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3.4 Sources of Error 

3.4.1 Leakage 

Leaks in the testing apparatus were observed in three separate areas.  The first was a 
slight drip observed during higher flow rates at the reference flow meter.  The second 
was seepage from the downstream concrete vault where the pump suctions were 
located, possibly from a crack in the concrete vault.  The ground around this vault was 
saturated.  The third observation of leakage was from the priming device on the pumps.  
This leak was measured to be roughly 0.285 gal/min or 0.000635 CFS. All of these 
leaks are assumed to be negligible in comparison to the amount of water being 
pumped.  

3.4.2 Precision of data logger  

The precision of the data that the data logger recorded could have a large influence on 
the calculated error.  This is especially true at lower flows with the short test duration as 
was evident in tests #1-5 (1 CFS).  The reference mag meter was only precise to the 
hundredths place.  Additionally, during these same tests, the SlipMeter totalizer was 
only precise to the nearest integer. The precision of the data recordings was adjusted 
prior to Test #6.   

3.4.3 Air Entrainment 

At the higher flow rates (i.e. 12 CFS and above), the water in the downstream concrete 
pump vault became extremely turbulent, entraining air in the water.  Combining this with 
low submergence on the pump suctions, air could enter the pipeline.  The testing facility 
was equipped with an air vent/vacuum relief valve; however, it was lacking a continuous 
acting air release valve.  Entrained air would have an effect on the readings of the 
reference flow meter.  

 

Figure 11. Van De Pol Vault Illustrating Turbulence at Pump Suctions 
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3.4.4 Engine speed 

An engine operating in a poor efficiency zone may produce an inconsistent speed (rpm).  
The engine, being directly coupled to the pump, may have caused a slight variation or 
pulsing in the flow rate during some tests. 

3.5 Results of Concern 

3.5.1 Test #2 

This test had a target flow of 1 CFS and a gate opening of 150-mm.  Compared to the 
reference mag meter, the SlipMeter had an error of 3.83%, but this error was at least 
partially attributed to the lack of precision that was recorded by the data logger.  This 
test was redone (Test #18) with the data logger recording the reference mag meter data 
to a higher precision.  The re-test yielded an error of 0.84%.  Since it was a low flow 
rate, it is believed that if the first test was allowed to run longer, the data precision would 
have been minimized and the error would have probably been less. 

3.5.2 Test #3 

This test had a target flow of 1 CFS and a gate opening of 50-mm.  Compared to the 
reference mag meter, the SlipMeter had an error of 3.13%, but again this error was at 
least partially attributed to the lack of precision that was recorded by the data logger.  
This test was redone (Test #17) with the data logger recording the reference mag meter 
data to a higher precision.  The re-test yielded an error of -0.49%.  Since it was a low 
flow rate, it is believed that if the first test was allowed to run longer, the data precision 
again would have been minimized and the error would have probably been less. 

3.5.3 Test #12 

This test had a target flow of 14 CFS and a gate opening of 594-mm.  This test used the 
maximum flow that both pumps could provide simultaneously.  Compared to the 
reference flow meter, the SlipMeter had an error of -2.10%.  It is believed a portion of 
this error can be attributed to air entrainment in the water, influencing the readings on 
the reference flow meter.  During this test, the water within the concrete vault where the 
pump suctions were located was extremely turbulent.  This is further demonstrated by 
plotting instantaneous flow rate readings versus time as shown in Figure 12.  The 
reference flow meter readings are much more erratic versus the SlipMeter readings.  
The 600-mm SlipMeter appears capable of handling flow rates this large, but the testing 
apparatus was not suited to test at this flow rate.  
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Figure 12. Instantaneous Flow Rates of Meters at Max Flow Rate 

3.5.4 Test #16 

This test had a target flow of 5 CFS and a gate opening of 177-mm.  During this test a 
piece of plywood was placed on the face of the SlipMeter to partially obstruct the flow 
entering the meter to see how the SlipMeter would respond to partial obstruction.  
Compared to the reference flow meter, the SlipMeter had an error of 3.18%.  The 
obstruction was estimated to block nearly 75% of the total flow area.  Although the 
SlipMeter accuracy was above the desired 2% level, it still functioned well with a large 
obstruction in front of the meter. 

  

Figure 13. Rendering and Photo of Obstruction Test
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4 CONCLUSIONS 

The SlipMeter analyzed in a field condition performed well in its current configuration. 
The SlipMeter was consistently accurate to within ±2% of the reference mag meter that 
was NIST certified to be accurate within ±0.2%.  The tests where the SlipMeter did not 
perform well were anomalies; Test #12 was believed to have large amounts of entrained 
air skewing the readings of the reference mag meter, and Test #16 had a large 
percentage of its open area obstructed. Because of the short duration of the tests (30 
minutes), it was determined that the precision of the data logger was critical, which 
affected some of the initial tests under low flow conditions. It is believed that longer test 
times may have yielded higher accuracies for volumetric measurements.   

This SlipMeter was tested in a landowner turnout configuration, but it is believed that the 
SlipMeter would serve well as an in-line lateral control structure for an irrigation district 
also.   

Other scenarios that were not tested, but may be of interest to potential clients and 
which Rubicon Water may want to consider are as follows: 

1. The SlipMeter’s ability to control flow rate in an open discharge.  
2. How the SlipMeter would respond to a partially full inlet. 
3. The effects of higher water velocities in the distribution canal.  



 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICIES 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

Reference Mag Meter Calibration Sheet 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

Hand Recorded Test Data 

 



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

10/11/11 9:45:00 AM 1.059 121

10/11/11 9:46:00 AM 1.04 336015

10/11/11 9:47:00 AM 1.89

10/11/11 9:48:00 AM 4.85

10/11/11 9:49:00 AM

10/11/11 9:50:00 AM 1.045 121

10/11/11 9:51:00 AM 1.04 336326.24

10/11/11 9:52:00 AM 1.89

10/11/11 9:53:00 AM 4.85

10/11/11 9:54:00 AM

10/11/11 9:55:00 AM 1.052 121

10/11/11 9:56:00 AM 1.03 336640.02

10/11/11 9:57:00 AM 1.89

10/11/11 9:58:00 AM 4.85

10/11/11 9:59:00 AM

10/11/11 10:00:00 AM 1.056 121

10/11/11 10:01:00 AM 1.04 336949.18

10/11/11 10:02:00 AM 1.89

10/11/11 10:03:00 AM 4.85

10/11/11 10:04:00 AM

10/11/11 10:05:00 AM 1.065 121.1

10/11/11 10:06:00 AM 1.04 337260.83

10/11/11 10:07:00 AM 1.91

10/11/11 10:08:00 AM 4.85

10/11/11 10:09:00 AM

10/11/11 10:10:00 AM 1.064 121.1

10/11/11 10:11:00 AM 1.04 337572.69

Test #1

Mag Meter Slip Meter

10/11/11 10:11:00 AM 1.04 337572.69

10/11/11 10:12:00 AM 1.91

10/11/11 10:13:00 AM 4.85

10/11/11 10:14:00 AM 1.068 121.1

10/11/11 10:15:00 AM 1.03 337821.07

10/11/11 10:16:00 AM

10/11/11 10:17:00 AM

10/11/11 10:18:00 AM

10/11/11 10:19:00 AM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 10:20:00 AM

10/11/11 10:21:00 AM

10/11/11 10:22:00 AM

10/11/11 10:23:00 AM

10/11/11 10:24:00 AM

10/11/11 10:25:00 AM

10/11/11 10:26:00 AM 0.986 121.1

10/11/11 10:27:00 AM 0.98 338547.75

10/11/11 10:28:00 AM 1.93

10/11/11 10:29:00 AM 2.5

10/11/11 10:30:00 AM

10/11/11 10:31:00 AM 1.014 121.1

10/11/11 10:32:00 AM 0.98 338840.78

10/11/11 10:33:00 AM 2.5

10/11/11 10:34:00 AM 1.92

10/11/11 10:35:00 AM

10/11/11 10:36:00 AM 1.021 121.1

10/11/11 10:37:00 AM 0.99 339134.94

10/11/11 10:38:00 AM 1.93

10/11/11 10:39:00 AM 2.5

10/11/11 10:40:00 AM

10/11/11 10:41:00 AM 1.015 121.1

10/11/11 10:42:00 AM 0.99 339430.6

10/11/11 10:43:00 AM 1.93

10/11/11 10:44:00 AM 2.5

10/11/11 10:45:00 AM

10/11/11 10:46:00 AM 1.02 121.1

10/11/11 10:47:00 AM 0.99 339727.49

10/11/11 10:48:00 AM 1.93

10/11/11 10:49:00 AM 2.5

Test #2

10/11/11 10:49:00 AM 2.5

10/11/11 10:50:00 AM

10/11/11 10:51:00 AM 0.996 121.1

10/11/11 10:52:00 AM 0.99 340026.58

10/11/11 10:53:00 AM 1.92

10/11/11 10:54:00 AM 2.5

10/11/11 10:55:00 AM 1.024 121.1

10/11/11 10:56:00 AM 0.98 340257.15

10/11/11 10:57:00 AM

10/11/11 10:58:00 AM

10/11/11 10:59:00 AM

10/11/11 11:00:00 AM

10/11/11 11:01:00 AM

10/11/11 11:02:00 AM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 11:03:00 AM

10/11/11 11:04:00 AM

10/11/11 11:05:00 AM

10/11/11 11:06:00 AM

10/11/11 11:07:00 AM

10/11/11 11:08:00 AM

10/11/11 11:09:00 AM

10/11/11 11:10:00 AM 0.975 121.2

10/11/11 11:11:00 AM 0.99 341143.67

10/11/11 11:12:00 AM 1.9

10/11/11 11:13:00 AM 2.79

10/11/11 11:14:00 AM

10/11/11 11:15:00 AM 0.999 1212.2

10/11/11 11:16:00 AM 0.98 341439.67

10/11/11 11:17:00 AM 1.9

10/11/11 11:18:00 AM 2.79

10/11/11 11:19:00 AM

10/11/11 11:20:00 AM 1.007 121.2

10/11/11 11:21:08 AM 0.99 341748.79

10/11/11 11:22:00 AM 1.9

10/11/11 11:23:00 AM 2.79

10/11/11 11:24:00 AM

10/11/11 11:25:00 AM 0.999 121.2

10/11/11 11:26:00 AM 0.98 342028.66

10/11/11 11:27:00 AM 1.9

10/11/11 11:28:00 AM 2.8

10/11/11 11:29:00 AM

10/11/11 11:30:00 AM 1.001 121.2

10/11/11 11:31:00 AM 0.97 342324.81

10/11/11 11:32:00 AM 1.91

Test #3

10/11/11 11:32:00 AM 1.91

10/11/11 11:33:00 AM 2.8

10/11/11 11:34:00 AM

10/11/11 11:35:00 AM 1.003 121.2

10/11/11 11:36:00 AM 0.99 342619.01

10/11/11 11:37:00 AM 1.9

10/11/11 11:38:00 AM 2.8

10/11/11 11:39:00 AM 0.989 121.2

10/11/11 11:40:00 AM 1.01 342853.76

10/11/11 11:41:00 AM

10/11/11 11:42:00 AM

10/11/11 11:43:00 AM

10/11/11 11:44:00 AM

10/11/11 11:45:00 AM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 11:46:00 AM

10/11/11 11:47:00 AM

10/11/11 11:48:00 AM

10/11/11 11:49:00 AM

10/11/11 11:50:00 AM

10/11/11 11:51:00 AM

10/11/11 11:52:00 AM 1 121.2

10/11/11 11:53:00 AM 1 343624.72

10/11/11 11:54:00 AM 1.89

10/11/11 11:55:00 AM 2.43

10/11/11 11:56:00 AM

10/11/11 11:57:00 AM 1.003 121.2

10/11/11 11:58:00 AM 1 343921.11

10/11/11 11:59:00 AM 1.91

10/11/11 12:00:00 PM 2.43

10/11/11 12:01:00 PM

10/11/11 12:02:00 PM 1.015 121.2

10/11/11 12:03:00 PM 0.98 344217.4

10/11/11 12:04:00 PM 1.91

10/11/11 12:05:00 PM 2.43

10/11/11 12:06:00 PM

10/11/11 12:07:00 PM 0.996 121.2

10/11/11 12:08:00 PM 0.98 344512.4

10/11/11 12:09:00 PM 1.91

10/11/11 12:10:00 PM 2.43

10/11/11 12:11:00 PM

10/11/11 12:12:00 PM 0.999 121.2

10/11/11 12:13:00 PM 0.99 344808.74

10/11/11 12:14:00 PM 1.92

10/11/11 12:15:00 PM 2.43

Test #4

10/11/11 12:15:00 PM 2.43

10/11/11 12:16:00 PM

10/11/11 12:17:00 PM 1.002 121.2

10/11/11 12:18:00 PM 0.99 345110.46

10/11/11 12:19:00 PM 1.89

10/11/11 12:20:00 PM 2.43

10/11/11 12:21:00 PM 0.997 121.2

10/11/11 12:22:00 PM 0.98 345341.19

10/11/11 12:23:00 PM

10/11/11 12:24:00 PM

10/11/11 12:25:00 PM

10/11/11 12:26:00 PM

10/11/11 12:27:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 12:28:00 PM

10/11/11 12:29:00 PM

10/11/11 12:30:00 PM

10/11/11 12:31:00 PM

10/11/11 12:32:00 PM

10/11/11 12:33:00 PM 0.98 121.2

10/11/11 12:34:00 PM 1 346052.54

10/11/11 12:35:00 PM

10/11/11 12:36:00 PM 1.91

10/11/11 12:37:00 PM 2.42

10/11/11 12:38:00 PM 1 121.3

10/11/11 12:39:00 PM 0.99 346347.54

10/11/11 12:40:00 PM 1.91

10/11/11 12:41:00 PM 2.42

10/11/11 12:42:00 PM

10/11/11 12:43:00 PM 0.968 121.3

10/11/11 12:44:00 PM 0.96 346642.74

10/11/11 12:45:00 PM 1.9

10/11/11 12:46:00 PM 2.42

10/11/11 12:47:00 PM

10/11/11 12:48:00 PM 0.993 121.3

10/11/11 12:49:00 PM 0.99 346938.82

10/11/11 12:50:00 PM 1.89

10/11/11 12:51:00 PM 2.41

10/11/11 12:52:00 PM

10/11/11 12:53:00 PM 1.016 121.3

10/11/11 12:54:00 PM 0.97 347234.67

10/11/11 12:55:00 PM 1.89

10/11/11 12:56:00 PM 2.4

10/11/11 12:57:00 PM

Test #5

10/11/11 12:57:00 PM

10/11/11 12:58:00 PM 1.005 121.3

10/11/11 12:59:00 PM 0.99 347529.47

10/11/11 1:00:00 PM 1.88

10/11/11 1:01:00 PM 2.4

10/11/11 1:02:00 PM 0.995 121.3

10/11/11 1:03:00 PM 0.98 347768.03

10/11/11 1:04:00 PM

10/11/11 1:05:00 PM

10/11/11 1:06:00 PM

10/11/11 1:07:00 PM

10/11/11 1:08:00 PM

10/11/11 1:09:00 PM

10/11/11 1:10:00 PM

10/11/11 1:11:00 PM

10/11/11 1:12:00 PM

10/11/11 1:13:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 1:14:00 PM

10/11/11 1:15:00 PM

10/11/11 1:16:00 PM

10/11/11 1:17:00 PM

10/11/11 1:18:00 PM

10/11/11 1:19:00 PM

10/11/11 1:20:00 PM

10/11/11 1:21:00 PM

10/11/11 1:22:00 PM

10/11/11 1:23:00 PM

10/11/11 1:24:00 PM

10/11/11 1:25:00 PM

10/11/11 1:26:00 PM

10/11/11 1:27:00 PM

10/11/11 1:28:00 PM 3.146 121.3

10/11/11 1:29:00 PM 3.13 350839.42

10/11/11 1:30:00 PM 1.9

10/11/11 1:31:00 PM 2.99

10/11/11 1:32:00 PM 3.103 121.3

10/11/11 1:33:00 PM 3.12 351582.95

10/11/11 1:34:00 PM 1.88

10/11/11 1:35:00 PM 3.01

10/11/11 1:36:00 PM

10/11/11 1:37:00 PM

10/11/11 1:38:00 PM 3.112 121.4

10/11/11 1:39:00 PM 3.11 352703.83

10/11/11 1:40:00 PM 1.88

10/11/11 1:41:00 PM 3.01

10/11/11 1:42:00 PM

10/11/11 1:43:00 PM 3.11 121.4

Test #6

10/11/11 1:43:00 PM 3.11 121.4

10/11/11 1:44:00 PM 3.12 353632.01

10/11/11 1:45:00 PM 1.89

10/11/11 1:46:00 PM 3.02

10/11/11 1:47:00 PM

10/11/11 1:48:00 PM 3.125 121.4

10/11/11 1:49:00 PM 3.11 354562.94

10/11/11 1:50:00 PM 1.9

10/11/11 1:51:00 PM 3.01

10/11/11 1:52:00 PM

10/11/11 1:53:00 PM 3.131 121.5

10/11/11 1:54:00 PM 3.07 355492.71

10/11/11 1:55:00 PM 1.9

10/11/11 1:56:00 PM 3.01

10/11/11 1:57:00 PM 3.07 121.5

10/11/11 1:58:00 PM 3.07 356235.11

10/11/11 1:59:00 PM

10/11/11 2:00:00 PM

10/11/11 2:01:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 2:02:00 PM

10/11/11 2:03:00 PM

10/11/11 2:04:00 PM

10/11/11 2:05:00 PM

10/11/11 2:06:00 PM

10/11/11 2:07:00 PM 3.15 121.5

10/11/11 2:08:00 PM 3.09 358097.4

10/11/11 2:09:00 PM 1.92

10/11/11 2:10:00 PM 2.64

10/11/11 2:11:00 PM

10/11/11 2:12:00 PM 3.063 121.5

10/11/11 2:13:00 PM 3.08 359026.12

10/11/11 2:14:00 PM 1.91

10/11/11 2:15:00 PM 2.65

10/11/11 2:16:00 PM

10/11/11 2:17:00 PM 3.091 121.5

10/11/11 2:18:00 PM 3.11 359957.81

10/11/11 2:19:00 PM 1.9

10/11/11 2:20:00 PM 2.65

10/11/11 2:21:00 PM

10/11/11 2:22:00 PM 3.102 121.5

10/11/11 2:23:00 PM 3.13 360890.72

10/11/11 2:24:00 PM 1.93

10/11/11 2:25:00 PM 2.65

10/11/11 2:26:00 PM

10/11/11 2:27:00 PM 3.102 121.6

10/11/11 2:28:00 PM 3.07 361822.12

10/11/11 2:29:00 PM 1.91

10/11/11 2:30:00 PM 2.66

10/11/11 2:31:00 PM

Test #7

10/11/11 2:31:00 PM

10/11/11 2:32:00 PM 3.007 121.6

10/11/11 2:33:00 PM 3.12 362751.43

10/11/11 2:34:00 PM 1.93

10/11/11 2:35:00 PM 2.66

10/11/11 2:36:00 PM 3.108 121.7

10/11/11 2:37:00 PM 3.09 363499.52

10/11/11 2:38:00 PM

10/11/11 2:39:00 PM

10/11/11 2:40:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 2:41:00 PM

10/11/11 2:42:00 PM

10/11/11 2:43:00 PM

10/11/11 2:44:00 PM

10/11/11 2:45:00 PM 4.9 121.7

10/11/11 2:46:00 PM 4.91 365866.36

10/11/11 2:47:00 PM 2.88

10/11/11 2:48:00 PM 1.94

10/11/11 2:49:00 PM

10/11/11 2:50:00 PM 4.885 121.7

10/11/11 2:51:00 PM 4.95 367345.21

10/11/11 2:52:00 PM 1.95

10/11/11 2:53:00 PM 2.85

10/11/11 2:54:00 PM

10/11/11 2:55:00 PM 4.926 121.7

10/11/11 2:56:00 PM 4.92 368728

10/11/11 2:57:00 PM 1.95

10/11/11 2:58:00 PM 2.84

10/11/11 2:59:00 PM

10/11/11 3:00:00 PM 4.915 121.7

10/11/11 3:01:00 PM 4.94 370311.06

10/11/11 3:02:00 PM 1.95

10/11/11 3:03:00 PM 2.84

10/11/11 3:04:00 PM

10/11/11 3:05:00 PM 4.892 121.9

10/11/11 3:06:00 PM 4.95 371789.17

10/11/11 3:07:00 PM 1.96

10/11/11 3:08:00 PM 2.84

10/11/11 3:09:00 PM

10/11/11 3:10:00 PM 4.932 121.9

Test #8

10/11/11 3:10:00 PM 4.932 121.9

10/11/11 3:11:00 PM 4.95 373273.2

10/11/11 3:12:00 PM 1.94

10/11/11 3:13:00 PM 2.83

10/11/11 3:14:00 PM 4.936 121.9

10/11/11 3:15:00 PM 4.91 3744457.83

10/11/11 3:16:00 PM

10/11/11 3:17:00 PM

10/11/11 3:18:00 PM

10/11/11 3:19:00 PM

10/11/11 3:20:00 PM

10/11/11 3:21:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/11/11 3:22:00 PM

10/11/11 3:23:00 PM

10/11/11 3:24:00 PM

10/11/11 3:25:00 PM

10/11/11 3:26:00 PM

10/11/11 3:27:00 PM

10/11/11 3:28:00 PM

10/11/11 3:29:00 PM

10/11/11 3:30:00 PM 4.931 122

10/11/11 3:31:00 PM 4.92 379213.85

10/11/11 3:32:00 PM 1.94

10/11/11 3:33:00 PM 2.77

10/11/11 3:34:00 PM

10/11/11 3:35:00 PM 4.889 122.1

10/11/11 3:36:00 PM 4.97 380690.83

10/11/11 3:37:00 PM 1.94

10/11/11 3:38:00 PM 2.76

10/11/11 3:39:00 PM

10/11/11 3:40:00 PM 4.949 122.1

10/11/11 3:41:00 PM 4.92 382170.3

10/11/11 3:42:00 PM 1.92

10/11/11 3:43:00 PM 2.76

10/11/11 3:44:00 PM

10/11/11 3:45:00 PM 4.947 122.1

10/11/11 3:46:00 PM 4.93 383649.59

10/11/11 3:47:00 PM 1.92

10/11/11 3:48:00 PM 2.76

10/11/11 3:49:00 PM

10/11/11 3:50:00 PM 4.947 122.1

10/11/11 3:51:00 PM 4.99 385139.36

Test #9

10/11/11 3:51:00 PM 4.99 385139.36

10/11/11 3:52:00 PM 1.95

10/11/11 3:53:00 PM 2.76

10/11/11 3:54:00 PM

10/11/11 3:55:00 PM 4.953 122.1

10/11/11 3:56:00 PM 4.91 386617.89

10/11/11 3:57:00 PM 1.92

10/11/11 3:58:00 PM 2.75

10/11/11 3:59:00 PM 4.924 122.2

10/11/11 4:00:00 PM 4.95 387813.83



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 8:49:00 AM 8.1 394704.69

10/12/11 8:50:00 AM 8.149 122.4

10/12/11 8:51:00 AM 1.93

10/12/11 8:52:00 AM 3.21

10/12/11 8:53:00 AM 12.7001

10/12/11 8:54:00 AM 8.17 397141.07

10/12/11 8:55:00 AM 8.191 122.5

10/12/11 8:56:00 AM 1.93

10/12/11 8:57:00 AM 3.17

10/12/11 8:58:00 AM 12.6701

10/12/11 8:59:00 AM 8.15 399590.79

10/12/11 9:00:00 AM 8.135 122.5

10/12/11 9:01:00 AM 1.91

10/12/11 9:02:00 AM 3.17

10/12/11 9:03:00 AM 12.6944

10/12/11 9:04:00 AM 8.16 402034.25

10/12/11 9:05:00 AM 8.101 122.6

10/12/11 9:06:00 AM 1.88

10/12/11 9:07:00 AM 3.14

10/12/11 9:08:00 AM 12.6534

10/12/11 9:09:00 AM 8.11 404474.15

10/12/11 9:10:00 AM 8.144 122.6

10/12/11 9:11:00 AM 1.88

Test #10

10/12/11 9:11:00 AM 1.88

10/12/11 9:12:00 AM 3.12

10/12/11 9:13:00 AM 12.6463

10/12/11 9:14:00 AM 8.13 406915.56

10/12/11 9:15:00 AM 8.116 122.7

10/12/11 9:16:00 AM 1.86

10/12/11 9:17:00 AM 3.12

10/12/11 9:18:00 AM 12.7345

10/12/11 9:19:00 AM 8.16 409366.06

10/12/11 9:20:00 AM 8.146 122.8

10/12/11 9:21:00 AM

10/12/11 9:22:00 AM

10/12/11 9:23:00 AM

10/12/11 9:33:00 AM

10/12/11 9:34:00 AM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 9:40:00 AM

10/12/11 9:41:00 AM

10/12/11 9:42:00 AM

10/12/11 9:43:00 AM

10/12/11 9:44:00 AM

10/12/11 9:45:00 AM

10/12/11 9:46:00 AM

10/12/11 9:47:00 AM

10/12/11 9:48:00 AM

10/12/11 9:49:00 AM

10/12/11 9:50:00 AM

10/12/11 9:51:00 AM

10/12/11 9:52:00 AM

10/12/11 9:53:00 AM 8.11 419682.93

10/12/11 9:54:00 AM 8.216 123

10/12/11 9:55:00 AM 1.82

10/12/11 9:56:00 AM 3.4

10/12/11 9:57:00 AM 12.6045

10/12/11 9:58:00 AM 8.11 422106.28

10/12/11 9:59:00 AM 8.224 123

10/12/11 10:00:00 AM 1.82

10/12/11 10:01:00 AM 3.41

10/12/11 10:02:00 AM 12.6487

10/12/11 10:03:00 AM 8.12 424558.07

10/12/11 10:04:00 AM 8.153 123.1

10/12/11 10:05:00 AM 1.84

10/12/11 10:06:00 AM 3.42

10/12/11 10:07:00 AM 12.6408

10/12/11 10:08:00 AM 8.1 426987.12

10/12/11 10:09:00 AM 8.238 123.1

Test #11

10/12/11 10:09:00 AM 8.238 123.1

10/12/11 10:10:00 AM 1.84

10/12/11 10:11:00 AM 3.41

10/12/11 10:12:00 AM 12.6479

10/12/11 10:13:00 AM 8.1 429419.99

10/12/11 10:14:00 AM 8.16 123.2

10/12/11 10:15:00 AM 1.85

10/12/11 10:16:00 AM 3.42

10/12/11 10:17:00 AM 12.6591

10/12/11 10:18:00 AM 8.15 431864.01

10/12/11 10:19:00 AM 8.213 123.3

10/12/11 10:20:00 AM 1.85

10/12/11 10:21:00 AM 3.42

10/12/11 10:22:00 AM 12.6563

10/12/11 10:23:00 AM 8.09 434290.57

10/12/11 10:24:00 AM 8.228 123.3

10/12/11 10:25:00 AM

10/12/11 10:26:00 AM

10/12/11 10:27:00 AM

10/12/11 10:28:00 AM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 10:29:00 AM

10/12/11 10:30:00 AM

10/12/11 10:31:00 AM

10/12/11 10:32:00 AM

10/12/11 10:33:00 AM

10/12/11 10:34:00 AM

10/12/11 10:35:00 AM

10/12/11 10:36:00 AM 14.17 442807.4

10/12/11 10:37:00 AM 13.973 123.5

10/12/11 10:38:00 AM 1.85

10/12/11 10:39:00 AM 4.78

10/12/11 10:40:30 AM 19.1008

10/12/11 10:41:00 AM 14.03 447067.97

10/12/11 10:42:00 AM 13.901 123.6

10/12/11 10:43:00 AM 1.87

10/12/11 10:44:00 AM

10/12/11 10:45:00 AM 18.952

10/12/11 10:46:00 AM 14.14 451320.67

10/12/11 10:47:00 AM 13.858 123.7

10/12/11 10:48:00 AM 1.87

10/12/11 10:49:00 AM

10/12/11 10:50:00 AM 19.0365

10/12/11 10:51:00 AM 14.2 455543.53

10/12/11 10:52:00 AM 13.921 123.8

10/12/11 10:53:00 AM 1.92

10/12/11 10:54:00 AM

10/12/11 10:55:00 AM 18.9458

10/12/11 10:56:00 AM 14.18 459793.16

10/12/11 10:57:00 AM 13.847 123.9

10/12/11 10:58:00 AM 1.91

Test #12

10/12/11 10:58:00 AM 1.91

10/12/11 10:59:00 AM

10/12/11 11:00:00 AM 19.2652

10/12/11 11:01:03 AM 13.95 454075.61

10/12/11 11:02:00 AM 13.848 124

10/12/11 11:03:00 AM 1.95

10/12/11 11:04:00 AM

10/12/11 11:05:00 AM 18.9203

10/12/11 11:06:00 AM 13.92 468261.81

10/12/11 11:07:00 AM 13.869 124.1

10/12/11 11:08:00 AM

10/12/11 11:09:00 AM

10/12/11 11:10:00 AM

10/12/11 11:11:00 AM

10/12/11 11:12:00 AM

10/12/11 11:13:00 AM

10/12/11 11:14:00 AM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 11:15:00 AM

10/12/11 11:16:00 AM

10/12/11 11:17:00 AM

10/12/11 11:18:00 AM

10/12/11 11:19:00 AM

10/12/11 11:20:00 AM

10/12/11 11:21:00 AM

10/12/11 11:22:00 AM

10/12/11 11:23:00 AM

10/12/11 11:24:00 AM 16.5305

10/12/11 11:25:00 AM 11.84 482588.76

10/12/11 11:26:00 AM 11.778 124.4

10/12/11 11:27:00 AM 2.03

10/12/11 11:28:00 AM 4.32

10/12/11 11:29:00 AM 16.5652

10/12/11 11:30:00 AM 11.85 486113.15

10/12/11 11:31:00 AM 11.819 124.5

10/12/11 11:32:00 AM 2.05

10/12/11 11:33:00 AM

10/12/11 11:34:00 AM 16.5638

10/12/11 11:35:00 AM 11.8 489662.24

10/12/11 11:36:00 AM 11.776 124.6

10/12/11 11:37:00 AM 2.06

10/12/11 11:38:00 AM

10/12/11 11:39:00 AM 16.5574

10/12/11 11:40:00 AM 11.77 493195.36

10/12/11 11:41:00 AM 11.805 124.7

10/12/11 11:42:00 AM 2.03

10/12/11 11:43:00 AM

10/12/11 11:44:00 AM 16.5532

Test #13

10/12/11 11:44:00 AM 16.5532

10/12/11 11:45:00 AM 11.8 496724.57

10/12/11 11:46:00 AM 11.722 124.7

10/12/11 11:47:00 AM 2.03

10/12/11 11:48:00 AM

10/12/11 11:49:00 AM 16.5289

10/12/11 11:50:00 AM 11.89 500268.12

10/12/11 11:51:00 AM 11.824 124.8

10/12/11 11:52:00 AM 2.03

10/12/11 11:53:00 AM

10/12/11 11:54:00 AM 16.5561

10/12/11 11:55:00 AM 11.79 503796.58

10/12/11 11:56:00 AM 11.807 124.9

10/12/11 11:57:00 AM

10/12/11 11:58:00 AM

10/12/11 11:59:00 AM

10/12/11 12:00:00 PM

10/12/11 12:01:00 PM

10/12/11 12:02:00 PM

10/12/11 12:03:00 PM

10/12/11 12:04:00 PM

10/12/11 12:05:00 PM

10/12/11 12:06:00 PM

10/12/11 12:07:00 PM

10/12/11 12:08:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 12:09:00 PM

10/12/11 12:10:00 PM

10/12/11 12:11:00 PM

10/12/11 12:12:00 PM

10/12/11 12:13:00 PM

10/12/11 12:14:00 PM

10/12/11 12:15:00 PM

10/12/11 12:16:00 PM

10/12/11 12:17:00 PM

10/12/11 12:18:00 PM

10/12/11 12:19:00 PM 16.5038

10/12/11 12:20:00 PM 11.9 521463.9

10/12/11 12:21:00 PM 11.788 125.3

10/12/11 12:22:00 PM 1.98

10/12/11 12:23:00 PM

10/12/11 12:24:00 PM 16.5763

10/12/11 12:25:00 PM 11.79 524991.67

10/12/11 12:26:00 PM 11.813 125.4

10/12/11 12:27:00 PM 1.96

10/12/11 12:28:00 PM

10/12/11 12:29:00 PM 16.5173

10/12/11 12:30:00 PM 11.83 528847.35

10/12/11 12:31:00 PM 11.77 125.5

10/12/11 12:32:00 PM 1.94

10/12/11 12:33:00 PM

10/12/11 12:34:00 PM 16.5859

10/12/11 12:35:00 PM 11.74 532041.01

10/12/11 12:36:00 PM 11.814 125.6

10/12/11 12:37:00 PM 1.94

10/12/11 12:38:00 PM

Test #14

10/12/11 12:38:00 PM

10/12/11 12:39:00 PM 16.5739

10/12/11 12:40:00 PM 11.74 535566.46

10/12/11 12:41:00 PM 11.796 125.6

10/12/11 12:42:00 PM 1.94

10/12/11 12:43:00 PM

10/12/11 12:44:00 PM 16.5357

10/12/11 12:45:00 PM 11.71 539118.06

10/12/11 12:46:00 PM 11.794 125.7

10/12/11 12:47:00 PM 1.91

10/12/11 12:48:00 PM

10/12/11 12:49:00 PM 16.5373

10/12/11 12:50:00 PM 11.81 542639.13

10/12/11 12:51:00 PM 11.81 125.8

10/12/11 12:52:00 PM

10/12/11 12:53:00 PM

10/12/11 12:54:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 12:55:00 PM

10/12/11 12:56:00 PM

10/12/11 12:57:00 PM

10/12/11 12:58:00 PM

10/12/11 12:59:00 PM

10/12/11 1:00:00 PM

10/12/11 1:01:00 PM 14.7391

10/12/11 1:02:00 PM 10.12 550104.03

10/12/11 1:03:00 PM 10.087 125.9

10/12/11 1:04:00 PM 1.85

10/12/11 1:05:00 PM 3.77

10/12/11 1:06:00 PM 14.7888

10/12/11 1:07:00 PM 10.12 553131.91

10/12/11 1:08:00 PM 10.134 126

10/12/11 1:09:00 PM 1.87

10/12/11 1:10:00 PM 3.76

10/12/11 1:11:00 PM 14.8164

10/12/11 1:12:00 PM 10.1 556469.26

10/12/11 1:13:00 PM 10.141 126.1

10/12/11 1:14:00 PM 1.84

10/12/11 1:15:00 PM 3.73

10/12/11 1:16:00 PM 14.7656

10/12/11 1:17:00 PM 10.1 559191.05

10/12/11 1:18:00 PM 10.137 126.2

10/12/11 1:19:00 PM 1.84

10/12/11 1:20:00 PM 3.76

10/12/11 1:21:00 PM 14.8228

10/12/11 1:22:00 PM 10.1 562230.81

10/12/11 1:23:00 PM 10.133 126.3

10/12/11 1:24:00 PM 1.84

Test #15

10/12/11 1:24:00 PM 1.84

10/12/11 1:25:00 PM 3.78

10/12/11 1:26:00 PM 14.7499

10/12/11 1:27:00 PM 10.13 565257.73

10/12/11 1:28:00 PM 10.144 126.3

10/12/11 1:29:00 PM 1.85

10/12/11 1:30:00 PM 3.75

10/12/11 1:31:00 PM 14.76

10/12/11 1:32:00 PM 10.08 568285.46

10/12/11 1:33:00 PM 10.134 126.4

10/12/11 1:34:00 PM

10/12/11 1:35:00 PM

10/12/11 1:36:00 PM

10/12/11 1:37:00 PM

10/12/11 1:38:00 PM

10/12/11 1:39:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 1:40:00 PM

10/12/11 1:41:00 PM

10/12/11 1:42:00 PM

10/12/11 1:43:00 PM

10/12/11 1:44:00 PM

10/12/11 1:45:00 PM

10/12/11 1:46:00 PM

10/12/11 1:47:00 PM

10/12/11 1:48:00 PM 9.0612

10/12/11 1:49:00 PM 4.73 573529.44

10/12/11 1:50:00 PM 4.863 126.5

10/12/11 1:51:00 PM 1.86

10/12/11 1:52:00 PM 3.3

10/12/11 1:53:00 PM 9.0511

10/12/11 1:54:00 PM 4.73 574949.33

10/12/11 1:55:00 PM 5.013 126.5

10/12/11 1:56:00 PM 1.86

10/12/11 1:57:00 PM 3.33

10/12/11 1:58:00 PM 9.0655

10/12/11 1:59:00 PM 4.72 576368.09

10/12/11 2:00:00 PM 4.904 126.6

10/12/11 2:01:00 PM 1.85

10/12/11 2:02:00 PM 3.33

10/12/11 2:03:00 PM 9.0578

10/12/11 2:04:00 PM 4.74 577799.14

10/12/11 2:05:00 PM 4.961 126.6

10/12/11 2:06:00 PM 1.85

10/12/11 2:07:00 PM 3.31

10/12/11 2:08:00 PM 9.0871

10/12/11 2:09:00 PM 4.76 579216.65

Test #16

10/12/11 2:09:00 PM 4.76 579216.65

10/12/11 2:10:00 PM 4.899 126.6

10/12/11 2:11:00 PM 1.84

10/12/11 2:12:00 PM 3.3

10/12/11 2:13:00 PM 9.0252

10/12/11 2:14:00 PM 4.75 580630.68

10/12/11 2:15:00 PM 4.997 126.6

10/12/11 2:16:00 PM 1.86

10/12/11 2:17:00 PM 3.35

10/12/11 2:18:00 PM 9.0256

10/12/11 2:19:00 PM 4.73 582058.62

10/12/11 2:20:00 PM 5.009 126.7

10/12/11 2:21:00 PM

10/12/11 2:22:00 PM

10/12/11 2:23:00 PM

10/12/11 2:24:00 PM

10/12/11 2:25:00 PM

10/12/11 2:26:00 PM

10/12/11 2:27:00 PM

10/12/11 2:28:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 2:29:00 PM

10/12/11 2:30:00 PM

10/12/11 2:31:00 PM

10/12/11 2:32:00 PM

10/12/11 2:33:00 PM

10/12/11 2:34:00 PM

10/12/11 2:35:00 PM

10/12/11 2:36:00 PM

10/12/11 2:37:00 PM

10/12/11 2:38:00 PM 5.0948

10/12/11 2:39:00 PM 1.03 584562.92

10/12/11 2:40:00 PM 1.039 126.8

10/12/11 2:41:00 PM 1.94

10/12/11 2:42:00 PM 2.86

10/12/11 2:43:00 PM 5.0987

10/12/11 2:44:00 PM 1.03 584871.33

10/12/11 2:45:00 PM 1.017 126.8

10/12/11 2:46:00 PM 1.95

10/12/11 2:47:00 PM 2.86

10/12/11 2:48:00 PM 5.0914

10/12/11 2:49:00 PM 1.03 585179.49

10/12/11 2:50:00 PM 1.035 126.8

10/12/11 2:51:00 PM 1.96

10/12/11 2:52:00 PM 2.89

10/12/11 2:53:00 PM 5.0914

10/12/11 2:54:00 PM 1.03 585487.97

10/12/11 2:55:00 PM 1.032 126.8

10/12/11 2:56:00 PM 2

10/12/11 2:57:00 PM 2.91

10/12/11 2:58:00 PM 5.082

Test #17 (Test #3 redo)

10/12/11 2:58:00 PM 5.082

10/12/11 2:59:00 PM 1.02 585794.13

10/12/11 3:00:00 PM 1.04 126.8

10/12/11 3:01:00 PM 2.01

10/12/11 3:02:00 PM 2.92

10/12/11 3:03:00 PM 5.1038

10/12/11 3:04:00 PM 1.03 586104.5

10/12/11 3:05:00 PM 1.029 126.8

10/12/11 3:06:00 PM 2

10/12/11 3:07:00 PM 2.93

10/12/11 3:08:00 PM 5.088

10/12/11 3:09:00 PM 1.03 586411.64

10/12/11 3:10:00 PM 1.036 126.8

10/12/11 3:11:00 PM

10/12/11 3:12:00 PM

10/12/11 3:13:00 PM

10/12/11 3:14:00 PM



CFS FT^3 milliamps CFS AF DTW Channel (ft) DTW Vault (ft)

Mag Meter Slip Meter

10/12/11 3:15:00 PM

10/12/11 3:16:00 PM

10/12/11 3:17:00 PM

10/12/11 3:18:00 PM

10/12/11 3:19:00 PM 5.1049

10/12/11 3:20:00 PM 1.04 587092.17

10/12/11 3:21:00 PM 1.041 126.8

10/12/11 3:22:00 PM 2.01

10/12/11 3:23:00 PM 2.57

10/12/11 3:24:00 PM 5.096

10/12/11 3:25:00 PM 1.04 587402.35

10/12/11 3:26:00 PM 1.043 126.8

10/12/11 3:27:00 PM 2.01

10/12/11 3:28:00 PM 2.57

10/12/11 3:29:00 PM 5.107

10/12/11 3:30:00 PM 1.04 587712.35

10/12/11 3:31:00 PM 1.038 126.8

10/12/11 3:32:00 PM 2.02

10/12/11 3:33:00 PM 2.57

10/12/11 3:34:00 PM 5.109

10/12/11 3:35:00 PM 1.04 588052.38

10/12/11 3:36:00 PM 1.049 126.9

10/12/11 3:37:00 PM 1.99

10/12/11 3:38:00 PM 2.54

10/12/11 3:39:00 PM 5.1032

10/12/11 3:40:00 PM 1.03 588331.39

10/12/11 3:41:00 PM 1.038 126.9

10/12/11 3:42:00 PM 1.96

10/12/11 3:43:00 PM 2.53

10/12/11 3:44:00 PM 5.1037

Test #18 (Test #2 redo)

10/12/11 3:44:00 PM 5.1037

10/12/11 3:45:00 PM 1.04 588641.59

10/12/11 3:46:00 PM 1.048 126.9

10/12/11 3:47:00 PM 1.94

10/12/11 3:48:00 PM 2.51

10/12/11 3:49:00 PM 5.0954

10/12/11 3:50:00 PM 10.3 588982.81

10/12/11 3:51:00 PM 1.009 126.9

10/12/11 3:52:00 PM

10/12/11 3:53:00 PM




