

Pressure Evaluation


4.1 PORE PRESSURE EVALUATION

An average sea water density of 1.03 sg was assumed as the normal saline pressure gradient for all calculations for Thylacine-1.  Using real-time data, such as the hydrocarbon gas trend, lithology, flowline temperature, character of drilled cuttings, constant drilling fluid parameters, corrected drilling exponent (Dxc) data, real-time MWD data including bulk density estimates and resistivity data, as well as wireline logging data, pore pressure estimates were made during the drilling of Thylacine-1.  For more details, please refer to Appendix 3, "Pressure Summary Plot".  Corrected Drilling Exponent (Dxc) data collected while drilling was not reliable for most of this well due to the use of fixed cutter bits. 
36" Hole Section

The 36" hole was drilled from seabed at 126.4m to 182mBRT.  The section was short, with returns dumped to the seabed.  With an average penetration rate of about 52m/hr and low weight-on-bit, the plotted Dxc data curve showed initially a near vertical trend then a lean to the  right  with depth. This trend indicated a normal pore pressure in shaley formations. The variations in the penetration rates and the Dxc over this shallow interval were due to the varying drillability of the lithologies consisting of very soft, possibly unconsolidated, sediments and possibly cemented layers and calcarenite boulders of the Port Campbell Limestone.  The pore pressure is estimated to have remained normal at 1.03 sg EMW down to 182mBRT.

17½” Hole Section

This section was drilled from 182m to 753mBRT with an insert bit. As in the 36” section,  pore pressure forecasts can only be based on the Dxc curve as returns were directed to the seabed.  The Dxc continued the rightward trend from 182m to 400m with a scatter range of 0.12 - 0.8 units,  coinciding with penetration rates ranging from 17 - 970 m/hr.  The section is still part of the soft and possibly unconsolidated sediments of the sea floor where drilling is possibly more of jetting action than bit cutting.  From 400m to 753m the Dxc steepened  to near vertical, though maintaining an overall rightward trend.  The penetration rates slowed to 29m/hr average,  suggesting entry to a more consolidated and possibly compacted formation. The hole was kept open by circulating guar gum sweeps every joint drilled and prehydrated gel spotted at each connections.  The pore pressure was estimated to be normal at 1.03sg EMW down to 753mBRT.

12 ¼" Hole Section

The 12 ¼” hole section was drilled with  a Hughes BD535 PDC bit and a mud motor from 753m to 1855mBRT. Prior to drilling the hole was displaced and conditioned to KCL/PHPA/Glycol and Penetrex mud system weighing 1.10sg.  Pore pressure estimation, owed to the use of the PDC bit and mud motor, relied on the relationship of mud weight, gas and cavings, and the temperature log rather than the Dxc. From  753m to 1110m the bit pierced through claystone/shale lithologies at 112m/hr penetration speed. The Dxc notably veered to the left, seen as due to the fast ROP of the PDC/mud motor in soft clays.  Normal pressure at 1.03 sg EMW in this section, was indicated by the low background gas, (< 0.1%), nil connection gas, rare-trace splintery cavings, and the normal temperature gradient (26.6 - 37.5 deg C). 

From 1110m to 1510m the lithologies changed to interbedded cemented sandstone and hard claystones that slowed penetration to 46m/hr. The gas had a small peak of 1.0% methane equivalent in the sandstones, yet the background remained at less than 0.1%. The  flowline temperature (37.7 - 41.8 deg C) had lower gradient at .01 deg/m. Blocky type cavings measuring 30-40mm showed up in the shakers. The mud weight was increased to 1.18sg and further topped up to 1.19sg  to control the cavings. At 1.19 sg the hole stopped unloading the cavings. At this section the pore pressure was estimated to be slightly above normal in the range 1.03- 1.10sg.      

From 1510m to 1855mBRT the pore pressure was maintained at the 1.03 -1.1sg levels as the well penetrated a thick claystone/shale sequence.  With a 1.9 sg drilling fluid in the hole, the background gas gradually crept to 0.10 - 0.12% near the bottom. The cavings were reduced to less than 5%.  The flowline temperature  had a near vertical plot yet the changes in temperature were subjected to mud movements in the pits.    

8½" Hole Section
The 8-1/2” was drilled with a Hughes HC408 PDC bit from 1855m to 2165m, then with a Sec CD93 core bit from 2165m to 2201m and then back to the Hughes HC408 PDC bit from 2201m to 2710mBRT TD. The drilling fluid was KCL-PHPA-Glycol throughout that weighed 1.24sg initially and was gradually weighted up to 1.33sg  at different stages until the total depth. 

The section from 1855m to 2046m was soft to firm claystone that was drilled at 18.8m/hr average penetration.  With this low penetration the Dxc plotted a near vertical trend that slightly turned to the right near the bottom.  The gas background increased steadily from 0.02 - 0.28% while the flowline temperature showed a normal gradient (31.8 - 52.0 deg C).  There was no connection gas recorded and no drag noted.  The pore pressure was estimated to be 1.03 - 1.1 sg.  In the shakers stress relief blocky cavings started to show up towards the bottom depth that prompted an increase in the mud to 1.28sg,  furthering the overbalanced condition downhole.  Increasing the mudweight proved to be the solution to the sloughing claystone of the offset well (Minerva-2A). 

The sandstones with claystone interbeds were intersected from 2049m - 2329mBRT. This section was drilled at an average  rate of 23.0m/hr, including the cored section from 2165m - 2201m. The Dxc was walking leftward  from 2049m to 2165m corepoint, shifted to rightward trend while coring and maintained a near vertical trend from 2201m to 2329m when drilling resumed with the PDC bit.  The flowline temperature continued to increase with depth as expected and the drilling ran smoothly without drags and anomalous torque. The gas dramatically soared,  reaching  peaks up to 18% and the background elevated to 3-4%. Trip gases were  recorded at 1855m (0.9%) and 2165m (0.82%). Flowchecks at drillbreaks showed the well to be static. Cavings estimated about 5% were dominated by blocky stress relief fragments measuring up to 30mm with minor to  traces of the splintery elongated types. To lower the background gas the mudweight was increased to 1.32sg. The pore pressure at this point was still estimated at 1.03sg - 1.10sgEMW as the elevated  gas levels were expected of the reservoir and no other parameters suggested an increase in pore pressure. Having had no hole problems the mud was diluted with water to 1.30sg. At this point two small connection gasses were recorded at 2219m (0.1%) and 2249m (0.2%). The mudweight was brought back to 1.32sg and the  connection gasses were halted. The pore pressure was estimated to have increased  to 1.1sg - 1.2 sg EMW in the claystone interbeds and with 1.32sg mud  the pore pressure was  under control. 

             From 2329m to 2710m total depth, the hole pierced through interbedded sandstones and claystones at an average 16.4m/hr rop. The sandstones were hard and abrasive while the claystones were firm to occasionally dispersive. The mudweight was maintained at 1.32sg  while drilling this section.  The Dxc was near vertical with a general rightward trend (0.72-1.36 units). The flowline temperature indicated a normal trend (45.4 - 49.5 deg C) as it heated with depth.  The gas background steadily decreased from 0.48% to  - 0.07%. with minor peaks up to 0.33% while connection and kelly cut gasses were absent.  The cavings in the shakers were reduced to less than 5% consisting of the blocky types.  The drilling went without downhole problems, ie drag and high torque.  Based on the above, the pore pressure was estimated to have returned to normal at 1.03- 1.10sg EMW max.  Coming out of the hole after circulating bottoms up at TD the hole was tight and required backreaming from 2555m to 2173mBRT.  The mudweight was raised to 1.33sg to counter the sloughing shales.  
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