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NOTES

Add other notes on system design and operation requirements.
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Orifice Discharge Rate Design Table

The following figures are guidelines based on Toricelli's equation. The orifice coefficients used are 
intended for use with sharp edged orifices in plastic pipe, with experience of your orifice drilling 
technique adjust accordingly. Figures in italics are below the recommended minimum head.

Orifice Discharge Rates (GPM)
Squirt height 
(Head) (ft)

Orifice diameter (inches)

1/8 5/32 3/16 7/32 1/4

1 0.43 0.58 0.77
2 0.26 0.41 0.61 0.82 1.09

3 0.32 0.51 0.74 1.01 1.34

4 0.37 0.59 0.86 1.17 1.55

5 0.42 0.65 0.96 1.30 1.73

6 0.46 0.72 1.05 1.43 1.89

7 0.50 0.77 1.13 1.54 2.05

8 0.53 0.83 1.21 1.65 2.19

9 0.56 0.88 1.28 1.75 2.32

10 0.59 0.93 1.35 1.84 2.45

11 0.62 0.97 1.42 1.93 2.57

12 0.65 1.01 1.48 2.02 2.68

13 0.68 1.05 1.54 2.10 2.79

Coefficient 
used 0.61 0.61 0.62 0.62 0.63
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Head loss in PVC pipe, table Based on table in Converse (2000)
Flow
(usgpm)

Nominal pipe size in inches, PVC pipe sch 40. For headloss in feet per 100' of pipr 

3/4 1 1.25 1.5 2 3 4

1

2

3 3.24

4 5.52

5 8.34

6 11.68 2.88

7 15.53 3.83

8 19.89 4.91

Velocities in this area are under 2 feet per second, too low for effective 
scouring.

9 24.73 6.10

10 30.05 7.41 2.50

11 35.84 8.84 2.99

12 42.10 10.39 3.51

13 48.82 12.04 4.07

14 56.00 13.81 4.66 1.92

15 56.63 15.69 5.30 2.18

16 71.69 17.68 5.97 2.46

17 80.20 19.78 6.68 2.75

18 21.99 7.42 3.06

19 24.30 8.21 3.38

20 26.72 9.02 3.72

25 40.38 13.63 5.62 1.39

30 56.57 19.10 7.87 1.94

35 25.41 10.46 2.58

40 32.53 13.40 3.30

45 40.45 16.66 4.11

50

60

70

80

90

100

Velocities in this area are over 10 feet per second. 49.15 20.24 4.99

28.36 7.00 0.97

37.72 9.31 1.29

11.91 1.66

14.81 2.06

18.00 2.50 0.62

125 27.20 3.78 0.93

150 5.30 1.31

175 7.05 1.74

Check with your manufacturer for design aids for other pipe.
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Friction Loss for PVC Fittings
Equivalent Length of Pipe (feet)

PVC Pipe Fittings

Pipe Size
(in)

90o

Elbow
45o

Elbow
Through
Tee Run

Through
Tee Branch

Male or 
fem. 

Adapter

Gate 
valve

Swing 
check

.5 1.5 0.8 1.0 4.0 1
.75 2.0 1.0 1.4 5.0 1.5 .55 7.0
1 2.25 1.4 1.7 6.0 2.0 0.7 9.0

1.25 4.0 1.8 2.3 7.0 3.0 0.9 11.5
1.5 4.0 2.0 2.7 8.0 3.5 1.0 10
2 6.0 2.5 4.3 12.0 4.5 1.0 11

2 1/2 8.0 3.0 5.1 15.0 5.0 1.0 14
3 8.0 4.0 6.3 16.0 6.5 1.0 16
4 12.0 5.0 8.3 22.0 9.0 2.0 22

Friction loss for fittings, steel pipe
Fitting Equivalent length in feet per inch of pipe diameter

Angle Valve (fully open) 12.0

Butterfly valve 3.3

Gate valve (fully open) 1.1

Globe valve (fully open) 28.0

Foot valve with strainer 6.3

Swing check valve 11.0

Check valve 12.5

90 deg. Elbow 2.5

From various industry sources. Note that swing check losses vary widely, check with your manufacturer.
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VOLUME OF PVC PIPE (US GALLONS PER FOOT)

PVC pipe class

Nominal Diameter (in) SERIES 160 SERIES  200 Schedule 40

0.75 0.035 0.028

1 0.058 0.058 0.045

1.25 0.098 0.092 0.078

1.5 0.126 0.121 0.106

2 0.196 0.188 0.174

2.5 0.288 0.276 0.249

3 0.428 0.409 0.384

4 0.704 0.677 0.661

5 1.076 1.034 1.039

6 1.526 1.465 1.501

Guideline pipeline flow velocities
•Safe design velocity 5 feet/sec (1.5 m/s)
•Minimum scouring velocity 2 feet/sec
•Do not exceed 10 feet/sec even in short pipelines

How much flow for 5 feet/sec?
•1” pipe 13 Usgpm (Sch. 40)
•1.25” Pipe 23
•1.5” Pipe 32
•2” Pipe 52 (59 for SDR26)
•2.5” Pipe 75
•3” Pipe 115
•4” Pipe 198 (211 for SDR26)

How much flow for 2 feet/sec?
•1” pipe 5 Usgpm (Sch. 40)
•1.25” Pipe 9
•1.5” Pipe 13
•2” Pipe 21 (24 for SDR26)
•3” Pipe 46
•4” Pipe 79 (84 for SDR26)
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Lateral Design Tables from Washington State

Maximum Lateral Length  (ft)
Orifice 

Diameter
Lateral 

Diameter
Orifice Spacing Pipe Material

(inches) (inches) (feet) Schedule 40 Class 200 Class 160

1/8 1 1.5 42 51
1/8 1 2 50 62
1/8 1 2.5 57.5 72.5
1/8 1 3 66 81
1/8 1 4 80 96
1/8 1 5 90 110
1/8 1 6 102 126
1/8 1.25 1.5 66 76.5 79.5
1/8 1.25 2 80 92 96
1/8 1.25 2.5 92.5 107.5 110
1/8 1.25 3 105 120 123
1/8 1.25 4 124 144 148
1/8 1.25 5 145 165 175
1/8 1.25 6 162 186 192
1/8 1.5 1.5 85.5 96 100.5
1/8 1.5 2 104 116 120
1/8 1.5 2.5 120 135 140
1/8 1.5 3 135 150 156
1/8 1.5 4 164 184 188
1/8 1.5 5 190 210 220
1/8 1.5 6 210 240 246
1/8 2 1.5 132 141 145.5
1/8 2 2 160 170 176
1/8 2 2.5 185 197.5 202.5
1/8 2 3 207 222 228
1/8 2 4 248 268 276
1/8 2 5 290 310 320
1/8 2 6 324 348 360
5/32 1 1.5 31.5 39 39
5/32 1 2 36 46 46
5/32 1 2.5 42.5 52.5 52.5
5/32 1 3 48 60 60
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Maximum Lateral Length  (ft)
Orifice 

Diameter
Lateral 

Diameter
Orifice Spacing Pipe Material

(inches) (inches) (feet) Schedule 40 Class 200 Class 160

5/32 1 4 56 72 72
5/32 1 5 65 80 85
5/32 1 6 72 90 96
5/32 1 1/4 1.5 48 55.5 58.5
5/32 1 1/4 2 58 68 70
5/32 1 1/4 2.5 67.5 77.5 80
5/32 1 1/4 3 75 87 90
5/32 1 1/4 4 92 104 108
5/32 1 1/4 5 105 120 125
5/32 1 1/4 6 120 138 144
5/32 1 1/2 1.5 63 70.5 73.5
5/32 1 1/2 2 76 84 88
5/32 1 1/2 2.5 87.5 97.5 102.5
5/32 1 1/2 3 99 111 114
5/32 1 1/2 4 120 132 136
5/32 1 1/2 5 140 155 160
5/32 1 1/2 6 156 174 180
5/32 2 1.5 96 103.5 106.5
5/32 2 2 116 124 128
5/32 2 2.5 135 142.5 147.5
5/32 2 3 150 162 168
5/32 2 4 184 196 200
5/32 2 5 210 225 235
5/32 2 6 240 252 264
3/16 1 1.5 24 30
3/16 1 2 28 36
3/16 1 2.5 32.5 42.5
3/16 1 3 39 45
3/16 1 4 44 56
3/16 1 5 50 65
3/16 1 6 60 72
3/16 1.25 1.5 37.5 43.5 45
3/16 1.25 2 46 54 56
3/16 1.25 2.5 52.5 62.5 62.5
3/16 1.25 3 60 69 72
3/16 1.25 4 72 84 88
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Maximum Lateral Length  (ft)
Orifice 

Diameter
Lateral 

Diameter
Orifice Spacing Pipe Material

(inches) (inches) (feet) Schedule 40 Class 200 Class 160

3/16 1.25 5 85 95 100
3/16 1.25 6 96 108 114
3/16 1.5 1.5 49.5 55.5 57
3/16 1.5 2 60 68 70
3/16 1.5 2.5 70 77.5 80
3/16 1.5 3 78 87 90
3/16 1.5 4 92 104 108
3/16 1.5 5 110 120 125
3/16 1.5 6 120 138 144
3/16 2 1.5 76.5 81 84
3/16 2 2 92 98 102
3/16 2 2.5 105 112.5 117.5
3/16 2 3 120 129 132
3/16 2 4 144 152 160
3/16 2 5 165 180 185
3/16 2 6 186 198 210
7/32 1 1.5 19.5 24
7/32 1 2 24 30
7/32 1 2.5 27.5 35
7/32 1 3 30 39
7/32 1 4 36 44
7/32 1 5 45 55
7/32 1 6 48 60
7/32 1.25 1.5 31.5 36 37.5
7/32 1.25 2 38 44 46
7/32 1.25 2.5 42.5 50 52.5
7/32 1.25 3 48 57 60
7/32 1.25 4 60 68 72
7/32 1.25 5 70 80 80
7/32 1.25 6 78 90 90
7/32 1.5 1.5 40.5 45 46.5
7/32 1.5 2 50 54 56
7/32 1.5 2.5 57.5 62.5 65
7/32 1.5 3 63 72 75
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Maximum Lateral Length  (ft)
Orifice 

Diameter
Lateral 

Diameter
Orifice Spacing Pipe Material

(inches) (inches) (feet) Schedule 40 Class 200 Class 160

7/32 1.5 4 76 88 88
7/32 1.5 5 90 100 105
7/32 1.5 6 102 114 114
7/32 2 1.5 63 66 69
7/32 2 2 76 80 84
7/32 2 2.5 87.5 92.5 95
7/32 2 3 99 105 108
7/32 2 4 116 124 132
7/32 2 5 135 145 150
7/32 2 6 156 162 168
1/4 1 1.5 16.5 21
1/4 1 2 20 24
1/4 1 2.5 22.5 27.5
1/4 1 3 27 33
1/4 1 4 32 40
1/4 1 5 35 45
1/4 1 6 42 48
1/4 1.25 1.5 27 30 31.5
1/4 1.25 2 32 36 38
1/4 1.25 2.5 37.5 42.5 45
1/4 1.25 3 42 48 48
1/4 1.25 4 48 56 60
1/4 1.25 5 55 65 70
1/4 1.25 6 66 72 78
1/4 1.5 1.5 34.5 39 39
1/4 1.5 2 42 46 48
1/4 1.5 2.5 47.5 52.5 55
1/4 1.5 3 54 60 63
1/4 1.5 4 64 72 76
1/4 1.5 5 75 85 85
1/4 1.5 6 84 96 96
1/4 2 1.5 52.5 55.5 58.5
1/4 2 2 64 68 70
1/4 2 2.5 72.5 77.5 80
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Maximum Lateral Length  (ft)
Orifice 

Diameter
Lateral 

Diameter
Orifice Spacing Pipe Material

(inches) (inches) (feet) Schedule 40 Class 200 Class 160

1/4 2 3 81 87 90
1/4 2 4 100 104 108
1/4 2 5 115 120 125
1/4 2 6 126 138 144

Manifold design tables based on Washington State design manual

These tables can be used to determine maximum manifold lengths for various manifold diameters, 
lateral discharge rates and lateral spacings. For 6" manifolds see Washington State design manual.

The maximum lateral lengths were developed to assure there will be no more than a 10% variance 
(drop) in the discharge rates between the proximal and distal orifices in any given lateral.  The 
maximum manifold lengths in the tables below were developed to assure there will be no more than a 
15% variance in discharge rates between any two orifices in a given distribution system (assuming 
the system is designed using the above procedure and tables). These tables are quite conservative.

Two assumptions used to develop these tables are: (1) the maximum variance in orifice discharge 
rates within a network occurs between the proximal orifice in the first lateral connected to a manifold 
and the distal orifice on the last lateral connected to the manifold and (2) the friction loss that occurs 
between the proximal orifice of a lateral and the point where the lateral connects to the manifold is 
negligible. If your fittings are not normal, additional network head loss may need to be considered.

For marginal situations consider use of series 200 pipe. For situations where feeder pipes are used 
from a short manifold, design using head loss calculations, on sloped sites the slope assists where top 
fed feeder pipes are used.

Note that the Central Manifold discharge rates are ½ the end fed rates—this is because the discharge 
is PER LATERAL, and with a central manifold there are 2 laterals per lateral spacing.

Instructions: 

Example A: Central manifold configuration,  lateral discharge “Q” = 40 gpm (this is discharge for 
each lateral, one both sides of the center manifold),  lateral spacing = 6 ft., manifold diameter = 4 
inch;  Maximum length = 18 ft.

Example B:  End manifold configuration, lateral  discharge “Q” = 30 gpm, lateral spacing = 6 ft., 
manifold length = 24 ft.; Minimum diameter = 3 inch

Round flows to nearest number in table.

Make sure you are using the table that matches your orifice size!
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Lateral discharge 
rate (gpm per 

lateral)

Maximum Manifold Length (ft) For 1/8" and 5/32" orifices and min. 5' distal pressure
Manifold diameter (inches), Schedule 40

1 1/4 1 1/2 2 3 4

Central
Manifold

End
Manifold

Lateral spacing (feet)
2 3 4 6 8 10 2 3 4 6 8 10 2 3 4 6 8 10 2 3 4 6 8 10 2 3 4 6 8 10

5 10 6 9 8 12 16 10 8 12 12 18 16 20 14 18 20 30 32 40 30 39 48 60 72 80 48 63 76 96 120 130
10 20 4 3 4 6 8 10 4 6 8 6 8 10 8 12 12 18 16 20 18 24 28 36 40 50 30 39 48 60 72 80
15 30 2 3 4 4 3 4 6 8 10 6 6 8 12 8 10 14 18 20 24 32 30 22 30 36 42 56 60
20 40 2 2 3 4 6 4 6 8 6 8 10 12 15 16 18 24 30 18 24 28 36 40 50
25 50 2 3 4 4 6 4 6 8 10 10 12 12 18 16 20 16 21 24 30 40 40
30 60 2 4 3 4 6 8 10 8 9 12 12 16 20 14 18 20 24 32 40
35 70 2 2 3 4 6 8 9 12 12 16 20 12 15 20 24 24 30
40 80 2 3 4 6 9 8 12 16 10 12 15 16 18 24 30
45 90 2 3 4 6 6 8 12 8 10 10 12 16 18 24 20
50 100 2 3 6 6 8 6 8 10 10 12 12 18 24 20
55 110 2 3 4 6 8 6 8 10 8 12 12 18 16 20
60 120 2 4 6 8 6 8 10 8 9 12 12 16 20
65 130 2 4 6 4 6 8 10 8 9 12 12 16 20
70 140 2 4 6 4 6 8 10 8 9 12 12 16 20
75 150 4 3 4 6 8 10 6 9 8 12 16 20
80 160 4 3 4 6 8 10 6 9 8 12 16 10
85 170 4 3 4 6 8 6 9 8 12 16 10
90 180 2 3 4 6 8 6 6 8 12 8 10
95 190 2 3 4 6 8 6 6 8 12 8 10

100 200 2 3 4 6 6 6 8 12 8 10
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Lateral discharge 
rate (gpm per 

lateral)

Maximum Manifold Length (ft) For 3/16" and up orifices and min. 2' distal pressure
Manifold diameter (inches), Schedule 40

1 1/4 1 1/2 2 3 4

Central
Manifold

End
Manifold

Lateral spacing (feet)
2 3 4 6 8 10 2 3 4 6 8 10 2 3 4 6 8 10 2 3 4 6 8 10 2 3 4 6 8 10

5 10 4 6 4 6 8 10 6 6 8 12 8 10 10 12 16 18 24 20 22 27 32 42 48 60 34 45 52 72 80 90
10 20 2 3 4 2 3 4 6 8 6 6 8 12 8 10 12 15 20 24 32 30 22 27 32 42 48 60
15 30 2 2 3 4 4 6 4 6 8 10 10 12 12 18 24 20 16 21 24 30 40 40
20 40 2 2 3 4 6 8 8 9 12 12 16 20 12 18 20 24 32 30
25 50 2 3 4 6 9 8 12 16 10 10 15 16 18 24 30
30 60 2 3 4 6 6 8 6 8 10 10 12 16 18 24 20
35 70 2 3 4 6 8 6 8 10 8 12 12 18 16 20
40 80 2 4 6 4 6 8 10 8 9 12 12 16 20
45 90 4 3 4 6 8 10 6 9 8 12 16 20
50 100 4 3 4 6 8 10 6 9 8 12 16 10
55 110 2 3 4 6 8 6 6 8 12 8 10
60 120 2 3 4 6 6 6 8 12 8 10
65 130 2 3 4 6 6 6 8 6 8 10
70 140 2 3 4 4 6 8 6 8 10
75 150 2 3 4 4 6 8 6 8 10
80 160 2 3 4 4 6 4 6 8 10
85 170 2 3 4 6 4 6 8 10
90 180 2 3 4 3 4 6 8 10
95 190 2 3 4 3 4 6 8 10
100 200 2 4 3 4 6 8 10
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Conversions

Gallons in this worksheet are US unless shown as “IG”.
US unit X = Metric 

Unit
X = US Unit X = secondary 

unit
Gallons 3.785412 Litres 0.264172 Gallons 0.8326738 Imperial Gal.
feet 0.3048 meter 3.28083 ft of head 0.4329004 PSI
Atmosphere 101.325 Kpa 0.1450377 PSI 0.06894757 Bar (=100 Kpa)

Gallons 0.1336806 cu ft
Cu m 35.31467 cu ft 7.480519 gallons

GPD/sqft 40.74648 Lpd/sqm 0.024542 GPD/sqft
GPD/ft 12.418 Lpd/m 0.080528 GPD/ft
Sq ft 0.0929 Sq m 10.76391 Sq ft
Inches 0.0254 Meters 39.36996 Inches
Feet 0.3048 Meters 3.28083 Feet

References

This worksheet developed by Ian Ralston, TRAX Developments Ltd. Based on Pressure Distribution  
Network Design By James C. Converse January, 2000 and Recommended Standards and Guidance For 
Pressure Distribution, by Washington State Department of Health.

For Converse's papers see:
http://www.wisc.edu/sswmp/

For Washington State guidelines see:
http://www.doh.wa.gov/ehp/ts/WW/

See also
http://www.traxdev.com/ES930/
For the most current version of this worksheet, the Design Inputs Worksheet, Timed Dosing Worksheet, 
and for a short form version of this worksheet, without tables and instructions (for use as part of a record of 
design).
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