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V: Propagation velocity of leak noise in pipe 
Vo: Propagation velocity of sound in an infinite body of water 
D: Internal diameter of pipe 
e:  Thickness of pipe wall 
Kwater: Bulk modulus of water 
Epipe: Young Modulus of pipe material 
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Pipeline Leak Noise Correlator 
How the Innovation Works 

Cross correlation of leaks in water pipes has been around for many years now. The 
technology works by passively listening to the sound that a leak generates in the water 
pipe. The technology works by placing sensors on valves or fire hydrants and wirelessly 
transmitting them to a central processing station. Given that we can calculate the velocity 
in the water pipe, then if we measure the time delay between when the signal reaches the 
two sensor locations, we can exactly pinpoint the location of the leak. The leak sound 
travels in the pipe as a ‘coupled mode’ between the water and the pipe wall, the velocity 
of which is given as: 
 
 
 
 
 
 
 
 
 
 
Figure 1 shows the typical setup of a measurement. The time delay is calculated by 
performing a cross correlation analysis. This involves taking the two time signals at the 
sensor locations, and shifting them in time until they overlay each other. As the signals 
are generated from the same source, their coherence will be high, and when they overlay 
at some time delay t, then a maximum will be seen.  This is shown graphically in Figure 
2. 

 
Figure 1: Setup of a leak correlation. 

                                                 
1 September 6, 2005 
2 Executive Director of Management Consulting, The PAC Group, Troy, Michigan. 



   

Nomination 2005-27 2 Pipeline Leak Noise Correlator 

 

 
 

Figure 2: Depiction of the time delay at the two sensors in Figure 1: 
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What is Innovative about Leakfinder 

Conventional Leak Noise Correlators have historically had several problems: 
 

• They were very expensive, as the electronics were custom designed only to do 
leak noise correlation. This had the added problem that if new innovations came 
along, users of older equipment were stuck with the old technology. Due to the 
expense of these systems (between $30,000 and $60,000 US), many smaller 
towns and counties could not afford to buy this equipment. 

• They do not work on PVC or other plastic pipes. With many systems changing 
over to PVC, finding leaks in these pipes is of critical importance. 

• They do not work on large diameter mains. Currently the methods for finding 
leaks in large diameter mains are expensive and highly intrusive. 

• They are very complex to use, and require many months of experience before an 
operator can use the equipment to its full potential. 

• Customers have complained that there is little that can be done in the way of 
customer support after they have purchased a correlator. 

 
Leakfinder was designed specifically to address all these deficiencies. 
 
Cost of System 

All modern computers (PC’s) already contain a very high quality (16 or 20 bit) A/D 
converter in the form of a sound card. The system then actually uses the sound card of an 
ordinary PC as the data acquisition device, which eliminates much of the expense of 
dedicated electronics. All of the signal processing is done in the Windows environment 
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on the PC. The cost of a basic Leakfinder system is $13,000 US, which is lower than any 
comparable system on the market for this reason. To date they have had much of their 
success selling systems to smaller towns, which in the past could not afford a 
conventional correlator. 
 
Performance on PVC and Large Diameter Pipe 

The Leakfinder system was specifically designed to work on PVC and plastic pipes. 
There are several challenges that had to be overcome to do this. The correlation process 
works well on metallic water pipes because the leak noise is transmitted by a coupled 
mode between the water and the pipe. In metallic pipes, this is the water hammer mode. It 
is well known that one of the advantages of PVC is that it damps water hammer; in 
essence it is this damping of this mode that we need to overcome for leak detection.  
 
There are two major advancements in Leakfinder that allow the correlation of PVC and 
large diameter pipe; the signal processing and development of new sensors. The signal 
processing used in the algorithms for Leakfinder is not a conventional correlation 
algorithm, but has been optimized for the particular challenge of the low level and low 
frequency pressure waves associated with PVC leaks. The advances made also make 
correlations on metallic more accurate by increasing the resolution of the correlation 
peaks, and making correlation of ‘quieter’ leaks possible. 
 
Secondly, the transducers developed for use with the correlator have extraordinarily low 
noise and frequency response at the low frequencies associated with PVC and large 
diameter leak pressure waves.  
 
Customer Support 

This is a difficult issue for any field-based equipment. Leakfinder makes it significantly 
easier to provide customers with field support in two ways. First, because leak noise 
sounds are saved as wave files, they can be e-mailed to their office for technical 
assistance. Thus if a client has a particularly difficult leak, they can send them 
information on the geometry of the pipe, and the recorded wave file for technical 
assistance. 
 
Being windows based, they also offer a PC Anywhere solution, where they take complete 
control of the clients system while they are in the field. This only requires a wireless 
modem, which they provide with the system. In this way they can debug a difficult leak 
locate by several methods, including analyzing signals from the sensors, changing the 
filtering frequencies, and other such methods. 
 
Where Leakfinder has been applied and the benefits 

Leakfinder has now been purchased by many customers around the world, with the 
majority of these being in the United States, China and Canada. In order to show the 
tangible benefits of the system, I have concentrated on two of their customers that are 
demonstrative of the benefits of that the system can provide to municipalities. Typically, 
a single medium sized leak, if left undetected, can cost a municipality upwards of 
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$15,000 per year. Typical North American cities and towns lose between 15 to 50% of 
the water that they pump. With the growing scarcity of fresh water caused by 
development and drought conditions in some areas, the environmental concerns of losing 
water are just as great as the economic concerns, although harder to quantify. 
 
Folsom, California 
 
Folsom, California has been given a grant by the State of California to reduce water loss. 
The system in Folsom is 90% PVC. Echologics was the only system considered by 
Folsom, as other manufacturers declined to bid when it was learned of the percentage of 
PVC in the system. On the first day of training with Folsom, they successfully pinpointed 
2 leaks on 6” PVC, and one asbestos-cement pipe. The Folsom sale was significant, as 
Folsom has been given a grant from the State of California to reduce their water loss. The 
city will be credited for every leak that is found and repaired. For further information 
regarding this, the following person was contacted: 
 
Don Smith 
Water Management Specialist 
City of Folsom, Utilities Department 
50 Natoma Street, Folsom, California, 95630 
(916) 355-7252 
 
Comments:  overall, they are very happy with it.  The price was reasonable.  Looked at 
several different systems and picked it.  The service has been excellent.  Did training with 
field guys.  Came back as exhibitors in a conference and did some follow up training.  It 
is being used in conjunction with other equipment that give warning and then use the 
system to zoom on the leak.  They would definitely purchase it again if the need arises. 
 
Guelph, Ontario 
 
Guelph, Ontario did extensive research before deciding on the Leakfinder system. It was 
chosen as the water system is a mix of older cast iron and ductile iron pipes, as well as 
newer areas of PVC. The city undertook a correlation survey to reduce water loss. This 
involved assigning one operator to operate the correlator, and systematically survey the 
entire water system. Not only did Echologics provide the equipment and training, but also 
assisted over the course of the program in resolving difficult situations. 
 
Since implementing a leak detection program with Leakfinder, Guelph has reduced their 
unaccounted for water dramatically. For more information the following person was 
contacted but was not available: 
 
Peter Busatto 
Distribution System Manager 
Guelph Waterworks 
29 Waterworks Place 
Guelph, Ontario  
(519) 837 5627 
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Development of Leakfinder 

The development of the Leakfinder system was done at the National Research Council of 
Canada. The development commenced after the NRC was hired by the American Water 
and Wastewater Association (AWWA) to perform a study on correlators, and why they 
are ineffective on plastic pipes, and often missed leaks on metallic pipe. The original 
system was developed at the NRC. The system was then licensed to Echologics 
Engineering Inc. to be commercialized. Echologics further developed the sensors and 
electronics necessary to increase the system’s effectiveness on PVC and large diameter 
pipe. 
 
The key individuals in the development are: 
 
Osama Hunaidi: Research Officer, NRC 
Alex Wang: Technical Officer, NRC 
Marc Bracken: Echologics Engineering Inc. 
 
Effectiveness of the System 

The Leakfinder system has many competitors in the market. These include: 
 
Palmer/FCS (The Halma Group companies) 
Fuji Tecom 
Metrotech 
Flowmetrix 
 
Key differences between Echologics and their key competitors have been covered in this 
report but are summarized here: 
 
• None of these systems work well on plastic or large diameter pipes.  The significance 

of this point cannot be overemphasized. There is currently hundreds of thousands of 
kilometers of PVC pipe being installed all over the world, and this system is 
considered one of the very few systems that can detect leaks in it acoustically. 

• The Leakfinder system is much easier to use than competitors. The use of a very 
simple Windows interface, and automating all parametric filter selection is the key to 
this advantage. 

• The system costs far less than a comparably configured competing system. This will 
put the system within the reach of many municipalities that before this could not 
afford. 

• The accuracy of the system in detecting quiet leaks on metallic pipe has also been 
increased over that of competitors by use of their patented signal processing 
algorithms. 



*Echologics Engineering Inc., 50 Ronson Drive Ste 165, Toronto, Canada, M9W1B3, marc@echologics.com 

**National research Council of Canada, Ottawa, Canada 

Keywords: Leak Correlation 
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Practical Aspects of Acoustical Leak Location on Plastic 
and Large Diameter Pipe  

Marc Bracken*, Osama Hunaidi** 

Introduction 
The LeakfinderRT system was specifically designed to correlate leaks on plastic 

pipe. Despite this however, there are fundamental difference in the procedures that must 
be used to correlate leaks on PVC and large diameter pipe. Simply put, methods that are 
successfully used every day by leak detection professionals to correlate leaks on a cast 
or ductile iron main, can fail miserably when applied to a similarly sized PVC pipe. The 
purpose of this article is to discuss the difference in the physics between plastic and 
metallic pipe, and the resulting difference in techniques required to correlate. 

Physics of Leak Noise Correlation in Plastic and Large Diameter Pipe 
This paper assumes familiarity with the Correlation Technique for pinpointing leak 
locations in water pipelines, and therefore deals with only the aspects that relate to 
plastic and large diameter pipes. The correlation of leak noise is based on the 
propagation of a non-dispersive mode that couples the noise between the pipe wall and 
the water that fills the pipe. The wave being non-dispersive means that it can travel long 
distances without attenuation.  The problems with conventional correlation techniques 
arise due to several factors: 
 
Damping. The higher damping of plastic pipe means that the acoustic signals in the pipe 
will be attenuated over a much shorter distance than for metallic pipe.  For this reason, 
the acoustic signals in the pipe will generally be much lower than in metallic sensors. 
This means that distances between the sensors and the type and quality of sensor is of 
great importance. 
 
Frequency Content. The lower frequency of the sound waves in plastic and large 
diameter pipe create a host of other problems regarding the physics of what can be 
measured, and how it is measured. 

Frequency Content  
It is now well known based on research by the National Research Council of Canadai 
that the frequency content of the sound generated in PVC and large diameter pipes is 
low frequency in nature. For example a typical leak in a 150mm (6”) PVC main can have 
frequency content between 10 and 40 Hz. By comparison most typical commercial 
stereo loudspeakers (other than subwoofers) start to roll off steeply at about 50 Hz 
(Human hearing typically ranges from 20-20kHz). There are several significant 
consequences of this: 
 

• Detecting leaks using an acoustical leak survey commonly done by placing a 
contact microphone on a fire hydrant will be unsuccessful. This is due to the fact 
that the frequency content of the leak noise is very low and therefore difficult or 
impossible to distinguish as a leak. 

• Detecting leaks using conventional noise loggers will be unsuccessful unless the 
logger is located very close to the leak.  
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• The location of sensors to pick up the noise must be chosen with the physics of 
the wave propagation in mind. Essentially, they must have appropriate  
frequency repose. 

• The propagation of low frequency sound/vibration will be limited by the 
impedance of fittings. This will be covered more in the section of practical 
suggestions.  

Damping of the Pipe Material 
The damping of a plastic pipe such as PVC is much higher than that of a metallic pipe 
 

• The high damping of the plastic pipe means that leak sound will attenuate rapidly 
with distance. This will limit the distance at which the sensors may be placed to 
correlate a leak signal for plastic. 

• The damping will also control the type of transducer that may be used.   

Practical Implications to Leak Correlation 
The physics of the correlation of plastic and large diameter pipe mean that there are 
several methods that are conventionally used in correlation of small diameter cast and 
ductile pipe that cannot be used on large diameter and plastic pipe. 
 
For a typical 150mm (6”) PVC pipe, leaks will generate a variety of frequencies that are 
typically centered at 20 Hz. Again, this is the point where human hearing typically starts.  
For a sound wave, the wavelength is given by: 
Where, v is the speed of sound, and f is frequency. For water at a temperature of 10 

degrees Celcius, the speed of sound in water is about 1447 m/s. This gives 

This means that a sound wave in a PVC pipe completes a single cycle every 72 meters. 
A visual representation is given in Figure 1 for a sine wave. It should be noted that 
sound waves in water (and air) are not sine waves, but compression waves. 

 
Figure 1: Graphical Representation of Wavelength 

The practical implication of this long wavelength is the impedance to sound waves from 
a variety of sources. This has many practical applications to the correlation of leaks on 
plastic pipe.  
 
For example, one of the most commonly used methods to access a pipe for correlation 
is by using a valve key placed on the nut of the valve. The transducer is then placed on 

λ = v
f

f = 20Hz

λ = 1447
20

= 72.4m
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the valve key. This technique cannot be used to correlate leaks on PVC, as the key 
represents a mechanical filter to the low frequency waves of the leak noise. 

Case Study 
We have presented a case study of an actual leak on a 200mm PVC main in Guelph, 
Ontario. The leak in this case was at the service saddle. The leak appeared in winter, 
and there was water surfacing, though not at the leak location. Figure 2 below shows the 
correlation function for this leak. 

The reader will note the difference in the shape of this correlation in comparison to a 
conventional correlation on metallic pipe. The reason for this is the low frequency 
content of the leak noise. Figure 3 shows the frequency spectrum of the leak sound. This 
frequency content is typical of what we are finding is generated in 200mm PVC, being 
centred at approximately 10 Hz. This is significantly lower in frequency than we have 
measured on 150mm PVC. 

The distance separation of the hydrants on which the measurements were performed in 
this case was 122 meters. Typically, this is the farthest distance at which a surface 
mounted transducer may be used in the correlation of PVC or large diameter pipe. 
Typically as a general rule, we try not to go beyond distances of 100 meters for surface 
mounted transducers. Beyond this, hydrophones are necessary. 

Measurements we have performed on large diameter show similar results. Typically, a 
600mm cast iron pipe reacts very similarly to 150mm PVC, with frequencies transmitted 
in the range of 20 to 50 Hz. 

 
Figure 2: Correlation of Service Saddle Leak on 200mm PVC Main 
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Figure 3: Frequency content of Leak on 200mm PVC 

 
Summary 
The low frequencies generated in PVC and large diameter pipe make the correlation of 
leaks on these types of pipes far more challenging than on metallic pipe. One must be 
aware of the physics of the sound transmission in PVC pipe. 

Typical practices common in the correlation of leaks on metallic pipe, such as the use of 
valve keys to access measurement points on the pipe will not work on PVC or large 
diameter pipe due to the impedance provided by the key.  
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Abstract 

The recovery of water loss from leaks in transmission and distribution pipes can 
provide a solution, at least partially, to water shortages caused by insufficient 
water resources and / or limited treatment capacity. This paper introduces a new, 
low-cost and easy-to-use system that will help water utilities to dramatically 
improve the effectiveness of locating leaks in all types of pipes, including 
traditionally difficult plastic pipes. The system has promising potential for all 
water utilities, including small and medium-sized ones and utilities in 
developing countries. 

 
 
Introduction 
 
Water utilities in many parts of the world are facing growing challenges in their attempts to 
meet the demand for drinking water. For example, in the United States more than 36 states 
expect to experience water shortages over the next 10 years (EPA, 2003). Another major 
example is China where more than 400 of its 600 large and medium sized cities suffer from 
water shortages, with at least 100 cities, including Beijing, seriously threatened (Tai, 2004). 
Several factors are contributing to this situation. Climate change, manifested by extended 
periods of drought, is adversely impacting water resources. Population growth caused by 
migration to large urban centers and temperate regions is exerting increasing pressure on 
existing water supplies. The problem is compounded if treatment infrastructure is operating 
near capacity and funds required for expansion are scarce. Limited treatment capacity can 
create drinking water shortages even in water-rich regions. In the face of these challenges, the 
recovery of water loss from leaks in transmission and distribution pipes can provide a 
solution, at least partially, to shortages caused by insufficient water resources and / or limited 
treatment capacity.  
 
Water transmission and distribution networks deteriorate naturally with time and subsequently 
loose their initial water tightness. Causes of the deterioration include corrosive environments, 
soil movement, poor construction standards, fluctuation of water pressure, and excessive 
traffic loads and vibration. Water is lost due to leakage in different components of the 
networks that include transmission pipes, distribution pipes, service connection pipes, joints, 
valves, fire hydrants, and storage tanks and reservoirs. In addition to the physical losses due to 
leakage, many networks suffer from so called apparent losses. These are caused by under-
registration of customer meters, accounting errors, and unauthorized water use.  
 
The amount of water loss is typically between 20 to 30% of production, with leakage being 
the main component (Cheong, 1991). For some distribution systems, the loss can be in excess 
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of 50%  (AWWA, 1987). In addition to their help in meeting water demand, detection and 
repair of pipe leaks help to minimize water quality breaches that may result from the entry of 
contaminants via leaks. They also help to reduce the high cost of energy wasted on the 
treatment and pumping of leaking water (Colombo & Karney, 2002). The energy-wasting 
aspect of leakage is important as significant savings can be realized. Energy to supply water is 
the second largest cost after labour for water systems in developed countries, and the cost may 
easily consume 50% of a municipality’s budget in the developing world (James et al., 2002).  
 
Acoustic equipment is commonly used to locate leaks in municipal water pipes. These include 
noise loggers, simple listening devices, and leak noise correlators. The economic viability and 
leak detection effectiveness of noise loggers is questionable. Also, they are not suitable for 
pinpointing leaks. The effectiveness of listening devices such as ground microphones for 
pinpointing leaks depends greatly on the experience of the user and the process is time-
consuming. Leak noise correlators are more efficient, yield more accurate results and depend 
less on user experience than do listening devices. Existing correlators, however, require 
extensive training and can be unreliable for quiet leaks in cast and ductile iron pipes and for 
most leaks in plastic and large -diameter pipes. Correlators are also expensive and remain 
beyond the means of many water utilities and leak detection service companies.  
 
A new leak noise correlation system is introduced in this paper. The system, called 
LeakfinderRTTM, incorporates several new developments, most importantly an enha nced 
correlation method that dramatically improves the effectiveness of locating leaks in all types 
of pipes, including traditionally difficult plastic pipes (see Hunaidi et al. (2000) regarding 
plastic pipe difficulties). The system uses personal computers as a platform, which eliminates 
the need for a major component of the usual hardware of correlators,  dramatically reducing 
the system’s cost. Also, the use of Microsoft WindowsTM makes LeakfinderRT very easy to 
use, as most potential users are already familiar with Windows.  
 
Features, capabilities, and performance examples of the new LeakfinderRT leak noise 
correlation system are presented. The paper also includes a brief overview of leakage 
management, a review of acoustic and other leak detection techniques, a discussion of the 
factors influencing the effectiveness of acoustic techniques and best practices for pinpointing 
leaks in plastic pipes.  
 
 
Overview of Leakage Management 
 
Management of leakage comprises four main components: (i) quantifying the total water loss, 
(ii) monitoring of leakage, (iii) locating and repairing leaks, and (iv) pipe pressure 
management.  
 
Quantifying the total amount of lost water is achieved by conducting a system-wide water 
audit, known internationally as a water balance. Guidelines for conducting water audits have 
been published by the American Water Works Association (AWWA, 1999) and by the 
International Water Association (IWA, 2000). A move to harmonise the AWWA and IWA 
guidelines is underway (WLCC, 2003). Like financial audits that account for all the debits 
and credits of a business, water audits account for all water flowing into and out of a utility’s 
water delivery system. An audit can be performed over an arbitrary period of time, but 
normally it is computed annua lly over a period of 12 months. Audits provide a valuable 
overall picture about various components of consumption and loss, which is necessary for 
assessing a utility’s efficiency regarding water delivery, finances, and maintenance 
operations. Also, water audits are necessary for planning other leakage management practices.  
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Monitoring of leakage involves dividing the distribution system into well-defined areas that 
each can be supplied through a single pipe where a flow meter capable of measuring low flow 
rates is installed. These areas are known as district meter areas or DMAs. The boundaries of 
DMAs can sometimes occur naturally but generally they have to be created by the closing of 
appropriate valves. Guidelines for setting up, maintenance and leakage monitoring of DMAs 
have been published by a research consortium of water companies in the United Kingdom 
(UKWIR, 1999). The size of a typical DMA can be between 500 and 3000 properties. 
Leakage in DMAs is monitored by measuring the minimum night flow rate monthly or 
quarterly or on continual basis if flow meters are connected telemetrically to a SCADA 
system. Leakage is suspected if the minimum night flow rate is greater than the previously 
measured level or if it exceeds a certain threshold. The latter is determined as the sum of the 
flow rate of water used by all night-time commercial and industrial users in the district, flow 
rate of water used by all residential properties based on average night flow rate per property, 
and unavoidable leakage rate. DMAs m ake it possible to quickly and efficiently identify areas 
of the pipe network that suffer from excessive leakage, which are then targeted for leakage 
detection and localization operations. Analysis of minimum night flow rates can also be used 
to refine (or  check) the accuracy of water audits.  
  
The exact positions of leaks are commonly pinpointed by using ground microphones and leak 
noise correlators and possibly by using non-acoustic methods such as thermography, ground-
penetrating radar, and tracer gas (Hunaidi et al., 2000). Pinpointing of leaks can be time 
consuming and therefore leak detection surveys are normally undertaken prior to pinpointing 
to narrow down the area of the leak to a pipe section(s). Step testing can identify pipe sections 
with leaks in a DMA. This involves the monitoring of the district meter’s flow rate while 
successively closing valves within the DMA, starting with the valve that is farthest away from 
the meter. A significant reduction in the flow rate is an indication of leakage in the last shut- 
off section. Step testing has to be performed at night and can be time consuming and 
dangerous. In recent years, its use has dwindled in favour of acoustic surveys using noise 
loggers, acoustic listening tools, or leak noise correlators. Acoustic and non-acoustic leak 
detection and pinpointing equipment are described in the next section. 
 
Pipe pressure affects leakage in a number of ways (TWGWW, 1980) and a substantial 
reduction in leakage can be realised by pressure management. The lower the pressure, the 
lower the pipe break frequency. Also, pressure transients can fracture pipes and damage their 
joints. Frequent pressure fluctuations may cause fatigue failure in pipes, especially plastic 
ones. Most importantly, the higher the pressure, the higher the leakage rate. Theoretically, the 
flow rate of a fluid through an opening is proportional to the square root of the pressure 
differential across the opening provided that the dimensions of the opening remain fixed. 
However, pipe leak openings may enlarge with pressure. Therefore, much greater reductions 
in leakage can be realised than predicted by the square root relationship, especially for small 
leaks from joints and fittings in most pipe types and large leaks in plastic pipes (Lambert, 
2001). A linear relationship between pipe pressure and leakage level is widely used by 
leakage management practitioners. 
 
 
Leak Detection Equipment 
 
Acoustic Equipment 
 
Listening devices. These devices include listening rods and ground microphones and may be 
either mechanical or electronic. They use sensitive mechanisms or materials such as 
piezoelectric elements to sense leak-induced sound or vibration. Modern electronic listening 
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devices incorporate signal amplifiers and noise filters to make the leak signal stand out. Leak 
inspectors conducting leak surveys work their way around the pipe network systematically 
and use listening rods at appropriate pipe fittings to detect the characteristic hissing sound 
created by leaking water. The leak detection effectiveness of listening surveys depends on the 
size of leaks, ambient noise from road traffic and water draw, and the degree of detail of the 
survey. General surveys, performed by listening at only convenient fittings such as fire 
hydrants and / or valves, mainly detect large leaks. On the other hand, detailed surveys 
conducted by listening at all pipes fittings, including curb-stops (or stop-taps), can detect 
small leaks. Ground microphones are used to pinpoint leaks by listening for leak noise at the 
ground surface directly above pipes at small intervals. This process is time consuming and its 
success depends on the experience of the user.  
 
Noise loggers. These are compact units composed of a vibration sensor (or hydrophone) and a 
programmable data logger. They are used to leak survey large areas but they are not suitable 
for pinpointing leaks. Loggers are deployed in groups of 6 or more at adjacent pipe fittings, 
e.g., fire hydrants and valves 200 to 500 m apart, and left there overnight. The units are 
normally programmed to collect pipe noise data between 2 and 4 AM. The loggers are 
collected the next day and the stored data are downloaded to a personal computer before they 
are deployed at the next location. The logged data are analysed statistically, e.g., frequency 
analysis of leak noise levels, to detect the presence of leaks. Recent models of acoustic noise 
loggers can be deployed permanently –  leak noise is processed using onboard electronics and 
the stored result is transmitted wirelessly to a roaming receiver. The economic viability and 
leak detection effectiveness of temporarily or permanently deployed noise loggers is 
questionable. van der Klejj and Stephenson (2002) found that both permanently and 
temporarily deployed loggers are not an economical alternative to skilled and well-equipped 
leak inspectors. For network-wide coverage, permanent loggers had a minimum payback 
period of 25 years. When the loggers were used in temporary mode, i.e., moved from one 
survey area to the next, they were three times less efficient than acoustic surveys. van der 
Klejj and Stephenson (2002) also report that the number of leaks found by noise loggers and 
by general listening surveys were similar; however, the loggers failed to detect approximately 
40% of leaks found in detailed listening surveys. Acoustic loggers can be advantageous over 
listening surveys in instances where the latter cannot be undertaken during daytime due to 
high ambient noise. 
 
Leak noise correlators. These are portable microprocessor -based devices that can be used in 
either leak survey or pinpointing modes. They are based on the cross-correlation method, 
which involves the measurement of leak noise (either sound or vibration) at two locations on a 
pipe section. Measured noise is transmitted wirelessly to the correlator, which then determines 
the position of the leak based on the time shift of the maximum correlation of the two leak 
signals, propagation velocity of leak noise, and the distance between sensing points. The 
distance between sensors can be read from distribution system maps when the correlator is 
used in survey mode but it should be measured onsite accurately when it is used in 
pinpointing mode. Propagation velocities for various pipe types and sizes are programmed in 
most correlators, but they should be measured onsite to improve pinpointing accuracy, 
especially for non-metallic pipes. Leak noise correlators are more efficient, yield more 
accurate results and are less dependent on user experience than listening devices. However, 
existing equipment requires extensive training and can be unreliable for quiet leaks in cast and 
ductile iron pipes and for most leaks in plastic and large diameter pipes. Correlators are also 
expensive and remain beyond the means of many water utilities and leak detection service 
companies. The new correlator presented in this paper overcomes these shortcomings. 
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Non-acoustic Equipment 
 
Tracer gas technique.  In this technique, a non-toxic, water -insoluble and lighter -than-air gas, 
such as helium or hydrogen, is injected into an isolated section of a water pipe. The gas 
escapes at a leak opening and then, being lighter than air, permeates to the surface through the 
soil and pavement. The leak is located by scanning the ground surface directly above the pipe 
with a highly sensitive gas detector.  
 
Thermography. The principle behind the use of thermography for leak detection is that water 
leaking from an underground pipe changes the thermal characteristics of the adjacent soil, for 
example, making it a more effective heat sink than the surrounding dry soil. Thermal 
anomalies above pipes are detected with a ground or air-deployed infrared camera. 
 
Ground-penetrating radar. Radar can be used to locate leaks in buried water pipes either by 
detecting voids in the soil created by leaking water as it circulates near the pipe, or by 
detecting sections of pipe which appear deeper than they truly are because of the increase in 
the dielectric constant of water-saturated adjacent soil. Ground-penetrating radar waves are 
partially reflected back to the ground surface when they encounter an anomaly in dielectric 
properties, for example, a void or pipe. An image of the size and shape of the object is formed 
by radar time-traces obtained by scanning the ground surface. The time lag between 
transmitted and reflected radar waves determines the depth of the reflecting object. 
 
 
Factors Influencing the Effectiveness of Acoustic Equipment 
 
The effectiveness of acoustic leak-detection equipment depends on several factors including 
pipe size, type, and depth; soil type and water table level; leak type and size; pipe pressure; 
interfering noise; and sensitivity and frequency response of the equipment.  
 
Pipe material and diameter have a significant effect on the attenuation of leak signals in the 
pipe. For example, leak signals travel farthest in metal pipes and are attenuated greatly in 
plastic ones (see Hunaidi & Chu (1999) for acoustical characteristics of plastic pipe leaks). 
The larger the diameter of the pipe, the greater the attenuation, and the harder it is to detect 
the leak. Pipe material and diameter also affect the predominant frequencies of leak signals  
the larger the diameter and the less rigid the pipe material, the lower the predominant 
frequencies. This effect makes leak signals susceptible to interference from low-frequency 
vibrations, for example, from pumps and road traffic.   
 
Soil type and the water table level influence the strength of leak signals at the ground surface 
significantly. Leak sounds are more audible on sandy soils than on clayey ones, and on an 
asphalt or concrete surface than on grass. Leak signals are muffled if the pipe is below the 
water table level.  
 
Acoustical characteristics of leak sounds vary with leak type and size. Splits and corrosion 
pits in pipe walls may induce stronger leak signals and higher frequencies than leaking joints 
and valves. Generally, the larger the leak, the louder the leak signal, but this may not be true 
for very large leaks. The higher the pipe pressure, the louder the leak signals.  
 
The more sensitive and quieter the leak sensors, and the higher the signal-to-noise ratio of the 
signal conditioning and recording equipment, the smaller the leaks that can be detected. 
Modern acoustic equipment incorporates signal-conditioning components suc h as filters and 
amplifiers to make leak signals stand out. Filters remove interfering noise occurring outside 
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the predominant frequency range of leak signals. Amplifiers improve the signal-to-noise ratio 
and make weak leak signals audible. If the frequenc y response of the equipment does not 
extend to sufficiently low frequencies, it can miss leaks in plastic and large-diameter pipes.  
 
 
The LeakfinderRT System 
 
Overview 
 
LeakfinderRT is a new system for locating leaks in municipal water distribution and 
transmission pipes using the cross-correlation method. This leak noise correlation system is 
fully realized in software for personal computers (PCs) running under Microsoft Windows 
XP, 2000, or 9x. The system utilizes the PC’s soundcard and other multimedia components to 
record and playback leak signals. It also uses the PC’s central processing unit (CPU) to 
perform the cross -correlation operation and associated signal conditioning. Modern PCs 
incorporate fast CPUs and high-resolution soundcards and hence offer several advantages 
over existing commercial hardware implementation of the cross-correlation method. 
Hardware components of the LeakfinderRT system are shown in Figure 1 and are composed 
of leak sensors, wireless signal transmission system, and a PC. The menu-driven user 
interface of the system’s software is shown in Figure 2. The software can be installed on 
either a notebook PC or a desktop one having a soundcard with a stereo line-in port. 
 
The use of PCs eliminates the need for a major component of the usual hardware of leak noise 
correlators. Most potential users of LeakfinderRT already have PCs, which reduces the cost of 
the system. The use of Microsoft Windows makes the process of using the fully menu-driven 
system a simple and intuitive one as most potential users are already familiar with Windows.  
 
LeakfinderRT incorporates several new developments, most importantly an enhanced 
correlation function. For narrow -band leak noise, this new function dramatically improves the 
definition of correlation peaks. This is important for plastic pipes, multiple-leak situations, 
and in settings where leak sensors have to be closely spaced. Also, the enhanced correlation 
function is more effective than the traditional correlation function for small leaks and for 
situations of high background noise.  
 

 

Accelerometers sense 
leak-induced vibration 

Hydrophones (optional) 
sense leak-induced sound 

Wireless transmitters 
broadcast leak noise 
sensed by leak sensors 

Wireless receiver picks up 
broadcasted leak noise 

Computer records and 
correlates leak noise 

Figure 1  Hardware components of LeakfinderRT  
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Figure 2  Main interface and input windows of LeakfinderRT 

 
 
Correlation of Leak Noise 
 
Locating leaks in water distribution and transmission pipes is a classical application of the 
cross-correlation method. Two things make this possible. First, the propagation velocity of 
leak sounds in water pipes is nearly constant over the dominant frequency range of leak 
sounds. Second, water-filled pipes transmit leak signals for long distances. Therefore, the 
shape of leak signals does not change significantly as they travel away from the leak, which is 
a pre-requisite for a successful correlation. 
 
A typical field set-up of the correlation technique is shown in Figure 3. The correlation 
function of leak noise signals measured at the two points that bracket the location of a 
suspected leak provides information about the time delay (or lag) between the two signals. 
The time delay between the two leak signals is the result of one measurement point being 
closer to the leak location than the other. If the two measurement points are symmetrically 
positioned about the leak location, leak signals will arrive simultaneously at the two points 
and the time delay will be zero. On the other hand, if the leak location is exactly at the 
position of one of the two measurement points (or equivalently it is not between the two 
points), the time shift will be equal to the distance between the measurement points divided 
by the propagation velocity of leak noise in the pipe. 
 
The correlation magnitude of two leak noise signals is the summation of their product as a 
function of time shift. In simple terms, the correlation value at time shift τ is computed by 
first shifting one of the signals by τ relative to the other signal. Then the two signals are 
multiplied, point-by-point, and the products are summed. The correlation function will display 
a peak at the time shift, which corresponds to the actual delay between the two leak noise 
signals (this is the time at which the two signals overla p).  
 
LeakfinderRT determines the time delay τmax corresponding to the peak of the cross-
correlation automatically. In reference to Figure 3, the time delay between the two leak noise 
signals is related to the location of the leak relative to measurement points by 

c
LL 12

max

−
=τ        

where L1 and L2 are the positions of the leak relative to sensors 1 and 2, respectively, and c is 
the propagation velocity of the leak sound in the pipe. By substituting L2 = D –  L1 in the 
above equation, the position of the leak relative to point 1 is found as 
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max
1

τ⋅−= cD
L       

where D is the distance between the sensors, either measured on site or read off system maps. 
The propagation velocity can be specified if it was measured onsite or it can be calculated 
theoretically by LeakfinderRT based on input for pipe material type and diameter.  
 
In the presence of material and geometric discontinuities, e.g., joints of dissimilar pipes and 
sharp bends, the cross-correlation method may lead to false results.  This is because leak 
signals are partially or completely reflected at the discontinuities. Reflected leak signals create 
spurious peaks in the cross-correlation function which can be mistakenly interpreted as real 
leaks. For example, the presence of an out-of-bracket reflector at distance LR from the closest 
leak sensor may create a spurious cross-correlation peak at distance LR from the actual 
position of the leak. An in -bracket reflector may create a spurious peak at the location of the 
reflector itself.  
 
If there is more than one leak between sensor positions 1 and 2, the cross-correlation function 
will have a peak corresponding to each leak. However, if the leaks are closely spaced, the 
peaks will overlap and in turn distort the corresponding time dela y. The peak width depends 
on the bandwidth of the leak noise; the wider the frequency bandwidth of leak signals, the 
narrower the cross-correlation peak. The frequency bandwidth of leaks in metal pipes is much 
wider than that of leaks in plastic ones. For metal pipes, it may be possible to resolve leaks 
that are 6 m apart; for plastic pipes it may not be possible to accurately resolve leaks that are 
less than 20 m apart. 
 
LeakfinderRT uses an enhanced cross -correlation function which is calculated indirectly in 
the frequency domain using the inverse Fourier transform of the cross-spectral density 
function instead of the usual shift -and-multiply method in the time domain. For narrow-band 
leak signals, the enhanced correlation function provides improved resolution, i.e., better 
definition of peaks, in comparison with the traditional correlation function. This is helpful for 
plastic pipes, for situations of multiple leaks, and for settings where leak sensors are closely 
spaced. Also, the enhanced correlation function is more effective than the traditional function 
for small leaks or for situations of high background noise. Performance examples are 
presented further on to demonstrate these advantages for leaks in both plastic and metal pipes. 
The enhanced correlation function does not require the usual filtering of leak signals for 
removing interfering noise. This is a major advantage over the traditional correlation method 
because it eliminates the uncertainty involved in selecting filter cutoff frequencies. 
 
Measurement of Leak Noise 
 
Leak signals are measured using either vibration sensors or hydrophones. Accelerometers, 
which sense the acceleration of vibration induced by leak signals in the pipe wall or fittings, 
are normally used to measure leak signals in metal pipes. These sensors are attached to the 
pipe directly, if accessible; if not they can be attached to fire hydrants or underground valves. 
A magnetic base is fitted to the base of these sensors and hence they are easy to install on 
metallic surfaces. Accelerometers can also be used to measure leaks in plastic pipes but they 
are only effective for large leaks. 
 
LeakfinderRT’s special low-frequency vibration sensors and hydrophones are significantly 
more effective than accelerometers. Hydrophones, which are underwater microphones that 
sense pressure perturbations (sound) induced by leak noise in the water core of the pipe, are 
installed at fire hydrants or air release valves by using special fittings. Installation of  



 9

 
Figure 3  Schematic illustration of the field setup of the cross-correlation technique for 

locating a suspected leak  
 
 
hydrophones is more difficult and more time-consuming than that of accelerometers. 
However, they are more effective for measuring leak signals in difficult situations, e.g., in the 
case of weak signals from small leaks, at sites with high background vibration levels, and for 
large sensor -to-sensor distances. Also, hydrophones are more effective than accelerometers 
for low -frequency leak signals, which are found in plastic pipes and large-diameter ones 
(plastic or otherwise).  
 
LeakfinderRT’s low-frequency vibration sensors are almost as effective as hydrophones for 
plastic pipes but they are much easier to install because they are attached to the pipe directly 
or to fully pressurized fire hydrants. For example, the smallest service connection leaks in a 
152-mm PVC pipe, under 60 psi pressure, correlated over a distance of about 100 m that 
could be successfully located using low-frequency vibration sensors and hydrophones were 
1.7 and 0.85 liters per minute (see Figures 4c and 4d), respectively. In comparison, the 
smallest leak that could be located with accelerometers under the same conditions was 20 
liters per minute. A joint leak having a flow rate of 6 and 3.25 liters per minute in the same 
pipe, under 60 and 20 psi pressure, respectively, was also successfully located with both low- 
frequency vibration sensors and hydrophones about 100 m apart (see Figure 4a and 4b for 
correlation of vibration sensor -measured signals).  
 
The shorter the sensor-to-sensor spacing the better. For plastic pipes, it may not be possible to 
locate leaks with spacing greater than 100 m with the low-frequency vibration sensors. For 
larger distances, the use of hydrophones is recommended. For metal pipes , sensor -to-sensor 
spacing can be as large as 500 m but a maximum spacing of 200 m is recommended.  
 
Signals from leak sensors are transmitted wirelessly to the PC for processing by using radio 
frequency transmitters and receivers. The received signals are fed into the line-in port of the 
PC’s soundcard. LeakfinderRT’s wireless system transmits leak signals almost without 
distortion – for input levels at 200 micro volts, its flat frequency response starts to roll down 
and its phase starts to become nonlinea r at about 10 Hz (-6 dB point is at 5 Hz). It also has a 
low noise floor; e.g., it is capable of transmitting leak signals as small as 0.5 micro volts. 
 

 

Receiver 

Computer 

Suspected 
Leak 

Pipe 
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Recording of Leak Noise 
 
LeakfinderRT records leak sounds by using the soundcard of the PC. The soundcard is set 
automatically to stereo mode (i.e., dual channel input) and to 16-bit resolution for maximum 
accuracy. Signals from the wireless receiver’s line-out should be fed into the STEREO line -in 
port of the PC’s soundcard. The signals are then converted by the soundcard to digital 
samples at the rate of 11025 Hz (i.e., samples per second). 
 
By default, leak sounds are recorded and correlated by LeakfinderRT for an indefinite 
duration. The cross-correlation results are displayed on screen and continuously updated in 
real time while leak signals are being recorded. This default mode is convenient for situations 
in which leak signals are weak and may need to be correlated for a long time to average out 
interfering noise. The correlation operation can be terminated at any time. Normally, in the 
presence of a leak, a duration of 30 to 60 seconds is sufficient to obtain a definite peak in the 
cross-correlation function, but a much longer duration may be needed for small leaks and / or 
noisy environments. Recorded signals can be saved to the PC’s hard drive. Leak signals are 
saved in standard PCM sound file format and can be later converted to ASCII format for 
exporting to other applications, if needed.  
 
Before recording and correlating leak signals, the recording volume must be adjusted to utilise 
as much as possible of the soundcard’s voltage range, without overloading it. This helps to 
achieve a high signal-to-noise ratio. LeakfinderRT has a signal preview function to help check 
the level or volume of leak sounds (signals are not saved to disk during previewing). The 
level of leak noise signals is displayed via two level meters (see Figure 2). The recording 
volume must be adjusted so that the signal level does not fall in the red range of the level 
meters, just like recording music on a home stereo audio system.  
 
At the start of the correlation operation the user is prompted to input only the following three 
parameters:  

– pipe type,  
– pipe diameter, and  
– sensor-to-sensor spacing.  

 
The software sets all other correlation and signal processing parameters automatically. The 
user can opt to input pipe wall thickness (in addition to the diameter), propagation velocity if 
known (instead of diameter), or none of the preceding (pipe type only). For multi-type pipes, 
properties can be input for different pipe sections.  
 

Playback of Leak Noise 
 
A file containing leak sounds saved by LeakfinderRT on the PC’s hard disk can be played 
back. The software does not alter the raw data in a saved leak sounds file and hence the data 
can be played back and re-correlated repeatedly. Also, the complete time history of saved leak 
signals can be displayed graphically on screen and printed. 
 
The speed at which leak signals are played back can be increased arbitrarily. This is helpful 
when pla ying back noise signals of leaks in plastic and large -diameter pipes. In these pipes, 
leak signals are dominated by low-frequency components, mainly in the infrasound range, and 
thus cannot be heard by an unaided human ear. Speeding up the playback of low-frequency 
signals shifts their frequency components to a higher range at which the sensitivity of human 
hearing is high enough to discern the leak sound.  
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Propagation Velocity of Leak Noise 
 
LeakfinderRT calculates the propagation velocity of leak noise using a theoretical formula 
based on input for pipe type, diameter and wall thickness. If the wall thickness is not input, 
the software estimates it based on pipe type and diameter. If the diameter is also unknown, the 
propagation velocity is calculated as the average of velocities corresponding to several 
diameters. It should be emphasised that velocity values calculated theoretically are 
approximate and are provided only for preliminary leak location. Leak positions based on 
these approximate values can be inaccurate, especially for non-metallic pipes. For improved 
accuracy, it is recommended that the propagation velocity be measured onsite using a known 
in-bracket or out-of-bracket simulated leak, for example, by drawing water at a fire hydrant or 
service connection. An in-bracket leak produces signals that are more similar than those 
produced by an out-of-bracket one and is preferred. LeakfinderRT has a built-in velocity 
calculator that facilitates this operation. 
 
Output  
 
Frequency spectra of leak signals, coherence, and correlation functions are output graphically 
by LeakfinderRT. Frequency spectra provide information about the frequency content of leak 
signals. The coherence function provides a measure of the relationship between recorded leak 
signals, i.e., whether they were induced by the same source or not. The closer the coherence 
function is to 1, the more related the signals. Small coherence values indicate high noise-to-
signal ratio (e.g., in the case of leaks creating weak noise). The correlation function provides 
information about the time delay between leak noise signals, which in turn is used to calculate 
the leak location.  
 
Any of the above functions can be displayed individually in the main interface window where 
they are updated in real time while the recording and correlation of leak signals is in progress. 
They can also be displayed together in a separate window at the end of the recording and 
correlation process. The graphs have a zoom button and a live cursor. For the correlation 
function, the software re-calculates the leak position corresponding to any time shift of any 
peak or point in the correlation function. The output also includes the time shift corresponding 
to the peak of the correlation function, and the leak position. The output can be sent to a 
Windows default printer, copied to a Windows clipboard for pasting in other applications, or 
exported to an Excel spreadsheet.  
 
Performance Examples 
 
LeakfinderRT was verified extensively using pure tones, random signals, and field tests on in-
service water distribution pipes. Performance examples of LeakfinderRT’s enhanced 
correlation method versus the traditional method are shown in Figures 4 and 5 for plastic and 
metal pipes, respectively. These results demonstrate the following advantages and capabilities 
of the LeakfinderRT system utilizing the enhanced correlation method: 

– Figure 4a: Improved peak definition for narrow -band leak noise in PVC pipes.  
– Figure 4b: Superior sensitivity for detecting small leaks in PVC pipes under a 

very low pressure of 20 psi (~15 m).  
– Figures 4c and 4d: Smallest detectable PVC pipe leaks using LeakfinderRT’s low 

frequency vibration sensors (1.7 liters per minute) and using hydrophones (0.85 
liters per minute). 

– Figure 5a: Improved peak definition for resolving multiple leaks. 
– Figure 5b and 5c: Effectiveness for locating small leaks in metal pipes. 
– Figure 5c and 5d: Effectiveness for situations of high background noise. 
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Conclusions 
 
A new system for locating pipe leaks based on the cross-correlation method is introduced. The 
system incorporates several new developments, most importantly an enhanced correlation 
method. For narrow-band leak noise, this new function dramatically improves the definition 
of correlation peaks. This is important for plastic pipes, multiple-leak situations, and in 
settings where leak sensors have to be closely spaced. Also, the enhanced correlation function 
is more effective than the traditional one for small leaks or for situations of high background 
noise. The enhanced function does not require the usual filtering of leak signals for removing 
interfering noise. This is a major advantage because it eliminates the uncertainty involved in 
selecting filter cutoff frequencies. 
 
Another major advantage of the new system is the use of low -frequency vibration sensors 
instead of the inconvenient use of hydrophones to locate leaks in traditionally difficult plastic 
pipes. The effectiveness of these low-frequency vibration sensors is demonstrated for locating 
small service leaks and joint leaks in PVC pipes, even when under low pipe pressures.  
 
In addition to the effectiveness of the new system, it is very easy to use and low in cost. This 
is a result of using personal computers as a platform to both record and analyse leak signals, 
which eliminates a major component of the usual hardware of leak noise correlators. 
Consequently, the new system has promising potential for all water utilities, including small 
and medium-sized ones and utilities in developing countries. 
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(a) 6 liters / minute joint leak in 152-mm PVC pipe (sensor type: low-frequency vibration sensor, 

sensor spacing: 102.6 m, pipe pressure: 70 psi, 02.010703) 
 

  
(b) 3.25 liters / minute joint leak in 6-inch PVC pipe (sensor type: low-frequency vibration sensor,  

sensor spacing: 102.6 m, pipe pressure: 20 psi, 03.010703) 
 

  
(c) 1.7 liters / minute service connection leak in 152-mm PVC pipe (sensor type: low-frequency 

vibration sensor, sensor spacing: 102.6 m, pipe pressure: 60 psi, 06.200703) 
 

  
(d) 0.85 l liters minute service connection leak in 152-mm PVC pipe (sensor type: hydrophone,  

sensor spacing: 102.6 m, pipe pressure: 60 psi, 11.270603)  
 

Figure 4  Performance of LeakfinderRT’s enhanced correlation method versus traditional method  
for PVC pipe leaks  

Enhanced correlation  Traditional correlation 

Traditional correlation 
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Enhanced correlation  
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(a) Multiple leaks in 100-year old, 100-mm cast iron pipe (sensor type: accelerometer, 

sensor spacing: 199 m, pipe pressure: unknown, 01.040301) 
 

  
(b) 1 liter / minute fire hydrant leak in152-mm ductile iron pipe (sensor type: accelerometer,  

sensor spacing: 128.5 m, pipe pressure: 60 psi, 14.200703) 
 

  
(c) 2 liters / minute fire hydrant leak in152-mm ductile iron pipe (sensor type: accelerometer, 

sensor spacing: 134.5 m, pipe pressure: 60 psi, 17.090303) 
 

  
(d) 25 liters / minute fire hydrant leak in152-mm ductile iron pipe (sensor type: accelerometer, 

sensor spacing: 128.5 m, pipe pressure: 60 psi, 15.200703) 
 

Figure 5  Performance of LeakfinderRT’s enhanced correlation method versus traditional method  
for metal pipe leaks 
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