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%AEIhS 1/2" PIPE 3/4" PIPE 1" PIPE 11/4" PIPE 11/2" PIPE 2" PIPE 2 1/2" PIPE 3" PIPE 4" PIPE

MIN. VEL | LOSS| VEL |LOSS| VEL |LOSS| VEL |LOSS| VEL |LOSS| VEL |LOSS| VEL |LOSS| VEL |LOSS| VEL |LOSS
2 2.11 354 1.20| 090| 0.74 0.28| 0.43 0.07| 0.31 0.03

4 4.22 | 1279 240 | 3.26| 1.48 1.01| 0.86 0.26| 0.63 0.13] 0.38 | 0.04

6 6.33 | 27.10| 3.671 6.90| 222 | 213| 1.29 0.56| 0.94 0.27]| 0.57 | 0.08| 0.40 0.03

8 844 | 46.17| 4.81 | 11.75| 297 | 3.63| 1.71 0.96| 7126 | 045| 0.76 | 0.13| 0.54 0.06

10 10.55 | 69.80| 6.01 | 17.77| 3.71 549| 2.14 145| 1.57 | 0.68| 095 | 020| 067 | 0.09| 043 | 0.03

12 15.05 | 97.84| 7.21 | 24.90| 445 | 7.69| 257 | 2.03| 1.89 0.96| 71.15| 0.28| 0.80 0.12| 0.52 | 0.04

15 9.07 | 37.65| 556 | 11.63| 3.21 3.06| 2.36 145 1.43 0.43| 1.00 0.18| 0.65| 0.06| 0.38 | 0.02
18 10.82 | 52.77| 6.67 | 16.30| 3.86 | 4.29| 283 | 203| 71.72 0.60| 1.20 025 0.78 | 0.09| 045 | 0.02
20 12.02 | 64.14| 7.42 | 19.81| 428 | 522| 3.15 | 246| 1.91 0.73| 1.34 0.31| 087 | 0.11| 050 | 0.03
25 9.27 | 2995| 536 | 7.89| 3.94 3.73] 2.39 110 7.67 | 047]| 108 | 0.16] 063 0.04
30 11.12 | 41.99| 6.43 | 11.06| 4.72 | 522| 2.86 1.55| 2.01 065 7.30 | 0.23| 0.76 | 0.06
35 12.98 | 55.86| 7.50 | 14.71| 5.51 6.95| 3.34 2.06| 234 0.87| 1.52 | 0.30| 0.88 | 0.08
40 14.83 | 71.53| 857 | 18.84| 6.30 | 890| 382 | 264| 268 111 1.73 | 0.39| 1.01 0.10
45 6" PIPE 16.68 | 88.97| 9.64 | 23.43| 7.08 | 11.07| 430 | 3.28| 3.01 1.38| 1.95| 048] 1.13 0.13
50 0.55 | 0.02 10.71 | 2848 7.87 | 1345 4.77 | 399| 335 168| 217 | 058) 7.26 | 0.16
55 0.67 | 0.03 11.78 | 33.97| 866 | 16.05| 525 | 4.76| 3.68 | 200 238 | 0.70| 7.38 | 0.19
60 0.67 | 0.03 12.85 | 39.91| 944 | 1885| 673 | 559| 402 | 235| 260 | 082| 1.57 0.22
65 0.72 | 0.03 13.93 | 46.29]170.23 | 21.87| 6.21 6.48| 435 | 273| 282 | 0.95| 1.64 0.25
70 0.78 | 0.04 15.00 | 53.10| 71.02 | 25.08| 6.68 | 7.44| 4.69 3.13| 303 | 109| 7.76 | 0.29
75 0.83 | 0.04 16.07 | 60.34) 71.87 | 28.50| 7.16 | 8.45| 502 3.56| 325 | 124]| 1.89 0.33
80 0.89 | 0.05 17.14 | 68.00| 72.59 | 32.12| 7.64 952 535 | 4.01| 347 | 139| 201 0.37
85 0.94 | 0.06 18.21 | 76.08|13.38 | 35.94| 812 | 10.65| 569 | 449| 368 | 156 | 2.14 0.42
90 1.00 | 0.06 19.28 | 84.57 | 14.17 | 39.95| 859 | 11.84| 6.02 | 499| 390 | 1.73| 227 | 0.46
95 1.05 | 0.07 14.95 | 4416 9.07 | 13.09| 6.36 | 5.51| 472 | 1.92| 239 0.51
100 1.17 | 0.08 1574 | 48.56| 9.55 | 1440| 6.69 | 6.06| 433 | 211)| 252 | 0.56
110 1.22 | 0.09 17.31 | 57.93(10.50 | 17.18| 7.36 | 7.23| 4.77 | 251 277 | 0.67
120 1.33 | 0.11 18.89 | 68.06 | 11.46 | 20.18| 8.03 850 520 | 295| 3.02 | 0.79
130 1.44 | 012 8" PIPE 20.46 | 78.93|12.41 | 23.40| 870 986| 563 | 343| 327 | 091
140 1.55 | 0.14 | 090 | 0.04 22.04 | 90.55(73.37 | 26.85| 9.37 | 11.31| 6.07 | 3.93| 352 1.05
150 1.66 | 016 | 096 | 0.04 23.61 (102.89|74.32 | 30.51|70.04 | 12.85| 6.50 | 4.47| 3.78 1.19
160 1.77 | 018 | 1.02 | 0.05 15.28 | 34.38(10.71 | 14.48| 6.94 | 5.03| 4.03 1.34
170 1.89 | 0.20| 71.09 | 0.05 16.23 | 38.46 11.38 | 16.20| 7.37 | 5.63| 4.28 1.50
180 200 | 023 | 71.15 | 0.06 17.19 | 42.7612.05 | 18.01| 7.80 | 6.26| 4.53 1.67
190 211 | 025| 1.22 | 0.07 18.14 | 47.26(12.72 | 19.91| 824 | 6.92| 4.78 1.84
200 222 | 028 1.28 | 0.07 10" PIPE 19.10 | 5197|1339 | 21.89| 867 | 7.61| 503 | 2.03
220 244 | 033 | 171.47 | 0.09 | 0.89 | 0.03 21.01 | 62.01|714.72 | 26.12| 9.54 | 9.08| 554 242
240 266 | 039 | 71.54 | 010 | 0.98 | 0.03 22,92 | 72.85(16.06 | 30.68|70.40 | 10.66 | 6.04 2.84
260 288 | 045| 1.67 | 012 | 1.06 | 0.04 17.40 | 35.59| 11.27 | 12.37 | 6.54 3.30
280 311 | 052 | 1.79 | 014 | 1.14 | 0.04 18.74 | 40.82|12.14 | 1419 | 7.05 | 3.78
300 333 | 059 792 | 015 ) 1.22 | 0.05 20.08 | 46.38[13.00 | 16.12| 7.55 | 4.30
320 355 | 066 | 205 | 017 | 1.30 | 0.06 2142 | 52.27(13.87 | 18.17 | 8.05 | 4.84
340 377 | 074| 218 | 0.19 | 1.38 | 0.06 22.76 | 58.4814.74 | 20.33 | 856 | 5.42
360 399 | 082| 237 | 022 | 1.46 | 0.07 12" PIPE 24.09 | 65.02(15.60 | 22.60| 9.06 | 6.02
380 421 | 091 | 243 | 024 | 1.54 | 0.08 | 1.08 0.03 2543 | 71.86(16.47 | 2498 | 9.57 | 6.66
400 444 | 1.00| 256 | 026 | 1.63 | 0.09 | 1.13 0.04 17.34 | 27.46 | 10.07 | 7.32
450 499 | 124| 288 | 033 | 7.83 | 0.11 | 1.28 0.04 19.51 | 34.16 | 11.33 9.1
500 555 | 151 | 320 | 040 | 203 | 0.13 | 1.42 0.05 21.67 | 41.52|12.59 | 11.07
550 6.10 | 180 | 352 | 047 | 224 | 0.16 | 1.56 0.07 23.84 | 49.53 |13.84 | 13.20
600 6.66 | 211 | 384 | 056 | 244 | 0.18 | 1.70 0.08 26.01 | 58.20 | 15.10 | 15.51
650 721 | 245| 4.16 | 064 | 264 | 0.21 | 1.84 0.09 28.17 | 67.50 | 16.36 | 17.99
700 776 | 281 | 448 | 074 | 284 | 0.24 | 1.98 | 0.10 17.62 | 20.64
750 832 | 319 | 480 | 084 | 305 | 028 | 213 | 0.12 18.88 | 23.45
800 887 | 360 | 572 | 095 | 325 | 031 | 227 | 0.13 20.14 | 26.43
850 943 | 403 | 544 | 1.06 | 345 | 0.35 | 2.41 0.15 21.40 | 29.57

The velocity of two ( 2) feet per second is generally accepted as the velocity to carry solids.
The shaded area above indicates those accepted velocities over two ( 2) ft. / sec. and less than eight (8) ft. / sec.
Data shown is calculated from the Hazen-Williams equation:

H =1043.94 X ((Q"1.852) / ( C".852 X D"4.8655))

C =150 for water at 60 degrees F. C = coefficient for roughness of the interior pipe surface for plastic pipe
H = head loss in FT.

USING:

V = fluid velocity in FT. / SEC.

D = inside diameter of the pipe in INCHES.
Q = flow rate GPM.

© Copyright 2012 Zoeller Co. All rights reserved.



FRICTION HEAD

FOR SCHEDULE 40 IRON OR STEEL PIPE

Velocity in FT./SEC. Friction head loss in feet of water per 100 ft. of pipe.

GP'?‘E;S 1/2" PIPE 3/4" PIPE 1" PIPE 11/4" PIPE 11/2" PIPE 2" PIPE 21/2" PIPE 3" PIPE 4" PIPE

MIN. VEL [LOSS| VEL |LOSS| VEL |LOSS| VEL | LOSS| VEL| LOSS| VEL |LOSS| VEL |LOSS| VEL | LOSS| VEL |[LOSS
2 211 7.51| 1.20 191 0.74 0.59| 0.43 0.16| 0.31 0.07) 0.19 0.02

4 422 | 2710| 240 | 6.90| 748 | 213| 0.86 0.56| 0.63 0.27) 0.38 | 0.08| 0.27 0.03

6 6.33 | 57.43 | 3.67 | 1462| 222 | 4.52| 1.29 1191 0.94 0.56| 0.57 | 0.17| 0.40 0.07| 0.26 0.02

8 844 | 97.84| 481 | 2490| 297 | 7.69| 1.71 2.03] 1.26| 0.96| 0.76 | 0.28| 0.54 0.12| 0.35 0.04

10 10.55 |1147.91| 6.01 | 37.65| 3.71 | 11.63| 214 3.06| 1.57 145 095 | 043]| 0.67 0.18| 0.43 0.06| 0.25 | 0.02
12 15.05 |207.32 | 7.21 | 52.77| 4.45 | 16.30| 257 | 429| 1.89 2.03] 1.15| 0.60| 0.80 0.25| 0.52 0.09| 0.30 | 0.02
15 9.01 | 79.77| 556 | 24.64| 3.21 6.49| 236| 3.07] 1.43 0.91] 1.00 0.38| 0.65 0.13| 0.38 | 0.04
18 10.82 |111.81| 6.67 | 34.54| 3.86 | 9.10| 283 4.30 7.72 127 1.20 0.54| 0.78 0.19| 045 | 0.05
20 12.02 |135.91| 7.42 | 41.99| 428 | 11.06| 315 522 1.971 155 1.34 065 0.87 | 0.23| 0.50 | 0.06
25 9.27 | 6347| 536 | 16.71| 3.94| 7.89 2.39 234 1.67 0.99| 1.08 0.34| 0.63 | 0.09
30 11.12 | 88.97| 6.43 | 23.43| 4.72| 11.07) 286 | 3.28| 2.01 1.38| 1.30 0.48| 0.76 | 0.13
35 12.98 |118.36| 7.50 | 31.17| 5571| 14.72| 334 | 437 2.34 1.84| 1.52 064| 0.88 | 0.17
40 14.83 |151.57 | 857 | 39.91| 6.30| 18.85| 3.82 | 5.59| 2.68 235| 1.73 0.82| 1.07 | 0.22
45 6" PIPE 16.68 |188.51| 9.64 | 49.64| 7.08| 23.45| 4.30 | 6.95| 3.07 293| 1.95 1.02| 7.13 | 0.27
50 0.55| 0.04 10.71 | 60.34| 7.87| 28.50| 4.77 | 8.45| 3.35 3.56| 2.17 124 1.26 | 0.33
55 0.67| 0.05 11.78 | 71.99| 866| 34.00] 525 | 10.08| 3.68 4251 2.38 148 1.38 | 0.39
60 0.67 | 0.06 12.85 | 84.57| 9.44| 39.95 573 | 11.84| 4.02 4.99| 260 1.73| 1.57 | 0.46
65 0.72| 0.07 13.93 | 98.09| 70.23| 46.33| 6.21 | 13.74| 4.35 579| 282 | 201| 7.64 | 0.54
70 0.78 | 0.08 15.00 |112.52| 11.02| 53.15| 6.68 | 15.76| 4.69 6.64| 303 | 231| 1.76 | 0.61
75 0.83| 0.10 16.07 |127.85| 11.81| 60.39| 7.16 | 17.91| 5.02 7.54)| 325| 262| 1.89 | 0.70
80 089| 0.1 17.14 |144.08 | 12.59| 68.06| 7.64 | 20.18| 5.35 850 347 | 295| 201 | 0.79
85 094 | 0.12 18.21 |161.20| 13.38| 76.15| 8.12 | 22.58 | 5.69 9.51| 3.68 3.30| 2.14 | 0.88
90 1.00| 0.13 19.28 |179.21| 14.17| 84.65| 859 | 25.10| 6.02 | 10.57| 390 | 3.67| 227 | 0.98
95 1.05| 0.15 14.95| 93.56| 9.07 | 27.74| 6.36 | 11.68| 412 | 4.06| 239 | 1.08
100 1.11| 0.16 15.741102.89| 9.55 | 30.51| 6.69 | 12.85| 433 | 447| 252 | 1.19
110 1.22| 0.19 17.31(122.75(10.50 | 36.40| 7.36 | 15.33| 4.77 | 533| 277 | 1.42
120 1.33| 0.23 18.89| 144.21| 11.46 | 42.76| 8.03 | 18.01| 520 | 6.26| 3.02 | 1.67
130 1.44| 0.26 8" PIPE 20.46 | 167.26( 12.41 | 49.59| 8.70 | 20.89| 563 | 7.26| 3.27 | 1.94
140 1.55| 0.30| 090 | 0.08 22.04|191.86(713.37 | 56.89| 9.37 | 23.96| 6.07 | 833| 352 | 222
150 1.66 | 0.34| 096 | 0.09 23.61|218.01[ 714.32 | 64.64|10.04 | 27.23| 6.50 | 946| 3.78 | 2.52
160 1.77| 039 1.02 0.10 15.28 | 72.85(10.71 | 30.68| 6.94 | 10.66| 4.03 | 2.84
170 1.89 | 043| 1.09 0.11 16.23 | 81.50(71.38 | 34.33| 7.37 | 11.93| 428 | 3.18
180 200| 048| 71.15 | 0.13 17.19 | 90.60 (72.05 | 38.16| 7.80 | 13.26| 4.53 | 3.54
190 211 | 053] 122 0.14 18.14 |100.15(72.72 | 4218 | 824 | 1466| 4.78 | 3.91
200 222| 059| 71.28| 0.15| 10" PIPE 79.10 |110.13[73.39 | 46.38| 867 | 16.12| 503 | 4.30
220 244 | 070 1.41 0.18] 0.89 0.06 21.01 |131.39|14.72 | 55.34| 9.54 | 19.23| 554 | 5.13
240 266 | 082| 1.54 0.22] 0.98 0.07 22.92 |154.36 | 16.06 | 65.02|70.40 | 2260| 6.04 | 6.02
260 288| 095| 1.67 | 025| 1.06 0.08 17.40 | 75.40| 11.27 | 26.21| 6.54 | 6.99
280 311 1.09| 1.79 029 1.14 0.09 18.74 | 86.50|72.14 | 30.06| 7.05 | 8.01
300 333| 124| 1.92 0.33] 1.22 0.11 20.08 | 98.29|13.00 | 34.16| 7.55 | 9.11
320 355| 140 205 | 037| 1.30 0.12 21.42 (110.76|13.87 | 38.50| 8.05 |10.26
340 377 | 156| 218 | 041)| 1.38 0.14 22.76 (123.93|14.74 | 43.07| 856 | 11.48
360 399 | 174| 231 046 | 1.46 0.15| 12" PIPE 24.09 (137.76|15.60 | 47.88| 9.06 |12.76
380 4.21 | 1.92| 243 0.51| 1.54 0.17| 1.08 0.07 25.43 (152.27|16.47 | 52.92| 9.57 | 14.11
400 444 | 211)| 256 | 0.56| 171.63 0.18| 1.13 0.08 17.34 | 58.20| 10.07 [15.51
450 499 | 263| 288 | 069 1.83 0.23| 1.28 0.09 19.51 | 72.38 11.33 [19.29
500 555| 319| 320 | 084| 203 | 028| 1.42 0.12 21.67 | 87.98|12.59 |23.45
550 6.10| 3.81| 352 1.00| 2.24 0.33| 1.56 0.14 23.84 (104.96 | 13.84 |27.98
600 6.66 | 448 | 384 1.18| 2.44 0.39| 1.70 0.16 26.01 (123.32| 15.10 |32.87
650 721 | 519| 4.16 1.37| 2.64 045| 1.84 0.19 28.17 [143.02|16.36 |38.12
700 7.76 | 596| 4.48 1.57| 2.84 052 1.98 | 022 17.62 |43.73
750 832| 6.77| 4.80 1.78| 3.05| 059 2713 | 024 18.88 |49.69
800 887 | 763| 512 201) 325| 066| 227 | 0.28 20.14 |56.00
850 9.43| 853| 544 224) 345 | 0.74] 241 0.31 21.40 |62.65

The velocity of two ( 2 ) feet per second is generally accepted as the velocity to carry solids.
The shaded area above indicates those accepted velocities over two (2 ) ft. / sec. and less than eight (8) ft. / sec.
Data shown is calculated from the Hazen-Williams equation:
H =1043.94 X ((Q"1.852) / ( C*1.852 X D"4.8655))
USING: C =100 for water at 60 degrees F. C = coefficient for roughness of the interior pipe surface
H =head loss in FT.
V = fluid velocity in FT. / SEC.
D = inside diameter of the pipe in INCHES.
Q = flow rate GPM.

Nominal pipe size
Fitting 1/2” | 3/4” 17”7 | 11147 11/2”| 27 | 21/2”] 3" 4” 6” 8” 10” 12”
90° elbow 1.6 2.1 2.6 3.5 4.0 5.2 6.2 7.7 10.1 15.2 20.0 | 25.1 | 29.8
45° elbow 0.8 1.1 1.4 1.8 2.2 2.8 3.3 4.1 5.4 8.1 106 | 134 | 159
Tee (thru flow) 1.0 1.4 1.8 2.3 2.7 3.5 4.1 5.1 6.7 10.1 13.3 | 16.7 | 19.9
Tee (branch Flow) 3.1 4.1 5.3 6.9 8.1 10.3 | 123 | 153 20.1 | 303 39.9 | 50.1 | 59.7
Check valve 5.2 6.9 8.7 115 | 134 | 172 | 206 | 255 33.6 | 50.5 66.5 | 83.6 | 99.0
Gate valve (full open) 0.4 0.6 0.7 0.9 1.1 1.4 1.7 2.0 2.7 4.0 5.3 6.7 8.0
© Copyright 2012 Zoeller Co. All rights reserved.



