Appendix I-1

Piping Friction Loss and Velocity Tables

Tables on the following pages give friction losses per 100 feet and water velocities for various
commonly used pipe sizes and flow rates. Friction loss calculations are based on the Hazen-Williams
equation:

- 10472 | Q122
01.052 D4.l71

X Lk

Where Friction Head Loss (ft)
Roughness Coefficient*
Flow Rate (gpm)

Pipe Length (ft)

Pipe Inner Diameter (inches)

*for fresh water at 60 degrees Fahrenheit.

Hf
C
Q
L
D

Roughness Coefficient C Values for Hazen-Williams Equation

Range

PVC 160 - 145

IPolyemerne 150 - 130

IAsbestos-oemant 160 - 140 150 140
Cement-lined steel 160 - 140 150 140
Welded steel 150 - 80 140 100
Riveted steel 140 - 90 110 100 |
IConcrete 150 - 85 120 100
Wrought or cast iron 150 - 80

Copper, brass 150 - 120

Wood stave 145 - 110

Vitrified clay

ICorrugated steel

Velocity figures in the tables are based on the flow equation Q = AV, or

sl::!q' ] & Q (cu fisec)
" (fsec) Pipe cross-sectional area (sq ff)
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Appendix |-2

REFERERCE TABLE
WELOCITY AKD FRICTION LDSS IW PSI PER 100 FEET
FOR IPE PYC -- SOR 32.5
PRESELRE RATING = 125 PSI

FIPE FLOW VELOCITY FRICTION PIPE FLOW WVELOEITY FRICTION FIPE FLOW WELOCITY FRICTION
SIZE (GPH) [FT/SEC) LOSS $1ZE CGPM) (FT/SEC) LOSE SI2E (GPM} (FT/SEC) LOSS
(TNCHES) (PELFI0O FTY (INCHES) (PSIA100 FT)  (INCHES) CPELAIDD FT)
1 & 1.91 22 £ 20 1854 ) L ki 1.7E .11
& 1.67 e M 2.4 Sl 100 2.29 9
B 2.3 «TB &0 328 TR 125  2.B6 27
i 2.78 1.18 50 4.1 1.19 150 3.43 &1
12 L .66 &0 .93 1.67 175 &.00 oSk
14 .69 2.1 Fi) 578 .23 200 457 B9
1& & &5 .05 a0 &.57 2.85 5.15 B&
18 5.m 1.52 w0 7.3 3.5% 258 5.7 1.05
20 5.5 &.2T 0 A2 &3 2 429 1.25
22 6,12 .10 110 .03 5.4 30 A.BS 1.47
24 658 L 120 ©9_ES &0 3N T.A3 1.7
2% 7.3 6,95 130 10.48 7.0 350 B.00 1.95
Fo] T.™ T.87 140 11.50 B.06 i &5 2.22
1 104 B 1.38 -1 2 172 I 1.68 B & 200 2.1 .11
12 2.06 31 ] 2.24 «31 250 2.8k =16
16 2.5 B8 30 .80 AT 00 3.7 ]
20 3.k 1.3 &0 1.36 . 350 .89 30
F. & 13 1,86 o 3.2 B8 W00 &.Z2 38
F ] &.82 247 B  &.48 1.12 450 4,75 AT
32 5.51 3.17 w0 5. 04 1.40 00 5.38 7
3 & 1% 3.9 100 5.40 1.7 50 5.8 5
& 6.88 & T9 110 &.18 2.03 00 &8.35 .
3 T.57 5.M 120 &.T2 Z2.38 650 &6.B& L
&8 B.26 &M 3 7.2 2.8 OO T.3% 1.07
52 B.¥5 T.T8 o T.AL 3.1T7 =L Foe2 1.22
5 943 B.92 150 B.40 3.40 BOO  B.&& 1.37
1172 15 1.93 34 3 &0 «Th A3 B o0 .62 01
20 .58 «B5 L 1.M . F 200 1.2 05
5 - -9 &0 2.27 e 300 1.87 =06
. . 1. B0  3.03 &3 400 2.4%9 11
k- &5 1.85 100 3.78 A5 500 3.1 16
&0 5.15 2.3 120 &.54 R 600 3.7 .
&5 5.9 2.5 %0 5.3 1.22 0 4.3 «30
50 . dd 3.57 160 &.05 156 B0 4&4.98 .-}
55 T.08 &, 28 180 &.81 1.5 00 5.60 AT
&0 T.73 5.0 200 T.5T7 2.3 1000 &.23 ST
65 83T .81 220 8.32 2.5 1100 &.85 B8
o #.01 [ 240 9.08 .30 1200 7T.4T A0
Fi] 7.6 T.5T 260 .84 3.8 1300 B.09 L]
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WELOCITY AND FRICTION LSS IM PS1 PER 100 FEET
FOR IPS PWC -- SDR 24
PRESSIME RATIMG = 140 PSI

FIPE FLOW WELDCITY FRICTION

REFEREMCE TABLE

EIZE {GPM} (FTSSEC) LOSE

(PELAI00 FT) CIMCHES)

L

AR

l‘“

1.24
1.7
2.3
.02
3.7
4. 54
S.48
6.39
T.61
8.50

23

.53

-0

1.34
1.™
2.54
3.25
§.04
4.1
5.85
608
T.08
9.15

&1

lm

1.06
149
1.98
2.5
316
3.84
4.38
5.1
624
7.6
8.13

F) 20
50
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50

2 172

EZREES

1.70
2.55
3.3%
L.24
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5.0
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Tk
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1.7%
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2.80
J. AT
&0
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5.
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6.95
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a.10
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1.58
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in
&89
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.10
2.56
3.05
.58
4.15
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&
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FLOW WELOCITY

Appendix 13

FRICTION

(GPH) (FT/SECH LOSS
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Appendix |-4

REFEREMCE TABLE
VELGCITY AMD FRICTION LGES IM P51 PER 100 FEET
FOR IPE PVC -- SDR 2
FRESSURE RATING = 200 PSI

PIPE FLOM WVELDCITY FRICTION P1PE FLOW VELOCITY FRICTION PIPE FLOW WELOCITY FRICTION
SIZE (GPM) (FT/SEC) LOSS SIZE {GPMY (FT/SEC) LOSS L (GPH) (FT/BEC) LOSS
(INCHES) (PELA0D FT) (IMCHES) (PELAIDD FT) (INCHES) (PELF100 FT)
172 5 L&D 06 1104 W 1.8 &1 21 & 2.4 37
1 «B0 22 17 a7 58 50  3.02 .56
1.5 1.1% ol “% 2.5 T7 60 3.62 iy
2 1.5% TR 1% 2.8 -] ™ &2 1,05
2.5 1.9 1.17 18 3.2 1.3 B0 &.B2 1.3
3 2.39 1.65 Fa i 3.62 1.50 80 .43 1.67
1.5 2.7% 2.1 zZ 1. 1. 100 &.03 2.03
& 518 2.81 O 2.10 110 &.43 243
4.5 358 349 8 .06 2.7 120 7.24 2.85
5 3o -1 2 57 3.57 130 T.B4 3.30
& ] 5.0 B 651 .45 140 B4 3.7
T .57 7. 0 T.3 5.40 150 9.05 .3
a &.37 10.13 &by T.%6 B.45 180 9.45 & B85
7] 3 1.42 T 1172 5 A5 & 3 M .. .
& 1.8% TB 0 1.38 2 &0 1.63 16
5 2.3 1.1% 15 a7 A5 60 2,44 .
& .85 166 20 2.Th AT a0 3.2 52
T 1.30 2.2 = 345 117 100 &.07 <TH
B b 3 2.8% b I 8 ) 1.64 M0 &40 53
L h25 5.52 35 483 Z.18 130 5.2% 1.27
1 472 & 28 &0  5.52 2.1 140 5.70 1465
11 5,19 5.1 &5 & AT 160 .51 1.86
12 B.&& .00 50 690 & 22 180 T7.33 2.32
14 &80 7.9 5 T80 5.04 200 B.16 2.82
16 T.55 10.23 60 82T 5.92 20 B.95 3.54
18 B 12.72 65 B 6.0 260 97T 1.5
1 & 1.73 50 2 0 .8 L7 & ™ 1.88 A3
T 2.02 4T 20 1.7 L2 100 2.46 - |
B 2.0 BE 3 2.5 55 125 3.08 35
L [ 1.29 &0 353 - 150 389 AT
12 346 1.81 50  &.42 1.43 17 &3 55
R T 2.41 5 .BS 1.70 200  &.92 B
16 462 1.09 & 5.30 2.00 25 5.54 1.08
18 5.1 3.84 & BT 2.3 F=1 - 1.5
20 57T &84T ™o &8 2obb i AT 1.4%
2 535 5.58 By T.OT 3.4 300 7.18 1,75
. I 1 6.55 W TS &2 35 B.DO 2.08
26 T.50 T80 100 B&.83 5.15 350 B.61 2.3
. N BT 16 9.7 6.1% s e 285
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S1TE
CINCHES)

172

FLOM WELOCITY FRICTION
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(PSLAI00 FT) CINCHES)
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4£.59
5.10
5.62
6.13
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2.19

1.9
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3.5
im0
4.535
5.19
3.8
&40
T. 14
T.T™
8.4k
P.09

10.13

1.44
2.0
2.58
5.43
&.27
5.19
6,19
r.2a
9.468
12.40
15.42
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..
1.14
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T.43
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10.12
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VELOCITY AND FRICTION LOSS IN PSI PER 100 FEET
FOR IPS PYC -- 5DR 13.5
PRESSLRE RATING = 315 PSI

FIPE FLOW WVELDCITY FRICTION

REFERENCE TABLE
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FLOW WELOCITY FRICTION
(GPH) [FT/EEC) LOSS

EEEEEEEEE

1o
150
10
150
180

IERE

FELEERLE:

2.1
3.40
& .08
4.Th
.44
6.2
&.80
T.4B
8.18
B.B4
P.52
10.20
10.83

1.84
2.7%
3.67
£.59
5.05
3.5
&.42
T3
8.28
918
10.0%
1mn.m

2.08
2.T
3.47
&. 16
&84
5.55
6.5
.54
T.A3
B.33
.02
o.M
10.41

CPELA00 FT)

50

- Té

1.08
1.41
1.80
2.4
2.73
3.5
.
4.43
.08
5.m
651

%
A1

1.04
1.25
1.m
1.9%
245
3.10
im
4.50

.18
-3

BT

1.1
1.38
1.68
2.00
2.35
2.Te
3.13
3.55



Appendix 1-6

REFERENCE TABLE
VELOCITY AND FRICTION LOSS IN PST PER 100 FEET
FOR SCHEDARLE &0 IPS PWC PIPE

PFIPE FLOW VELOCITY FRICTION PIPE FLOW VELDCITY FRICTICN PFIPE FLOW WELOCITY FRICTION

SI2E (GPM) (FT/SEC) LOSS SIZE (GPM) (FT/SEC) LOSS SI1ZE (GPM) (FT/SEC) LOSS

{ INCHES) (PSI/100 FT)  {INCHES) (PSI/100 FT) (INCHES) (PS1/100 FT)

12 TR a2 1174 0 2% &3 2 2 W 248 .8
1 108 43 12 257 .88 50 3.35 73
1.5 1.58 o % 300 1.17 & 402 1.02
2 2N 1.54 % 3.43 1.50 ™ 4 1.35
2.5 2.6 2,33 ® 1.8 1.86 80 5.3 1.73
3 3% 3.27 20 &.28 2.26 o s 2.%
3.5 3.60 435 2 & 2.70 00 689 2.42
‘. Lz 5.57 % 5.4 3.17 M0 7.3 3.13
45 4.7 6.93 3/ 6.00 4.22 120 8.03 3.47
5 527 8.2 32 6.6 5.40 130 B.70 .26
6 6.3 11.80 % 7.7 6.72 %0 9.37 489
T m 15.70 &0 857 8.17 150 10.04 5,55
B B4 20.10 M 943 9.7 180 10.71 628

374 3 1. G 112 5 .M .08 3 20 .87 .05
& 240 1.42 0 1.57 .30 0 1.7 AT .
5 500 2.1% B 2% &3 8 2.60 35
& 3.6 3.00 20 3.5 1.07 B0 347 .60
7  &m 3.9 = 3L 1.61 00 &.33 o
8 &m 5.11 W 4T 2.2 10 477 1.09
P 5.4 6.35 ® 5.5 3.01 130 5.43 1.48
W &0 7.7 o &30 35 %0 &.07 1.70
M 6.6 9.21 s T8 L 180 6.9 247
12 7.2 10.83 S0 7.87 5.3 180 7.80 2.70
% 8.4 14.40 55 8.6 6.95 200 B.67 3.28
% 9.6 1844 80 9.4k 847 20 9.5 5.52
0.8 2% & 0B 94T 260 10.40  4.40

1 & 2.2 93 2 0 .95 .9 4 s 1.89 T
T 2.60 1.3 2 1.9 32 00 2.52 .24
8 2.7 1.58 0 2.8 &7 125 3.18 a7
w37 2.38 4 3.8 1.14 150 3.78 51
12 4ds 3.3 S0 477 1.72 75 .4 .58
%o 5.9 &b = 5.2 2.06 200 5.3 87
% 5.9 5.69 80 5.7 2.42 = 566 1.09
B 66T 7.08 & &2 2.80 20 6.2 1.32
20 7.42 8.40 ™ b.88 3.22 T 692 1.58
2 8.6 10.26 B T 612 300 7.5 1.85
2% 8.9 12.06 W 5 5.12 35 818 2.15
% 9.8 13.98 100 9.55 63 ™0 8.8 2.46
2 1038 16.04 M0 1050  7.43 75

.44 2.80 .
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Appendix |-7

REFERENCE TABLE
VELOCITY AKD FRICTION LOSS IW PS] PER 100 FEET
FOR SCHEDULE 80 IPS PVC PIPE

PIPE FLOW WELOCITY FRICTION PIPE FLON WVELDCITY FRICTION PIPE FLOW WELOCITY FRICTION
SI2E {GPM) (FT/SEC) LOSE S1ZE (OPM} [FT/SEC) LOSE SI1ZE (GPM} ([FT/SEC) LOSE
{IMCHEE ) (PSLA100 FTY {IMCHES) (PEI/100 FT) ({IMCHES) {PELS100 FT)
12 -5 Al 22 1154 0 2.50 ] 2 172 A0 302 45
1.37 81 12 3.00 1.28 50 3. 7l
1.5 2.05 1i.H 14 3.50 1.70 & 454 1.37
2 2.74 2.1 1% &.00 27 w52 1.82
2.5  3.e2 440 18 4.50 2.70 B &05 2.33
3 &.11 &7 20 5.00 3.29 " &.BD 2.0
35 4N 8.20 &2 5.5 3. 100 7.5 3.53
& 54T 10.51 26 &.DD 4.81 1m0 8.3 §.21
4.5 616 15.07 2B AW 6.13 120 .07 £.94
5 &.84 15.88 2 T.e T.85 130 9.83 5.73
& .21 22.26 B AW .76 %0 10.58 &.58
T .58 2062 & 9.99 11.87 150 11.34 T.&7
] 10.95 ./ &4 10.9% 14,18 180 12.10 .42
3r 3 .22 1.38 112 5 | A2 3 20 AT ;3
4 2.0 2.36 10 1.8 2 40 1.5 <22
5 in 3.5 1% 2.n B8 &0 2¢ A
[ i &5 5.00 2 5.5 1.51 & 3.88 .77
T 5.19 4,85 = 453 2.28 100 &85 1.20
] 5.93 8.51 30 5.4 i 1M 5.3 1.43
9 &.67 10.5% 15 6.35 &.25 130 &3 1.95
m  T.41 12.87 &M T Sk 140 &.79 2.23
" 815 15.35 45 B &.77 180 T.78 2.86
12 BM 18,04 50 .07 8.2 180 B.7T3 3.55
% 1037 2400 55 997 .81 200 .70 4.32
1 1.8 30.73 &0 10.88 11.53 20  10.67 5.15
%7 133 .2 &5 1.7 15.57 20 11.84 &6.05
1 [ 2.67 1.45 2 W 1.09 12 4 ™ z2.09 A8
T 3.12 1.92 20 2.7 A3 00 2.7% -3
8 3.56 R »n 3.2 - 12 3.48 AT
W 445 3.7 &0 &3 1.56 150 4£.18 ]
12 535 5.22 50 5.43 2.38 175 &.B8 BT
LU &.95 55 5.57 .. 200 5.57 1.12
% T.13 8.90 & 4.5 3.30 25 AT 1.3
17 8.02 11.47 &5 T.05 .83 250 69T 1.68
2N AN 13.45 Ta T.60 &30 2T T.6h .02
&2 9.8 16.05 80 5.88 5.862 Joo B.3 .37
26 1085 18.85 9 9TT 4.99 5 9.0 2.75
2 1158 21.87 100 10.85 8.50 Y 3.16
2B 1247 .08 m 1.9 1014 35 10.45 359
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