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Introduction

During the period of 2 through 6 August 1999 we were at Ft. Campbell, KY, applying acoustic emission (AE) techniques to the problem of locating leaks in various underground pipelines. The Ft. Campbell personnel most involved with our work during this period were Karen Kopp, Ron Jones, Ted McGovern, Arlen Wright, and Sally Castleman, but Ted Reese, George Hall and Andy Harden were also involved.

There were three different types of problems that we investigated: (1) a leaking fire deluge line connecting building 6627 to the water main along the road, (2) leaking dual temperature (heating/cooling) lines constructed of two different materials in Lee Village, and (3) a leaking water supply line connecting water tank 2 to the water main along Wickham Road.

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 types of AE instruments were used during the leak location investigation at Ft. Campbell. One instrument (Physical Acoustics Mistras) used coincidence detection to obtain a t value, while the other one (Gutermann-Messtechnik Aquascan 600) used cross-correlation to obtain a t value.

Coincidence detection determines the precise time (accurate to 0.25 µS) when a leak signal crosses a specific voltage threshold at sensor 1 and again when it crosses the threshold at sensor 2, and subtracts the two arrival times to obtain a t. Coincidence detection is very robust in the field because it is relatively insensitive to dispersion (whereby a signal increases in duration and decreases in amplitude in a frequency dependent manner as it propagates).

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 not quite as robust as coincidence detection, because it is sensitive to dispersion (when the shape of the signal changes with propagation, the comparison gets less good).

Other differences between the two instruments were that the Aquascan was battery powered and used wireless connections between the low frequency sensors and the instrument, while the Mistras required AC power and used cables to transmit the (high and low frequency) signals from the sensors to the instrument.

Results

Deluge Line

The first leak situation that we looked at was a fire deluge line connecting the water main along the street to building 6627. The Mistras sensors were attached to the pipe, one inside at a convenient flange and the other outside on the pipe itself, as shown in Figure 1. In the left hand picture of Figure 1 the hand is holding a spring loaded center punch. This tool creates a noise pulse which we used to determine if both sensors are acoustically coupled to the line being examined.

The Aquascan instrument was not used on the deluge line, because of the necessity to have a sensor inside the building. Dave Gough, the Gutermann-Messtechnik representative, explained that in this situation the radio waves would not be able to travel reliably through the building walls and roof to the main instrument, and so he could not monitor the deluge line.

Figure 2 shows the result obtained from the Mistras. The horizontal axis represents 190 feet of 16” steel deluge line between building 6627 and the water main. On the vertical axis are the numbers of signals received at each location along the pipe. There were repeatable peaks at 85 feet and 125 feet, with the peak at 125 feet being the more intense of the two. Please refer to the discussion for the reason that these particular peaks were picked, instead of others that appear in Figure 2.
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Fig. 1  Mistras sensors on deluge line. Left is inside, right is outside.
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Fig. 2  Mistras results for deluge line to building 6627. These peaks were picked because they were repeatable over several trials, refer to the discussion for details.

Dual Temperature Lines

We then moved to the Lee Village area, to attempt location of leaks in the dual temperature lines that supplied buildings with heating and cooling water. The material and size of the dual temperature lines varies, depending upon where in the system you are located. Figure 3 shows how the sensors were mounted on some of these lines. In the doghouse the sensor was held in place with a U-bolt, with grease being applied between the line and the sensor for acoustic coupling. Inside the manhole the sensor was acoustically coupled to the line with grease, then held in place with electrical tape.

Figure 4 shows the results for a 370 foot section of insulated 1.25 inch copper line between manhole 8 and the doghouse of building 4154. It can be seen that there is a very large signal at 185 feet. This large signal was determined to be at the tee which was supplying building 4152, so we conducted another test to get more details.

Figure 5 shows the test results for the section of insulated 1.25 inch copper line between building 4152 and 4154 (the sensors were mounted in the doghouses at each building). As can be seen, there are eight large peaks, separated by 20 feet. The second peak on the left is the tee where the line from manhole 8 splits to feed buildings 4152 and 4154. Each other peak (separated by 20 foot intervals) corresponds to a joint in the dual temperature line. A leak was discovered at one joint, while another joint was dry. The explanation as to why a dry joint would cause acoustic signals is given in the discussion, essentially it is believed that these joints were weak and were slowly failing.
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Fig. 3  Sensors on dual temperature line. Left in doghouse, right in manhole.
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	Fig. 4  Mistras results on manhole 8 to building 4514 supply line
	Fig. 5  Mistras results on building 4152 to 4154 supply line. Other peaks are possibly due to failing, weak solder joints.


Figure 6 shows the results obtained from the Aquascan for the section of insulated 1.25 inch copper line between building 4152 to 4154. The results are not very meaningful, as Dave Gough explained that the Aquascan was responding to pump noise in the line rather than from leak noise.
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Fig. 6  Aquascan results on building 4152 to 4154 supply line

Finally, Figure 7 shows the result of an excavation that was done on the section of insulated 1.25 inch copper line between building 4152 to 4154. The green corrosion is evident on the copper line in the photograph. The insulation was saturated with water which came from the leaking joint. Although this is not a big leak (it corresponds to the peak marked “Leak – dug up” in Figure 5), it illustrates the power of acoustic leak location, done in this case with the Mistras instrument.
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Fig. 7  Evidence of leak found in dual temperature line by Mistras 

Other parts of the dual temperature line were made out of pipes constructed from a fiber reinforced plastic material called Bondstrand. The left hand graph in Figure 8 shows the results from a 325 foot section of 3” dual temperature Bondstrand pipe running between manholes 6 and 7. The right hand graph in Figure 8 shows the same line, except here the acoustic signals were picked up using much lower frequency sensors. 
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Fig. 8  Mistras results on Bondstrand between manholes 6 to 7. Left shows high frequency sensor results, right shows low frequency sensor results.

Figure 9 shows the results obtained from the Aquascan instrument for same section of Bondstrand.
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Fig. 9  Aquascan results on Bondstrand between manholes 6 and 7

The results that both instruments got from the Bondstrand were somewhat inconclusive. It was observed that some of the peaks corresponded to areas of green grass, which generally indicate leaks. However, neither instrument worked very well on the Bondstrand, and more study is needed.

Potable Water Line

Another area of interest was a 12” ductile iron potable water line that connected water tank 2 to the water main alongside Wickham. This is the situation that the Aquascan instrument was designed for. Figure 10 shows one of the radio linked sensors that the Aquascan uses – the box up top is the radio, while the sensor is the black object in the hole on the pipe. Contrast this to the Mistras sensors shown in Figure 3 that require a cable to connect them to the instrument.
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Fig. 10  Aquascan wireless sensor on the tank #2 line

Figure 11 shows the Mistras results for the Tank 2 to Wickham line. The horizontal axis corresponds to 215 feet of 12” ductile iron containing potable water. The peak on the graph is the leak, located under a railroad track 100 feet from sensor 2. This result agreed closely (within 5 feet) with the Aquascan results.
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Fig. 11  Mistras results on the tank #2 to Wickham line

One of the Aquascan results is shown in Figure 12. This was a test conducted over a longer 750 foot distance, showing the power of radio linked sensors in an outdoor setting. The leak position is of course still under the railroad track, as would be expected.
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Fig. 12  Aquascan results on the tank #2 to Wickham line, the leak position is shown as a tall spike on the upper plot and as an arrow on the lower plot.

Discussion

The results in this study show that acoustic leak location instruments have the ability to accurately locate leaks in underground lines in difficult situations while they are operating. Naturally, as with all nondestructive testing techniques there are some limitations as to what can be done.

The acoustic technique that is most familiar to people responsible for underground pipe maintenance is ground scanning. In this technique a microphone is placed on the ground in numerous spots while the technician walks along the pipeline. While this technique can locate noisy areas, it doesn’t work well in areas where there is vehicle traffic, it doesn’t give an accurate indication of the size of the leak, and the results vary from technician to technician. This is because the technique depends upon the technician’s brain to do the signal processing, i.e., to decide what is a noise, what is a leak, and how big the leak might be.

The two instruments used in this study get more consistent results because they do the signal processing themselves. These instruments rely upon the technician to be skilled in mounting the sensors, but in general they are much less operator dependent than ground scanning.

Deluge Line

Of course, the Mistras and the Aquascan are not without problems. On the deluge line we at first attempted to attach the outside Mistras sensor to the top nut on the Position Indicating (PI) valve near the water main, but we could not hear any acoustic signals propagating in the pipe. However, when we later attached the outside sensor directly to the pipe, the acoustic signals were heard clearly. This is an illustration of the importance of step 2 in the list presented in “Acoustic Leak Location Procedure”, to acoustically couple the sensors to the pipe. In this case, the PI valve mechanism was found to be mechanically attached to the shut-off valve in the line, but this attachment was incapable of transmitting acoustic signals.

Another problem on the deluge line was discovered when trying to use the Aquascan. The radio signals needed to link the inside sensor to the instrument at the outside sensor could not penetrate the building walls and roof. This shows that a useful feature, like wireless sensors, is not without operational difficulties, while a seeming disadvantage, like wired sensors, has its good points, too.

The Mistras results on the deluge line are difficult to show in a static report. The reader looking at Figure 2 may well wonder why the indicated peaks were chosen over some others that appear more prominent. The answer is that the seemingly more prominent peaks were just accidents of this particular plot. Erasing the screen and allowing a new plot to build up (about a 2 minute operation) would result in the peaks at 85 and 125 feet showing up again at exactly the same spots, while the accidental peaks in Figure 2 would be gone, and others would occur at completely different positions. This behavior results from the fact that a leak remains at constant location, while noise moves around.

Dual Temperature Lines

The Mistras results on the building 4152 to 4154 dual temperature pipe are very interesting. The leak at the one joint that was dug up was not very large, but it certainly did exist, as shown in Figure 7. Another joint that was dug up was at an expansion loop, but that joint was dry. The correct interpretation may well be that this particular section of line was improperly constructed, and that most of the joints are now failing slowly.

Acoustic signals can result not only from leaks, but also from such things as disbonding solder joints or even slight pipe movement caused by a lack of joint stiffness due to improper soldering during construction. Such problems would account for the acoustic signals that were seen and also explain the lack of a leak, since a weak solder joint can remain leak tight for a time. Of course, if the joint is failing it is a maintenance issue that must be addressed, since leaks will surely occur in the future.

The Aquascan had problems on the building 4152 to 4154 line, as can be seen in Figure 6. Dave Gough was concerned about the pump noise that he was getting from manhole 8, so those pumps were shut down for his testing. However, this did not make much of a difference in his results – note that the Aquascan detected nothing at the 35 foot point, where the leak shown in Figure 7 was located. It might be that the Figure 6 results were due to the type of signal processing used in the Aquascan (cross-correlation). Multiple leaks cause confusing echoes in the pipe, and apparently cross-correlation can’t solve this problem as well as coincidence detection (used in the Mistras).

On the Bondstrand lines between manholes 6 and 7, neither the Mistras instrument or the Aquascan instrument performed well. Bondstrand is a fiberglass type of material, and does not conduct acoustic signals well. We know this because we could not cause a spring-loaded center punch signal to propagate from manhole 6 to manhole 7. About the best that can be said is that there is a vague similarity between the two Mistras results shown in Figure 8, the Aquascan results shown in Figure 9, and some green grass patches on the ground. Clearly, Bondstrand requires more study before successful acoustic leak location can be done on such pipes.

Potable Water Line

On the ductile iron line running from tank 2 to Wickham, both the Mistras and the Aquascan instruments worked well. Each located a leak under the railroad track, agreeing to within 2% (or 5 feet) of one another. The Aquascan was even able to locate the leak over a 750 foot distance using its wireless sensors (there was not enough cable to try the Mistras over this distance, although chances are good that it would have worked, too).

Conclusions

Both the Mistras and the Aquascan instruments had advantages and disadvantages that were shown during this demonstration at Ft. Campbell. In general, the Mistras seemed to be better able to locate the majority of the leaks that were available to us for monitoring, but the Aquascan was more field ready. Specific conclusions are as follows:

5. Two different acoustic underground leak location instruments were successfully demonstrated. The results in this study show that acoustic leak location instruments have the ability to accurately locate leaks in underground lines in difficult situations while they are operating.

6. Acoustic techniques are suited for locating leaks in both dual temperature and potable water lines. The techniques were shown to handle a variety of pipe materials and diameters under actual field conditions at Ft. Campbell.

7. Leak indications were found on a 16” steel fire deluge line with the Mistras instrument, which corresponded to sunken pavement and depressions in the ground.

8. Multiple leak indications were found in the joints of a 1.25” copper dual temperature between building 4152 and building 4154 with the Mistras instrument. Excavation revealed that at least one of these joints was leaking, the other indications may be due to failing solder joints.

9. Both the Mistras and the Aquascan instrument found a leak indication under a railroad track in a 12” ductile iron potable water line – location agreement between the instruments was within 2%.

10. Neither the Mistras or the Aquascan instrument performed well on the Bondstrand dual temperature lines, probably because of the poor acoustic conductivity of this plastic material. However, the location results agreed partially with evidence on the ground, e.g., greener grass.

Recommendations

11. Acoustic leak location techniques should be used on a routine basis on both deluge lines and potable water lines at Ft. Campbell, as it has been proven that these techniques can provide successful leak location on such lines.

12. The leak location survey on the dual temperature lines started under this demonstration project should be completed. Indications are that the acoustic leak location technique is finding both leaks and weak spots in these lines that are presently unknown to the Army. Such knowledge could positively impact the dual temperature line maintenance program at Ft. Campbell. 

13. The dual temperature between building 4152 and building 4154 should be watched to see if leaks develop at other joints, and if they do the joint should be analyzed to determine if the cause of failure was due to poor construction.

More studies should be conducted on the Bondstrand lines to determine if and how acoustic instruments could be modified to obtain better performance.
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