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� Improved operational efficiency

� Lowered water system operational costs

� Increased revenue

� Extended life of facilities

� Reduced water outage events

� Improved public relations

� Less Non-Revenue Water(NRW)

� Reduced potential for contamination
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Real Losses
Physical escape of water from system including Leakage 
from water system, reservoirs, tanks and overflows.  Real 
losses occur prior to the point of use.

Apparent Losses
Caused by inaccuracies associated with customer 
metering, consumption and billing data handling error, 
assumptions and unmeasured use, and any form of 
unauthorized consumption (theft or illegal use).
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Billed Authorized Billed metered consumption Revenue

Authorized Consumption Billed unmetered consumption Water

Consumption Unbilled Authorized Unbilled metered consumption

Consumption Unbilled unmetered consumption

System Unauthorized consumption

input Apparent Customer metering inaccuracies Non-

volume Losses and data handling errors Revenue

(allow for Water Leakage on transmission and/ Water

known 

errors) Losses or distribution mains (NRW)

Real Losses at utility's storage tanks

Losses Leakage on service connections

up to point of customer use
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Leakage losses for circular holes under different Pressures

Diameter of 
hole, in.

Area of Hole, 
in sq.

GPM GPM 40 PSI GPM GPM 80 PSI GPM 100 
PSI

GPM 120 
PSI

GPM 140 
PSI

GPM 160 
PSI

20 PSI 60 PSI

0.1 0.007 1.067 1.51 1.85 2.136 2.388 2.616 2.825 3.021

0.2 0.031 4.271 6.041 7.399 8.544 9.522 10.464 11.302 12.083

0.3 0.07 9.611 13.593 16.648 19.224 21.493 23.544 25.430 27.186

0.4 0.125 17.087 24.165 29.697 34.175 38.209 41.586 45.209 48.331

0.5 0.196 26.699 37.758 46.245 53.399 59.702 65.400 70.640 75.518

0.6 0.282 38.477 54.372 66.593 76.894 85.971 94.176 101.721 108.745

0.7 0.384 52.331 74.007 90.64 104.662 117.01 128.184 138.454 148.014

0.8 0.502 68.35 96.662 118.387 136.701 152.84 167.424 180.839 193.325

0.9 0.636 86.506 122.338 149.833 173.012 193.434 211.896 228.874 244.676

1.0 0.785 106.798 151.035 184.979 213.596 238.807 261.600 282.561 302.070

1.1 0.950 129.225 129.225 182.752 223.825 258.451 316.536 341.898 365.505

1.2 1.131 153.789 153.789 217.490 266.370 307.578 376.704 406.887 434.981

1.3 1.327 180.488 180.488 255.249 312.615 360.977 442.104 477.527 510.498

1.4 1.539 209.324 209.324 296.028 362.559 418.648 512.737 553.819 592.057

1.5 1.767 240.295 240.295 339.829 416.203 480.590 588.601 635.762 679.658

1.6 2.011 273.402 273.402 386.649 473.547 546.805 669.697 723.355 773.299

1.7 2.270 308.646 308.646 436.491 534.590 617.292 756.025 816.600 872.983

1.8 2.545 346.025 346.025 489.353 599.333 692.050 847.585 915.496 978.707

1.9 2.836 385.540 385.540 545.237 667.776 771.081 944.378 1010.040 1080.470

2.0 3.142 427.191 427.191 604.140 739.918 854.283 1046.400 1130.240 1208.280

*Calculated using Greeley's formula 5

Leak losses for joints or cracks

Area of Joint

or Crack LEAK LOSSES

Length,                
in.        

Width,                                             
in.                                           

GPM GPM 40 PSI GPM GPM 80 PSI GPM 100 PSI GPM 120 PSI GPM 140 PSI GPM 160 PSI

20 PSI 60 PSI

1.0 1/32 3.2 4.5 5.5 6.4 7.1 7.8 8.4 9.0

1.0 1/16 6.4 9.0 11.0 12.7 14.2 15.6 16.9 18.0

1.0 1/8 12.7 18.0 22.1 25.5 28.5 31.2 33.7 36.0

1.0 1/4 25.5 36.0 44.1 51.0 57.0 62.4 67.4 72.1

*For leaks emitted from joints or cracked service lines (rigid pipe). An orifice coefficient of 0.60 is used.

6



Leak Detection Methods, and Experiences 

from the Field

11/9/2011

Instructor: Travis Spaeth 2

� Leaking Toilet @0.5 GPM = 21,600 Gal/mo

� Small leak @ 0.1GPM = 4,320 Gal/mo

� Drip Irrigation @ 1 GPM = 43,200 Gal/mo

� Unattended Water Hose/Overflowing Tank 1 
Night @ 15 GPM =5,400 Gal/mo

� Broken Service Line 1 week @ 15 GPM= 
151,200 Gal
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� Sonic Leak Detection 
Equipment
◦ Final step for most 
leak detection.

◦ Takes a trained ear

◦ Can be the only 
process used.

◦ Accurate As-builts
with pipe locations 
very helpful

◦ Reasonable price 
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� Acoustic Data Loggers/Correlators
◦ Calculates leak location in-between 2 points
◦ Graphically shows leak
◦ Still want to pin point with Acoustic leak detection 
equipment
◦ Takes multiple iterations finalize location
◦ Fairly expensive equipment
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1)   To 1)   To 1)   To 1)   To obtain a good correlation display, noise obtain a good correlation display, noise obtain a good correlation display, noise obtain a good correlation display, noise MUSTMUSTMUSTMUST be heard be heard be heard be heard 
at each sensor.at each sensor.at each sensor.at each sensor.

Similar Similar Similar Similar 
soundssoundssoundssounds

Dissimilar Dissimilar Dissimilar Dissimilar 
soundssoundssoundssounds
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2) Be wary if leak appears at or close to a tee, 
cross, or service connection

3) Be wary if leak appears close to Red or Blue
outstation / preamp.
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L = D L = D L = D L = D ---- (V x Td)(V x Td)(V x Td)(V x Td)
2222

L = Leak position L = Leak position L = Leak position L = Leak position (Feet)(Feet)(Feet)(Feet)
D = Length of pipe D = Length of pipe D = Length of pipe D = Length of pipe (Feet)(Feet)(Feet)(Feet)
V = Velocity of sound along pipe V = Velocity of sound along pipe V = Velocity of sound along pipe V = Velocity of sound along pipe (Feet (Feet (Feet (Feet per millisecond)per millisecond)per millisecond)per millisecond)
Td = time delay Td = time delay Td = time delay Td = time delay (milliseconds)(milliseconds)(milliseconds)(milliseconds)
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L = L = L = L = D D D D ---- (V x Td)(V x Td)(V x Td)(V x Td)
2222

Correlation CalculationsCorrelation CalculationsCorrelation CalculationsCorrelation Calculations
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In CORRELATION, the correlation
“picture” indicates whether the leak 
sounds are clearly heard at both 
sensors.
The distance to the leak and the filter 
settings are displayed.
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� Poor MeasurementPoor MeasurementPoor MeasurementPoor Measurement
� Wrong MaterialWrong MaterialWrong MaterialWrong Material

� Wrong Pipe DiameterWrong Pipe DiameterWrong Pipe DiameterWrong Pipe Diameter
� Parallel Mains (Correlating Different Parallel Mains (Correlating Different Parallel Mains (Correlating Different Parallel Mains (Correlating Different 
Mains)Mains)Mains)Mains)

� Mixed MaterialsMixed MaterialsMixed MaterialsMixed Materials
� Tee ConnectionsTee ConnectionsTee ConnectionsTee Connections
� Poor Sensor Contact Poor Sensor Contact Poor Sensor Contact Poor Sensor Contact 

� Use Diagnostics to Check EquipmentUse Diagnostics to Check EquipmentUse Diagnostics to Check EquipmentUse Diagnostics to Check Equipment
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� Utility Example

� http://www.youtube.com/watch?v=-
CfONBORtto

�
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� Flowmetering/pressure logging
◦ Need accurate field data.

◦ Need flowmeters within system

◦ Can use customers meters

◦ System isolation may be required
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� Location

� Map

� Type

� Estimated GPM

� Notes

� Date

� Leak Type

� Crew

                           Leak Report #

Map#: AREA: Date:

Location: GPS:

Remarks:

Tech Initials: Min. Spent Marked?      EST. Water Loss

Leak Type: Classificati on      1    2    3      Cover Type: GPM

                       Leak Diagram Daily

               Note: Map is not to scale Weekly

Monthly

Yearly

Called for Locates? Y      N

                         Repair Photo

                             Recommendati ons: Repaired? Y      N

Repair Notes: Date:          Locate Photo

PAGE#
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� As Matuis – Flowmeter/pressure logging
◦ Used a pressure gauge and flowmeter at the upper 
As Matuis Booster.

◦ Isolated valves to isolate the leaking pipe.

◦ Checked pressures and flows as we isolated 
different areas of As Matuis.
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� Sound the leak in-between the valves

As-Matuis leak Savings 
of 165 GPM

Or 237,600 Gal/day

Enough to pressurize 
San Roque/ Tanapag 24 
hrs/day

Current Readings 
Pressure 42 psi 100 
GPM
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� Leak in home 0:48-
http://www.youtube.com/watch?v=UFXcB5N
HDuA&feature=related 

� Major Leak -
http://www.youtube.com/watch?v=R_2V56K
Q6UM&feature=related
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� Ground Survey
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� Up and down all 
streets in area 
surveyed.

� Listen to sounds.

� Mark known leaks.

� Need >20 psi to hear 
properly

� Document and 
schedule repairs.
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� http://www.youtube.com/watch?NR=1&v=W
VdzP53X9vw
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Travis Spaeth P.E.
CUC
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