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Introduction

During the period of 23 through 24 February 2000 we were at Ft. Stewart, GA, along with Dave Gough of Gutermann-Messtechnik, applying acoustic emission (AE) techniques to the problem of locating leaks in various underground pipelines. The Ft. Stewart personnel most involved with our work during this period were Fred Cavedo, Gene Smith, Bobby Wilkinson, and Ray Brannen, but Paul Jiles, Bruce Hoffman and Don Thomas also viewed parts of the demonstration.

There were three different types of problems that we investigated: (1) a leaking high temperature hot water direct buried line from VP-3-9 to VP-3-10 along Lindquist Avenue, (2) a leaking PVC fire hydrant supply line near East Bultman Avenue and East 15th Street, and (3) a leak in a swimming pool fill system near Gulick and Lindquist Avenues. We also performed a demonstration on a cast iron fire hydrant supply line, making a “leak” by opening one hydrant slightly.

Acoustic Leak Location Procedure

Detecting leaks with acoustics is fairly straightforward. The following five steps must be accomplished by any acoustic instrument in order to locate a leak:

1. Position two sensors so that they bracket (or surround) the leak. If the sensors do not surround the leak, location cannot be done, no matter what signal processing method is used! (Only leak detection can be accomplished if the sensors do not surround the leak.)

2. Acoustically couple the sensors to the pipe so that distinct leak signals are received by both sensors. Leak location cannot be performed without signal arrivals at both sensors. This step implies that quick, reproducible methods exist to acoustically couple sensors to pipes in the field.

3. Measure the distance between the sensors (D) and determine the velocity of sound in the media contained in the pipe (V).

Use signal processing (coincidence detection, cross-correlation, etc.) to determine a time difference, t, for the arrival of a specific signal at both sensors.

4. Using the time difference (t) obtained in Step 4, calculate the location of the leak using the following equation:



Location from first sensor detecting signal = (D ‑ (V t)) / 2

Instrument Description

Two different AE instruments were used during the leak location investigation at Ft. Stewart, both made by Gutermann-Messtechnik and both using cross-correlation to obtain a t value. One instrument was the PAL 300, while the other was the Aquascan 600. The PAL 300 is designed to be used infrequently for leak detection, and features simplified menu operation. The Aquascan 600 is a more advanced instrument, but this makes for correspondingly difficult operation. Both of these instruments were battery powered and used wireless connections between the low frequency sensors and the instrument, simplifying setup.

Cross-correlation compares the shape of a signal received by sensor 1 with that received by sensor 2 for all possible arrival times by shifting them in time and adding the two signals together, yielding  a single value for each possible arrival time. This processing provides a peak when the time shift of the signals equals the exact time that a signal of a certain shape received at sensor 1 arrives at sensor 2. Cross correlation is sensitive to dispersion (when the shape of the signal changes with propagation, the comparison gets less good), but has a good track record in the field.

Results

High Temperature Hot Water

The first leak situation that we looked at was a leaking supply portion of a high temperature hot water direct buried line, specifically the section extending from VP-3-9 to VP-3-10 along Lindquist Avenue. The supply line consisted of an 8 inch diameter carrier pipe inside an insulated outer shell.

The supply line had a straight line length of 988 feet, but it also had 4 expansion loops, each with a 15 foot offset. Thus, the total supply line length was 1108 feet. The supply line was in full operation, carrying 250 psi 350(F water to a hospital and some barracks. The physical evidence for the leak consisted of steam hissing out of the vents in both valve pits. The noise from this hissing steam made the location more difficult than normal, by masking the sound of the leak in the carrier pipe.

The low frequency, magnetically coupled Gutermann-Messtechnik sensors were placed on valve stems inside each pit. Then, data was acquired a number of different times, using the Acquascan 600 (the PAL 300 could not be used on this particular line because the radio transmitters in the PAL 300 were not strong enough to get a good signal from one valve pit to the other). After a bit, three fairly consistent locations were found and marked off on the ground. These locations were 442 feet from VP-3-9, 650 feet from VP-3-9, and 814 feet from VP-3-9 (note that these distances are measured along the pipe length, and are not straight line distances).

Temperature measurements were taken with an infrared laser thermometer (Marshall Instrument Model PLMITLRL2) along the length of the supply line. These temperatures showed an increase in ground temperature at the 3 spots located by the Acquascan 600.

PVC Fire Hydrant Line

We then moved to a leaking 12 inch PVC fire hydrant supply line near East Bultman Avenue and East 15th Street. This line had the appearance of an inverted T, with a hydrant on the left and bar section of the T, and a shut-off valve on the right of the T. Water could be seen leaking out of the ground between the two hydrants, about 40 feet from the hydrant on the bar of the T. Initial leak location attempts were made by putting the low frequency, magnetically coupled Gutermann-Messtechnik sensors on the valve actuator of each hydrant, which was reached by removing a hose cap. The PVC proved to have high attenuation, because although we could hear trucks moving on  East Bultman Avenue we could not hear the leak at the left hand hydrant, and thus could not get data to locate the leak over the 265 foot distance between the two hydrants. 

Therefore, we moved the sensor off of the left hand hydrant, and placed it on the shut off valve on the right. Leak location was successful this time – we placed the leak exactly at the point where the vertical bar of the T met the two horizontal sections. Note that it is impossible to know just how far down the left hand section the leak actually was, just that the leak definitely was located in the left hand horizontal section. It would be necessary to shorten the 265 foot distance between the hydrants by digging a hole halfway in between them in order to locate the leak acoustically, simply because of the high acoustic attenuation of PVC.

Swimming Pool Line

The next leak was located under the concrete surrounding an elevated swimming pool near Gulick and Lindquist Avenues. The leak was in the swimming pool fill line, which consisted of 6 inch cast iron, and the leak was evident as running water flowing down the embankment surrounding the pool. One sensor was placed on a shut off valve, and the other was placed on the outlet over the pool.

Not having an as-built drawing for the pipe, we assumed a course and measured the line length as 127 feet. As a training exercise, Bobby Wilkinson and Ray Brannen used the PAL 300 to attempt to locate the leak. The result was clearly wrong, as it indicated a spot that was about 40 feet from the flowing water. Examination showed that the input parameters to the instrument were incorrect - instead of being entered as a single 6 inch cast iron line, a 12 inch PVC section had been mistakenly assumed to be part of the line (this was left over from the previous demonstration).

When the instrument input was corrected, a result was obtained which seemed very reasonable, 27 feet from the fill outlet. This location was marked with an X on the concrete. At this point, Ray got an inductive pipe locating system, put the transmitter on the fill outlet, and traced the pipe system. It was clear that there were a multitude of pipes connected to the fill system, and also that the pipe did not run exactly where we had assumed when the location was done with the PAL 300. We decided not to move the mark on the concrete, but just to note that the leak was 27 feet from the fill outlet.

Cast Iron Fire Hydrant Line

Finally, we did a demonstration on a cast iron fire hydrant supply line, making a “leak” by opening one hydrant slightly. The system consisted of 3 hydrants in a row - we put one sensor on an end hydrant, skipped a hydrant, and then put the other sensor on the last hydrant. The total distance was 554 feet between sensors. When the middle hydrant was opened slightly, a very good leak signal appeared at 277 feet, precisely as expected, and clearly showing the ability of the system to accurately locate leaks with acoustics. Interestingly, before the middle hydrant was opened, the sound of a leak could be heard. Bobby Wilkinson explained that he knew the leak was there, it was a shut off valve located further down the line, i.e., not between our two sensors.

Discussion

The results of this demonstration show that acoustic leak location instruments have the ability to locate leaks in underground lines while they are operating. Naturally, as with all nondestructive testing techniques there are some limitations as to what can be done, but there are also some very definite advantages.

Cast Iron Fire Hydrant Line

The fire hydrant demonstration on the cast iron line where a leak was made shows a distinct advantage of acoustic leak location – being able to find unknown leaks quickly. In this case we were able to hear a leak in a valve box that was located outside of the area being monitored. While it is true that this leak was already known to Ft. Stewart, we did not know about it at all. However, in just a few seconds we knew that there was a leak, and it would only have required a few minutes work to have accurately located it.

High Temperature Hot Water

Another clear advantage of acoustic leak location is its ability to locate leaks under difficult circumstances. This is illustrated by the high temperature hot water demonstration. This is a double walled pipe system, e.g., one pipe is carried completely inside another. Naturally, this makes finding a leak in the inner pipe quite difficult! However, we were able to locate several positions along the length of the line where it was likely that the center pipe was leaking, and these positions seemed to correlate with increased ground temperature. Making the circumstances more difficult was the fact that steam was hissing out of the vents in the valve pits where the sensors were located. It would have made the job much easier and more accurate if this  source of noise could have been removed. Bobby Wilkinson told us that this could be done by shutting down the line and replacing the hot water with cold water, but this option was not available to us during the visit.

Swimming Pool Line

Balancing these positives are some limitations. During the course of the swimming pool leak location demonstration, it was graphically shown that if the instrument is given the wrong information it will not accurately locate the leak. In this case, putting in a length of 12 inch PVC pipe instead of specifying the entire run to be 6 inch cast iron led to a 40 foot leak location error!

There is yet another illustration of the effect of incorrect input to the instrument. After the visit was concluded we received news from Fred Cavedo that an excavation had been done on the swimming pool leak. He told us that there was a discrepancy of 3 feet between the actual location of the leak and the predicted location of the leak we had made. However, our prediction had been based upon a pipe length of 127 feet. When the excavation was done it was discovered that the true pipe length was 133 feet. This 6 foot discrepancy between the pipe length given to the instrument during the demonstration and the actual length of the pipe in the ground found after the fact is entirely consistent with a 3 foot error in location (by the way, a 3 foot error out of 133 feet is a 2% error).

PVC Fire Hydrant Line

The demonstration with the 12 inch PVC fire hydrant line leak shows another limitation - that acoustic leak location requires that the signals from the leak be able to be heard at both sensors in order to perform leak location. In this instance we could not hear the sounds of the leak at one hydrant, and had to move the sensor to a position to where the leak sounds could be heard. When this move was made we were able to confirm that the leak was in a specific section of the PVC line. We could have located the leak in that section by reducing the distance between the sensors, but due to time constraints we did not attempt to do so.

Conclusions

Both the Gutermann-Messtechnik instruments, the PAL 300 and the Aquascan 600, had advantages for underground pipe leak location that were illustrated during this demonstration at Ft. Stewart. Specific conclusions are as follows:

5. Acoustic techniques are suited for locating leaks in both high temperature hot water and potable water lines while they are operating. The techniques were shown to handle a variety of pipe materials and diameters under actual field conditions at Ft. Stewart.

6. Three different leak indications were found in a section of high temperature hot water supply line. The suspected leak locations corresponded to higher ground temperatures, too.

7. A leak under the concrete surrounding a swimming pool was located. The 3 foot error (2%) between the predicted leak location and the actual leak location is consistent with the fact that the line was 6 feet longer than the information that was put into the instrument.

8. A demonstration on a cast iron fire hydrant line accurately located a leak made by slightly opening a valve between the sensors.

9. An leak unknown to the acoustic inspectors in a valve box near the cast iron fire hydrant line was identified during the demonstration, and confirmed by Ft. Stewart personnel.

Recommendations

10. Ft. Stewart should consider the purchase of a Gutermann-Messtechnik PAL 300 acoustic leak location instrument (but with the more powerful radios of the Acquascan 600), as the PAL 300 has been shown that it can perform the sorts of tasks required there.

11. Future acoustic leak location on high temperature hot water lines can be improved if the line can be temporarily filled with cold water (to eliminate steam noise that might degrade accuracy).

12. When doing acoustic leak location in the future, improved location accuracy can be obtained if the correct pipe material and line length is entered into the instrument.
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