

Pressure Evaluation


4.1 PORE PRESSURE EVALUATION

An average sea water density of 8.6 ppg was assumed as the normal saline pressure gradient for all calculations for Beardie-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, as well as wireline logging data when available, pore pressure estimates were made during the drilling of Beardie-1.  For more details, please refer to Appendix 3, "Pressure Summary Plot". 
36" Hole Section

The 36" hole was drilled from seabed at 76.2mMDRT to 122.5m with NB#1 Security S3SJ4, 26” and a 36” hole opener.  The section was short, with returns dumped to the seabed.  With an average penetration rate of about 46m/hr and low weight-on-bit 3-8 klbs, the plotted DxC data curve showed no decent trend for a possible pressure evaluation. The wide DxC scatter suggested strong jetting of the formation. The variations in the penetration rates, 6.7 – 70.6m/hr and the DxC, 0.52 - 0.99 units over this shallow interval were also due to the varying drillability of the lithologies consisting of very soft, possibly unconsolidated sediments and cemented calcarenite. The pore pressure was estimated to be normal at 8.6ppg EMW from the seabed down to 122.5mMDRT.

17½” Hole Section

This section was drilled from 122.5m to 863with a PDC bit, NB#2 Hycalog, DS34HF+GN 17.5” with 8x14 jets.  As in the 36” section, pore pressure estimates were based on the DxC curve, penetration rate and the behaviour of available drilling parameters (torque and pump pressure), since drilling was done riserless and returns were directed to the seabed.  The DxC ranged between 0.27 – 1.24 over the section, the use of a PDC bit hinders the value of using Dxc as a method of pressure evaluation.  No signs of abnormal pressure were noted over the section. The hole was kept clean by circulating guar gum sweeps every joint drilled and prehydrated gel spotted at each connection.  There was no abnormal torque, drag or hole problems throughout the section.  The pore pressure was estimated to be normal at 8.6 ppg EMW from 122.5 down to 863m.

12 ¼" Hole Section

The 12¼” hole section was drilled initially with NB#3 Reed Hycalog DSX195DGNUW PDC bit, with 5x15 jets from 863m to 1579m.  Prior to drilling, the hole was displaced and conditioned to a KCl/PHPA/Glycol  mud system weighing 8.9 ppg.  Pore pressure estimation, due to the use of the PDC bit, relied on the relationship of mud weight, gas and cavings, and the temperature log and drilling parameters rather than corrected drilling exponent data. 

From 863m to 1190m the bit drilled argillaceous calcilutites and occasional calcisiltites and calcareous claystones at 8 - 64m/hr, averaging 23.5 m/hr. Normal pressure at 8.6 ppg EMW in this section was indicated by the low background gas, (0 – 0.14%), no connection gas, rare to trace amounts of splintery cavings and the temperature gradient 0.09 ºC/m (22.8 – 51.7ºC).  There was no drag seen at connections while drilling and the torque was low at 6.7 kft-lb average.  With 8.9-9.5 ppg mud in the hole, a slightly overbalanced condition was in place. 

From 1190m to 1579m the lithologies changed to the target sandstones with occasional coal beds. Penetration in this section ranged from 0.8 - 168 m/hr, averaging 27.4 m/hr.  The mudweight ranged between 9.5 ppg and 9.8ppg.  The ditch gas was maintained at 0.04 – 1.14% units background with no distinct peaks and no connection gases recorded.  The flowline temperature slightly decreased its gradient to 0.03 °C/m with a range of 49.3 – 63.1°C.  The pore pressure at this section remained normal at 8.6 ppg EMW.   No pressure cavings were seen in the section, however large blocky coal cavings were seen after drilling through coal beds.  This is thought to be related to the stability of the coal beds and not as a result of a pore pressure increase. 

New bit #4, a Reed EHP51HKPRDH tricone bit with 3 x 18 jets was used to drill the hole from 1579m to total depth of 1905m. 
From 1579m to 1880m the lithologies were mainly sandstones, siltstones and minor shales and coals. From 1880m to TD at 1905m claystone was the dominant lithology.  The rate of penetration ranged from 2.1 – 63.3 m/hr and averaged 9.5m/hr.  The background gas stayed in the range 0.02 – 0.2% with peaks of up to 4.67%, liberated from the coalbeds and occasionally from the sandstones.  Connection gas was absent.  The flowline temperature ranging 52.6ºC – 61.5ºC had a gradient of 0.03ºC/m, the same as that of the overlying sediments.  The cuttings and the cavings increased in volume and size.  The cavings were mostly of coal dominated by the blocky stress-relief type, with very rare splintery and concave-shaped cavings.  The pore pressure at this section was estimated to have remained normal at 8.6 ppg EMW.  No notable drag and fill at the bottom was observed while drilling and after connections.  However, seven metres of fill was recorded on the trip in with bit #4 and six metres of fill recorded after the wiper trip to the shoe at TD. On both occasions the hole fill is thought to have been caused by coal, large coal cavings were seen at the shakers upon bottoms up.  This was thought to be unrelated to any pore pressure increase but rather to the general instability of the coal formations.  The hole was tight on the wiper trip and the bit was backreamed to 1579m, no other hole problems were seen on rest the wiper trip or on the trip out to run e-logs.  The pore pressure gradient at TD was thought to have remained normal at 8.6 ppg EMW. 
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