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verified that the top of the cement plug (with fill material on top of cement plug) is at a depth of 

6,035 feet below ground surface and extends to the total depth of the well.  The plug effectively 

isolates the bottom 100 feet of the Arbuckle Formation and the underlying granite wash and 

granite bedrock.  Figure 1 shows a cross section of the subsurface construction of the injection 

well.  

 

3.0 MIT  METHOD  
An Oxygen Activation Log (OAL) was utilized to demonstrate the mechanical integrity of MES 

-1.  Weatherford provided logging services with their Water Flow Log.  The Water Flow Log is a 

station logging tool where specific stations in the well are selected for logging.  When the 

logging tool is on station, a burst of neutrons generated by the tool are emitted.  These neutrons 

are of the appropriate speed and intensity to create an oxygen isotope in any water that is 

encountered.  The radioactive oxygen has a very short half-life.  Three gamma ray detectors 

above the neutron source are then utilized to measure the passage of the radioactive oxygen, if 

there is any upward water flow outside the well casing or in the tubing casing annulus.  The two 

lowest gamma ray detectors are only six inches apart so that they can detect very low velocity 

water movement.  Because of their proximity to the neutron source, the two lower detectors will 

show an increased counting rate when the source is activated.  If there is no flow past the 

detectors, the counting rate will rapidly die out to the natural background count.  If there is flow 

behind the casing, the detector records the passage of the oxygen isotopes.  This data is used to 

calculate the velocity of water flow behind the casing.  The upper most gamma ray detector is 

used for obtaining a correlation gamma ray log; therefore, it is more sensitive than the lower 

detectors.  This detector will only show the effects of very high-water velocity behind the casing. 

 

4.0 MIT  IMPLEMENTATION  
A correlation check and background log was performed to locate casing and packer depths.  

Following the guidelines of 40 CFR 146, four stations were selected for testing.  During the 

testing at each station an injection rate of approximately 235 gallons per minute was maintained.  

The stations selected were: at 5,044.5 feet below ground surface (bgs), which is 9 feet above the 

packer; at 4,541.5 feet bgs, which is at upper part of the Sylvan Shale; at 4,419.7 feet bgs, which 
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4.2 STATION AT 4,541.5 FEET 

The next Station was established at 4,541 feet bgs which is near the upper part of the Sylvan 

Shale.  The Sylvan Shale lies below the primary confining layer (the Woodford Shale) and 

represents another thick shale sequence that potentially acts as a confining layer.  This location 

was selected for logging in an effort to determine if there was any vertical movement of water 

within this area.  However, because the Sylvan lies immediately below the Hunton Formation (a 

developed gas producing zone in the area) potential formation water movement in the upper part 

of the Sylvan Shale associated with gas production was considered to be a possibility.   

 

At this Station, 16 cycles of pulse and pause in the fast mode were made; 10 cycles in the normal 

mode; and 6 cycles in the slow mode.  Review of the normalized count rate graphs for all the 

water velocity modes show no apparent water flow. 

 

4.3 STATION AT 4,419.7 FEET 

The next station was established at 4,419.7 feet bgs which is near to top of the Woodford Shale, 

the primary confining layer.  At this Station, 16 cycles of pulse and pause in the fast mode were 

made; 12 cycles in the normal mode; and 6 cycles in the slow mode.  Review of the normalized 

count rate graphs show the pulse from the neutron generator but they show no sustained elevated 

counting rate.  When considering the results from all three modes of water velocity at this 

station, it is concluded that there is no vertical movement of water in the area of the primary 

confining layer. 

 

4.4 STATION AT 351.3 FEET 

The final station was established at 351.3 feet bgs which is at the surface casing seat in the 

Vanoss Group.  The surface casing is set at a minimum of 100 feet below the uppermost source 

of drinking water at the site.  This station was selected to test the sealing effectiveness of the 

surface casing.  16 cycles of pulse and pause were made at this station for the fast mode of water 

velocity; 10 cycles for the normal mode; and 6 cycles for the slow mode.  Review of the 

normalized count rate graphs show the pulse from the neutron generator but they show no 

sustained elevated counting rate.  When considering the results from all three modes of water 
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velocity at this station, it is concluded that there is no vertical movement of water in the area of 

the surface casing seat. 

 

5.0 ANNULUS TESTING 
The 5-Year MIT Plan anticipated completing an annulus test after completion of the Oxygen 

Activation Log. However, upon completion of the logging and after the tool was removed from 

the well and the well head replaced, it was observed that the facility ran out of nitrogen.  Also 

because of injection during MIT, the system was required to be stabilized as well prior annulus 

test.  So, the annulus test was performed at a later date (December 2, 2022).  

 

A copy of the facility annulus monitoring data is included in Appendix B.  Based on the annulus 

pressure information gathered and knowledge that DEQ had conducted a successful annulus test 

less than three (3) months prior to conducting the OAL (August 25, 2022), it can be concluded 

that the annulus and packer are performing appropriately with no apparent leaks.    

      

6.0 CONCLUSION 
 

Based on all the data gathered and reviewed, absence of fluid movement behind the casing and 

with no leakage observed within the casing validates the mechanical integrity of the Injection 

Well (MES-1). 
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