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Introduction

The work at Ft. Drum went very well, considering the large distances being monitored. We studied 3 different lines during 7 different test runs, using both high frequency (10 kHz to 100 kHz) and low frequency (1 kHz to 8 kHz) systems, employing tuned linear location as well as cross‑correlation location. We gathered our data during 3 situations - normal operation, operation with annulus space pressurized to 10 psi, and artificial signal injection (blunt center punch and 0.5 mm pencil lead breaks).

The ultimate objective was the location of signals, and here we discovered that the results depended upon the diameter of the carrier pipe as well as the frequency of the system being used. Another key factor was the length of pipe between the sensors.

In brief, with the low frequency system we were able to get good cross-correlation locations for both artificial signals and natural signals in a small diameter 5" carrier, fairly short 602 foot length. When the diameter of the pipe increased to 16" and lengthened to 874 feet the low frequency cross-correlation did not work. For the high frequency system, the situation reversed. In the large 16" diameter 874 foot long carrier the high frequency tuned linear location worked well, but in the smaller 5" diameter 604 foot long carrier the high frequency tuned linear location did not seem to work very well.

The logistics of carrying out the test did not impede our progress once we established our procedure. Mounting the sensor to the hot carrier pipe within a manhole was refined to take only about 30 minutes, see Figure 1. While this was proceeding the equipment could be completely set up within the test van, so that at the end of an hour the test was ready to start. Data collection times varied, depending upon how fast the statistics built up for our location plots in the high frequency system. One and one-half hours was typical.

Results

On an 874 foot line (16" supply, manhole 25 to MH26) we got unambiguous high frequency locations of fairly high amplitude (70‑80 dB) at all three expansion joints, with the joint nearest MH25 being the worst, the middle joint being less severe, and the joint nearest MH26 being the least severe, see Figure 2. This line is suspected of having a carrier leak, confirmed by water/steam 
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	Fig. 1.  Mounting method for sensors on insulated pipes at Ft. Drum.


samples taken from a drip source in MH25 showing 1.25 ppm sulfides. All three expansion loops 10' below ground melted a 10" snowfall, the loop nearest MH25 melting the most and the loop nearest MH26 melting the least, agreeing with the location amplitudes. Attenuation in this 16" line was very low at high frequency (about 20 dB), but at low frequency it was surprisingly high (about 60 dB). At low frequency we never saw a natural signal propagate from one end of the line to the other, although we were able to see a blunted center punch signal propagate (and the cross-correlation results for the blunt center punch signals looked very poor).

On the 4" supply and return lines running 602 feet from MH60 to MH61 we got different results. One test was done on the supply at high frequency with the annulus unpressurized, then 4 tests were done with the annulus pressurized to 10 psi (supply line using high and low frequency, return line using high and low frequency). Attenuation at high frequency was much higher in these lines, and only tenuous locations were found, but the locations did correspond to melted spots in the snow. Ft. Drum suspects conduit leaks in the return line, but on the return line one 10 psi pressurization held while the other leaked 2 psi in 1.5 hours. Further, there were drips coming from both supply and return in MH61, the supply side was tested and found to indicate product since it had 0.81 ppm sulfides. At low frequencies the attenuation was not as severe, and we got successful cross-correlation locations for both the blunt center punch artificial signals as well as for natural signals.

Other potential sites were identified, but due to heat we could not enter the manholes. The MH25 site was so hot that it melted the couplant holding the sensor to the waveguide!

Preliminary Conclusions

As was said before, the results depended upon the diameter of the carrier pipe as well as the frequency of the system being used, in addition to the length of pipe between the sensors. The reason for this behavior is signal attenuation in the line. 

For the carrier leak in MH25 to MH26, we obtain peaks in the high frequency system at the position of the expansion loop nearest MH25, as well as at the middle expansion loop. But for the low frequency system, we were not able to locate any center punch signals, much less any natural signals. The results in a nutshell for this piping run are shown in Figure 2.

For the conduit leaks in MH60 to MH61, we were not able to get conclusive results with the high frequency system, but the low frequency system located a natural signal during an annulus pressurization test that corresponded to a bare patch in the snow.

Both of these results could be very much improved, we believe, if we could place the sensors closer together (this would be more in line with our original objective at SERDP to achieve 500 foot sensor spacings). This can be done in the MH25 to MH26 by excavating the anchor points (located at 282 feet from MH25 towards MH26, and at 297 feet from MH26 towards MH25). We are arranging to accomplish this before our next visit (after the April 2-3 Edison meeting).

	Acoustic location peaks from an 875 foot run of Ricwil HTHW piping containing three expansion loops correspond precisely to 3 clear problem areas
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	Fig. 2.  Summary of results for Ft. Drum field studies


Supply line at MH25 to MH26

874 feet => 0.15S H2O; 0.0067S steel shear; 0.0038S steel long

The following tabulated data is from the high frequency system, when blunt center punch impacts were made at both manholes. (The center punch occurred when the 100 figure is seen in the AMP column - note the subsequent arrivals on the other channel at amplitudes about 20 dB lower, showing low attenuation.)

FILE NAME            FILE SIZE              FILE DATE & TIME

C:2526CP1F.DTA             1452                  Mon Mar 16 16:28:30 1998

         TEST LABEL                              TEST BEGIN DATE

   Buried Pipe Leak Detection & Location
Wed Feb 25 11:27:43 1998

Event Data Display ON.  Hit Data Display ON.  TIME Data Display ON.

 ID DDD HH:MM:SS.mmmuuun  CH  RISE  COUN  ENER  DURATION AMP    RMS

   0 00:00:00.0000000

Test running

  1   0 00:00:39.5472580   1    61  2678 65535    317261 100 0.6724

  1   0 00:00:39.6928917   2     4  3331 19849    389271  76 0.0610

  1   0 00:00:46.9043430   1  1778  2836 65535    316064 100 0.6934

* Gp# 1 [  1,  2] x =   991.5, y =   0.00000 dT[145633]

*  1   0 00:00:39.5472580   1    61  2678 65535    317261 100 0.6724

  1   0 00:00:47.0279293   2    95  3793 24335    415186  79 0.0772

  1   0 00:00:54.6384177   1   134  2603 65535    278702 100 0.6312

* Gp# 1 [  1,  2] x =  1635.3, y =   0.00000 dT[123586]

*  1   0 00:00:46.9043430   1  1778  2836 65535    316064 100 0.6934

  1   0 00:00:54.7795563   2     3  3311 18302    388700  76 0.0578

  1   0 00:00:59.2061825   1  1534  2663 65535    283665 100 0.7204

* Gp# 1 [  1,  2] x =  1122.8, y =   0.00000 dT[141138]

*  1   0 00:00:54.6384177   1   134  2603 65535    278702 100 0.6312

  1   0 00:00:59.3478397   2     1  3593 21743    386356  76 0.0658

  1   0 00:01:03.4041325   1  1471  2971 65535    322990 100 0.7116

* Gp# 1 [  1,  2] x =  1107.6, y =   0.00000 dT[141657]

*  1   0 00:00:59.2061825   1  1534  2663 65535    283665 100 0.7204

  1   0 00:01:03.5253633   2     3  3998 31780    430856  80 0.0972

   0 00:01:11.0954880

Test Paused

* Gp# 1 [  1,  2] x =  1704.1, y =   0.00000 dT[121230]

*  1   0 00:01:03.4041325   1  1471  2971 65535    322990 100 0.7116

   0 00:01:26.1720960

Test Stop

FILE NAME            FILE SIZE              FILE DATE & TIME

C:2526CP2F.DTA             1452                  Mon Mar 16 16:32:52 1998

         TEST LABEL                              TEST BEGIN DATE

   Buried Pipe Leak Detection & Location
Wed Feb 25 11:43:43 1998

Event Data Display ON.  Hit Data Display ON.  TIME Data Display ON.  

 ID DDD HH:MM:SS.mmmuuun  CH  RISE  COUN  ENER  DURATION AMP    RMS

   0 00:00:00.0000000

Test running

  1   0 00:00:12.8671105   2  3270  3895 65535    370225 100 0.4982

  1   0 00:00:13.0464815   1     1  1800  9534    235934  71 0.0308

  1   0 00:00:20.3653263   2  1633  3516 65535    365424 100 0.4962

* Gp# 1 [  2,  1] x = 10481.6, y =   0.00000 dT[179371]

*  1   0 00:00:12.8671105   2  3270  3895 65535    370225 100 0.4982

  1   0 00:00:20.5423005   1  1287  1732  8850    223811  71 0.0288

  1   0 00:00:28.9390015   2  1502  3730 65535    381464 100 0.5166

* Gp# 1 [  2,  1] x = 10411.6, y =   0.00000 dT[176974]

*  1   0 00:00:20.3653263   2  1633  3516 65535    365424 100 0.4962

  1   0 00:00:29.1166023   1     3  1810  8539    220148  69 0.0276

  1   0 00:00:35.2392300   2  2352  3903 65535    395583 100 0.5244

* Gp# 1 [  2,  1] x = 10429.9, y =   0.00000 dT[177600]

*  1   0 00:00:28.9390015   2  1502  3730 65535    381464 100 0.5166

  1   0 00:00:35.4228327   1  1766  1848 10781    217886  72 0.0350

  1   0 00:00:44.5126143   2  1455  4595 65535    442451 100 0.5366

  1   0 00:00:44.6821653   1     1  2017 10683    248980  72 0.0340

   0 00:00:55.3033600

Test Paused

* Gp# 1 [  2,  1] x = 10194.9, y =   0.00000 dT[169551]

*  1   0 00:00:44.5126143   2  1455  4595 65535    442451 100 0.5366

   0 00:00:57.9959680

Test Stop

The following shows blunt center punch data captured by the low frequency system. The plots on the left are voltage versus time, while the big plot on the right shows cross-correlation versus time. Note the ambiguous cross-correlation results in this large pipe, showing high attenuation.
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The following plot is from the high frequency system, showing location of events, energy and amplitude. The number 1 in the small square box represents the location of MH25, while the number 2 represents the location of MH26. Note the peak at 2000 inches - this corresponds to the expansion loop closest to MH25. The peak at 5200 corresponds to the middle expansion loop.
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The following plots are from the low frequency system, and are natural signals. The plots on the left are voltage versus time, while the big plot on the right shows cross-correlation versus time. Note that we see no evidence of the big signals in the top of the left plots showing up in the bottom of the left plots, meaning high attenuation. Also, there is no cross-correlation. All that this data implies is that the source of the big signals is close to MH25.
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Supply Line at MH60 to MH61

602 feet => 0.123S H2O; 0.0046S steel shear; 0.0026S steel long

The following tabulated data is from the high frequency system when blunt center punch impacts were made at both manholes. (The center punch occurred when the 100 figure is seen in the AMP column - note the subsequent arrivals on the other channel at amplitudes about 70 dB lower, showing high attenuation.)

FILE NAME            FILE SIZE              FILE DATE & TIME

C:6061CP4F.DTA            21539                  Tue Mar 17 09:28:34 1998

         TEST LABEL                              TEST BEGIN DATE

   Buried Pipe Leak Detection & Location
Thu Feb 26 13:45:32 1998

Event Data Display ON.  Hit Data Display ON.  TIME Data Display ON.  

 ID DDD HH:MM:SS.mmmuuun  CH  RISE  COUN  ENER  DURATION AMP    RMS

   0 00:00:00.0000000

Test running

  1   0 00:01:52.1637515   1   753   977 65535    136151 100 0.5582

  1   0 00:01:52.2125670   2     1     1     4      5995  28 0.0006

  1   0 00:01:52.2424440   2  2485    81    32     30502  34 0.0006

  1   0 00:01:52.2973627   2  1528    15    27     33039  29 0.0006

  1   0 00:01:52.3485340   2    84   126    57     49530  35 0.0006

* Gp# 1 [  1,  2] x =  2186.6, y =   0.00000 dT[ 48815]

*  1   0 00:01:52.1637515   1   753   977 65535    136151 100 0.5582

  1   0 00:01:52.4419137   2     2     1     0         4  27 0.0006

  1   0 00:01:52.4633235   2   674     1     0       674  27 0.0006

  1   0 00:01:52.4767790   1   728   345  4728     88479  82 0.5594

  1   0 00:01:52.5618427   2     1     1     0         2  27 0.0006

  1   0 00:01:52.6090545   2  1630     3     8     11260  28 0.0006

  1   0 00:01:52.6533790   2     1     1     0         2  27 0.0006

  1   0 00:01:52.8735555   2     1     1     0         2  27 0.0006

  1   0 00:01:53.0975963   2   251     1     0       251  27 0.0006

  1   0 00:01:57.3847793   1   961   846 65535    104642 100 0.5346

  1   0 00:01:57.4996335   2   503    12    16     18636  31 0.0006

* Gp# 1 [  2,  1] x =  5726.9, y =   0.00000 dT[ 72429]

*  1   0 00:01:57.3123497   2     9     1     0        12  27 0.0006

  1   0 00:01:57.5379050   2     1   143    57     47261  34 0.0006

  1   0 00:01:57.6186355   2    11     1     2      2730  29 0.0006

  1   0 00:01:57.6636613   2  1358     1     0      1358  27 0.0006

  1   0 00:01:57.7851913   2     1     1     0         2  27 0.0006

  1   0 00:01:57.8041603   2   589     1     0       591  28 0.0006

  1   0 00:01:57.8267830   2    76     2     3      4479  28 0.0006

  1   0 00:01:57.9313580   2     1     1     0         2  27 0.0006

  1   0 00:02:00.7892140   1    32   759 50291    105816 100 0.4716

  1   0 00:02:00.8393183   2     1     1     0         2  27 0.0006

  1   0 00:02:00.8802165   2     2     8    13     15570  28 0.0006

  1   0 00:02:00.9254243   2     1   113    57     52677  34 0.0006

* Gp# 1 [  1,  2] x =  2149.0, y =   0.00000 dT[ 50104]

*  1   0 00:02:00.7892140   1    32   759 50291    105816 100 0.4716

  1   0 00:02:03.9183263   1  1634   832 65535     89918 100 0.5826

  1   0 00:02:03.9260110   2   695     1     0       695  27 0.0006

  1   0 00:02:03.9778245   2   158     1     2      3572  27 0.0006

* Gp# 1 [  1,  2] x =  3387.6, y =   0.00000 dT[  7684]

*  1   0 00:02:03.9183263   1  1634   832 65535     89918 100 0.5826

  1   0 00:02:07.1055767   1    30   827 65535     90732 100 0.6256

  1   0 00:02:07.1159917   2    10     1     0        10  27 0.0006

  1   0 00:02:07.1913923   2  3573    30    24     26127  30 0.0006

  1   0 00:02:07.2355947   2  2169   207    70     57464  35 0.0006

  1   0 00:02:07.3133660   2    21     2    11     13790  28 0.0006

* Gp# 1 [  1,  2] x =  3307.9, y =   0.00000 dT[ 10415]

*  1   0 00:02:07.1055767   1    30   827 65535     90732 100 0.6256

  1   0 00:02:07.3372383   1    46   574  7812     84118  86 0.6288

  1   0 00:02:07.3698805   2     1     2     7      9432  29 0.0006

  1   0 00:02:07.5005645   2   569    11    18     23072  29 0.0006

  1   0 00:02:28.7915897   1  1548   840 65535     91894 100 0.6110

  1   0 00:02:28.8819717   2     1    29    18     18053  31 0.0006

  1   0 00:02:28.9203327   2  2709   273    91     66409  38 0.0008

  1   0 00:02:29.1888025   2  1622    13    10     10625  30 0.0008

* Gp# 1 [  1,  2] x =   972.8, y =   0.00000 dT[ 90382]

*  1   0 00:02:28.7915897   1  1548   840 65535     91894 100 0.6110

  1   0 00:02:30.3191580   2     1     1     0         2  27 0.0006

  1   0 00:02:31.2540780   1    34     2     4       100  53 0.0016

  1   0 00:02:31.2616165   2     9     1     2      2890  27 0.0006

  1   0 00:02:31.3396133   1    64     1     2        73  51 0.0018

  1   0 00:02:31.6694135   2    81     1     0        81  27 0.0006

* Gp# 1 [  1,  2] x =  3391.9, y =   0.00000 dT[  7538]

*  1   0 00:02:31.2540780   1    34     2     4       100  53 0.0016

  1   0 00:02:31.8494103   2   906     1     0       906  27 0.0006

  1   0 00:02:32.0038720   2   757     1     0       757  27 0.0006

  1   0 00:02:32.0697630   2     2     1     0         4  27 0.0006

  1   0 00:02:32.1421673   2     1     1     0         2  27 0.0006

  1   0 00:02:46.5514525   1    35   789 65535    103789 100 0.5986

  1   0 00:02:46.6389203   2   938    20    19     20527  31 0.0006

  1   0 00:02:46.6738967   1  1753     8    87      3046  53 0.5986

  1   0 00:02:46.6793537   2     1   220    90     75032  37 0.0006

  1   0 00:02:46.7705170   1   589     2    18       839  52 0.5986

  1   0 00:02:46.8012520   1   191   304  4964     74324  82 0.6002

  1   0 00:02:46.8295040   2   432     2     1      2459  27 0.0006

  1   0 00:02:46.8937613   1     6     1     0        11  51 0.6002

  1   0 00:02:46.9184227   1    97    32   263     10331  57 0.6002

  1   0 00:02:46.9460675   2    10     4     9     11302  28 0.0006

  1   0 00:02:47.0638287   2     1     1     0         3  28 0.0006

  1   0 00:02:47.1811095   2     1     1     0         2  27 0.0006

  1   0 00:02:47.2173307   2  1519   175    53     38885  38 0.0006

  1   0 00:02:47.3690710   2    10     1     0        10  27 0.0006

   0 00:02:53.9352320

Test Paused

   0 00:02:57.5570560

Test Stop

FILE NAME            FILE SIZE              FILE DATE & TIME

C:6061CP5F.DTA             1627                  Tue Mar 17 09:32:54 1998

         TEST LABEL                              TEST BEGIN DATE

   Buried Pipe Leak Detection & Location
Thu Feb 26 13:53:29 1998

 ID DDD HH:MM:SS.mmmuuun  CH  RISE  COUN  ENER  DURATION AMP    RMS

   0 00:00:00.0000000

Test running

   0 00:00:20.3708800

Test running

   0 00:00:01.0723840

Test Paused

  1   0 00:00:27.9232370   2   817  1405 65535    151108 100 0.6824

  1   0 00:00:28.0566937   1  2496   263   143     38926  42 0.0012

  1   0 00:00:31.3316425   2  1509  1496 65535    176640 100 0.7510

  1   0 00:00:31.4669395   1  5492   271   154     41226  43 0.0012

  1   0 00:00:32.6125433   1  2246    12    31     17615  37 0.0008

  1   0 00:00:35.0467905   2  1845  1516 65535    155662 100 0.6408

  1   0 00:00:35.1769093   1   100   329   180     46331  46 0.0014

  1   0 00:00:38.0299597   1   445    90    78      9541  54 0.0014

  1   0 00:00:38.6949303   2     4  1439 65535    161506 100 0.6026

  1   0 00:00:38.8371300   1   771   228   141     41318  43 0.0012

  1   0 00:00:42.5271657   2  1924  1569 65535    164874  98 0.6332

  1   0 00:00:42.6534640   1   565   209   141     41138  44 0.0012

  1   0 00:00:45.2274835   1  1245     1     2      1250  34 0.0008

   0 00:00:52.2190720

Test Paused

   0 00:00:54.1638400

Test Stop

The following shows blunt center punch data captured by the low frequency system. The plots on the left are voltage versus time, while the big plot on the right shows cross-correlation versus time. Note the unambiguous cross-correlation results in this small pipe, showing low attenuation.
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The following plot is from the high frequency system, showing location of events, energy and amplitude. The number 1 in the small square box represents the location of MH61, while the number 2 represents the location of MH60. Note the absence of clear peaks in this plot, meaning that the attenuation was fairly high.
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The following plots are from the low frequency system, and are natural signals. The plots on the left are voltage versus time, while the big plot on the right shows cross-correlation versus time. Note that we see some of the signals in the bottom of the left plots showing up in the top of the left plots, meaning low attenuation. Also, there is cross-correlation, as seen in the right plots. The second set of plots corresponds to the source of the signal being in the center of a bare spot within 100 feet of MH60.
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Return Line at MH60 to MH61

602 feet => 0.123S H2O; 0.0046S steel shear; 0.0026S steel long

The following tabulated data is from the high frequency system when blunt center punch impacts were made at both manholes. (The center punch occurred when the 100 figure is seen in the AMP column - note the subsequent arrivals on the other channel at amplitudes about 70 dB lower, showing high attenuation.)

FILE NAME            FILE SIZE              FILE DATE & TIME

C:6061CP2F.DTA             2994                  Tue Mar 17 09:26:24 1998

         TEST LABEL                              TEST BEGIN DATE

   Buried Pipe Leak Detection & Location
Thu Feb 26 10:48:37 1998

Event Data Display ON.  Hit Data Display ON.  TIME Data Display ON.  

 ID DDD HH:MM:SS.mmmuuun  CH  RISE  COUN  ENER  DURATION AMP    RMS

   0 00:00:00.0000000

Test running

  1   0 00:00:50.7895525   1  1502   521 50405     51961 100 0.4920

  1   0 00:00:50.8302300   2   314     7     7      8523  30 0.0006

  1   0 00:00:50.8849605   2   380     4     3      3970  28 0.0006

  1   0 00:00:50.9289400   2   477    90    24     17672  33 0.0006

* Gp# 1 [  1,  2] x =  2424.2, y =   0.00000 dT[ 40677]

*  1   0 00:00:50.7895525   1  1502   521 50405     51961 100 0.4920

  1   0 00:01:02.3904657   2     1     1     0         2  27 0.0006

  1   0 00:01:04.0095703   2     6     1     0       103  29 0.0006

  1   0 00:01:04.1123310   2    97     2     0       196  31 0.0006

  1   0 00:01:10.5903825   1  1465   564 51993     60700 100 0.4956

  1   0 00:01:10.6311753   2    10     2     0       469  27 0.0006

  1   0 00:01:10.6496980   2  2466    62    11      7371  31 0.0006

  1   0 00:01:10.6876263   2     1     6     1      2114  28 0.0006

  1   0 00:01:10.7301785   2    74    72    29     25479  32 0.0006

* Gp# 1 [  1,  2] x =  2420.9, y =   0.00000 dT[ 40792]

*  1   0 00:01:10.5903825   1  1465   564 51993     60700 100 0.4956

  1   0 00:01:15.0630433   1  1504   534 46124     52109 100 0.4498

  1   0 00:01:15.1035243   2   488     9     7      8717  28 0.0006

  1   0 00:01:15.1600000   2  1549     2     1      1594  28 0.0006

  1   0 00:01:15.2028695   2  2607    81    23     17247  33 0.0006

* Gp# 1 [  1,  2] x =  2430.0, y =   0.00000 dT[ 40481]

*  1   0 00:01:15.0630433   1  1504   534 46124     52109 100 0.4498

  1   0 00:01:20.0869480   1  1492   537 49304     51159 100 0.4810

  1   0 00:01:20.1274250   2   191    38    23     25301  29 0.0006

  1   0 00:01:20.1806317   2   849     3     4      5680  28 0.0006

  1   0 00:01:20.2267677   2    56    69    25     19976  33 0.0006

* Gp# 1 [  1,  2] x =  2430.1, y =   0.00000 dT[ 40477]

*  1   0 00:01:20.0869480   1  1492   537 49304     51159 100 0.4810

  1   0 00:01:22.9227390   2    21    23     4      2647  38 0.0006

  1   0 00:01:24.7012635   2   456     1     0       456  27 0.0006

  1   0 00:01:27.7787695   2     1     1     0         2  27 0.0006

  1   0 00:01:38.9133910   1  1525   517 45450     53921 100 0.4590

  1   0 00:01:38.9542433   2   171    50    24     24888  29 0.0006

  1   0 00:01:39.0517545   2  1623    75    24     21022  33 0.0006

* Gp# 1 [  1,  2] x =  2419.1, y =   0.00000 dT[ 40852]

*  1   0 00:01:38.9133910   1  1525   517 45450     53921 100 0.4590

  1   0 00:01:49.9653833   1   177   691 40900     57102 100 0.5396

  1   0 00:01:50.0013723   2    20     8     3      2629  28 0.0006

  1   0 00:01:50.0220637   2   468    65    13      8101  33 0.0006

  1   0 00:01:50.0516103   2    10     9     9     10020  29 0.0006

  1   0 00:01:50.0984085   2    10   108    36     24036  34 0.0006

  1   0 00:01:50.4889997   2     1     1     0         2  27 0.0006

* Gp# 1 [  1,  2] x =  2561.1, y =   0.00000 dT[ 35989]

*  1   0 00:01:49.9653833   1   177   691 40900     57102 100 0.5396

  1   0 00:01:50.9165613   2    45     2     0       230  29 0.0006

Test Aborted 

FILE NAME            FILE SIZE              FILE DATE & TIME

C:6061CP3F.DTA            10317                  Tue Mar 17 09:30:56 1998

         TEST LABEL                              TEST BEGIN DATE

   Buried Pipe Leak Detection & Location
Thu Feb 26 10:58:32 1998

Event Data Display ON.  Hit Data Display ON.  TIME Data Display ON.  

 ID DDD HH:MM:SS.mmmuuun  CH  RISE  COUN  ENER  DURATION AMP    RMS

   0 00:00:00.0000000

Test running

  1   0 00:01:04.6821810   2  1507   807 65535     97717 100 0.5572

  1   0 00:01:04.7220070   1  1869   157    89     17473  42 0.0010

  1   0 00:01:04.7743860   1     9    19    23      9980  36 0.0012

  1   0 00:01:04.8199567   1  3847   121    92     16620  47 0.0014

* Gp# 1 [  2,  1] x =  4774.9, y =   0.00000 dT[ 39826]

*  1   0 00:01:04.6821810   2  1507   807 65535     97717 100 0.5572

  1   0 00:01:05.5042503   1   505     9     7      2855  39 0.0008

  1   0 00:01:06.1172223   1     1     1     0         5  34 0.0008

  1   0 00:01:08.2358167   2  1662   805 65535     97873 100 0.5282

  1   0 00:01:08.2758140   1  1513   112    60     13223  41 0.0010

  1   0 00:01:08.3281617   1     1    37    33     12188  37 0.0010

  1   0 00:01:08.3726805   1  4921   127   101     17693  48 0.0014

  1   0 00:01:09.3576767   1     1     1     0         3  34 0.0008

* Gp# 1 [  2,  1] x =  4779.9, y =   0.00000 dT[ 39997]

*  1   0 00:01:08.2358167   2  1662   805 65535     97873 100 0.5282

  1   0 00:01:11.4634263   2   554   921 65535    100514 100 0.6038

  1   0 00:01:11.5060657   1  1858   123    70     13042  43 0.0010

  1   0 00:01:11.5584150   1     1    35    35     15060  37 0.0010

  1   0 00:01:11.6028827   1  4990   121    84     15764  46 0.0014

* Gp# 1 [  2,  1] x =  4857.1, y =   0.00000 dT[ 42639]

*  1   0 00:01:11.4634263   2   554   921 65535    100514 100 0.6038

  1   0 00:01:11.7387845   1     1     1     0        13  35 0.0014

  1   0 00:01:12.6174230   1     1     1     4      3254  35 0.0008

  1   0 00:01:12.8041587   1   591    12     8      2836  40 0.0008

  1   0 00:01:13.5932347   1     1     1     0         3  33 0.0008

  1   0 00:01:13.7587983   1    46     9     9      3467  38 0.0008

  1   0 00:01:14.8664897   2   284   886 65535    100907 100 0.5652

  1   0 00:01:14.9094575   1  1869   124    79     17390  43 0.0010

  1   0 00:01:14.9618373   1     9    26    23      8966  36 0.0010

  1   0 00:01:15.0072115   1  4056   116    88     16817  47 0.0014

* Gp# 1 [  2,  1] x =  4866.7, y =   0.00000 dT[ 42967]

*  1   0 00:01:14.8664897   2   284   886 65535    100907 100 0.5652

  1   0 00:01:17.1507097   1     8     1     0        12  34 0.0008

  1   0 00:01:18.0778020   2  2872   934 65535    112496 100 0.5936

  1   0 00:01:18.1190237   1  1836   139    80     17358  42 0.0010

  1   0 00:01:18.1713535   1    20    34    24      8974  37 0.0010

  1   0 00:01:18.2154207   1  5372   128   102     18124  49 0.0014

* Gp# 1 [  2,  1] x =  4815.7, y =   0.00000 dT[ 41221]

*  1   0 00:01:18.0778020   2  2872   934 65535    112496 100 0.5936

  1   0 00:01:19.6826830   1     1     1     0         3  33 0.0008

  1   0 00:01:22.9474155   1     1     1     0        75  35 0.0008

  1   0 00:01:25.4487947   1     1     1     0         2  33 0.0008

  1   0 00:01:28.9981120   1     1     1     0        13  34 0.0008

  1   0 00:01:33.5477813   1     1     1     0         5  34 0.0008

  1   0 00:01:34.0229045   2  1594   888 65535     97799 100 0.5930

  1   0 00:01:34.0628310   1  1870   152    79     17368  40 0.0010

  1   0 00:01:34.1151700   1    31    54    40     15105  37 0.0010

  1   0 00:01:34.1605655   1  4046   135    94     16820  48 0.0014

* Gp# 1 [  2,  1] x =  4777.9, y =   0.00000 dT[ 39926]

*  1   0 00:01:34.0229045   2  1594   888 65535     97799 100 0.5930

  1   0 00:01:37.5330705   2  1510   973 65535    111135 100 0.6424

  1   0 00:01:37.5729033   1  1870   136   102     17380  44 0.0012

  1   0 00:01:37.6252643   1  3841    56    42     15238  37 0.0012

  1   0 00:01:37.6697677   1  4940   121    92     17713  47 0.0016

  1   0 00:01:37.9812830   1   705     2     1       708  35 0.0016

* Gp# 1 [  2,  1] x =  4775.1, y =   0.00000 dT[ 39832]

*  1   0 00:01:37.5330705   2  1510   973 65535    111135 100 0.6424

  1   0 00:01:41.7795495   1    52    13     5      1364  39 0.0008

  1   0 00:01:42.1872073   1     1     1     0         2  33 0.0008

  1   0 00:01:43.7820745   1     1     1     0         3  33 0.0008

  1   0 00:01:44.6895023   1     1     1     0         2  33 0.0008

  1   0 00:01:45.0365983   1     1     1     0         6  36 0.0008

  1   0 00:01:46.1093667   1     1     1     0         2  33 0.0008

  1   0 00:01:47.3693045   1   163     1     1       440  34 0.0008

  1   0 00:01:47.9163965   1   670    12     5      1544  38 0.0008

  1   0 00:01:48.3442740   1     1     1     0         3  33 0.0008

   0 00:01:49.0831360

Test Paused

   0 00:01:50.5976320

Test Stop

The following shows blunt center punch data captured by the low frequency system. The plots on the left are voltage versus time, while the big plot on the right shows cross-correlation versus time. Note the unambiguous cross-correlation results in this small pipe, showing low attenuation. Also note the interesting splitting of the received signal, showing the presence of at least 3 modes of wave propagation (These arrival of these modes can also be seen in the cross-correlation plots).
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The following plot is from the high frequency system, showing location of events, energy and amplitude. The number 1 in the small square box represents the location of MH61, while the number 2 represents the location of MH60. Note the absence of clear peaks in this plot, meaning that the attenuation was fairly high. The right half of the energy plot looks different than the left half, because of the different detection thresholds used.
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The following plots are from the low frequency system, and are natural signals. The plots on the left are voltage versus time, while the big plot on the right shows cross-correlation versus time. Note that we do not see signals in the bottom of the left plots showing up in the top of the left plots, meaning high attenuation. Also, there is no cross-correlation, as seen in the right plots.
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