I
I
I

18 1390.0 120 144 6.87 7.46 FUll 0.00269 11.6 11.6 1199.08 1201.84 1220.68 1222.40 21.60 20.56

19 1390.0 120 144 6.85 7.46 FUll 0.00269 11.6 11.6 1201.84 1202.58 1222.40 1222.87 20.56 20.29

20 1375.0 120 144 6.82 7.41 FUll 0.00264 11.5 11.5 1202.58 1205.35 1222.96 1224.57 20.38 19.22

21 1210.0 120 144 6.18 6.80 FUll 0.00204 10.1 10.1 1205.35 1205.52 1225.49 1225.57 20.14 20.05

22 1210.0 120 144 4.91 6.80 FUll 0.00264 10.1 10.1 1205.52 1208.38 1225.57 1226.30 20.05 17.92

~ 23 1205.0 120 144 4.89 6.78 FUll 0.00203~~ 10.0 1208.38 1208.96 1226.32 1226.46 17.94 17.50

~24 1205.0 120120 5.76 7.66 FUll 0.00328 (rf.1\12.1 1208.961209.051225.781226.21 16.82 17.16

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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LA COUNTY PUBLIC ~ORKS STORM DRAIN ANALYSIS REPT: PC/RD4412.2
DATE: 07122/94

PAGE 2

PROJECT: OCCC EG=1198.02 SUBMIT 7-94 BEGIN STA. 11+00
DESIGNER: RHF 8SD594.DAT

LINE Q D ~ DN DC FUJI.I SF-FULL V 1 V 2 FL 1 FL 2 HG 1 HG 2 D 1 o 2 T~ N

NO (CFS) (IN) (IN) (FT) (FTl TYPE (FT1FTl (FPS) (FPS) (FT) (FT) CALC CALC (FT) (FTl CALC CK REMARKS

25 1205.0 120 120 5.86 7.66 FULL 0.00328 12.1 12.1 1209.05 1217.78 1226.21 1229.54 17.16 11.76 0.00 0.00

26 1205.D 120 120 5.87 7.66 FULL 0.00328 12.1 12.1 1217.78 1222.57 1227.78 1233.43 10.DO 10.86 0.00 0.00 HJ @ UJT

27 1180.0 120 120 5.75 7.55 FULL 0.00314 11.8 11.8 1222.571223.15 1233.62 1234.10 11.05 10.95 1236.80 0.00



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

V 1, FL 1, D 1 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 \.JHERE HG INTERSECTS SOFFIT IN SEAL CONDITION
X(NI - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT ~HERE ~ATER SURFACE REACHES NORMAL DEPTH BY EITHER DRA~DOWN OR BACKWATER
X(J) - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT ~HERE HYDRAULIC JUMP OCCURS IN LINE
F(J) - THE COMPUTED FORCE AT THE HYDRAULIC JUMP
D(BJ) - DEPTH OF ~ATER BEFORE THE HYDRAULIC JUMP (UPSTREAM SIDE)
D(AJ) - DEPTH OF ~ATER 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





I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~~g-u-.!'!o·m--I room- rt!.. R·. !rt!.. g-rt!... . ;:::. . . . . . .. . . . .. . . . .. .. .. .. . . .. . .. . . . .. .. . ..

I~~' ~!Ml--I Ou·r mm--!61!'1 rouem- !'JI!·I. " .. . . . . . . .' . . .. " . . .. . . . .. .. . .. .. .. .. .. .. .

"'0~IM I!'omm• • • •• • • liiII. • ••• • •••• •• • ••
: ~ ~~: '0.. :::.. ~ : '0 eo:: '0 0' : '0 :::



0,4-1.'

O,I.f2..'

/

V

" V\. '+-g TH .s'1'7
Co ~Fo 'oJ. V'f d

r«~t.1

Q.-
I -

Av~ ~ La~ j J:wh~ l ..s I~:e t;:. <f.
0·7 %-- I

G), 7 Yo

/ O#,C-r.'Y /-e.~ f-I, o..f- CIA' b C~+~. t-C)
Dr;y If). Io\e.~ I

o.f- C.Vd-b tJre- ..... ':J
\,()l+-~O\A~ de.p\"G~.s(OV'l,

q ~ d e.f~h 01- -e- /ow
j''(\o.,. ~ SJO~v...d.. 0 f- I g I

Cl.'\.vb ~ G ~ H--er-

Project.----'-''-''-~~ Sheet_/ 01_

11.9

L = C w d I.S"

L :: (3 t 6~ (fLt7.) liS

De..+e.. r 1/"1. ; It' e- I-t. V\j K
tJt:-I'r fEt,

0,'

60--y- n +0 Qsb~r'A

O.sborV\ +-0 I.~ R.

EC\.-r I \ . +0 o~bor 11\

O<sbo(of\ -to :r-.5 .R.

By_------"""----"---"-"- _

Job No. cOD 2-' 0 2-,

Subject.-----'==-=>.....Y-..:>..J--....>-Lf~'_'__"_'_""]___J'------'-"-'-=..::.>_+_~'--------''"''''T..!..---_--"2=--/--'-'--'-"--''-'-''L0'1!:..:....!..- _

_ ---/---.!.M~l-L-w,,:--.-- Date 7~ 7Z---74

GreinerI
I
I
I
I
I
I
I
I
I,·
I
I
I
I
I
I
I
I
I



Job 0 c- C. c::... Project No. r=QO 21 02 Sheet ~of_·__

Description C l.!I '{ b Op-e V\ I '0:)-S Computed By _----3~~U~r;,~""'__ Date 6/21/ 9 (j

_________________ Checked By __-If'l_,-...!::...:vtJ=----'--_ Date 1- J 2 - tt

d~!.~t~l ()"f fJ.C:iW = ~.J~ f~~+ /
Aver2ge Ve10city·~·;.1~;~84 f~sJ

V

GreinerI
I-~"

j

1
I
I:
Ift~~~~~~~~::;~r~:~~~~~~:~:g~~~~~g~~~g~~gDg~~~~~Dg~~gD ~D~D~D~V~D~D~D~D~y~D0D;DDDVD

I ~10:\nnin'~1'·::';· n :::: .Ol~5 / :::;l,::,p·>::,· e,·r: ':::uY·h -['.:'.l.(:<::;". ::: () H,:::,·!"-iz :l'v'f;"··(t;

1' r·, I';" t - (" ~ ,~ .-\,- k - ; .1 1 F F f -, f ,.,:,. +. .../ I~i 1...1."1.: ·r.: 'I:'· y. C: "( 0 r:' I::: :I.:!. n '::: r-: .'=.\ L:. c,'· () J !..!. t "I:, 0/

I I~;~· ,~,;. : s J: :~, ~;) :' i ::::: -- " ;~) ~:: -.. ~~ ~tJ .~,! t:' -;:: ~:.- .- f;:: CJ <7:, c! '_.1:,1 \/ ~):; 0 r.:) ·2- _.. n () ·:7 or· t/ 1 t ,/

!C:alcLllate flow !:apa!:j.ty elf sectil~n:

1
! F]. 0 '.,' =-.:: 10 " 4 E '~<:;:::-:: c f s \.
I F'\Ij·- t. Cp:r.,,- --',-1 ::::: -I Fl -F,;:. --t; , II _" "_} I '- C\ _, .I. __ 0 I "._ e ,

I; DE-V.D DVDDrDDJ)lJ DD~!)I)I!~.D[)lJ Ii !J.D.!)!)D~!)DD DD~~IJ DDDVDDIH!"DDDDD.DDDDD.D DDDDDDVDDI'D t!VDi!vi! v l! Di!



u.s e.
a+

-
CVJ 6 Of e't,..~

/0 e..l"~1 ~tc..

ft, t.- V'\ ~e-d. tor
13 0 lIard...s .

Ie.. Ir~v-eI"J.

O~~YlI :.J
I

Q 0/ /8/SI' ("C(A.cl f

D..-o..l "'"~ -<-- {)~(;r' .l14l\"\,,-1
{ll\v Cc...o 1)"-.- e.-.+y. ~ Uo ("'""'~:r
~~"dtol2JY - Scc...+,1) "'I. ~

~= S-M{~ )

I W=4-1 ' +- 11.' = 53 / )
\.. (RooJ.) (~) W~ .s-.£'

All-{.

2) S7 '-I-: 6 / ,. \/

-
c w d I.S-:·

Le-'(71'11 o~ ~(b ore",,':,)

\

L -

L '::

. L = osl.f.JS'O
O.€-SJ@.€ ss)

L - VI, 0,) (~-5-60 L
- (p.&SJG·g)C.sSJ

IIld~v..li~ ft\0-~1.\ 0..\ (Vel. n) P5 I 3 - Is

Fa,. CtH'..k~\ACv.~ bro..dc::... LoI'\<:L(t,~~ (3,3.l,2.)
b60 / ft'l.o. X S~Ci.C..t'1'I.J for CD Ilec..+,oY\

h lJ, \..s 0-. Vl c.e.. .p (0 w..s .

D<="+-<=-(~,·;,,e.. le~.j1,\ o~ ROo...dvJ"';Y +0 Pro dlAc..~ 0..

r ReF:
f<o..-tICV\."'-\ M~thod Q .:: C. t A

. rry'c =D,gS I =- 3,8 Il+r.

Q:: c::.,' A - C. i· (L X V/ )
o 43 S60 LNjS60 f

L= c.; I)J

2,t 0 _
L:: ~.f:)) (Dl '-b) lIS"

I () Ie.-+~fXU-l~ 0..10 v:J -rA -e.. ~o.. .,. k; ~-w
0ha.11 Co (c..$? 0 (\ J. w t r~ -fA e.." 660'
spo..c. /Y\.3 · '-----

Greiner
Job No. £0021 0 7 Project----"'O"'--CC==C-"---- Sheet :3 01_

Subject L l.A (" h Q,to-e lA/V\. 9...5

By -.J U G J Date ~z..t/.2>LChecked By__-----'--fl_,_vv_-__ Date 7-2 2 ---9(f

!I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



)~~ ?2..
lk,/~

o,lfS / o. K-'

..fo r r<./w ' c~ rn'&r--
lA.Slr~ ;" =3. 8 ,'X~

C:: (0.&5 X, <.B)
, 1',,""'+ 2.8~(

1·
I.f/

1
Ea.rll 10 OsborY\ ~ d", :::: 0.4-0 I U:= 2.3 F P.5

Or..s~t ... 4<) uR ~ d w'\ =- O. Let U.:- 2.'L r P's.

ex ::- (0/4-2.. ) (.3.8 ) (2.08 K"60)
c.- 4-31 tS6 0

~ 2. l()ltt2) () /8) (/~;-;;O) =/3. 2-~ CF-S ,:
/ "1 Q Ii

Chec.. K d~fO.y~ Qt·.(. fo f.U -Fr> ~ bD th (""~.o...c...t--e.s

CJ..,.,~e.-k 2 /~u.t' d
-rAe- 6. 60 I S!'O-c.t'y

Q C I I~

Greiner
Job No, £{)()2 10 2.. Project,-----\,O.,L.!C~Cc=C=___ Sheet--.!i- 01_

Subject C LA 'C b ~-e >1 j )9",$
By -J V G ' Date &,12.// 9'1Checked By__--'-f'J_,_VV_,--Date 1-7/-11

I
I
1
I
I

;1
I
1
1
I :,·,

, "
'wC.~: •

I
I
I
I
I
I
I

-I
I



4 ft:

0,40 ft;

0.007 oft/ft.:

0.33 FT
2. 'j FF'E;

0.014;::-1 FT/FT

r·JLJM C:f-~F'~-J

c· _."._,-

n:::

[.1=

..........

TI? I 1'\1_.. DF:F'TI···!,:=

VALUES = FOR CRITICAL DEPTH

CPITICAL DEPTH=
\')El_OC I TY=

f3I.JJF'E=

::r.:::!::
::/::::;::

*****************

·.I.··.!.·
·'t··'j-·

** ****---------------------**
~~::t: o"~~(:) t:::!::

CAL_CULf-\ TED
FLOW= 5.03 CFS

NORMAL DEPTH= 0.40 FT
VEL_DeITY= 2w3 FPS
FROUDE #= 0.5

TOP WIDTH WS= 7.2 FT

-Jun-94 11:10 AM

I
1
1
1
I
1
1
1
1
I ,'..

.'

1
1
1
1
1
1
1
1
·1



4 ft.:

\/

4 ,:I.
0, :~:':::J r·'·:

(; 11 ()().~ f t: ./ f'l:.:

0"25 FT
2. (3 FP~:3

0.0156 FT/FT

CF:: I T I CAL DEF'TH
1" '38

b::::

,.-
.:::)-_.

::::::::

1. '38

T:? J f\L. DEPTI-I:::

CP I T I C.t~I.._ DEF'TH=
~/ELOC I TY::::

SLOPE::::
0.7
E,. 3 FT

0" 2'3 FT

eli L_ C: 1..11_,<\ T I:::D
FLOW= 3.25 CFS

** **
**--------------~------**

** 0.29 **
** FT DEEP **

** **
~****************

DRAINAGE SWALE - OSBORN TO INDIAN SCHOOL
CHANNEL HYDRAULICS CHARACTERISTICS

NDpr·1r;L DEF'TH=
')ELOCITY=
FFWUDE t.j::-.::

TOP I."J I DTH I,-)S=

I
I
I
I
I
I
I
I
I
I ,,··:

,'''':'

I
I
I
I
I
I
I
I
I



1000 min.

1"

June 1, 1992

200 300 500

~ /1_: ~ 00 \~F~

100

100 ~ ~OO 300~ 500 1000 lT1in...

1 hr 2 3 6 12 24 hr

I

!

FigUrk2
Rainfallintensity-Duration-Frequency Relation

(Phoenix Metro Area)

DURATION

5 min. 10 15 20 30

5 min. 10 15 20 30

3-6

Application

10_........ •

.......... I'--.

.05 -+-H-1+H'-t+++-:--+--+--+-+--+--Jf-+--H-H++++H+--;--+--;.....;-f---l-f--+-f-t-I-+t-f.H++tI----;.j

.04 -+-..........................'+-"-'-t---+---+----'--+--'--L.....l-...........!-'-'--U-l-l...l.f--:---'---:--i-............,'---";--+-'-t-.............~..l...I..lo..j----;.'

5

4 ....
---- 30::::
I
~ 2
I
U,

·2
'-../

>- 1.0
I--
(f)

2
W .5
I-
2 .4

..--J .3
--.J
<{
LL .2
2-
<{
n:::

.1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Rational Method

Table 3.2
C Coefficients for Use with the Rational Method

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
the 2-10 Year values.

3-5

Return Period
Land Use 2-10 Year 25 Year 50 Year 100 Year

Streets and Roads .-

Paved Roads 0.75 -(0.85) 0.83- 0.94 0.90 -0.95 0.94 - 0.95

Gravel Roadways & Shoulders 0.60-Q70 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

Parks/Cemetaries 0.10 -{0.25 0.1'1 - 0.28 0.12-0.30 0.13-0.31
Playgrounds 0.40 - 6:50 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

June 1,1992
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1035

1000

1000

987
1070

1000

1000

1000

1037

1000

1000

1000

1000

977 .0

982.0

980.1

197.9

197.3

192.2

196.7

194.7

194.5

198.6

194
194.0g
194.0
179.85
193.9

195.93

198.19

194.80

198.43

194.27

180.00

173.13 1016.00

172.04 1016.00

194.03

172.31 1016.00

170.00 1016.00

Q73

1000

194
16~1

985
1041

1000

975.1
1058

975.1

975.1

975.1

976.1

973.0
1063

978

975.1

1055.6
975.10

982.00
1028

980

1008.00

1008.00

1008.00

1008.00

193 ...87
19.:3.9

189:19
195.20

1
189.9

90
194.03

100
194.27
19~ob
194.5

100
194.7

191'05
194.80

195:Sg

99
196.7

100
198.43

100
lQEL fi

o
169.67

384

171. 71

50
171. 98

50
172.80

100
196.5
19106
197.9

100
198.19

394

1000.00

51
1000.00

51

972 1~4.RO

HH t94:08

I?l 18~~:gl

189:~9 §~O
189.80 1018.1

1 1
189.9 947.0
194.~ 1036 §
190.05 960 Jo
195i8~ 1059·82
190.27 959.00
19rO~ 10~g

H~6~ 105~~~
190.7 960

191'0~ 1044gg
t§~: S8 16gj: 88

tdJ 16~~6
105 9

195.1 970.3
200.7 1060

104 96
196.5 969.5
201. 5 1050.1

104 96
203.3 957
200.9 1066

104 95
198.19 981

200.8 1070

198:~~ 91~
100 100

7.04.0 QSl

nt88
19:~~~ 16~~
928.~ 1028.08Ig8: 08 92~{)lg
f~lj 18rts

i8§~98 ~~8~6b
19688~ IRt~:I8
190.27 939.00
197.3 1842.1

I§9~~ i8;~~g
198.9 ~48

9b~:o6 16g1:18
I§~ j8 18~1J8
~
4~ 0 1041 ... 1
9 :. 6 9~9o 5 1041.1

942 1044.1
195.1 964
200.7 1044.1

949.0 1050.1
203.5 949.0
197.3 1850

957 105.1
204.0 949
201.7 1058.1

959 1 51
203.4 959

201. 4 1053
95;\ 1

1
R§4

1~86:9 61
951 105g

7.04.1 Q4.S

~
g6

1 78

: ~~
1170

900.60
1000

168~
905

104~

894
1042

8

103~:~
895

1039.§
906.08
1037.

184~
8

942
1044

950

92
9

1008
8

940
1050

8
955

1051
7

844
1 5~

Q??

T1 Old Cross Cut Canal - CHIMP FILE: CMPMDL22 DAT' n=O 045 &z.;e..-, / £J . .$ 'I

fT~ p~el1~+aarS Model wit~ f=l.~id§ Slopes, 20' Notch 20+00-11+001.!.";'::/"·~·1'
~ 1n~t s:j.sefo~o~E-~1~~s 75+80 Eo b~88-~e~fi) ir flow @ Thorn Rcf.hC: 7'G··- ~7r.;.

T5 CHIH~ ~alysis ~or Des1gn Discharges tnra1I Letter Q to FBEMc 10-7-93)~~?
TT6 So~e5Qf the cross secti~ns are revised. McDowell Rd. weir 1194.0. ~"~1::

7 Q ~ :l7~ 0 0 7-' -N f'..r;-n 3~ 4~ 3§ ~ .005~g 2g zj 2~ 18~ . 4~
J5 -10 -~O
NC .035 .075 .015 .1 .3

i~ 18 52 9 999.99 101~OR1 0 0
GR184.67 950.00 184.67 999.98 170.00 1006~68
GR184.~7 1016.01 184.67 11866'.801Xl 3 4 7 999.99 16 374
X3 0
8~Igg:~I 16Ig:8~ l~g:~I 16gg:86 172.04
~j 4

r6
7 999.99 1016. 1 49

8~Ig~:~2 161g:8~ I~§:~g 16g~:66 172.31
~~ 4~g 7 999.99 1016.01 49
GR190.00 950.g0 190.00 999.99 173.13 1000.00
~~190.00 1016. 1 190.00 1066.~g .5

Xl 684 7 99 09"88 10296 .. ~1 20g 288 280
GR198 00 950 00 19 9 9 9 176.5 1000. 176. 7 1013.00 176.50 1026.00
GR19 :00 1026:01 190. 1076. 0
Xl 726 7 1000 1026 42 42 42
X3 1

8
189 189

GR192.g 950.80 189.08 999.9~ 177.11 1000.00 177.11 1013.00 177.11 1026.00
GR189. 1026. 1 192.0 1076.0* The q1scharges dis Of McDowel Road are 500, 750, 1000 cf$ less than the uls* d1scharges for 25 50, 1UO-yr event, respect1vely. Th1s 1S due to the* QSs~pt1on that those amount Qf discharges do not join the dis channel* flow1llg west along the McDowell Road.
SC 2.814 12 2.6 10 12 274 9.2 179.85 177.11
Xl 1 00 0 987 1013 274 274 274
X2 2 189.85
X3 10
BT -8
BT
BT

~~17:~~~
~T 1
dH95~18
GR180

i
OO

a~ 1~5~~
~~ 11~02
GR 195J

~F91~g~
GR 190.1
GR194.27
Xl 1400

8~ l~~'§
Xl 150
GR 198.

~~ 11~oZ
8~H~:a8
Xl 170~GR 201
~~19I88
GR 202.3
GR 196.7
~T 1
G~ 26j~g
~~ 1~66~'
GR 204.0
GR 197.9
Xl 2100
GR 203.4

GR 202.0
Xl 2200
8~ ~R~J
Xl ::boo
GR ?04.0
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GR 198:4
Xl 2400
GR 204.0
GR 202.8
Xl 2500
GR 284.1
GR 2 3.8
Xl 2600
GR 203.1
GR 202.4
OT 1
Xl 2700
GR 2~4.0GR 2 2 4

8~2g ~~~
Xl 2900
GR 2R4.g
~~ 23~60
GR 204.0
GR 204.1
Xl 3100
GR 203.5
~~ 2~~68
GR 204.0
GR 20364
Xl 33 0
GR 205.0
GR 204.2

8~ ~gt~~
~T 1

~, ~~~~~
GR 28t8
GR 204,,7
Xl 37uO
~~ ~8~:9
~~ 2~~~R
GR 2~4.4Xl 900
GR 2 5.0
GR 204,,2
Xl 40u~GR 284.
GR 2 5.
Xl 4100
~~ ~8~·1
Xl 4268
GR 203.7
~~ 2~~68
GR 205.0
GR 204.8
Xl 4400
GR 205.0
GR 204.7
Xl 4500
GR 205.3
GR 20g61

8~ ~8t~
OT 1
Xl 4708
GR 2~4.

Ii ~i~~i1
GR 2 ~.
GR 2 ~6

~~ 2 6J
~
R 2 5.8
T 1
1 5~00GR 28 .2

GR 2 .7
Xl 5200
GR 207.1
GR 204.8
Xl 5300
GR 207.2
GR 206.6
Xl 5400
GR 207.2
GR 207.0
n'l' 1

1041
6

947
1050

7
93~61~

7
940

1055
880

7
940

1054
7

16~~
7

16~g
7

940
1049

7
940

1051
6

950
1055

7
950

1051
7

18~£81g
18~g

7
950

1042'1

16~g
7

950
1047

7
950

1049
950

1046
7

16~g
7

950
1047

7

16~q
7

950
1044

7

16~g

18~£
740

7
950

1041
7

16~~

16~~0
95

105
130

6

1041:'1
6

950
1051

6
950

1050
7

950
1038

1 ?()

202:0
947

198.9

946

~8~~~
203.0
202.2

947

~81J
948

~8t8
95~284 .2 1.
952

204.0
203.0

~51
282. 5
2 953
200.8

201
9

:

6
20 .4
1~ :~20 .5

953
201.5

954
205.Q
20~57
285 . 0
2 4.0

957
285 . 0
2 3.0

958
205.0
20~5~
204.1
203.0

957
205.1
206

5
1

28~j
2 ~58
20~.02095g
205.0
203.8

960
205.1
206.4

~8~~~
961

285 . 4
2 ~bg

~816~
20~J
20~b~
206.3

961
206.2

950
205.6

950
205.9

954
207.0
207.0

1056
1045

970

1054
946

1054
1055

950
1058

1054

1~9H
1 ~~
1 60
1°i2
18

9 81 9
952

1054
1~~±

±8~~
966

1051
952

1055
lq51

9~05~
1052

969
1042.5

954
18~j
16~~
1

8
47
57

1 56
1045

958

IBn
1055
lR46
lo~l
1~47

i8~~
959

1056
1044

958
iO~~

B60

~~n

1047;<7
901

1043
957

1039
958

1038
954

1046

20Lo
100

198.9

100
199.2

100
199.2

100
199.4

19§~g
100

200.1
100

200.3

100
200.5

100
200.8

100
201.1

201~~

100
201.5

100
201.8

100
202.0

100
202.3

100
202.5

100
202.8

100
203.0

20j~2
100

203.5
100

203.7

20!~8

201?8
100

204.4

100
204.7

201?8
20g?2

100
205.4

100
205.6

100
205.9

100
206.1

1065
100

1000

100
967

100
966

100
966

?igg
100
969
100
970

100
967

100
1000

100
970

§gg

1688
~g~
100
971
100
971

100
970

§gq
100
968

§g~

100
968

100
967

§29
§gg
100
971

§98
~98

§gg
100
965
100

1000

100
1000

100
961

-20~66
198.9

100
199.2

100
199.2

100
199.4

19§~g
100

200.1
100

200.3

206~g
100

200.8
100

201.1

201?g

100
201.5

100
201.8

100
202.0

100
202.3

100
202.5

100
202.8

100
203.0

100
203.2

100
203.5

100
203.7

108204.

201?8

100
204.4

100
204.7

100
204.9

100
205.2

100
205.4

100
205.6

100
205.9

100
206.1

1072
1026.5

1000

1000

1000

1000

1000

1000

1000

1033

1000

1000

1035

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1038

1032

1000

202.9

199.2

199.2

199.4

199.6

200.1

200.3

200.5

204.0

201.1

201.3

205.0

201.8

202.0

202.3

202.5

202.8

203.0

203.2

203.5

203.7

204.0

204.2

204.4

204.7

204.9

205.2

205.4

206.4

206.3

206.1

1045

1014

1040

1041

1034

1034

1031

1035

1049

1036

1032

1052

1028

1032

1036

1036

1037

1036

1038

1038

1037

1035

1032

1034

1039

1039

1042

1036

1043

1039

1032



1033

1038

1032

1033

1032

1028

1026
1026
1024
1025

1026.5

1024.5
1026.5
1027.5

1027.5

1025
1025

1025

1027.3

1025
1027.5
1027.4
1026.3

1028
1028

210.0
210.6
211.5
211.4
211.5
212.1
212.5

212.4
212.6
212.5
213.0
213.2

210.7

210.61
210.61

209.9

1000 207.6

1000 207.4

1000 206.4

1000 206.6

1030 207.6

1000 207.1

1018

1018
1018
1018
1018
1018
1018

1018
1018
1018
1018

1018

1018 210.2
1018 210.5
1018 210.7

the weir flow

1018

1010.8
1010.8

1018

100
206.4

100
206.6

100
207.6

100
206.8

100
207.1

100
207.4

100
210 168
21014S
210.~2

210~8B
211.2

100
968

100
960
100
960

100
1000

100
958

100
960

1688 207:g~
1£88 208~~g
1088 208.0g

& 6387) are for

5 5
1002 208.0~

989. 2~ 211. 22
989 J6 211.1~

1 1
1000 208.50

13
1~88
1~88
1~88
1000

16a8
1608
1688

1~88
1088
1680

1~8~
1000

100
206.4

100
206.6

100
206.8

100
207.1

100
207.4

954 1039
~8~:8 16~~
952.5 1037
207.9 952.5

207.3 110050
949.0 38
206.8 959

20~~~ 18~~
208.0 118350954.2 8
209.1 954.2

208.0 118506960.5 3 100
209.2 960.5 207.6
208.5 1050

972 1024.5 100
207.84 982 207.84
208:qS 102~8~ 208~8g
208:3~ 10298~ 208.~~
stations (6305,6307,6386
Thomas Road.
208:11 102~8~ 208.3~918 1025 2210. 1 989.25 211.22

9 8 1025 79
210.61 989.25 211.22
208:~8 18~~ 208.56

973 1027.3 13
2089~~ 16~t 208188
20~7~ 1021~~ 2°~oE

2099~~ 1021~~ 209 188
209g~~ 102~~§ 209 16S
209.52 9~2 2091~2

26§~7~ 188~ 209.7g
216:6 18~~ 216~8

971 1026 100
210g24 982 210.24

210g~§ 18~~ 210~~S
210.7~ 18~1 210

1
72

216~96~1 18~~ 210
1
Rg

':J 1026.5 60
211.2 970 211.2

ER

~i 5500 ~-7
GR 207.3 950
GR 207.0 1039
Xl 5600 7
GR 207.9 949
GR 207.1 1037

~~ 28§~g 94~
GR 207.5 1050
~~ 28~~~ 94~
GR 208.0 1038
Xl 5900 7
GR 209.1 951

*~ 22S68 103~
GR 209.2 958

GR 208.6 1036
Xl 6100 5
GR 210.8 972

~~ 2~g~~ 97~
GR 210J 973* The following 4* cgndition atXl 63 5 5
GR 210.5 973
Xl 6307 5
Gp10

3
61 968

~R218.~~ 96~
Xl 6387 5
GR 209.4 973

2I 640S
1

62
GR 209

6
97~

Xl 65 5
*~ 2!to1 97~
GR 21IO~ 972Xl 67 5
GR 2!10 974
~~ 21~.g 97~
~A 2~~~8 972.~
X~A 2i~~~ 971

T 1 20
1 7100 5

GR 212.8 971

~A 2i~2~8 971
Xl 7 00 5
GR 21 .5 971
~A 2i~60g 971.~
Xl 75 0 5
GR 213.6 961
EJ
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1********************************************
* HEC-2 WATER SURFACE PROFILES *
* ** Version 4.6.2; May 1991 *
* ** RUN DATE 07JUL94 TIME 11:38:03 *
********************************************

x X XXXXXXX
X X X
X X X
XXXXXXX XXX]{
X X X
X X X
X X XXXXXXX

xxxxx
X X
X
X
X
X X

XXXXX

***************************************
* U.S. ARMY CORPS OF EIIGIIIEERS *
* HYDROLOGIC ENGINEERIIIG CEIITER *
* 609 SECOIID STREET SUITE D *
* DAVIS f CALIFORIIIA '95616-4687 *
* r9161 756-1104 *
***********h**l***********************

*************************************
lIEC-2 WATER SURFACE PROFILES

Version 4.6.2' Mav 1991
*********************h**************

I
I

07JUL94 11:38:03 PAGE

THIS RUN EXECUTED 07JUL94 11: 38:03

I
I
I
I
I
I
I
I
I
I
I
I

T1 Old Cross Cut~anaI - CHIMP fILE' CHPHDL2fi DAT' dl=~ 0~6

H Prelllllllars M eI with 4:1 SIde Slopes, 2 I lIot Ot -11tOOAn Side lo~e-EQstf4'~ ~~de S60BB-WeU)T4 a ~Sis for tatIOns ? t to t WI weir flow ~ Tholas Rd.
T5 CHIll Analysis for Design Discharges aDraft Letter to FDCHC 10-7-93)
T6 Sale of the cross 'sections are reVIse. McDowell Rd. weir =1194.0
T7 Q@5270

JI ICHECK IIIQ IIII1V IDIR STHT METRIC HVIIIS Q IiSEL FQ

0 2 0 0 .00532 0 0 0 180 0

J2 IIPROF IPLOT PRFVS XSECV XSECH FII ALLDC IBW CHlHl! ITRACE

1 0 -1 0 0 0 -1 0 0 0

J3 VARIABLE CODES FOR SUl!l!ARY PRIIITOUT

CS>3~ 43 39 4 25 26 23 24

J5 LPRNT llUl!SEC ********REQUESTED SECTIOII IIUl!BERS********

-10 -10

IIC .035 .035 .015 .1 .3

~
1 5270
0 7 999.99 1016.01 0 0 0

X3 10 10~0 1016
GR 184.67 950.00 184,67 999. 9 170.00 1000.00 169.67 1008.00 170.00 1016.00
GR 184.67 1016.01 184.67 1066.00

Xl 3~4 7 999.99 1016.01 374 394 384
X3

UUI8~ l~rU~ m:H I~~U6 172.04 1000.00 171.71 1008.00 172.04 1016.00

B 4j4 999.99 1016.01 49 51 50

~~ m:d I6rU~ i~U~ 699 .99 172.31 1000.00 171.98 1008.00 172.31 1016.00
1 66.00

1
07JUL94 11:38:03 PAGE

Xl 484 999.99 1016.01 49 51 50
X3 190J~GR

16rU~ 1~~.00 999.99 173.13 1000.00 172.80 1008.00 173.13 1016.00
GR 190.00 1 .00 1066.00

IIC .3 .5
Xl 684 7 999.99 1~26. 01 200 200 200
GR 190.00 950.00 190.00 99.99 176.50 1000.00 176.07 1013.00 176.50 1026.00
GR 190.00 1026.01 190.00 1076.00

Xl 726 7 1000 1026 42 42 42
X3 10 189 189
GR 192.00 950.00 189.00 999.99 177.11 1000.00 177 .11 1013.00 177.11 1026.00
GR 1~9.00 1026.01 192.00 1076.00

The ischarges dis of MCDow~1l Road are 500, 750, 1000 cfs less than the u/s
~~~~~~f~~~ fe~. 2tL,~~' ,!~~:¥rJv~~!~.~~~~~c~~v~!¥. ,J~ie ..~sA~e_t~_!~~



I
I 1000)WllILiuu WIOt UJUO)!: azvUJll. 11 U~~l.JJQLyt:., UU HVL JU.LII LUt U/O) l.UOJUlt::..L

lowing west a ong the HcDowe 1 Road.

~r 2i~M i5 M 10 12 m 9.2 179.85 177.11
1013 274 274 274

X2 2 189.85

I X3 ~~ 194 1
6
4

BT m 1§4.~0 972
HU~ 97~ 1§4. ~BT 1 4. 0 1027 104 1 4.0

BT 1070 194
i

OO 1116 1~4. O~GR 193 960 93 966 194 9 4.9 193.87 9~5 179.85 987
GR 179.85 1013 193.87 1027 194 1027.01 193.9 10 1 193.9 1070

I He .035 i~~8
.045 .1 .3

2I 1
1099

90~o~~ f2~.0 1028.0~ 99 99 99
GR 195.2~ 9 .2~ 92~. 0 189.79 960 1~9. 79 982. O~ 180.00 982.0
GR 180.0 180.0 018 189.80 1018.1 1 5.20 102

I Xl
110~

8 f11.~ l~jU 1 1 1

~~ m: 16~8 1§~: 189.9 947.0 189.9 980 192.2 980.1
1018.0 194.8 1036.5

Xl 1200

16~~
90~.00 1042.1 92

16~d~ 19d~I
GR

l~~:O~ l§ :~~ 16tU~ i~U~
975.1 194.03 1000

GR

Xl 1300 9 894 1042.10 104 96 100

~~
196.1 894 19~.27 939.00 190.27 95~ .00 1~4.27 975.1 194.27 1000

194.27 1042 1 7.3 1042.1 195.8 050 96.1 1 58

I Xl 140~ 8 ~99 1039.6 107
9~~

100
GR 196. 899 19 .5 940 1§0.5 194.5 975.1 194.5 1000
GR 194.5 1039.5 197.9 1039.6 1 6.6 1055.6

1
07JUL94 11:38:03 PAGE 3

I Xl
1~~~~

9 895 1039.6 107
9~~ 10~

~~ 103~~~ mJ 940 1§0.7 1§4. 675 .1 194.7 1000
1 4.7 1039.6 1 7.2 1044. 1 7.2 1 55.6

I Xl 160~ 906.0~ f~U~ 1~r·10 104
96s.6~ 10~GR 199.4

1 3U~
192.20 194.8 975.10 194.80 1000

GR 194.8 1037.0 198.6 198.60 1053.00

Xl 1700
94~ ~4~.0 1041.1 105 96 100

I GR 2~1.~ 9 .6 959 193.6 975 195.93 975.1 195.93 1000
GR 19 .9 1041 200.5 1041.1 199.2 1057

Xl
2~~~~ ~ ~42 1044

6
1 105

9i~:~
99

GR
16t4

1
6

.1 9 4 mJ 196.7 976.1 196.7 1000
GR 196. 2 .7 1044.1

I WI
1 950

1jOO d ~4j'0 1~5~.1 104 96 10~GR 20 .0 o .5 4 .0 196.5 969.5 19~. 973.0 197.3 977.0
GR 197.3 1000 197.3 1050 201.5 1050.1 19 .7 1063

I Xl
2~~~~ 16g~ r 105N 104 96 10~

a~ ~~ :~ ~~u 1m
197. 978 197.9 1000

1 7. 105 .

Xl 210~ 8 959 1051 104 95 10~GR 2~r 1m m:t 1m l~~O~~ 1m
198.1 1000 198.19 1035

I
GR 2 .0

Xl 220~ 7 951 1054 102 97 100
GR 204. 644 204.0

6
51 198.43 973 198.43 1000 198.43 1037

GR 202.4 1 54 200.9 1 70

I
Xl 2300 9 951 1056 100 100 100
GR 204.0 922 204.3 945 204.0 951 198.6 973 198.6 1000
GR 198.4 1041 202.0 1056 201.0 1065 200.7 1072

Xl 2400 6 §47 1m 10~ 1a~~ ~OOGR 204.0 947 19 .9 198. 19 .9 1026.5 202.9 1045

I GR 202.8 1050

Xl 2500 7 946 1054 100 100 100
GR 204.1 939.99 203.8 946 199.2 967 199.2 1000 199.2 1014
GR 203.8 1028 203.5 1054

I
Xl 2~00 7

~~~~~
1055 100 10~ 100

~~ 2~ .1 94~ 16~~
199.2 96 199.2 1000 199.2 1040

2 .4 105
1
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I ~I
1 880

2100 7 j47 1~54 100 10~ 100
GR 20 .0 940 20 .8 47 199.4 96 199.4 1000 199.4 1041
GR 202.4 1054 201.8 1061

I Xl 280~ 7 948 1051 10~ 100 100
GR 203.9 940 204.0 948 199. 968 199.6 1000 199.6 1034
~o ?n, A lnl;l ?n? n lM;n

I



I
I Xl 2900 7 ~50 1052 100 100 100

GR 204.0 94~ 20 .0 950 200.1 969 200.1 1000 200.1 1034
GR 203.8 105 201.6 1060

I Xl
2~~~~ 10!~

952 1~~1 10~ 10~ 10~GR
~~H

200. 97 200. 1000 200.3 1031
GR 2 4. 1054

Xl ~100 7 ~51 Tl 200~~ m 100
g~ 2 3'8 1m

20 .5
d3

200.5 1000 200.5 1035

I
2 4. 20 .4

Xl 3200 6 650 1049 100 100 100
GR 2~4.~ 1m

20 .8 966 200.8 1000 200.8 1033 204.0 1049
GR 2 3.

I Xl 3300 7 952 1051 100 100 100
GR 205.0 9~0 205.0 952 20Ll 970 201.1 1000 20Ll 1036
GR 20402 10 1 203.4 1055

Xl 3400 7 153.5 1~51 100 100 100
GR 204.5 950 04.4 95 .5 201.3 968 201.3 1000 201.3 1032

I GR 204.6 1051 203.5 1054

ij 1 81~3500 953 1052 100 100 100
GR 2~5.0

1m
201.5 969 201.5 1000 201.5 1035 205.0 1052

GR 2 4.0

I Xl 360~ 7
205~~

1042
5
5 10~ 10~ 100

GR 205. 950 9 4 201. 96 201.8 1000 201.8 1028
GR 204.7 1042.5 203.5 1055

Xl 3700 7 957 1043 100 100 100

I GR 205.0 95~ 205.0 957 202.0 971 202.0 1000 202.0 1032
GR 205.7 104 204.0 1055

Xl 3800 7 957 1047 100 100 10~GR 205.0
10~~ 205.0 957 202.3 971 202. 1000 202.3 1036

GR 204.4 203.0 1056

I 1
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Xl 3900 7 958 1045 100 100 100

I GR 205.0 950 205.~ 658 202.5 970 202.5 1000 202.5 1036
GR 20402 1045 203. 1 51

~A ~~~~~ 16~~ ~~E~ ~~U 20~~~ m 20~~~ 1000 202.8 1037
GR

I Xl 410~ 7 957 1046 100 100 100
GR 2~5. 950 2~5.1 95l 203.0 968 203.0 1000 203.0 1036
GR 2 4.8 1046 2 6.1 105

Xl 4200 7 958 1047 100 100 100

I GR 2~~.7 950 2~4.~ 1m
203.2 969 203.2 1000 203.2 1038

GR 2 .0 1047 2 5.

Xl 4300 7 959 1047 100 100 100
GR mJ 950 205.~ 659 203.5 968 203.5 1000 203.5 1038
GR 1047 203. 1 56

I Xl 440~ 7 958 1044 100 100 100
GR 205. 950 205.0 958 203.7 967 203.7 1000 203.7 1037
GR 204.7 1044 203.8 1056

I
~~ 2~g~~ 950 205~~ 1~~6 20!~~ ~~~ 20!~~ 1000 204.0 1035
GR 205.1 1042 206.4 1051

Xl

~~~~~
7 958 1041 100 1~0 100

GR
1m ~~u 1m

204.0 9 8 204.0 1000 20402 1032
GR

I ~I
1 74~

470~ 961 1041 100 10~ 10~GR 2~4 .
1m 2~~.4 9~1 204.4 97 204. 1000 204.4 1034

GR 2 5. 2 .1 10 7

I
Xl 4800 7 966

1r
100 100 100

~~ 2~6.1 950 20~.4 66 204.7 970 204.7 1000 204.7 1039
2 6.0 1044 20 .8 1 53

Xl 490~ 7 962 1045 100 100 100
GR 206. 950 206.2 962 204.9 970 204.9 1000 204.9 1039

I
GR 205.4 1045 204.8 1057

Xl 5000
95~

964 1051 100 100 100
GR 2~6.3 206.3 964 205.2 968 205.2 1000 205.2 1042
GR 2 5.8 1051

1
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I
I ~I

1 130

2~~~~
6 961 1047.7 100 100 100

GR 955 206.2 961 205.4 965 205.4 1000 205.4 1036
GR 2 6.7 1047.7

I
Xl

2~~~~ 95~ 20~:~ 1~43 10~ 16~~ 10~GR 57 205. 205. 1038 206.4 1043
GR 2 4.8 1051

Xl 5300 6 950 1039 100 100 100
GR 207.2 950 205.9 958 205.9 1000 205.9 1032 206.3 1039

I
GR 206.6 1050

Xl 6400 7 954 1038 100 10~ 100
GR 2 7.2 9~0 2~7.~ 1m

206.1 96 206.1 1000 206.1 1032
GR 207.0 10 8 2 7.

I ~I
1 120

2~1~~
7 954 1039 100 1~0 100

GR 16j~ 2~7.~ 9~4 206.4 9 0 206.4 1000 206.4 1033
GR 2 7. 2 7. 10 8

Xl ~600 7 952.5 1~37 100 10~ 100

I ~~ HJ m7 2~7 'j 9
1055

206.6 96 206.6 1000 206.6 1033
2 7.

Xl
5

700 6 949.0 1038 100 100 100
GR 2 8.8 949 206.8 959 206.8 1000 206.8 1030 207.6 1038
GR 207.5 1050

I Xl 6800 7 r 1038 100 100 100
GR 2 9.2 94§ 20 .9 947 207.1 958 207.1 1000 207.1 1032
GR 208.0 103 20 .0 1050

Xl 5900 7 954.2 1038 100 100 100

I
GR 209.1 951 ~09.1 954.2 207.4 960 207.4 1000 207.4 1032
GR 208.0 1038 08.0 1050

Xl
2~~~~ ~~p T6 20~~~ m 10~GR 95i 9h6 207. 1000 207.6 1028

GR 2 .6 103 2 .5

I Xl rlOO 5 972 1024.5 1~0 10~ 1~0GR 2 0.8 972 207.84 982 207. 4 100 207. 4 1018 210.2 1024.5

Xl FOO d 97
a 102~8~ 208~~~ 1~~~ 208~~~GR 2 0.7 208.0 1018 210.5 1026.5

I
1
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Xl 6300 5 973 1027.5 100 100 100

I
GR 210.5 973 208 32 982 208.32 1000 208.08 1018 210.7 1027.5

The following 4 stations (6305,6307,6386 & 6387) are for the weir flow
condi tion at Tho.as Road.

Xl 6305 d 97~ 102~8~ 208.3~ 1006 208. O~GR 210.5 208.3 1018 210.7 1027.5

I Xl 21~:H 96~ 210~~~ 98~~~g 211.2~ 989.2i 211.2~GR 1010.8 210.61 1025

Xl 6386 5 9~8 1025 79
98gJ~

79
GR 210.61 968 210. 1 989.25 211.22 211.22 1010.8 210.61 1025

I Xl 6387 d 973 1025 1 1 1
GR 209.4 208.50 982 208.50 1000 208.50 1018 209.9 1025

~I
1

9~~
I

2~~~~ 208~U 102~d 208.H 10M 208.U 1018 210.0 1027.3

Xl
2H~~ d §72 102~ 20§~~ 10~ 10~GR 20 .8 98 100 208. 1018 210.6 1025

Xl 6600 5 972 1027.5 100 100 100

I
GR 211.5 972 209.04 982 209.04 1000 209.04 1018 211.5 1027.5

Xl
2~i~~

5 974 1027.4 10~ 100 100
GR 974 209.28 982 209.2 1000 209.28 1018 211.4 1027.4

Xl 2j~~~ d 97~ 102~8i 209~~~ 16~~ 209~~~

I
GR 209.5 1018 211.5 1026.3

Xl 6900 5 972.5 1028 100 100 100
GR 212.0 972.5 209.76 982 209.76 1000 209.76 1018 212.1 1028

Xl 7000 5 971 1028 100 100 100

I
GR 212.7 971 210.0 982 210.0 1000 210.0 1018 212.5 1028

~I
1 20

7100 d 971 1026 100 1~0 1~0GR 212.8 210.24 982 210.24 10 0 210. 4 1018 212.4 1026

I
Xl 7200 5 971 1026 10~ 10~ 10~GR 213.0 971 210.48 982 210.4 100 210.4 1018 212.6 1026
v, '1'Jon n" 1f\1~ ,nn ,no 'nn

I



I
I

IJUV J ]Ii .LOl."% iVV iVV iVV

GR 213.5 971 210.72 982 210.72 1000 210.72 1018 212.5 1024
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I Xl
2H~~ 97d ~71 4 1~~~ 210~~~ 1~~~ 210~~~GR 2 OJ6 1018 213.0 1025

Xl 7500 5 961 1026.5 10~ 1~0 100
GR 213.6 961 211.2 970 211. 10 0 211.2 1018 213.2 1026.5

I
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I THIS RUN EXECUTED 07JUL94 11:38:07
*************H********H**** ********

HEC-2 liATER SURFACE PROFILES

I Version 4.6.2' Ma~ 1991
H**H*************** ***************

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

I (6:1 Side Slope-East,4:1

SUMMARY PRINTOUT

I SECIiO Q XLCH TOPliID AREA VCH XLBEL RBEL CliSEL ELMIIi EG

.000 5270.00 .00 16.00 242.32 21.75 100000.00 100000.00 184.98 169.67 192.33

384.000 5270.00 384.00 116.00 909.70 9.97 186.71 186.71 192.51 171. 71 193.54

I 434.000 5270.00 50.00 116.00 668.32 12.81 188.36 188.36 191. 88 171.98 193.88

484.000 5270.00 50.00 116.00 545.31 14.59 190.00 190.00 192.35 172.80 195.21

684.000 5270.00 200.00 126.00 994.99 8.43 190.00 190.00 195.07 176.07 195.95

I 726.000 5270.00 42.00 126.00 897.07 9.91 177.11 177.11 194.85 177.11 196.18

1000.000 5270.00 274.00 110.00 706.28 11.39 179.85 179.85 195.86 179.85 197.68

* 1099.000 1170.00 99.00 128.00 1121.68 1.07 195.20 195.20 197.86 180.00 197.88

I * 1100.000 1170.00 LOO 131.50 762.81 1.55 195.30 194.80 197.85 189.90 197.89

1200.000 1170.00 90.00 154.00 715.77 1.66 195.80 196.00 197.87 190.00 197.91

1300.000 1170.00 100.00 164.00 724.08 1.64 196.10 197.30 197.90 190.27 197.94

I 1400.000 1170.00 100.00 156.60 649.04 1.82 196.30 197.90 197.93 190.50 197.98

1500.000 1170.00 100.00 159.22 606.76 1.95 198.20 197.20 197.98 190.70 198.03

* 1600.000 1170.00 100.00 123.63 453.75 2.58 199.40 198.60 198.02 192.20 198.12

I * 1700.000 1170.00 100.00 92.76 235.37 4.97 201.50 200.50 198.05 193.60 198.44

1800.000 1170.00 99.00 91.41 205.26 5.70 202.30 200.70 198.81 195.10 199.32

1900.000 950.00 100.00 91.00 222.26 4.28 203.50 201.50 199.81 196.50 200.09

I 07JUL94 11:38:03 PAGE 10

smo Q XLCH TOPliID AREA VCH XLBEL RBEL CliSEL WIIN EG

I 2000.000 950.00 100.00 81.66 189.62 5.01 203.30 201.70 200.37 197.90 200.76

2100.000 950.00 100.00 87.26 194.66 4.91 203.40 202.00 201.11 198.19 201.48

* 2200.000 950.00 100.00 100.12 260.26 3.69 204.00 202.40 201.74 198.43 201.95

I 2300.000 950.00 100.00 113.08 304.82 3.18 204.00 202.00 202.06 198.40 202.21

2400.000 950.00 100.00 87.32 242.65 3.92 204.00 202.90 202.27 198.90 202.51

2500.000 950.00 100.00 73.12 206.17 4.61 203.80 203.50 202.63 199.20 202.96

I * 2600.000 950.00 100.00 118.00 358.16 2.67 203.00 202.40 203.10 199.20 203.21

2700.000 880.00 100.00 111.58 358.25 2.48 203.80 202.40 203.24 199.40 203.33

2800.000 880.00 100.00 108.68 318.04 2.80 204.00 203.40 203.36 199.60 203.48

I 2900.000 880.00 100.00 105.31 286.18 3.11 204.00 203.80 203.52 200.10 203.67
~nM nnn QQn nn 1M nn 07 A~ ?~Q ~n ~ ?O ?M nn ?nA 1n ?n~ ?A ?nn ~n ?n~ 01
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3100.000 880.00 100.00 122.88 311.87 2.90 203.50 204.00 204.00 200.50 204.13

3200.000 880.00 100.00 105.00 286.76 3.09 204.00 204.00 204.18 200.80 204.33

I
3300.000 880.00 100.00 100.25 272.07 3.25 205.00 204.20 204.40 201.10 204.57

3400.000 880.00 100.00 104.00 274.85 3.22 204.40 204.60 204.65 201.30 204.81

3500.000 810.00 100.00 100.75 280.09 2.90 205.00 205.00 204.90 201.50 205.04

I
3600.000 810.00 100.00 105.00 260.14 3.18 205.00 204.70 205.10 201.80 205.26

3700.000 810.00 100.00 101.25 253.43 3.26 205.00 205.70 205.33 202.00 205.50

3800.000 810.00 100.00 106.00 285.10 2.90 205.00 204.40 205.58 202.30 205.71

I
3900.000 810.00 100.00 10LOO 277.86 2.98 205.00 204.20 205.77 202.50 205.90

4000.000 810.00 100.00 105.00 291.67 2.84 204.10 205.50 205.96 202.80 206.08

4100.000 810.00 100.00 106.00 273.64 3.03 205.10 204.80 206.14 203.00 206.28

I
4200.000 810.00 100.00 106.00 291.22 2.84 20UO 205.00 206.35 203.20 206.47

4300.000 810.00 100.00 106.00 288.09 2.86 205.00 204.80 206.53 203.50 206.65

4400.000 810.00 100.00 106.00 292.29 2.80 205.00 204.70 206.71 203.70 206.83

I
4500.000 810.00 100.00 10LOO 256.27 3.24 205.10 205.10 206.89 204.00 207.05
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I
SECNO Q XLCH TOPliID AREA VCH XLBEL RBEL mEL BUliN BG

4600.000 810.00 100.00 104.00 282.06 2.90 206.00 205.30 207.13 203.90 207.26

4700.000 740.00 100.00 107.00 292.65 2.52 205.40 205.10 207.33 204.00 207.43

I
4800.000 740.00 100.00 101.44 246.26 3.07 205.40 206.00 207.48 204. 70 207.62

4900.000 740.00 100.00 107.00 276.12 2.69 206.20 205.40 207.71 204.80 207.82

5000.000 740.00 100.00 10LOO 252.74 2.96 206.30 205.80 207.89 205.20 208.03

I
5100.000 130.00 100.00 92.70 238.13 .55 206.20 206.70 208.12 205.40 208.12

5200.000 130.00 100.00 10LOO 248.09 .52 207.10 206.40 208.13 204.80 208.13

5300.000 130.00 100.00 100.00 210.94 .62 207.20 206.30 208.14 205.90 208.14

I
5400.000 130.00 100.00 96.00 179.44 .74 207.00 207.00 208.15 206.10 208.16

5500.000 120.00 100.00 98.00 161.17 .75 207.00 207.00 208.17 206.40 208.18

5600.000 120.00 100.00 10LOO 142.90 .85 207.90 207.10 208.20 206.60 208.21

I
5700.000 120.00 100.00 98.20 123.98 .98 208.80 207.60 208.25 206.80 208.26

5800.000 120.00 100.00 99.45 103.27 1.18 208.90 208.00 208.32 207.10 208.34

5900.000 120.00 100.00 93.58 87.44 1.40 209.10 208.00 208.45 207.40 208.48

I
6000.000 120.00 100.00 86.96 72.13 1.69 209.20 208.60 208.66 207.60 208.70

* 6100.000 120.00 100.00 43.12 45.92 2.61 210.80 210.20 209.00 207.84 209.11

6200.000 120.00 100.00 46.64 57.00 2.11 210.70 210.50 209.46 208.08 209.53

I
6300.000 120.00 100.00 47.91 62.61 1.92 210.50 210.70 209.74 208.08 209.80

6305.000 120.00 5.00 48.03 63.34 1.89 210.50 210.70 209.76 208.08 209.81

* 6307.000 120.00 2.00 57.00 29.37 4.09 210.61 210.61 211.43 210.61 211.69

I * 6386.000 120.00 79.00 57.00 69.29 1.73 210.61 210.61 212.14 210.61 212.18

* 6387.000 120.00 LOO 52.00 182.46 .66 209.40 209.90 212.18 208.50 212.19

6400.000 60.00 13.00 54.30 186.53 .32 209.50 210.00 212.19 208.56 212.19

I
6500.000 60.00 100.00 53.00 162.00 .37 211.10 210.60 212 .19 208.80 212.19

6600.000 60.00 100.00 55.50 150.94 .40 211.50 211.50 212.19 209.04 212.19

6700.000 60.00 100.00 53.40 137.67 .44 211.30 211.40 212.20 209.28 212.20
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SECNO Q XLCH TOPWID AREA VCH XLBEL RBEL mEL ELHIN EG

I
6800.000 60.00 100.00 54.30 125.98 .48 211.80 211.50 212.20 209.52 212.21

6900.000 60.00 100.00 55.50 113.55 .53 212.00 212.10 212.21 209.76 212.21

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

7000.000 60.00 100.00 53.91 99.74 .60 212.70 212.50 212.22 210.00 212.23

7100.000 20.00 100.00 51.95 87.67 .23 212.80 212.40 212.23 210.24 212.24

7200.000 20.00 100.00 50.35 76.12 .26 213.00 212.60 212.24 210.48 212.24

7300.000 20.00 100.00 47.14 63.20 .32 213.50 212.50 212.24 210.72 212.24

7400.000 20.00 100.00 45.78 52.61 .38 213.50 213.00 212.25 210.96 212.25

7500.000 20.00 100.00 56.46 55.26 .36 213.60 213.20 212.26 211.20 212.26
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SUM!!ARY OF ERRORS AND SPECIAL NOTES

WARNING SECIlO= 384.000 PROFILE= CoNVEYAIlCE CHANGE OUTSIDE ACCEPTABLE RAIlGE

CAUTIOIl SECIlO= 484.000 PRoFILE= CRITICAL DEPTH ASSUMED
CAUTIOIl SECIlO= 484.000 PROFILE= MINIMUM SPECIFIC EIlERGY

WARNIIlG SECllo= 684.000 PRoFILE= CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 1099.000 PROFILE= CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNo= 1100.000 PROFILE= CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECllo= 1600.000 PROFILE= CoNVEYAIlCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNIIlG SHCIlO= 1700.000 PROFILE= CONVEYAIlCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECIlO= 2200.000 PROFILE= CONVEYAIlCE CRAIlGE OUTSIDE ACCEPTABLE RANGE

WARIlING SECIlO= 2600.000 PRoFILE= CoNVEYAIlCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNIliG SEClIO= 6100.000 PROFILE= CONVEYAliCE CHANGE OUTSIDE ACCEPTABLE RANGE

CAUTIOIl SECNO= 6307.000 PROFILE= CRITICAL DEPTH ASSUMED
CAUTIOli SECNo= 6307.000 PROFILE= MIlIIMUlI SPECIFIC EIlERGY

WARNIliG SECNO= 6386.000 PRoFILE= CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARliING SECIlO= 6387.000 PROFILE= COIlVEYAIlCE CHANGE OUTSIDE ACCEPTABLE RAIlGE


