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

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

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

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

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

r

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

Column ‘N’
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PROJECT NAME:

OLD CROSS CUT CANAL

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

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

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

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

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

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

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

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

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

where Cy, = 3.0.

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

where C, = 0.67.

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

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

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

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

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

in section 213. Where the inlet geometry and

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

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

" sumed values of the coefficient of roughness, 7,

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

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

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

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

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

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

where:

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

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

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

where:
h.—trashrack losses,
h.—entrance losses,
h,=Dbend losses,
h.—contraction losses,
h.,—expansion losses,
h,=gate or valve losses,
h,=friction losses, and
h,=velocity head exit loss at the outlet.
In the above equation the number subscripts
refer to the various components, transitions,
and reaches to which head losses apply.
For a f_ree-discharging outlet, Hy is measured
from the reservoir water surface to the center
of the outlet gate or the outlet opening. If the
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Figure 310. Pictorial representation of head losses in conduit flowing under pressure. 288-D—2532.

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

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

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

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

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

249.2 29 2
3 ay vy az v

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

then:

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

Equation (4) thencan be written:

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

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

(17

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

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

H:K% (6)

Q=anZE ™

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

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

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

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

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

K2 1QER2
f____llﬁ.:m =185n . ©)

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

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

flow is:

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

Mazimum Minimum
value value

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

tle head loss, and trashrack losses in such a

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

Loss=K tz’n

where:

2
K,=1.45—0.45‘ﬁ‘—<%> (11)
M g

Gy

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

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

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

Q is equal to Can/29H
and the velocity

v is equal to C\/2¢H.
Or,

o

H=

lo'e

L
c?

S (12)

DESIGN OF SMALL DAMg

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

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

Then:

KC=<615—-1> (13)

Coefficients of discharge for square sluice

entrances are shown on figure 309. Coefhi-

cients of discharge and loss coefficients for typ.

ical entrances for conduits, as given in various

texts and technical papers, are listed in
table 33.

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

Coeflicient C Loss coefficient X,

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

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

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

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

. to be applied to the values indicated in figure

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

of %ﬁ can be applied directly for circular con-

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

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

* crease in velocity head, and will vary accord-

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

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

&, is as follows:

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

angle « i

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

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

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

flow conditions. Where a gate is mounted at

either the upstream or downstream side of a

“thin headwall such- that the sides and bottom

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

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

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

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

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

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

x‘l 2

v
05D T 15D

1 (14)

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

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

x2 y2

DT (033D (13)

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

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

2 y?

DT 067Dy (16)

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

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

DESIGN OF SMALL DAmg

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

tan a=

17)

Q=

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

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

end of the transition.
Expansions should be more gradual than

contractions because of the danger of cavita- -

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

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

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

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

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

Outlet We
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_springline and the intersection line increases

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

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

. quadrants in the lower half of the pipe from

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

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

L (in feet) =% (19)

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

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

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

stream from the portal to permit more rapid

widening of the channel before it enters the

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

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

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

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

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

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

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

238. Chart for Estimating Pressure Conduit Sizes.
—PFigure 316 is a nomograph for the solution
of the equation for pipe flow. By use of this
figure, the required conduit diameter can be de-
termined for a given length and gross head
from reservoir water surface to the end of the
pipe. As will be noted from the equation, an
average total head loss coefficient of 0.5 has
been assumed for all contributing losses except
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TOTAL AREA OF OPENING NEEDED = 418
TOTAL NUMBER OF 8'x4' OPENINGS= 13

I/\j‘: A?-—L\\/d "}'l’tVM 7(
Aj \,\J&L\vg ~huu Z,m‘/
mW o sfEGarse
Cﬂ (Au“"/qlﬁj

5 0 d«'ﬁ
S olue £, 6 as Cos qppo M [




PROJECT NAME: OLD CROSS CUT CANAL

—_— 3
DESIGN BY: /H cHeckepBY: [N.W-
PROJECT NUMBER: E002102 DATE: ;,;/.,75/ DATE:  —-77-00)
{
EQUILIZING OPENING SIZING
STREET NAME: THOMAS ROAD SOUTH STA.=
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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'.
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Q US.= 1985 US. SIZE= 2-18'x10" US. AREA= 180 LAT. WDTH.= 3
Q LAT.= 30 LAT.SIZE= 1-36" OP.AREA= 1.00 LAT. ANG.= 60
MANNING'S 'n'= 0.014
ACTUAL CALCULATED
ANGLE Vvd Vu Hvd Hvu Vo DELTAy Q OPENING DELTAY
97.655215506 10.83 10.75 1.82 1.79] 15.000000 0.0610] 15| 0.061028744
P
NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL. Vv

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

TOTAL AREA OF OPENING NEEDED = 32

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

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

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL.
THE TOTAL AREA OF WALL OPENING NEEDED OF EQUILIZATION OF FLOW IS OP. AREA DIVIDED
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PROJECT NUMBER: E002102
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DATE:
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EQUILIZING OPENING SIZING ‘
STREET NAME: OSBORN ROAD SOUTH STA.=
Q DS.= 1390 DS. SIZE= 2—-12'x10" DS. AREA= 120 Hj= 0.2179
Q US.= 1297 US. SIZE= 2-12'x10" US. AREA= 120 LAT. WDTH.= 6
Q LAT.= 186 LAT. SIZE= 1-6'x6' OP.AREA= 35.00 LAT. ANG.= 12.5
MANNING'S 'n'= 0.014
ACTUAL CALCULATED
ANGLE vd Vu Hvd Hvu Vo DELTAy Q OPENING DELTAyY
36.264537909 11.58 10.81 2.08 1.81 2.657143 0.4874 93| 0.487364933

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

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

NOTE THAT THE ANGLE IS THE CONFLUENCE ANGLE AND THE AREA IS AT A SCEW TO THE WALL.
THE TOTAL AREA OF WALL OPENING NEEDED OF EQUILIZATION OF FLOW IS OP. AREA DIVIDED
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EQUILIZING OPENING SIZING
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ACTUAL CALCULATED
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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’.
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Q Us.= 1371 US. SIZE= 2-12'x10' US. AREA= 120  LAT.WDTH.= 15
Q LAT.= 9 LAT.SIZE= 1-18" OP.AREA= 0.10 LAT. ANG.= 9
MANNING'S 'n'= 0.014
ACTUAL CALCULATED
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I PROJECT: OCCC GROSS AREA = 6.67 ft~2
I PROJECT NO.: E002102 NET AREA = 4.25 ft~2
N/G = 0.64 R
Street Name: Granada Rd Q= 103 cfs £-0cal N G, \[‘3“4 5
CLOG FACTOR= 2
l WIER:
| Q=3*L*H"1.5
| WITH
I H LENGTH GRATES CLOGGING
I 1 34.3 10 15
1.5 18.7 6 8
2 12.1 4 5
. 25 8.7 3 4
3 6.6 2 3
l 3.5 5.2 2 2
l ORFICE:
Q=0.67A*(SQRT(2GH))
WITH
I H AREA GRATES CLOGGING
- 1 19.2 5 7 |
€3 1.5 15.6 4 6 -~ "
2 13.5 3 5 &
25 12.1 3 4 <2
3 11.1 3 4
3.5 10.2 2 4

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

&=
%
¥




Greiner

Job No. 6(7(7/_“/ O 2. Prolectﬁ/(/ /\ £/ r/LC/ 2 / Sheet ‘/ of

Subject 00 [( Lé-s 64{7/(’\ EQQ“/\ QJ/G\A“ BQ( ¢ @ “ [
_7, Vi (;f - f: Qt
7

! ‘—)l‘L.

/= | F o/
By 44 Date & =[] * ¥ ' Checked By /\ W Date

b !

Lol 0 SAa. 37+H12 , 29 R ,
f ’ ) U 3 l» r~4!/\ ~4? . ¥
e Local! ISYO s Do A 20/l

- ‘ R A M ¢ of Y, 5 [
276 ofs ek Ml Ade N Gueek

‘ - T SR 2 /
bl ¢ WES Uiy < S wee JX Al B2E L G [y
e N / - ! - ’/;
’ /

L, o ] / . R A

SR 1 B o Coer il § [1er VN Oak '
SRR, - N i b Y, AN N, Lo

’ & / i S (V) (“/ AIC S ()t W e N Coten -\14,,,!{//

127 cfs Tuwms Sl teward Oof,

s Total 4(00& o o ©aX Jvf[f”é = S50 +/37 = é§7(‘/

,..,._4——-

& (?75&'@(/@/ : 8@(0 f/[C ﬁ v Ko eu ’/

o B L 4
46 ofs weive w:c-c/L il N (e fr g
2elchy wews sSeafl Wl S (ot fuy

/ ~

380 cfs realbwer et 14 Oall
o, |
o W Ha (96 ofs e L vo ke, e Iy ( roies 9

/f ({S Jleert s Sper \r‘( tcvan Cat

~. / 7 /A / A s ~ 71 A J/‘
: N \' b TN { Y e CR L S8 T D o L ¢ (
“ { @ / t { '{/ 0t o b (g ® S0 T B { [T edS

/

Db o Desigen lulet 4 /'/J/ Z&m Showwr

120, Y

30?%&95 wl ' xE& "R JZ2:8° \j‘}wuc{(f;w A»;[e

h= 2.5 ' Om(r‘o T/ow cound iser s,
Grate El = 1200.48



I PROJECT: OCCC
I PROJECT NO.: E002102

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

Street Name: Oak Street

Q=

CLOG FACTOR=

GRATES

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

687 cfs [ uee !

2

WITH
CLOGGING

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

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

GRATES

FRONTAL FLOW INTERCEPTION:

-

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

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

-

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

r
=]

.y

tional space 0 0

na oth width D1 0 0
e Sw 0 ” 0
(0]

ice on 5° slope

B BTSRRI

B Sill optional

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

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

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

S\heﬁ f

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

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

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

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

by functions of the drop number, which is defined as

D = s (15-9)

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

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

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

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

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

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

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

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

' WIER:
Q=3*L*H"™1.5

street Name: Richardson

G

CLOG FACTOR=

GRATES

GROSS AREA =
NET AREA =
N/G =

66 cfs

2

WITH
CLOGGING

6.67 ft~2
425 ft"2

0.64
LOCa( S‘{M’M

i H  LENGTH
1 22,0

i 1.5 12,0
2 7.8

2.5 5.6

| 3 4.2
35 3.4

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

AREA

1 12.3

1.5 10.0

2 8.7

2.5 7.8

3 7.1

3.5 6.6

Pz

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

GRATES

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

FLOW SPLIT ANALYSIS FOR SPILLWAY AND INLET DESIGN

&

\

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

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

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

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

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

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