

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 East Pilchard-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 East Pilchard-1.  For more details, please refer to Appendix 3, "Pressure Summary Plot". 
36" Hole Section

The 36" hole was drilled from seabed at 116mMDRT to 163.0m with NB#1 Security XTIC, 17.5” and a 36” hole opener.  The section was short, with returns dumped to the seabed.  With an average penetration rate of about 31m/hr and low weight-on-bit 0.5-3.4 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, 10.7 - 63.9m/hr and the DxC, 0.20 - 0.80 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 163.0mMDRT.

17½” Hole Section

This section was drilled from 163m to 885m with 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 continued the wide scatter from 163m to 300m with a range of  0.29 - 0.85 units,  coinciding with penetration rates ranging from 19 - 366 m/hr, averaging 92m/hr.  The section was within the soft Gippsland Limestone where drilling was a combination of jetting and bit cutting.  From 300m to 420m the DxC steepened to near-vertical line ( 0.40-0.58units), with an  overall leftward trend and penetration rates of 112m/hr average. From 420m to 885m the penetration rates slowed to 42m/hr average,  marking entry to the more consolidated and possibly compacted lithologies of the lower part of Gippsland Limestone consisting of marl, siltstones and shales.  The DxC established a rightward trend that was referenced as the normal pore pressure trendline.  The DxC ranged from 0.44-1.08 units while penetration  recorded rates ranging from 13 - 130 m/hr.   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 and hole problems throughout the section.  The pore pressure was estimated to be normal at  8.6 ppg  EMW from 163m down to 885m.

12 ¼" Hole Section

The 12¼” hole section was drilled initially with NB#3 Smith MA89PX PDC bit 12.25”, with 7x12 jets  from 885m to 2054m.  Prior to drilling, the hole was displaced and conditioned to a KCl/PHPA/Glycol  mud system weighing 9.05 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  885m to 1216m the bit penetrated through marl, argillaceous calcilutites and calcareous claystones at 6 - 97m/hr, averaging 35 m/hr penetration. Normal pressure at 8.6 ppg EMW in this section was indicated by the low background gas, (0.6 - 6 units), no connection gas, rare to trace amounts of splintery cavings and the temperature gradient 0.08 ºC/m (24.1 - 42.5ºC).  There was no drag seen at connections while drilling and the torque was low at 6.4 kft-lb average.  With 9.0 - 9.4 ppg mud in the hole, a slightly overbalanced condition was in place. 

From 1216m to 1643m the lithologies gradually changed to dominantly soft marl becoming less calcareous with depth and eventually turning into claystone. Penetration in this section ranged from 9.2 - 167.5 m/hr, averaging 58.2 m/hr.   The cuttings were soft, mashy and dispersive that yielded nil to trace concave-shaped shale cavings.  The mudweight was kept at 9.6 ppg that was weighted up gradually to 9.7 ppg towards the base of this formation.  The ditch gas was maintained at 1.6 - 6.4 units background with no distinct peaks and no connection gases recorded.  The flowline temperature slightly decreased its gradient to  0.02 °C/m with a range of 42.5 - 51.3°C.  The pore pressure at this section remained normal at 8.6 ppg EMW.   Drilling went smoothly except when thin, hard bands of firm marl and claystones were intersected, causing reverse drill breaks. 

From 1643m to 2054m the lithologies were mainly sandstones, siltstones and minor shales and coals.  The rate of penetration ranged from 1.8 - 113.5 m/hr that averaged 24.3m/hr.  The background gas was maintained  in the range 1.1 - 4.0 units with peaks of 14.8 units, liberated from the coalbeds and occasionally from the sandstones.  Connection gas was absent.  The flowline temperature ranging 51.3ºC - 58.2ºC had a gradient of 0.02ºC/m, the same as that of the overlying sediments.  The cuttings and the cavings increased in volume and size.  The average blocky to elongate cavings measured about 40mm x 20mm x 1.5mm with occasional larger fragments..  The cavings were  dominated by the blocky stress-relief type with very rare splintery and concave  variety.   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. The bit was pulled at 2054m due to poor penetration rates in the very coarse sandstones. Pulling out of the hole was smooth with no tight spots encountered.  The drilling fluid used in the section weighed 9.8 ppg, incremented to 9.9 ppg towards bottom. 

NB#4, Security XL20D 12.25” with 3X18 jets was ran in to drill the sands.  This sandstone section from 2054m  to 2107m  was drilled at a penetration range of 1.6 - 15.6 m/hr averaging 10.0 m/hr.  Pressure indicators were maintained as in the upper section.  The pore pressure was estimated to have remained normal at 8.6 ppg EMW from the low background gas (0.9 - 1.9 units), the absence of connection gas,  splintery cavings,  DxC on the rightward trend and no hole problems except for poor penetration. Mudweight was 10.0 ppg. The bit was pulled out slick. NB#5, Smith MGR84VPX, 12.25” with 8x12 jets, PDC bit was then picked up and run in hole.  The bit drilled 7m in 9.5 hours and was pulled out.  At the surface, evidence of bit balling was seen.

The section from 2114m to 3138m TD was drilled with roller bits,  3 units of Security XL20D and 1 unit of Reed EHP51.  The drilling fluid was KCl/PHPA/Glycol that weighed 10.0 ppg  initially and was gradually weighted to 10.1 ppg in anticipation of a possible high pressure regime below the volcanics at around 2540m depth. The volcanics was penetrated with no significant changes in the pressure regimes. Formations below the volcanics including the target reservoirs indicated normal pore pressures.

Massive siltstones with thin sandstone and coal interbeds composed the lithologies from 2114m to 2535m.  This section was penetrated at 1.6 - 29.8m/hr, averaging 7.2m/hr. The DxC scatter ranging from 1.02 - 1.88 units over the massive siltstones had a steep slope with a steady rightward tend.  The low values 1.02 +/- 0.02 tend to indicate a sand baseline while the high end showed a siltstone line.  Background gas was 1.0 - 2.5 units with peaks reaching 10 units in the coal intervals.  No connection gas was noted while drilling the section and the first trip gas at 2114m recorded 1.5 units.  Cavings were seen at the shakers with 90 - 95% consisted of blocky and tabular stress-relief type.  Traces of the cavings were sharp and concave measuring up to 20 x 8 x 3mm.  The temperature gradient  from the flowline, 52.1°C - 64.0°C,  was calculated at 0.079°C/m near the top then steepened to 0.01°C/m at the lower half,  a trend typically seen in geopressure transitions zones. The change in the temperature gradient however coincided with the lithology change from sandstone to the siltstones.  The pore pressure at this interval was estimated to be normal at 8.6 ppg EMW but may have possibly increased to 8.8+ ppg EMW when emphasis on the temperature log was given .  Flowchecks at 2114m, 2142m, 2176m, 2229m and 2258m however, showed a static hole. 

The volcanic sequence from 2535m - 2592m composed of a massive basalt and tuff overlaid the target sandstone reservoir.  Below the sandstone was another volcanic layer of similar composition.  Entry into the sequence was slow, 2.2 - 8.9 m/hr, average 4.5m/hr.  The drilling fluid weighed 10.1 ppg.  The drilling exponent was nearly vertical, though with a general rightward trend and ranged from 1.42 - 1.80 units.  There was not much departure from the trend established in the overlying siltstones.  Much less cavings, <5% were seen on the shakers.  The flowline temperature ranged 58.9 °C - 62.2°C, with a gradient of .04°C/m.  The background gas was 1-1.6 units with a gas peak 3.2 units, lagged from the sandstones.  No connection gas was detected.  Based on the monitored and calculated pressure indicators,  this interval showed normal pore pressure, at 8.6 ppg EMW. 

From 2592m to 2945m, siltstones  with interbedded sandstones and coals were penetrated.  Penetration rates were low at 5.6 m/hr average, except for occasional drillbreaks of 10 - 25 m/hr.   The DxC points maintained a rightward trend with occasional deflection to the left over short drillbreaks in the sandstones. The DxC ranged from 1.14 - 1.91 units.  The gas level increased averaging 7.4 units with several gas peaks from the coal and the sandstone beds.  The gas peaks ranging from 17.5 units to 60 units showed a very distinct ascending trend with depth that would characterise the transition zones in the offset wells.  However, no connection gas was seen.  The degasser unit was ran occasionally to clean the mud though no significant gas bubbling was observed in the system. Trip gas in two trips recorded 7 units (2741m) and 24 units (2783m) respectively. The shale cavings however diminished to trace quantity and the flowline temperature was measured at a range of 59.9 - 69.7 ºC, following a thermal gradient of 0.04 ºC/m.  Several flowchecks at  2595m, 2619m, 2664m, 2786m, 2842m, 2896m, 2912m, 2928m, 2933m confirmed static hole condition.  Returns and gas were circulated at 2835m, 2925m and 2934m.  At 2945m, the wiper trip was slick and no substantial fill was seen back on bottom. The pore pressure at this interval was then estimated to be normal at  8.6pg EMW. 

After a suite of wireline logs was run, it was decided to drill further and evaluate the hydrocarbon potential of the well below 2945m.  A new bit was picked up and the hole was then drilled to a total depth of 3138m with the mud weight maintained at 10.1ppg by constant premix additions to the system.  The lithology penetrated at this interval consisted predominantly of a massive siltstone interbedded with sandstone, occasional thin coal seams and a highly altered diorite / granodiorite facies at the bottom.  The DxC scatter line was normal to vertical within the massive siltstone deposit.  The DxC trend however veered to the left from 3090m to 3120m in response to the coarsening downward change in lithology.  The gas background did increase from 3 units to 6 units at this interval.  However, there were no cavings noted at the shakers and there was no corresponding gas increase tracked from flowchecks and connections.  The flowline temperature from 3090m to 3120m ranging from 74.2 to 74.3ºC was disregarded as a pore pressure indicator tool due to constant mud dilution.   Below 3120m to the total depth of 3138m, all pore pressure parameters indicated a normally pressured formation.  From these observations, the formation pore pressure from 2945m to 3090m and from 3120m to the total depth of 3138m was thus estimated to be normal at 8.6ppg EMW.  However, based on background gas level and a non-homogenous lithological application of the DxC ratio, it was possible that the section from 3090m to 3120m could have a marginal pore pressure increase from 8.7 to 8.9ppg EMW.  
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