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1
Introduction

The Diamond Offshore Ocean Patriot semi-submersible offshore drilling rig was used to drill the well in permit Vic/P37(V).
A Sperry Drilling Services INSITE (Integrated System for Information Technology and Engineering) mud logging unit was contracted by Woodside Energy Ltd for the drilling of the Halladale-1 DW1 (Location Black Watch) deviated exploration well. The unit provided a full Surface Data Logging (SDL) network for the job. This included both real-time and lagged data acquisition, data processing, data storage and data presentation.
Measurement While Drilling (MWD) and Directional Drilling services were included in the SDL database to provide a comprehensive real time, and post-recorded evaluation of the formations drilled. 
Full surface data logging for Halladale-1 DW1 (Location Black Watch) commenced when the well was spudded at 12:30 hrs on the 22nd March 2005, and continued for the duration of the well. The well reached a total depth of 1918.0 mMDRT at 16:20 hrs on the 04th April 2005. After running Wireline logs, the well was subsequently plugged back to 808.0 mMDRT. The well was renamed as Halladale-1 DW2 at 07:30 hrs on 10th April 2005. 
Halladale-1 DW2 was sidetracked from Halladale-1 DW1 (Location Black Watch) at 853.0 mMDRT at 21:30 hrs on 10th April 2005.  Halladale-1 DW2 reached a total depth of 1941.0 mMDRT at 17:30 hrs on the 17th April 2005. Wireline logs were run and Halladale-1 DW2  well was subsequently plugged back to 1179.0 mMDRT.
On retrieving the cement stinger and running in hole with a new BHA, the well was renamed Halladale-1 DW3 at 15:00 hrs on 21st April 2005. 
Halladale-1 DW3 was sidetracked from Halladale-1 DW2 at 1197.0 mMDRT at 02:30 hrs on 22nd April 2005. It reached a total depth of 1969.0 m MDRT at 15:15 hrs on 24th April 2005.
This report is intended as a summary of the information and data collected, processed and monitored as part of the INSITE service agreement.

2
WELL SUMMARY

2.1
WELL GENERAL INFORMATION

	Well Name:
	Halladale-1 DW1 (Location Black Watch) / DW2 / DW3

	Operator:
	Woodside Energy Limited

	Classification
	Deviated Exploration

	Permit:
	Vic/P37(V)

	Surface Location:
	Lat:       38( 34’ 45.54” S

	
	Long:   142( 43’ 50.95” E

	
	UTM Easting: 650763.20

	
	UTM Northing: 5728485.20

	Country
	Australia

	Drilling Rig:
	Ocean Patriot

	Type of rig
	Semi-submersible

	Contractor:
	Diamond Offshore

	Depth Measured From
	Rig Floor

	Permanent Datum
	LAT

	RT to MSL
	21.50 m

	Water Depth
	44.80 m

	Total Depth Halladale-1 DW1 (Location Black Watch)
	1918.0 mMDRT         1869.2 mTVDRT

	Total Depth Halladale-1 DW2 
	1941.0 mMDRT         1880.0 mTVDRT

	Total Depth Halladale-1 DW3 
	1969.0 mMDRT         1881.4 mTVDRT


3
Synopsis: Halladale-1 DW1 (Location Black Watch)/dw2 / DW3
3.1
DRILLING SUMMARY Halladale-1 DW1 (Location Black Watch)
914 mm (36”) Hole
The 914 mm (36”) hole section was drilled in three bit runs. The first two runs were attempted with a 914 mm (36”) Varel L111 bit dressed with 3 x 32 jets, which drilled to 68.5m and 69.0 m respectively. These bit runs were pulled prematurely due to the drill string becoming entangled with the TGB guide lines.
The third run included a 445 mm (17 ½”) HC MX-1 tricone bit, dressed with 2 x 20, 1x18 jets and was run in conjunction with a 914 mm (36”) hole opener dressed with 4 x 28 jets. The BHA was a conventional rotary drilling assembly, which tagged the seabed at 66.3 mMDRT and drilled to section TD at 101.0 mMDRT. The section was drilled using seawater and PHG sweeps. The 762 x 508 mm (30” x 20”) conductor was set at 99.5 mMDRT.

445 mm (17 ½”) Hole

The 445 mm (17½”) hole section was drilled riserless and in one bit run using seawater with Guar Gum and Hi-Vis sweeps.
This run included a HC MX1 bit, dressed with 2 x 20 and 1 x 18 jets. Cement was tagged in the 762 x 508 mm (30” x 20”) casing at 98.0 mMDRT. The cement was drilled out and worked through the casing shoe and new formation was drilled from 101.0 mMDRT to hole section TD at 427.0 mMDRT.
At TD of the 445 mm (17½”) hole section, a 31.8 m3 (200 bbl) Hi-Vis Gel sweep was pumped followed by another 23.8 m3 (150 bbl) Hi-Vis Gel sweep. The well was then displaced to unweighted KCl mud. 
The 340 mm (13 3/8”) casing was run and cemented at 421.0 mMDRT.  The top of the plug did not bump resulting in a wetshoe.  The riser was run and the BOP stack was tested with an RTTS packer.  The test was successful at 6.89 MPa (1000 psi), and an LOT was conducted to 1.93 MPa (280 psi) to an EMW at 1.50 sg (12.51 ppg) using sea water of 1.04 sg (8.67 ppg).
311 mm (12 ¼”) Hole
The 311 mm (12 ¼”) hole section was drilled in one bit run. No FIT was performed.

The first run included a HC MX-CO3 bit, dressed with 2 x 20 and 1 x 18 jets. This bit was run with a Sperry Drilling Services mud motor and MWD tools. The well was displaced to 1.10 sg (9.18 ppg) Aqua-Drill mud after tagging the float assembly at 407.0 mMDRT.  The float assembly was drilled out from 407.0 mMDRT before cleaning out the shoe track and rat hole to 427.0 mMDRT. New formation was drilled to section TD of 839.0 mMDRT.

The 244 mm (9 5/8”) casing was run and cemented with the shoe set at 834.0 mMDRT  (833.63 mTVD).
216 mm (8 ½”) Hole

216 mm (8 ½”) hole section was drilled using 3 bit runs.
The first run was drilled using a Security DBS FMF3553 bit, dressed with 3 x 17 jets and Sperry Drilling Services Geopilot and MWD tools. The Float in the 244 mm (9 5/8”) casing was tagged at 814.0 mMDRT. The cement was drilled, and the bit washed and reamed to the bottom.  New formation was drilled from 839.0 mMDRT to 842.0 mMDRT and the bit was pulled to the shoe to perform an LOT.  The LOT was conducted to 1145 psi or 2.13 sg (17.77 ppg) EMW using 1.16 sg (9.68 ppg) mud.  The hole was then directionally drilled to 1791.0 mMDRT before experiencing tight hole conditions. Back reaming was conducted to the shoe before running in hole and circulating bottoms up. The bit was pulled out of the hole to cut core #1.
The second run included a DBS core bit FC274LI with a 27.0 m core barrel. Core #1 was cut from 1791.0 mMDRT to 1798.8 mMDRT before the core packed off and subsequently pull out of hole to retrieve core.  A total of 7.6 m (97.4%) of the core were retrieved from a 7.8 m cored.
The third run was drilled from 1798.9 mMDRT to total hole depth at 1918.0 mMDRT using a DBS FMX3653 bit, dressed with 6 x 18 jets. Sperry Drilling Services MWD tools were used on a conventional rotary BHA.  Bottoms up were circulated, prior to pull out of hole. The drill string became stuck at 1846.0 mMDRT, which was freed after spotting citric acid, sap pills whilst jarring before reaming back to bottom. Bottoms up were circulated again, prior to pull out of hole.
3.1.1
WIRELINE PROGRAM 
The first two Wireline runs were successful. On the third Wireline run the tools got stuck while taking a fluid sample at 1772.6 mMDRT. The cable was cut and a grapple assembly on Drill Pipe was stripped over the Wireline cable. The Wireline fish was latched at 1742.6 mMDRT and pulled free. The Wireline program of sidewall cores was cancelled whilst VSPs were conducted. 

Wireline logging programme conducted was: 

Run 1: STAR-XMAC-ORIT-DSL

Run 2: RCI (Pressures only)

Run 3: RCI (Tool stuck at 1772.6 mMDRT)

Run 4: VSP

3.1.2
ABANDONMENT OF HALLADALE-1 DW1
Halladale-1 DW1 well was abandoned by setting 2 cement plugs over the reservoir with a kick-off plug setup into the 244 mm (9 5/8”) shoe.  The plugs were set with a 321.0 m x 89 mm (3 ½”) PH6 cement stinger with diverter joint on bottom.  The kick-off plug set across the shoe had a 200.0 m long 1.5 sg (12.51 ppg) hi-vis base, with a liner TDCH used to rotate the string while setting the 1.98 sg (16.52 ppg) cement plug backup into the casing shoe.

Cement plug #1 1918.0 mMDRT – 1693.0 mMDRT

Cement plug #2 1693.0.0 mMDRT – 1476.0 mMDRT tagged at 1476.0 mMDRT
Cement plug #3 950.0 mMDRT – 800.0 mMDRT. Kick-off plug tagged at 1808.0 mMDRT.
3.2
DRILLING SUMMARY Halladale-1 DW2
216 mm (8 ½”) Hole

216 mm (8 ½”) hole section was drilled using 4 bit runs.

The first run included a Smith MA89BCTVPX bit, dressed with 6 x 16 jets. The drilling assembly included Sperry Drilling Services Geopilot and MWD tools. The top of the cement was tagged at 808.0 mMDRT in the 244mm (9 5/8”) casing. The cement was drilled out and Halladale-1 DW2 was sidetracked at 853.0 mMDRT. The hole was then directionally drilled to 1514.0 mMDRT before pulling out of hole to change the failed MWD tools and the bit.

The second run was directionally drilled from 1514.0 mMDRT to core point at 1808.0 mMDRT. The BHA included a Security FMF3553 bit, dressed with 5 x 17 Jets. Sperry Drilling Services Geopilot and Sperry Drilling Services MWD tools were used in the drilling assembly. The bit was pulled to cut the core.
The third run included a DBS core bit FC274LI with a 27.0 m core barrel. Core #2 was cut from 1808.0 mMDRT to 1835.0 mMDRT.  25.4 m (94.1%) of the core were retrieved from the 27.0 m cored section.
The fourth run included a DBS FMX3653 bit, dressed with 5 x 17, 1 x 18 jets. Sperry Drilling Services MWD tools were run on a conventional rotary BHA. This section was drilled from 1835.0 mMDRT to total hole depth of 1941.0 mMDRT. The hole was circulated clean, with the bit then pull out of hole to run Wireline logs.
3.2.1
WIRELINE PROGRAM 

All three Wireline runs were successful. 
The Wireline logging programme at TD was as follows: 

Run 1: XMAC/ORIT/DSL/STAR

Run 2: DSL-RCI (Pressure only)

Run 3: DSL-RCI (Pressures & Samples; pipe conveyed)
3.2.2
ABANDONMENT OF HALLADALE-1 DW2
After completion of Wireline logging the well was subsequently plugged back to 1191.0 mMDRT.

Cement plug #1 1941.0 mMDRT – 1691.0 mMDRT

Cement plug #2 1691.0.0 mMDRT – 1441.0 mMDRT

Cement plug #3 1441.0 mMDRT – 1191.0 mMDRT
No losses were recorded after the cementing and Halladale-DW3 was kicked off from 1197.0 mMDRT. 
3.3
DRILLING SUMMARY Halladale-1 DW3
216 mm (8 1/2”) Hole

216 mm (8 ½”) hole section was drilled using a Security DBS FMF 3553 bit, dressed with 6 x 16 and 2 x 17 jets. Sperry Drilling Services Geopilot and MWD tools were run in the drilling assembly.  The top of the cement was tagged at 1179.0 mMDRT, and the cement was drilled before Halladale-1 DW3 was kicked off at 1197.0 mMDRT at 02:30 hrs on 22 April 2005. The hole was directionally drilled to a total hole depth of 1969.0 mMDRT. The hole was circulated clean prior to pull out of hole to run wireline logs.
3.3.1
WIRELINE PROGRAM 

The sole wireline run was successful. 

Wireline logging programme as follows: 

Run 1: RCI (Pressures only)
3.3.2
ABANDONMENT OF HALLADALE-1 DW3
A total of three cement plugs were set for the abandonment of the well.
Cement plug #1 1941.0 mMDRT – 1717.0 mMDRT

Cement plug #2 1717.0 mMDRT – 1487.0 mMDRT

Cement plug #3 942.0 mMDRT – 780.0 mMDRT

3.6
 DAYS VS DEPTH
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Days

Depth mMDRT

Spud Halladale-1 DW1 on 22/03/05 at 12:40 hrs. Tagged 

seabed at 66.3 mMDRT

Drill 914 mm (36") hole section TD at 101.0 mMDRT

762 x 508mm (30" x 20") conductor set at 99.5 mMDRT



TD Halladale-1 DW1 at 1918.0 

mMDRT on 04/04/05 at 16:20 hrs.

445 mm (17 1/2") hole section TD at 427.0 mMDRT

340 mm (13 3/8") casing set at 421.0 mMDRT.

Perform FIT = 1.50 sg  

Run Wireline Logs. 

P & A Halladale-1 

DW1 on 10/04/05

311 mm (12 1/4") hole section TD at 839.0 mMDRT.

244 mm (9 5/8") casing set at 834.0 mMDRT. 

Perform LOT = 2.2 sg  EMW.

Drill 216 mm (8 1/2") hole 

section.



Drill 311 mm (12 1/4") hole 

section.



Drill 445 mm (17 1/2") hole section.



POH at 1791.0 mMDRT to 

cut core.

Cut Core

Plug Back Halladale-1 DW1 to 800.0 

mMDRT.

Sidetrack Halladale-1 DW2 at 853.0 

mMDRT on 10/04/05 at 21:30 hrs.

POH due to MWD failure

POH at 1808.0 

mMDRT to cut core.

TD Halladale-1 DW2 at 1941.0 

mMDRT on 17/04/05 at 17:30 hrs.

Run Wireline Logs. 

P & A Halladale-1 DW2 

on 21/04/05

Plug Back Halladale-1 DW2 to 1179.0 mMDRT.

Sidetrack Halladale-1 DW3 at 1197.0 mMDRT 

on 22/04/05 at 02:30 hrs.

Cut core

TD Halladale-1 DW3 at 1969.0 

mMDRT on 24/04/05 at 15:14 hrs

Run Wireline Logs. P & A 

Halladale-1 DW3 on 27/04/05.



3.7
 TIME BREAKDOWN
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3.8
PORE PRESSURE DISCUSSION

Whilst drilling this well the following methods were used in the detection of abnormal pore pressures:

DETECTION METHODS:
1)
Gas levels:

Background gas and trip gas levels are qualitative indicators of pore pressure.  Connection gas can be used effectively as a quantitative measurement as it is considered that its presence could indicate that pore pressure is within a quantifiable measure of the drilling fluids hydrostatic pressure. Increase in background trip gases can indicate erosion of overbalance.

2)
Hole conditions:

Abnormal pore pressures in the hole are indicated by the tightness, drag and fill conditions. All these conditions are indicative of pore pressure approaching or being greater than the drilling fluids hydrostatic.

3)
Cuttings appearance:
Abnormally large cuttings and cavings and abnormally swelling mudstone can be a good indicator of close to balance or underbalanced conditions in the wellbore. 

4)
Flow line temperature:
Temperature is a qualitative indicator.  Temperature increases rapidly on entering over pressured zones and is not lithology dependant. 
5)
Dc Exponent:
Throughout the well 47/3b-12, the d exponent, as developed by Jordan and Shirley, was calculated every 1ft as a 10ft interval average.  The basic expression is as follows:
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where:

R = rate of penetration, ft/hr




N = rotary speed




W = bit weight, lbs




D = bit size, ins

This was developed originally to relate rates of penetration, rotary speed, bit weight and bit size to the affects of differential pressure.  If plotted on semi-log paper, the difference between observed and expected values of d exponent, in mudstones, represents the magnitude of the pore pressure.  The d exponent was corrected and normalised for changes in mud weight and also E.C.D. by the following:
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DISCUSSION:

Halladale-1 DW1 (Location Black Watch)
914 mm (36”) section

The 914 mm (36”) hole section was drilled to 101.0 mMDRT with seawater and sweeps of hi-vis pills with the returns to seabed. The 762 x 508mm (30” x 20”) conductor was set at 99.5 mMDRT. 
The modified D exponent plotted for this section could not fit to any trend.  

445 mm (17 ½”) section

The 445 mm (17½”) hole was drilled vertically to a section TD of 427.0 mMDRT with seawater and sweeps of hi-vis pills. The 340 mm (13 3/8”) casing was run and cemented at 421.0 mMDRT. 

The section consisted mainly of Limestone and Marl.
The modified D exponent for this section did not show any significant trend. Pore pressure was estimated as normal for this section.
311 mm (12 ¼”) Section

The section was drilled with KCl Polymer mud system, initially with a mud weight of 1.11 sg (9.26 ppg), increasing to 1.16 sg (9.68 ppg) at the base of the section. 
The 244 mm (9 5/8”) casing was run and cemented at 834.0 mMDRT.
The upper section consisted predominantly of interbedded calcareous claystone and siltstone. The mid to lower section consisted of interbedded claystone, siltstone and minor sandstone. The base of the section consisted predominantly of sandstone with interbedded claystone and siltstone.
Background gas was low for the section ranging from 0.02 to 0.07%, with no gas peaks recorded.
No abnormal temperature and pore pressures were recorded except for the expected hydrothermal gradient increase.

The modified D exponent plotted had no indications of abnormal pore pressure.
The low background gas for the section indicates a normal pore pressure.

216 mm (8 ½”) Section

This hole section was drilled with KCl Polymer mud system, initially with a mud weight of 1.25 sg (10.43 ppg), increasing to 1.26 sg (10.51 ppg) at the base of the section. 
The section consisted predominantly of interbedded silty claystone, argillaceous siltstone and sandstone.
Background gas remained low at an average of 0.1% down to 1240.0 mMDRT. Below this depth background gas increased to 0.7% before dropping again to 0.1% at 1290.0 mMDRT.
 At 1325.0 mMDRT background gas again started to climb steadily from 0.1% to reach an average of 1% at 1450.0 mMDRT.  Background gas remained at this level down to 1750.0 mMDRT. 

Resistivity showed a very slight cutback in the mudstone.
The Modified D exponent remained relatively constant through the mudstone, with no definite trend. 
Pore pressure was estimated to have increased above normal in the mudstone, based predominantly on the increase in background gas levels.
Pore pressure at the base of the mudstone was estimated in the range 1.11 sg (9.26 ppg) to 1.13 sg (9.43 ppg).
On penetration of the sandstone gas levels increased rapidly to a peak of 23.3% at 1534.5 mMDRT. Background gas was in the range 1.0 to 1.5%. No other indicators of increasing pore pressure were noticed.
Pore pressure in the sandstone was estimated to remain unchanged in the range 1.11 sg (9.26 ppg) to 1.13 sg (9.43 ppg).

The gas levels increased to 22.8% recorded at 1567.5 mMDRT. Background gas remained at an average of 1%.
The Modified D exponent cut back slightly from 1650.0 mMDRT at 1722.0 mMDRT. Resistivity also showed a slight cutback in the same interval. This coupled with a relatively high wiper trip gas value of 3.5% at 1791.0 mMDRT suggests an increasing pore pressure regime at these depths.
Pore pressure estimated at between 1650.0 and 1750.0 mMDRT was in the range of 1.13 sg (9.43 ppg) to 1.16 sg (9.68 ppg).
 Halladale-1 DW2

Halladale-1 DW2 was sidetracked from Halladale-1 DW1 (Location Black Watch) at 853.0 mMDRT below the 244 mm (9 5/8”) casing shoe.

This hole section was drilled with KCl Polymer mud system, initially with a mud weight of 1.25 sg (10.43 ppg), increasing to 1.26 sg (10.51 ppg) at the base of the section. 

The section consisted predominantly of interbedded silty claystone, argillaceous siltstone and sandstone.

Background gas remained low at an average of 0.03% to 1180.0 mMDRT. Below this depth background gas increased steadily to reach 0.5% at 1250.0 mMDRT before dropping to 0.2% at 1350.0 mMDRT.

Mudstone at 1386.0 mMDRT showed an increase in the background gas to 0.4%, decreasing to 0.2% below 1490.0 mMDRT.

Resistivity was erratic but generally showed a cutback trend in the mudstone.

The Modified D exponent also showed a cutback trend below 1400.0 mMDRT in the mudstone.
A trip gas of 0.53% was recorded at 1514.0 mMDRT in the base of the mudstone.
The above factors indicate that pore pressure had increased above normal in the mudstone. However, the relatively low trip gas showed sufficiently overbalance conditions.

Pore pressure at the base of the mudstone was estimated in the range 1.11 sg (9.26 ppg) to 1.13 sg (9.43 ppg).

On penetration of the sandstone at 1539.0 mMDRT background gas levels increased to an average of 0.9%, before dropping again to 0.7%. 
There were no other indicators of increasing pore pressure.

Pore pressure in the sandstone was estimated to remain unchanged in the range 1.11 sg (9.26 ppg) to 1.13 sg (9.43 ppg).

Gas levels increased steadily below 1780.0 mMDRT while drilling and peaked while coring at 30.1% at 1822.0 mMDRT.

A trip gas of 6.2% was recorded after coring at 1835.0 mMDRT.

Based on the relatively high trip gas at 1835.0 mMDRT, pore pressure was estimated in the range 1.12 sg (9.34 ppg) to 1.16 sg (9.68 ppg). 

Halladale-1 DW3

Halladale-1 DW3 was sidetracked from Halladale-1 DW2 at 1197.0 mMDRT,  364.0 m below the 244 mm (9 5/8”) casing shoe set at 834.0 mMDRT.

This hole section was drilled with Aqua-Drill mud system, initially with a mud weight of 1.26 sg (10.51 ppg). The section consisted predominantly of interbedded silty claystone, argillaceous siltstone and sandstone.
Background gas remained low at an average of 0.05% to 1230.0 mMDRT. Below this depth background gas increased steadily to reach 0.9% at 1440.0 mMDRT before dropping again to 0.2% at 1570.0 mMDRT.
Resistivity was erratic but generally showed a cutback trend in the mudstone.

The Modified D exponent also showed a cutback trend. The above factors appeared to indicate that pore pressure had increased above normal in the mudstone.
Pore pressure at the base of the mudstone was estimated in the range 1.11 sg (9.26 ppg) to 1.13 sg (9.43 ppg).

On penetration of the sandstone at 1542.0 mMDRT background gas levels decreased to 0.2%. Same gas levels were recorded in the up to 1801.0 mMDRT.
There were no other indicators of increasing pore pressure. Based on the relatively low gas peak of 2.9% at 1874.0 mMDRT, pore pressure was estimated in the range 1.12 sg (9.34 ppg) to 1.16 sg (9.68 ppg). 

4.0
LOGGING SERVICES SUPPLIED
4.1
GEOLOGICAL MONITORING EQUIPMENT 

Auto calcimeter                                 

Canon Bubble Jet Printer           

Company Workstation        

Database PC (ADI)

Draw works Depth Encoder         

FID Chromatograph

FID Total Gas Detector

Floating Gas Trap                      

Flow Out Paddle

H2S detectors (x4)

Hookload and WOB

HP Design jet Printer

Hydrometers

INSITE IRIS Data acquisition PC
Isotube Manifold
Mud Density In/Out

Mud Temperature In/Out

Pit Volume Sensors (x7)

Pressure Sensors (x4)

Printrex Printer

Proximity Sensor

Pump Stroke Counters (x3)

Rig Floor Monitor (x1)

Standard Fluoroscope

Standard Stereo Microscope

Workstation PC
4.2
SERVICES PROVIDED

Data files in .pdf, ASCII (LAS) format

Formation Evaluation

Geological and Engineering Reporting

Hydraulics Analysis using Planit

Interpreted Lithology

Plots of daily drilling activities

Real Time Drilling Monitoring

Real Time Log Display of MWD/LWD data

Real Time monitoring of drilling fluids

Real Time Tabular Display of Data

Real Time Trip Monitoring

Real Time Display of Data

Sample Collection and Processing

Timers for Hours and Revolutions on drilling assembly
4.3
MONITORED PARAMETERS

Block Position

Choke Pressure
CO2
Continuous Gas Percentage in Air

Depth

Flow Out 

Gas Analysis (C1-C5)

H2S 
Hookload 

Hydrocarbon Shows 

Formation Lithology

Mud Density In and Out

Mud Temperature In and Out

Mud Volume

LWD data

On/Off Bottom status

Pump Stroke and Volume of Mud Pumped

Rate of Penetration

Revolutions per Minute of Top Drive

Stand Pipe Pressure

Swab\Surge Calculation

Torque and Vibration

Weight on Bit including Drag and Obstructions

Well Volumes and Lag Calculations
4.4 PERSONNEL
INSITE engineers continuously monitored all operations whilst drilling Halladale-1 DW1 (Location Black Watch). They provided any well and drilling data upon request, notified the appropriate personnel of any irregularities or anticipated problems, provided daily reports, print outs of data and prepared master logs and final reports.  

	DATA ENGINEERS
	LOGGING ENGINEERS
	SAMPLE CATCHERS

	Tony Wyeth
	Devalpally Vidyanath
	Murali Vishwanathan

	Bronwyn Calleja
	Steve McDonald
	Richard Snow

	Norman Naidoo
	Jamie Connell
	Adam Matuzelis

	Sam (Alex) Willis
	Oliver Ningelgen
	Adnan Chohan

	Roman Kadiric
	
	

	Gary Bloom
	
	


4.5
SAMPLE COLLECTION 

Drill Cuttings Samples

One extra large bag (1500 g) of water-washed cuttings and a smaller bag (500 g) of un-washed cuttings were collected for each interval sampled from the commencement of returns. A small portion of washed sample was placed into Samplex trays (2 sets) and the remainder were air-dried and split into four sets x 200 g, one set of 100 g and one set of 30 g in 200 g plastic sample bags.
Mudgas Samples
Samples of mudgas were collected from the DW1, DW2 and DW3 wells below the 244 mm  (9 5/8”) casing shoe using Isotubes at significant gas peaks and at every 50.0 m and at TD of the well. 

A total of 33 mudgas samples were collected for Halladale-1 DW-1(Location Black Watch) 

A total of 27 mudgas samples were collected for Halladale-1 DW-2.

In Halladale-1 DW3, a total of 18 mudgas samples were collected.
Mud and Mud Filtrate Samples
Mud samples and mud filtrate samples (prepared by the mud engineer) were collected from either the active pit or the return flow line at the beginning of each new mud system, whenever there was a significant change in mud composition, prior to each Wireline logging suite and whenever requested by the Wellsite Geologist.
A total of six mud samples and filtrate samples were collected from DW1 while 5 mud samples and 3 mud filtrate samples were collected from DW2. A total of 3 mud samples and 2 mud filtrate samples were collected from DW3.
4.6
SAMPLE DISTRIBUTION

All samples collected were sent attention to: Gary Kemp
Core Laboratories

447-449 Belmont Ave

Kewdale WA 6105
Items where then on forwarded to the various relevant organisations.

Unwashed and Air-Dried Drill Cuttings (1 Set of 500g)
Set 1. Origin Energy

CoreLab to forward to: 


Origin Energy C/-


ACS Laboratories


8 Cox Road


Windsor QLD 4030


Attention Kevin Flynn
Washed and Air-Dried Drill Cuttings (5 Sets of 200 g)
Set 1. Geoscience Australia
Core Lab to forward to: 


Geoscience Australia 


Cnr Jerrabomberra Avenue & Hindmarsh Drive


Symonston ACT 2609.


Attention: Eddie Resiak

Set 2. DPI

Core lab to contact Graeme Torr (03) 9658 4545 at DPI for forwarding delivery arrangements.

DPI Core Sample Library


South Road (off Sneydes Road)


WERRIBEE 3030
Sets 3, 4 & 5. WEL
CoreLab to store samples on behalf of WEL.

Washed and Air-Dried Drill Cuttings (1 Set of 100g)
Set 1. Origin Energy

CoreLab to forward to: 


Origin Energy C/-


ACS Laboratories


8 Cox Road


Windsor QLD 4030


Attention Kevin Flynn
Washed and Air-Dried Drill Cuttings – FIS (1 Set of 30g)
CoreLab to store samples prior to sub-sampling and on forwarding to Fluid Inclusion Technologies.
Samplex Trays (2 Sets)

Set 1. Origin Energy

CoreLab to forward to: 


Origin Energy C/-


ACS Laboratories


8 Cox Road


Windsor QLD 4030


Attention Kevin Flynn
Set 2. WEL
CoreLab to store samples on behalf of WEL.

Mudgas Samples (1 Set)
CoreLab to forward to:


Isotech Laboratories Inc


1308 Parkland Court


Champaign 


IL 61821-1826, USA
Mud Samples (1 Set) 

CoreLab to forward to Geotech fridge:


41 to 45 Furnace Rd


Welshpool WA 6106


Att: Christine West (08) 9458 8877

5.0 geology and shows
5.1 INTRODUCTION
Sampling of drilled cuttings for Halladale-1 DW1 (Location Black Watch) commenced in the 311 mm (12 ¼“) hole section, from 427.0 mMDRT until the total well depth of 1918.0 mMDRT.
Sampling of drilled cuttings for Halladale-1 DW2 commenced in the 216 mm (8 ½”) hole section, from 860.0 mMDRT until the total well depth of 1941.0 mMDRT. 
Sampling of drilled cuttings for Halladale-1 DW3 commenced in the 216 mm (8 ½”) hole section, from 1200.0 mMDRT until the total well depth of 1969.0 mMDRT. 
Spot sample collection for quick inspection, as well as any changes in the programmed sampling frequency depended on the rate of penetration and were made at the discretion of the Wellsite Geologist. 

Samples of washed, air-dried cuttings were collected over the following intervals:

	Halladale-1 DW1 (Location Black Watch)

	SAMPLE DEPTH

mMDRT
	SAMPLE FREQUENCY

Metres

	427 - 430 
	3

	430 - 760
	10

	760 - 830
	5

	830 - 839
	9

	839 - 840
	1

	840 -1690
	10

	1690 - 1790
	5

	1790 - 1791*
	1

	1791- 1798*
	1

	1798.8 - 1800
	1.2

	1800 - 1915
	5

	1915 - 1918 (TD)
	3


* These intervals were cored (1790 - 1791* & 1791 – 1798*), hence no samples were bagged from these intervals.
	Halladale-1 DW2
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	SAMPLE DEPTH

mMDRT
	SAMPLE FREQUENCY

Metres

	860 - 1760
	10

	1760 - 1805
	5

	1805 - 1808
	3

	1808 - 1835*
	1

	1835 - 1940
	5

	1940 - 1941 (TD)
	1


* This interval was cored (1808 - 1835), hence no samples were bagged from this interval.
	Halladale-1 DW3
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	SAMPLE DEPTH

mMDRT
	SAMPLE FREQUENCY

Metres

	1200 - 1830
	10

	1830 - 1965
	5

	1965 - 1969 TD
	4


Cuttings were logged on site by Sperry Drilling Services geologists using a binocular microscope.  An ultraviolet light box was used to inspect the fluorescence of cuttings. 

Gas was monitored by a Baseline Total Hydrocarbon Gas detector (Flame Ionisation Detector - F.I.D), calibrated such that 50 API units, or 10,000 parts per million (ppm) is equivalent to 1% methane gas in air.  An on-line F.I.D gas chromatograph recorded the gas breakdown, calibrated to analyse C1, C2, C3, iso C4, normal C4 alkanes, neo C5, iso C5 and normal C5. 
Regular gas system checks were performed to ensure the correct functioning of the gas detection and measurement system. Check gas 2.5% (pure methane) and 10% (pure methane) were used to ascertain correct readings by the total gas detection equipment, and gas mixture was used to check the chromatograph. A successful and accurate chromatograph calibration was done prior to drilling 311 mm (12 ¼”) hole. Subsequent checks with carbide to test for blockages to the gas flow line detected no blockages. 
CO2 and H2S gases were monitored with a Drager Polytron ND Tox gas detector situated in the logging unit. It measured the CO2 and H2S levels continuously from the gas sample line that the hydrocarbon gas detectors also took hydrocarbon gas samples. No CO2 or H2S gas were encountered during the drilling of these wells.
The following section outlines a brief explanation of different hydrocarbon gas ratios in the enclosed Gas Ratio Plot.

C1 Ratios (C1/C2, C1/C3, C1/C4 Total, C1/C5 Total) : C1 Ratios display the fraction of each component compared to the fraction of C1. The ratios generally decrease with depth as more mature sediments are encountered. Mature source rocks and hydrocarbon reservoirs show low ratios.
Gas Wetness Ratio (GWR) C2+C3+C4+C5/C total x 100: The GWR gives an indication of maturity. It will generally increase with depth as the C1 fraction will represent a smaller part of the total light HC.

Light to Heavy ratio (LHR): C1+C2/C3+C4+C5 x 100. The LHR is expected to decrease with depth.

Oil Character Qualifier (OCQ): C4+C5/C3. Under some circumstances high amounts of C1 will mask the presence of oil. GWR and LHR could then be misinterpreted. In the presence of oil, C4+C5 will increase relative to C3, and the OCQ would increase. 
Average Carbon Number (ACN): [C1+ (2xC2) + (3xC3) + (4xC4) + (5xC5)]/ (C1+C2+C3+C4+C5). 

5.2 LITHOLOGICAL SUMMARY for Halladale-1 DW1 (Location Black Watch)
Following is a tabulated lithological summary of Halladale-1 DW1 (Location Black Watch). The intervals have been determined on the basis of cuttings lithology and drilling parameters and are consistent with those delineated by the Wellsite Geologist. 
	Interpretative Depth 
427.0 to 490.0 mMDRT 


	Lithology
Interbedded CALCAREOUS CLAYSTONE and CALCAREOUS SILTY CLAYSTONE interbedded with minor CALCAREOUS SILTSTONE and localised ARGILLACEOUS CALCILUTITE.

	ROP. (metre/hour)

Min. 
5.0
Max.
471.2
Avg.
53.2
	Drilling 

Parameters (Avg)

WOB        : 7.2 MT

RPM(surf): 28
RPM(mot): 91
TRQ     : 1.09 kft.lb
	Maximum Formation
Gas: 0.04%
Chromatograph Analysis:

C1       :
 0.0000%
C2       :
 0.0000%
C3       :
 0.0023%
iC4         :
 0.1089%
nC4       :
 0.0631%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.02%

Chromatograph Analysis:

C1       :
 0.0000%
C2       :  0.0000%
C3       :
 0.0004%
iC4         :
 0.0035%
nC4       :
 0.0021%
iC5         :
 0.0001%
nC5       :  0.0034%

	CALCAREOUS CLAYSTONE (40 - 100%): medium greenish grey to light green, very light grey in part, soft to very soft, amorphous to sub-fissile, 35% calcareous clay, 65% siliceous clay, 15% fossil fragments, trace micro mica, trace glauconite in parts.

CALCAREOUS SILTY CLAYSTONE (10 - 60%): white to light greenish grey, very soft, amorphous, dispersive, 30% calcareous clay, 10% calcareous silt, 30% siliceous clay, 30% siliceous silt.

CALCAREOUS SILTSTONE (10%): medium greenish grey to dark greenish grey, soft to firm, sub-blocky to sub-fissile, 30% calcareous clay, 70% siliceous silt, 20% fossil fragments.

ARGILLACEOUS CALCILUTITE (0 - 40%): medium greenish grey to light green, soft to very soft, dispersive, 55% calcareous clay, 15% calcareous silt, 15% siliceous clay, 15% siliceous silt, 10% fossil fragments, trace mica.


	Interpretative Depth 
490.0 - 499.0 mMDRT


	Lithology
CALCAREOUS CLAYSTONE with minor ARGILLACEOUS CALCARENITE interbeds.

	ROP. (metre/hour)

Min. 
53.9
Max.
94.0
Avg.
72.1
	Drilling 

Parameters (Avg)

WOB        : 7.2 MT

RPM(surf): 82
RPM(mot): 104
TRQ        : 3.3 kft.lb
	Maximum Formation
Gas: 0.01%
Chromatograph Analysis:

C1       :
 0.0000%
C2       :
 0.0000%
C3       :
 0.0023%
iC4         :
 0.1089%

nC4       :
 0.0631%

iC5         :
 0.0000%

nC5       :
 0.0000%
	Average

Formation

Gas: 0.0000%

Chromatograph Analysis:

C1       :
 0.0000%
C2       :  0.0000%
C3       :
 0.0001%
iC4         :
 0.0000%

nC4       :
 0.0000%

iC5         :
 0.0000%

nC5       :  0.0000%

	CALCAREOUS CLAYSTONE (1) (70%): medium greenish grey to light green, soft to very soft, dispersive, 30% calcareous clay, 10% calcareous silt, 40% siliceous clay, 20% siliceous silt, 10% fossil fragments, trace mica.

ARGILLACEOUS CALCARENITE (15%): yellowish brown to light brownish grey, soft to moderately hard, dispersive to angular, 30% calcareous clay, 30% calcareous silt, 40% calcareous sand, trace to rare glauconite, trace to rare lithic fragments, trace mica.

CALCAREOUS CLAYSTONE(2) (5%): dark brown to medium brownish grey, soft to very soft, dispersive, 30% calcareous clay, 10% calcareous silt, 60% siliceous clay, trace glauconite, trace fossil fragments, trace mica.


	Interpretative Depth 
499.0 - 509.0 mMDRT
	Lithology
CALCAREOUS CLAYSTONE.

	ROP. (metre/hour)

Min. 
31.2
Max.
89.5
Avg.
60.3
	Drilling 

Parameters (Avg)

WOB        :10.7 MT

RPM(surf): 83
RPM(mot): 104
TRQ      : 3.32 kft.lb
	Maximum Formation
Gas: 0.02%
Chromatograph Analysis:

C1       :
 0.0000%
C2       :
 0.0000%
C3       :
 0.0001%
iC4         :
 0.0000%

nC4       :
 0.0000%

iC5         :
 0.0000%

nC5       :
 0.0000%
	Average

Formation

Gas: 0.00%

Chromatograph Analysis:

C1       :
 0.0000%
C2       :  0.0000%
C3       :
 0.0001%
iC4         :
 0.0000%

nC4       :
 0.0000%

iC5         :
 0.0000%

nC5       :  0.0000%

	CALCAREOUS CLAYSTONE (100%): light grey to medium brownish grey, soft to very soft, dispersive, 40% calcareous clay, 10% calcareous silt, 30% siliceous clay, 20% siliceous silt, trace mica.


	Interpretative Depth 
509.0 - 561.0 mMDRT


	Lithology
CALCAREOUS CLAYSTONE interbedded with SILTY CALCILUTITE.

	ROP. (metre/hour)

Min. 
11.7
Max.
187.4
Avg.
59.7
	Drilling 

Parameters (Avg)

WOB        : 7.0 MT

RPM(surf): 89
RPM(mot): 113
TRQ      : 3.09 kft.lb
	Maximum Formation
Gas: 0.05%
Chromatograph Analysis:

C1       :
 0.0000%
C2       :
 0.0000%
C3       :
 0.0001%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.01%

Chromatograph Analysis:

C1       :
 0.0000%
C2       :  0.0000%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	CALCAREOUS CLAYSTONE (60 - 100%): brownish grey to light olive grey, olive grey, soft to very soft, dispersive, 30% calcareous clay, 10% calcareous silt, 40% calcareous sand, 20% siliceous clay, trace mica, trace fossil fragments.

SILTY CALCILUTITE (0 - 60%): light olive grey, medium grey to olive grey, soft to very soft, dispersive, 50% calcareous clay, 20% calcareous silt, 10% calcareous sand, 20% siliceous silt, minor fossil fragments, trace glauconite.


	Interpretative Depth 
561.0 - 629.5 mMDRT


	Lithology
Interbedded CALCAREOUS SANDSTONE, CALCAREOUS ARGILLACEOUS SILTSTONE, CALCAREOUS SILTY CLAYSTONE and with minor SIDERITIC CALCILUTITE and SIDERITIC SANDSTONE.

	ROP. (metre/hour)

Min. 
11.7
Max.
195.6
Avg.
67.8
	Drilling 

Parameters (Avg)

WOB        : 6.1 MT

RPM(surf): 92
RPM(mot): 131
TRQ      : 2.97 kft.lb
	Maximum Formation
Gas: 0.05%
Chromatograph Analysis:

C1       :
 0.0000%
C2       :
 0.0000%
C3       :
 0.0010%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0004%
nC5       :
 0.0009%
	Average

Formation

Gas: 0.00%

Chromatograph Analysis:

C1       :
 0.0000%
C2       :  0.0000%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	CALCAREOUS SANDSTONE (0 - 60%): light brown, light orange brown, soft to firm, dispersive to sub-blocky, very fine to medium grained, predominantly fine, poorly sorted, sub-angular to angular, spherical, 20% calcareous clay, 10% calcareous silt, 20% calcareous sand, 50% siliceous sand, abundant siderite cement, minor calcareous cement, trace siderite cement, moderate to good visible porosity, no show.

CALCAREOUS ARGILLACEOUS SILTSTONE (0 - 100%): medium light grey to greenish grey, light olive grey, soft, dispersive, 30% calcareous clay, 10% calcareous silt, 10% siliceous clay, 50% siliceous silt, trace siliceous sand, trace glauconite.

CALCAREOUS SILTY CLAYSTONE (0 - 40%): light olive grey, medium grey to olive grey, soft to very soft, dispersive, 30% calcareous clay, 10% calcareous silt, 30% siliceous clay, 30% siliceous silt, trace siliceous sand, trace glauconite, trace fossil fragments.

CALCAREOUS,ARGILLACEOUS SILTSTONE (2) (0 - 40%): medium  light grey to greenish grey, soft, sub-blocky, 20% calcareous clay, 20% calcareous silt, 20% siliceous clay, 40% siliceous silt.

SIDERITIC CALCILUTITE (0 - 10%): very pale orange, moderate reddish orange to light brown, firm to moderately hard, blocky to sub-blocky, 80% calcareous clay, 15% siliceous silt, 5% siliceous sand.

SIDERITIC SANDSTONE (0 - 10%): light grey to light brown, light orange brown, loose, dispersive, very fine to coarse grained, predominantly fine to medium grained, sub-angular to sub-rounded, poor to moderately sorted, sub-spherical, 20% calcareous clay, 10% calcareous silt, 10% calcareous sand, 60% siliceous sand, minor sideritic cement, trace fossil fragments, poor to fair visible porosity, no show.


	Interpretative Depth 
629.5 - 700.0 mMDRT


	Lithology
Interbedded SILTY CLAYSTONE and SANDSTONE.

	ROP. (metre/hour)

Min. 
17.7
Max.
235.2
Avg.
98.7
	Drilling 

Parameters (Avg)

WOB        : 6.5 MT

RPM(surf): 82
RPM(mot): 129
TRQ      : 2.22 kft.lb
	Maximum Formation
Gas: 0.07%
Chromatograph Analysis:

C1       :
 0.0004%
C2       :
 0.0000%
C3       :
 0.0002%
iC4         :
 0.0000%
nC4       :
 0.0001%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.04%

Chromatograph Analysis:

C1       :
 0.0001%
C2       :  0.0000%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	SILTY CLAYSTONE (90 - 100%): dark yellowish brown, brownish grey to greyish brown, soft to very soft, dispersive to sub-blocky, trace calcareous clay, 65% siliceous clay, 35% siliceous silt.

SANDSTONE (0 - 10%): clear, translucent, very light grey, loose, dispersive, medium to very coarse grained, predominantly coarse to very coarse, sub-round to rounded, moderate to moderately well sorted, sub-spherical to spherical, 30% silt clay, 70% siliceous sand, abundant siliceous cement, poor visible porosity, no show.


	Interpretative Depth 
700.0 - 801.5 mMDRT


	Lithology
SANDSTONE with minor interbedded ARGILLACEOUS SILTSTONE.

	ROP. (metre/hour)

Min. 
11.4
Max.
250.5
Avg.
80.3
	Drilling 

Parameters (Avg)

WOB        : 4.1 MT

RPM(surf): 74
RPM(mot): 124
TRQ      : 1.94 kft.lb
	Maximum Formation
Gas: 0.08%
Chromatograph Analysis:

C1       :
 0.0005%
C2       :
 0.0000%
C3       :
 0.0005%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.03%

Chromatograph Analysis:

C1       :
 0.0001%
C2       :  0.0000%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	SANDSTONE (90 - 100%): clear, translucent, very light grey, very light brown, loose, firm to moderately hard aggregates, fine to very coarse grained, predominantly medium to coarse, poor to moderately sorted, sub-angular to sub-rounded, sub-spherical, trace siliceous cement trace pyrite cement, trace to rare quartz overgrowth, trace pyrite nodules, fair to good visible porosity, no show.

ARGILLACEOUS SILTSTONE (0 - 10%): light brownish grey, light greenish grey to olive grey, medium brownish grey, soft, amorphous, common to abundant, very fine to fine quartz grains, 25% siliceous clay, 20% silica sand, trace carbonaceous specks.


	Interpretative Depth 
801.5 - 839.0 mMDRT


	Lithology
SILTY CLAYSTONE with minor ARGILLACEOUS SILTSTONE and SILTY SANDSTONE interbeds.

	ROP. (metre/hour)

Min. 
13.0
Max.
51.3
Avg.
32.1
	Drilling 

Parameters (Avg)

WOB       : 10.2 MT

RPM(surf): 95
RPM(mot): 132
TRQ      : 3.09 kft.lb
	Maximum Formation
Gas: 0.06%
Chromatograph Analysis:

C1       :
 0.0033%
C2       :
 0.0002%
C3       :
 0.0001%
iC4         :
 0.0002%
nC4       :
 0.0001%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.04%

Chromatograph Analysis:

C1       :
 0.0008%
C2       :  0.0000%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	SILTY CLAYSTONE (15 - 100%): medium brownish grey to dark brownish grey, olive grey, soft, amorphous, abundant silt, trace to rare very fine quartz grains, trace carbonaceous, trace fossil fragments, trace nodular pyrite.

ARGILLACEOUS SILTSTONE (15 - 55%): medium brownish grey to dark brownish grey, olive grey in part, soft, amorphous, common to abundant very fine to fine quartz grains, 25% siliceous clay, 20% siliceous sand, trace carbonaceous specks.

SILTY SANDSTONE (0 - 50%): clear, translucent, very light grey, very light brown, loose, firm to moderately hard aggregates, fine to very coarse grains, predominantly medium to coarse, poor to moderately sorted, sub-angular to sub-rounded, sub-spherical, 20% siliceous silt, trace pyrite cement, trace to rare quartz overgrowth, trace pyrite nodules, fair to good visible porosity, no show.


	Interpretative Depth 
839.0 - 887.0 mMDRT


	Lithology
Interbedded SILTY CLAYSTONE and SANDSTONE.

	ROP. (metre/hour)

Min. 
3.9
Max.
124.8
Avg.
25.4
	Drilling 

Parameters (Avg)

WOB        : 4.8 MT

RPM(surf): 110
RPM(mot): N/A
TRQ      : 2.14 kft.lb
	Maximum Formation
Gas: 0.03%
Chromatograph Analysis:

C1       :
 0.0038%
C2       :
 0.0014%
C3       :
 0.0004%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0005%
nC5       :
 0.0003%
	Average

Formation

Gas: 0.02%

Chromatograph Analysis:

C1       :
 0.0020%
C2       :  0.0009%
C3       :
 0.0001%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :  0.0001%
nC5       :  0.0000%

	SILTY CLAYSTONE (60 - 70%): light olive grey to olive grey, greenish grey, brownish grey, soft to firm, amorphous, 30% silt, 10% very fine sand, trace to rare dark green glauconite, trace red lithic fragments in parts.
SANDSTONE (30 - 40%): clear, translucent, light grey to light brown, pale orange brown, loose, moderately hard aggregates, fine to coarse grains, predominantly medium, poor to moderately sorted, angular to sub-rounded, sub-spherical, trace pyrite cement, trace siliceous cement, rare fossil fragments, trace nodular pyrite, moderate visible porosity, no show.


	Interpretative Depth 
887.0 - 950.0 mMDRT


	Lithology
SANDSTONE with common SILTY CLAYSTONE interbeds.

	ROP. (metre/hour)

Min. 
14.3
Max.
179.0
Avg.
95.9
	Drilling 

Parameters (Avg)

WOB        : 5.0 MT

RPM(surf): 112
RPM(mot): N/A
TRQ      : 3.22 kft.lb
	Maximum Formation
Gas: 0.12%
Chromatograph Analysis:

C1       :
 0.0489%
C2       :
 0.0024%
C3       :
 0.0002%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0003%
nC5       :
 0.0003%
	Average

Formation

Gas: 0.04%

Chromatograph Analysis:

C1       :
 0.0167%
C2       :  0.0012%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0001%
nC5       :  0.0000%

	SANDSTONE (70 - 100%): dark yellowish orange to pale orange brown, greyish orange, fine to very coarse, predominantly medium to coarse, becoming fine with depth, moderate to moderately well sorted, becoming poor to moderately sorted with depth, angular to sub-angular, sub-spherical, rare siliceous cement, trace pyrite cement, moderate to good visible porosity, becoming poor to moderate visible porosity with depth, no show.

SILTY CLAYSTONE (0 - 30%): light olive grey to olive grey, pale brown to brownish grey, soft, amorphous, 40% silt, trace to occasionally rare dark green glauconite, trace carbonaceous specks.


	Interpretative Depth 
950.0 - 975.0 mMDRT


	Lithology
Interbedded SANDSTONE and SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
42.6
Max.
209.8
Avg.
111.8
	Drilling 

Parameters (Avg)

WOB        : 4.8 MT

RPM(surf): 112
RPM(mot): N/A
TRQ      : 3.23 kft.lb
	Maximum Formation
Gas: 0.09%
Chromatograph Analysis:

C1       :
 0.0254%
C2       :
 0.0018%
C3       :
 0.0001%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.07%

Chromatograph Analysis:

C1       :
 0.0227%
C2       :  0.0018%
C3       :
 0.0000%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	SANDSTONE (60 - 70%): clear, translucent, occasionally frosted, occasionally pale yellowish brown, very fine to coarse, poorly sorted, angular to sub-rounded, sub-spherical, rare siliceous cement, trace quartz overgrowth, trace nodular pyrite, moderate visible porosity, no show.

SILTY CLAYSTONE (30 - 40%): light to medium grey, olive grey in parts, soft to firm, amorphous, 40% silt, 10% very fine sand, trace to rare carbonaceous, trace red lithics.


	Interpretative Depth 
975.0 - 1020.0 mMDRT


	Lithology
Interbedded SANDSTONE and SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
21.6
Max.
136.0
Avg.
82.8
	Drilling 

Parameters (Avg)

WOB        : 4.6 MT

RPM(surf): 109
RPM(mot): N/A
TRQ      : 3.18 kft.lb
	Maximum Formation
Gas: 0.08%
Chromatograph Analysis:

C1       :
 0.0309%
C2       :
 0.0019%
C3       :
 0.0002%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0001%
nC5       :
 0.0001%
	Average

Formation

Gas: 0.07%

Chromatograph Analysis:

C1       :
 0.0189%
C2       :  0.0016%
C3       :
 0.0001%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0001%
nC5       :  0.0000%

	SANDSTONE (30 - 90%): clear, translucent, pale yellowish brown in parts, loose, very fine to medium, predominantly fine, moderately well to well sorted, angular to sub-angular, sub-spherical, trace pyrite cement, moderate visible porosity, no show.

SILTY CLAYSTONE (10 - 70%): light to medium grey, greenish grey to olive grey, soft to firm, amorphous, 30% silt, 5% very fine sand, trace to rare glauconite, trace red lithic fragments in parts.


	Interpretative Depth 
1020.0 - 1160.0 mMDRT


	Lithology
Interbedded SANDSTONE and SILTY CLAYSTONE with minor CLAYSTONE.

	ROP. (metre/hour)

Min. 
15.7
Max.
168.8
Avg.
76.4
	Drilling 

Parameters (Avg)

WOB        : 5.2 MT

RPM(surf): 111
RPM(mot): N/A
TRQ      : 3.23 kft.lb
	Maximum Formation
Gas: 0.21%
Chromatograph Analysis:

C1       :
 0.1144%
C2       :
 0.0062%
C3       :
 0.0047%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0001%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.12%

Chromatograph Analysis:

C1       :
 0.0432%
C2       :  0.0028%
C3       :
 0.0022%
iC4         :
 0.0000%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	SANDSTONE (30 - 85%): clear, translucent, light grey, yellowish grey, predominantly loose, very fine to coarse, predominantly fine to medium, moderately sorted, sub-angular to sub-rounded, sub-spherical, rare moderately strong siliceous cement, trace pyrite cement, rare glauconitic grains, trace lithic fragments, moderate to good visible porosity, no show.

SILTY CLAYSTONE (10 - 70%): olive grey to dark olive grey, greenish grey, light to medium grey in part, very soft to soft, occasionally firm, amorphous, 35% silt, 5% very fine sand, slightly calcareous, trace glauconite, trace red lithics, trace carbonaceous specks.

CLAYSTONE (0 - 15%): white, pale yellowish white, soft, amorphous, slightly calcareous, 10% silt, trace carbonaceous specks.


	Interpretative Depth 
1160.0 - 1200.0 mMDRT


	Lithology
SILTY CLAYSTONE with minor lenses of SANDSTONE.

	ROP. (metre/hour)

Min. 
16.6
Max.
129.9
Avg.
51.8
	Drilling 

Parameters (Avg)

WOB        : 4.4 MT

RPM(surf): 112
RPM(mot): N/A
TRQ      : 2.99 kft.lb
	Maximum Formation
Gas: 0.13%
Chromatograph Analysis:

C1       :
 0.0031%
C2       :
 0.0031%
C3       :
 0.0028%
iC4         :
 0.0009%
nC4       :
 0.0007%
iC5         :
 0.0003%
nC5       :
 0.0001%
	Average

Formation

Gas: 0.12%

Chromatograph Analysis:

C1       :
 0.0025%
C2       :  0.0026%
C3       :
 0.0022%
iC4         :
 0.0003%
nC4       :
 0.0002%
iC5         :
 0.0001%
nC5       :  0.0000%

	SILTY CLAYSTONE (50 - 90%): light olive to dark greenish grey, very soft, dispersive, 70% siliceous clay, 30% siliceous silt, 10% glauconite, trace carbonaceous fragments.

SANDSTONE (10 - 50%): clear, loose, sub-angular to sub-rounded, very fine to coarse grained, trace very coarse grained, moderately sorted, slightly elongated, 10% siliceous clay, 10% siliceous silt, 80% siliceous sand, trace pyrite cement, 5% lithic fragments, good visible porosity, no show.


	Interpretative Depth 
1200.0 - 1220.0 mMDRT
	Lithology
SANDSTONE.

	ROP. (metre/hour)

Min. 
28.3
Max.
97.1
Avg.
52.1
	Drilling 

Parameters (Avg)

WOB        : 4.5 MT

RPM(surf): 114
RPM(mot): N/A
TRQ      : 3.59 kft.lb
	Maximum Formation
Gas: 0.16%
Chromatograph Analysis:

C1       :
 0.0742%
C2       :
 0.0034%
C3       :
 0.0027%
iC4         :
 0.0010%
nC4       :
 0.0007%
iC5         :
 0.0004%
nC5       :
 0.0001%
	Average

Formation

Gas: 0.13%

Chromatograph Analysis:

C1       :
 0.0544%
C2       :  0.0028%
C3       :
 0.0020%
iC4         :
 0.0006%
nC4       :
 0.0005%
iC5         :
 0.0001%
nC5       :  0.0001%

	SANDSTONE (100%): clear, loose, very fine to coarse, predominantly fine to medium, moderately sorted to well sorted, sub-angular to sub-rounded, slightly elongated, 10% siliceous clay, 5% siliceous silt, 85% siliceous sand, trace lithic fragments, good porosity, no show.


	Interpretative Depth 
1220.0 -1270.0 mMDRT
	Lithology
SILTY CLAYSTONE with minor SANDSTONE.

	ROP. (metre/hour)

Min. 
7.2
Max.
77.5
Avg.
37.9
	Drilling 

Parameters (Avg)

WOB        : 5.6 MT

RPM(surf): 113
RPM(mot): N/A
TRQ      : 3.45 kft.lb
	Maximum Formation
Gas: 1.4%
Chromatograph Analysis:

C1       :
 0.6370%
C2       :
 0.0355%
C3       :
 0.0162%
iC4         :
 0.0033%
nC4       :
 0.0027%
iC5         :
 0.0006%
nC5       :
 0.0003%
	Average

Formation

Gas: 0.34%

Chromatograph Analysis:

C1       :
 0.2231%
C2       :  0.0142%
C3       :
 0.0051%
iC4         :
 0.0014%
nC4       :
 0.0006%
iC5         :
 0.0003%
nC5       :  0.0001%

	SILTY CLAYSTONE (50 - 70%): very light to dark olive grey, very soft, dispersive 70% clay, 30% silt, rare glauconite.

SANDSTONE (30 - 50%): clear to brownish white, loose to moderately hard, fine to coarse grained, trace very coarse grained, sub-angular to sub-rounded, moderately sorted, slightly elongated, 5% clay, 5% silt, 90% sand, rare pyrite cement, rare silica cement, trace lithic fragments.


	Interpretative Depth 
1270.0 - 1358.0 mMDRT
	Lithology
Interbedded ARGILLACEOUS SILTSTONE and ARGILLACEOUS SANDSTONE.

	ROP. (metre/hour)

Min. 
9.2
Max.
117.1
Avg.
43.7
	Drilling 

Parameters (Avg)

WOB        : 4.3 MT

RPM(surf): 118
RPM(mot): N/A
TRQ      : 3.56 kft.lb
	Maximum Formation
Gas: 0.78%
Chromatograph Analysis:

C1       :
 0.6034%
C2       :
 0.0424%
C3       :
 0.0097%
iC4         :
 0.0037%
nC4       :
 0.0014%
iC5         :
 0.0008%
nC5       :
 0.0002%
	Average

Formation

Gas: 0.24%

Chromatograph Analysis:

C1       :
 0.1650%
C2       :  0.0107%
C3       :
 0.0020%
iC4         :
 0.0010%
nC4       :
 0.0003%
iC5         :
 0.0002%
nC5       :  0.0000%

	ARGILLACEOUS SILTSTONE (20 - 90%):  yellowish grey to light olive grey, very soft to soft, dispersive to sub-blocky, 40% siliceous clay, 50% siliceous silt, 10% siliceous sand, trace to rare glauconite.

ARGILLACEOUS SANDSTONE (10 - 80%): clear to light yellowish grey, loose, dispersive, sub-angular to sub-rounded, very fine to medium, moderately sorted to well sorted, sub-spherical to spherical, 20% siliceous clay, 80% siliceous sand, trace pyrite, poor visible porosity, no show.


	Interpretative Depth 
1358.0 - 1383.0 mMDRT
	Lithology
SANDSTONE and minor to rare SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
10.1
Max.
111.9
Avg.
53.7
	Drilling 

Parameters (Avg)

WOB        : 4.6 MT

RPM(surf): 121
RPM(mot): N/A
TRQ      : 3.76 kft.lb
	Maximum Formation
Gas: 0.21%
Chromatograph Analysis:

C1       :
 0.3836%
C2       :
 0.0155%
C3       :
 0.0015%
iC4         :
 0.0008%
nC4       :
 0.0001%
iC5         :
 0.0001%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.42%

Chromatograph Analysis:

C1       :
 0.1724%
C2       :  0.0072%
C3       :
 0.0007%
iC4         :
 0.0003%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0000%

	SANDSTONE (80 - 90%): clear to very light grey, light greyish brown, loose, dispersive, very fine to medium, predominantly fine, trace coarse grains, moderately sorted to poorly sorted, sub-angular to angular, sub-spherical, trace calcareous clay, 10% siliceous silt, 90% siliceous sand, no show.
SILTY CLAYSTONE (10 - 20%): light olive grey to light greyish brown, soft to very soft, dispersive to sub-blocky, 10% calcareous clay, 50% siliceous clay, 35% siliceous silt, 5% siliceous sand, trace glauconite, trace pyrite.




	Interpretative Depth 
1383.0 - 1450.0mMDRT
	Lithology
CLAYSTONE.

	ROP. (metre/hour)

Min. 
9.2
Max.
65.2
Avg.
30.6
	Drilling 

Parameters (Avg)

WOB        : 6.5 MT

RPM(surf): 123
RPM(mot): N/A
TRQ      : 3.49 kft.lb
	Maximum Formation
Gas: 3.81%
Chromatograph Analysis:

C1       :
 5.6980%
C2       :
 0.2701%
C3       :
 0.0744%
iC4         :
 0.0109%
nC4       :
 0.0120%
iC5         :
 0.0018%
nC5       :
 0.0012%
	Average

Formation

Gas: 0.64%

Chromatograph Analysis:

C1       :
 0.6219%
C2       :  0.0427%
C3       :
 0.0135%
iC4         :
 0.0023%
nC4       :
 0.0024%
iC5         :
 0.0003%
nC5       :  0.0001%

	CLAYSTONE (100%): light greyish green to medium olive grey, soft to very soft, amorphous, 70% clay, 10% silt, 10% sand, 10% glauconite.


	Interpretative Depth 
1450.0 - 1516.0 mMDRT
	Lithology
CLAYSTONE.

	ROP. (metre/hour)

Min. 
3.92
Max.
83.5
Avg.
29.16
	Drilling 

Parameters (Avg)

WOB        : 7.8 MT

RPM(surf): 132
RPM(mot): N/A
TRQ      : 3.83 kft.lb
	Maximum Formation
Gas: 3.46%
Chromatograph Analysis:

C1       :
 5.0435%
C2       :
 0.2224%
C3       :
 0.0643%
iC4         :
 0.0098%
nC4       :
 0.0107%
iC5         :
 0.0016%
nC5       :
 0.0010%
	Average

Formation

Gas: 1.09%

Chromatograph Analysis:

C1       :
 0.9895%
C2       :  0.0657%
C3       :
 0.0243%
iC4         :
 0.0038%
nC4       :
 0.0048%
iC5         :
 0.0007%
nC5       :  0.0004%

	CLAYSTONE (100%): light olive grey to olive grey, pale yellowish brown to light brownish grey, soft, amorphous, 90% siliceous clay, 10% siliceous silt, trace siliceous sand, trace pyrite, trace glauconite.


	Interpretative Depth 
1516.0 - 1537.0 mMDRT
	Lithology
ARGILLACEOUS SANDSTONE with SILTY CLAYSTONE interbeds.

	ROP. (metre/hour)

Min. 
25.3
Max.
155.78
Avg.
75.0
	Drilling 

Parameters (Avg)

WOB        : 5.6 MT

RPM(surf): 129
RPM(mot): N/A
TRQ      : 4.66 kft.lb
	Maximum Formation
Gas: 23.33%
Chromatograph Analysis:

C1       :
 21.7885%
C2       :
 0.8115%
C3       :
 0.2318%
iC4         :
 0.0338%
nC4       :
 0.0372%
iC5         :
 0.0047%
nC5       :
 0.0033%
	Average

Formation

Gas: 10.34%

Chromatograph Analysis:

C1       :
 9.2957%
C2       :  0.3930%
C3       :
 0.1068%
iC4         :
 0.0161%
nC4       :
 0.0180%
iC5         :
 0.0023%
nC5       :  0.0016%

	ARGILLACEOUS SANDSTONE (30 - 80%): pale yellowish brown to light brownish grey, loose, dispersive, sub-angular to angular, trace calcareous clay, 20% siliceous clay, 10% siliceous silt, 70% siliceous sand, 20% very fine grained, 60% fine grained, 20% medium grained, 10% siliceous cement, trace to 5% glauconite, lithic fragments, trace pyrite, 15% porosity, no show.

SILTY CLAYSTONE (20 - 70%): light olive grey to yellowish grey, soft to very soft, amorphous, trace calcareous clay, 60% siliceous clay, 40% siliceous silt, trace siliceous sand.


	Interpretative Depth 
1537.0 - 1559.0 mMDRT
	Lithology
SILTY CLAYSTONE with minor ARGILLACEOUS SANDSTONE.

	ROP. (metre/hour)

Min. 
16.96
Max.
65.43
Avg.
35.23
	Drilling 

Parameters (Avg)

WOB        : 8.3 MT

RPM(surf): 129
RPM(mot): N/A
TRQ      : 4.31 kft.lb
	Maximum Formation
Gas: 18.53%
Chromatograph Analysis:

C1       :
 12.8931%
C2       :
 0.5157%
C3       :
 0.1419%
iC4         :
 0.0225%
nC4       :
 0.0249%
iC5         :
 0.0029%
nC5       :
 0.0019%
	Average

Formation

Gas: 3.07%

Chromatograph Analysis:

C1       :
 1.9260%
C2       :  0.0964%
C3       :
 0.0307%
iC4         :
 0.0049%
nC4       :
 0.0058%
iC5         :
 0.0007%
nC5       :  0.0004%

	SILTY CLAYSTONE (70 - 90%): light olive grey to yellowish grey, soft to very soft, amorphous, trace calcareous clay, 60% siliceous clay, 40% siliceous silt, trace siliceous sand.

ARGILLACEOUS SANDSTONE (10 - 30%): pale yellowish brown to light brownish grey, loose, dispersive, sub-angular to angular, trace calcareous clay, 20% siliceous clay, 10% siliceous silt, 70% siliceous sand, 20% very fine grained, 60% fine grained, 20% medium grained, 10% siliceous cement, trace glauconite, trace lithic fragments, trace pyrite, 15 % porosity, no show.


	Interpretative Depth 
1559.0 - 1570.0 mMDRT
	Lithology
SANDSTONE with SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
18.9
Max.
128.3
Avg.
46.8
	Drilling 

Parameters (Avg)

WOB        : 6.4 MT

RPM(surf): 128
RPM(mot): N/A
TRQ      : 4.43 kft.lb
	Maximum Formation
Gas: 22.27%
Chromatograph Analysis:

C1       :
 22.3128%
C2       :
 0.8229%
C3       :
 0.2200%
iC4         :
 0.0330%
nC4       :
 0.0355%
iC5         :
 0.0048%
nC5       :
 0.0035%
	Average

Formation

Gas: 5.08%

Chromatograph Analysis:

C1       :
 3.6586%
C2       :  0.1516%
C3       :
 0.0452%
iC4         :
 0.0069%
nC4       :
 0.0079%
iC5         :
 0.0010%
nC5       :  0.0007%

	SANDSTONE (50%): light brownish grey, light olive grey, light greenish grey, loose, dispersive, sub-angular to angular, poorly sorted to moderately sorted, slightly spherical, 10% siliceous clay, 10% siliceous silt, 80% siliceous sand, 10% very fine grained, 40% fine grained, 30% medium grained, 20% coarse grained, 10% siliceous cement, trace glauconite, 15% porosity, no show.

SILTY CLAYSTONE (50%): light olive grey to yellowish grey, soft to very soft, amorphous, trace calcareous clay, 60% siliceous clay, 40% siliceous silt, trace siliceous sand, trace carbonaceous specks, no show.


	Interpretative Depth 
1570.0 - 1722.0 mMDRT
	Lithology
Massive SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
13.3
Max.
75.1
Avg.
35.0
	Drilling 

Parameters (Avg)

WOB        : 8.6 MT

RPM(surf): 136
RPM(mot): N/A
TRQ      : 4.34 kft.lb
	Maximum Formation
Gas: 3.83%
Chromatograph Analysis:

C1       :
 4.1853%
C2       :
 0.1842%
C3       :
 0.0532%
iC4         :
 0.0088%
nC4       :
 0.0100%
iC5         :
 0.0017%
nC5       :
 0.0014%
	Average

Formation

Gas: 1.16%

Chromatograph Analysis:

C1       :
 0.7346%
C2       :  0.0438%
C3       :
 0.0120%
iC4         :
 0.0018%
nC4       :
 0.0022%
iC5         :
 0.0003%
nC5       :  0.0002%

	SILTY CLAYSTONE (100%): light brownish grey to light olive grey, becoming medium light grey to light olive grey with depth, very light brown to yellowish grey at base, very soft, amorphous, trace calcareous clay, 80% siliceous clay, 20% siliceous silt, trace siliceous sand, trace carbonaceous specks, trace glauconite.


	Interpretative Depth 
1722.0 - 1736.0 mMDRT
	Lithology
ARGILLACEOUS GLAUCONITIC SANDSTONE with minor SILTY CLAYSTONE and ARGILLACEOUS SILTSTONE.

	ROP. (metre/hour)

Min. 
21.53
Max.
122.2
Avg.
62.4
	Drilling 

Parameters (Avg)

WOB        : 6.3 MT

RPM(surf): 139
RPM(mot): N/A
TRQ      : 5.49 kft.lb
	Maximum Formation
Gas: 1.92%
Chromatograph Analysis:

C1       :
 2.3234%
C2       :
 0.0938%
C3       :
 0.0232%
iC4         :
 0.0029%
nC4       :
 0.0036%
iC5         :
 0.0005%
nC5       :
 0.0003%
	Average

Formation

Gas: 1.07%

Chromatograph Analysis:

C1       :
 0.9090%
C2       :  0.0460%
C3       :
 0.0138%
iC4         :
 0.0015%
nC4       :
 0.0019%
iC5         :
 0.0002%
nC5       :  0.0001%

	ARGILLACEOUS GLAUCONITIC SANDSTONE (70 - 90%): dark greenish grey, moderate yellowish grey, light olive grey, moderate yellowish and greyish brown , very soft to loose, dispersive, sub-angular to sub-rounded, moderately sorted to poorly sorted, slightly elongated, trace calcareous clay, 20% siliceous clay, 10% siliceous silt, 70% siliceous sand, 30% fine grained, 40% medium grained, 25% coarse grained, 5% very coarse grained, 10% siliceous cement, 20% glauconite, 5% lithic fragments, 10% porosity, no show.

SILTY CLAYSTONE (0 - 10%): very light brown, yellowish grey, very soft, amorphous, trace calcareous clay, 70% siliceous clay, 30% siliceous silt, trace siliceous sand.  

ARGILLACEOUS SILTSTONE (0 - 30%): very light brown, yellowish grey, soft to very soft, amorphous, sub-blocky to blocky, trace calcareous clay, 30% siliceous clay, 50% siliceous silt, 20% siliceous sand, 5% glauconite.


	Interpretative Depth 
1736.0 - 1773.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with ARGILLACEOUS SILTSTONE and ARGILLACEOUS SANDSTONE.

	ROP. (metre/hour)

Min. 
7.49
Max.
57.56
Avg.
29.6
	Drilling 

Parameters (Avg)

WOB        : 4.2 MT

RPM(surf): 136
RPM(mot): N/A
TRQ      : 4.82 kft.lb
	Maximum Formation
Gas: 3.9%
Chromatograph Analysis:

C1       :
 3.9161%
C2       :
 0.1938%
C3       :
 0.0521%
iC4         :
 0.0070%
nC4       :
 0.0075%
iC5         :
 0.0008%
nC5       :
 0.0006%
	Average

Formation

Gas: 1.45%

Chromatograph Analysis:

C1       :
 1.1486%
C2       :  0.0594%
C3       :
 0.0172%
iC4         :
 0.0021%
nC4       :
 0.0026%
iC5         :
 0.0002%
nC5       :  0.0002%

	SILTY CLAYSTONE (30 - 90%): very light brown, yellowish grey, becoming very light grey to very pale orange with depth, very soft, amorphous, trace calcareous clay, 70 to 80% siliceous clay, 15 to 30% siliceous silt, trace to 5% siliceous sand, 5% glauconite.

ARGILLACEOUS SILTSTONE (0 - 60%): very light brown, yellowish grey, soft to very soft, amorphous, sub-blocky, trace calcareous clay, 30% siliceous clay, 50% siliceous silt, 20% siliceous sand, 5% glauconite.

ARGILLACEOUS SANDSTONE (10 - 70%): light brownish grey to yellowish grey, soft to loose, dispersive, sub-angular, well sorted, slightly spherical, trace calcareous clay, 30% siliceous clay, 10% siliceous silt, 60% siliceous sand, 30% very fine grained, 50% fine grained, 20% medium grained, 5% siliceous cement, trace lithic fragments, 10 % porosity, no show.


	Interpretative Depth 
1773.0 - 1790.0 mMDRT
	Lithology
SANDSTONE with occasional SANDY CLAYSTONE interbeds.

	ROP. (metre/hour)

Min. 
11.7
Max.
44.3
Avg.
29.5
	Drilling 

Parameters (Avg)

WOB        : 3.6 MT

RPM(surf): 137
RPM(mot): N/A
TRQ      : 6.35 kft.lb
	Maximum Formation
Gas: 45.02%
Chromatograph Analysis:

C1       :
 39.8177%
C2       :
 1.9136%
C3       :
 0.5695%
iC4         :
 0.0856%
nC4       :
 0.0908%
iC5         :
 0.0117%
nC5       :
 0.0092%
	Average

Formation

Gas: 28.45%

Chromatograph Analysis:

C1       :
 25.6221%
C2       :  1.0524%
C3       :
 0.3813%
iC4         :
 0.0547%
nC4       :
 0.0588%
iC5         :
 0.0073%
nC5       :  0.0058%

	SANDSTONE (80 - 100%): clear to very light grey, loose, dispersive, sub-angular to angular, moderately sorted, slightly spherical to slightly elongated, 10% siliceous clay, 90% siliceous sand, 10% very fine grained, 20% fine grained, 50% medium grained, 20% coarse grained, trace v coarse grained, 5 to 10% siliceous cement, 15% porosity, no show.

SANDY CLAYSTONE (0 - 20%): light brownish grey to yellowish grey, soft to very soft, amorphous, 70% siliceous clay, 10% siliceous silt, 20% siliceous sand.


	Interpretative Depth 
1790.0 - 1798.8 mMDRT
	Lithology
SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
25.7
Max.
30.8
Avg.
28.8
	Drilling 

Parameters (Avg)

WOB        : 4.0 MT

RPM(surf): 134
RPM(mot): N/A
TRQ      : 7.82 kft.lb
	Maximum Formation
Gas: 34.3%
Chromatograph Analysis:

C1       :
 23.0330%
C2       :
 1.1939%
C3       :
 0.3664%
iC4         :
 0.0549%
nC4       :
 0.0588%
iC5         :
 0.0077%
nC5       :
 0.0061%
	Average

Formation

Gas: 30.63%

Chromatograph Analysis:

C1       :
 23.0330%
C2       :
 1.1939%
C3       :
 0.3664%
iC4         :
 0.0549%
nC4       :
 0.0588%
iC5         :
 0.0077%
nC5       :
 0.0061%

	SILTY CLAYSTONE (100%): light to medium olive grey, white, firm to very soft, amorphous, 20% silt, 5% sand.


	Interpretative Depth 
1798.8 - 1822.0 mMDRT


	Lithology
SILTY CLAYSTONE 

	ROP. (metre/hour)

Min. 
5.7
Max.
54.2
Avg.
29.7
	Drilling 

Parameters (Avg)

WOB        : 7.8 MT

RPM(surf): 136
RPM(mot): N/A
TRQ      : 5.49 kft.lb
	Maximum Formation
Gas: 0.45%
Chromatograph Analysis:

C1       :
 0.1709%
C2       :
 0.0126%
C3       :
 0.0055%
iC4         :
 0.0006%
nC4       :
 0.0004%
iC5         :
 0.0000%
nC5       :
 0.0000%
	Average

Formation

Gas: 0.20%

Chromatograph Analysis:

C1       :
 0.1016%
C2       :  0.0077%
C3       :
 0.0026%
iC4         :
 0.0002%
nC4       :
 0.0002%
iC5         :
 0.0000%
nC5       :  0.0000%

	SILTY CLAYSTONE (100%): light to medium grey, olive grey, occasionally pale yellowish brown, predominantly dispersive, firm to moderately hard, sub-blocky, 20 to 40% silt, rare to minor sand, rare to common carbonaceous specks, trace glauconite, trace nodular pyrite, grades to SILTSTONE in parts.


	Interpretative Depth 
1822.0 - 1871.0 mMDRT
	Lithology
Interbedded SANDSTONE and SILTY CLAYSTONE.

	ROP. (metre/hour)

Min. 
11.6
Max.
80.2
Avg.
42.1
	Drilling 

Parameters (Avg)

WOB        : 8.1 MT

RPM(surf): 139
RPM(mot): N/A
TRQ      : 6.54 kft.lb
	Maximum Formation
Gas: 4.04%
Chromatograph Analysis:

C1       :
 5.5508%
C2       :
 0.2761%
C3       :
 0.0818%
iC4         :
 0.0115%
nC4       :
 0.0113%
iC5         :
 0.0014%
nC5       :
 0.0008%
	Average

Formation

Gas: 0.85%

Chromatograph Analysis:

C1       :
 0.8319%
C2       :  0.0461%
C3       :
 0.0138%
iC4         :
 0.0019%
nC4       :
 0.0020%
iC5         :
 0.0002%
nC5       :  0.0001%

	SANDSTONE (25 - 90%): clear, translucent, light grey to off white, light yellowish grey in parts, predominantly dispersive, very fine to medium, trace coarse, predominantly fine to medium, moderately well sorted, angular to sub-rounded, sub-spherical, 10 to 20% clay matrix, 5% siliceous cement, trace to 5% calcareous cement, trace glauconite, trace red lithics, moderate visual porosity, no show.

SILTY CLAYSTONE (10 - 75%): light to medium grey, olive grey, occasionally pale yellowish brown, predominantly dispersive, firm to moderately hard, sub-blocky, 20 to 40% silt, rare to minor sand, rare to common carbonaceous specks, trace glauconite, trace nodular pyrite, grades to SILTSTONE in parts.


	Interpretative Depth 
1871.0 - 1918.0 mMDRT
	Lithology
Interbedded SANDSTONE and CLAYSTONE with minor SILTSTONE.

	ROP. (metre/hour)

Min.     1.9
Max.
48.9
Avg.
16.6
	Drilling 

Parameters (Avg)

WOB        : 8.4 MT

RPM(surf): 123
RPM(mot): N/A
TRQ      : 7.16 kft.lb
	Maximum Formation
Gas: 0.36%
Chromatograph Analysis:

C1       :
 0.3101%
C2       :
 0.0188%
C3       :
 0.0072%
iC4         :
 0.0010%
nC4       :
 0.0011%
iC5         :
 0.0001%
nC5       :
 0.0001%
	Average

Formation

Gas: 0.13%

Chromatograph Analysis:

C1       :
 0.1023%
C2       :  0.0064%
C3       :
 0.0023%
iC4         :
 0.0003%
nC4       :
 0.0004%
iC5         :
 0.0000%
nC5       :  0.0000%

	SANDSTONE (40 - 75%): clear, translucent, light greenish grey to greenish grey, off white, light grey, loose, very fine to medium, trace coarse, predominantly fine to medium, moderately sorted, sub-angular to round, sub-spherical, 10% calcareous cement, common lithic fragments, trace pyrite, moderate visual porosity, no show.

CLAYSTONE (20 - 60%): white to light greenish grey, pale brown to pale yellowish grey, very light grey, soft, dispersive to amorphous, 10 to 15% calcareous clay, 10% silt.

SILTSTONE (0 - 20%): greenish grey to dark olive grey, medium dark grey to dark brown, soft to moderately hard, sub-blocky, 10% clay, minor to common carbonaceous specks, trace pyrite.


5.3 LITHOLOGICAL SUMMARY for Halladale-1 DW2
Following is a tabulated lithological summary of Halladale-1 DW2. The intervals have been determined on the basis of cuttings lithology and drilling parameters and are consistent with those delineated by the Wellsite Geologist. 
	Interpretative Depth 
853.0 - 886.0 mMDRT
	Lithology
Interbedded SILTY CLAYSTONE and SANDSTONE.

	ROP. (metre/hour)

Min. 
5.2
Max.
40.6
Avg.
21.3
	Drilling 

Parameters (Avg)

WOB        : 4.4MT

RPM(surf): 122
RPM(mot): N/A
TRQ     : 1.66 kft.lb
	Maximum Formation
Gas: 0.04%
Chromatograph Analysis:

C1       :
 0.0090%
C2       :
 0.0017%
C3       :
 0.0006%
iC4         :
 0.0003%
nC4       :
 0.0001%
iC5         :
 0.0000%
nC5       :
 0.0004%
	Average

Formation

Gas: 0.02%

Chromatograph Analysis:

C1       :
 0.0065%
C2       :  0.0014%
C3       :
 0.0004%
iC4         :
 0.0001%
nC4       :
 0.0000%
iC5         :
 0.0000%
nC5       :  0.0001%

	SILTY CLAYSTONE (60 - 70%): light olive grey to olive grey, brownish grey, greenish grey in parts, soft to firm, amorphous, 30% silt, 10% very fine sand, trace to rare dark green glauconite, trace red lithic fragments in parts.
SANDSTONE (30 to 40%): clear, translucent, light grey to light brown, pale orange brown, loose moderately hard aggregates, fine to coarse grains, predominantly medium, poor to moderately sorted, angular to sub-rounded, sub-spherical, trace siliceous cement, rare fossil fragments, trace nodular pyrite, moderate visible porosity, no show.


	Interpretative Depth 
886.0 to 933.0 mMDRT
	Lithology
SANDSTONE with minor interbedded SILTY CLAYSTONE.

	ROP. (metre/hour)

Min.      9.3


Max.   40.6


Avg.    21.3
	Drilling 

Parameters (Avg)

WOB        : 2.8 MT

RPM(surf): 132
RPM(mot): N/A
TRQ    :   1.87 kft.lb
	Maximum Formation
Gas: 0.05%
Chromatograph Analysis:

C1       :
 0.0124%
C2       :
 0.0015%
C3       :
 0.0006%
iC4         :
 0.0002%
nC4       :
 0.0000%
iC5         :
 0.0002%
nC5       :
 0.0001%
	Average

Formation

Gas: 0.03%

Chromatograph Analysis:

C1       :
0.004 %
C2       : 0.0011%
C3       :
0.0003%
iC4         :
0.0000%
nC4       :
0.0000%
iC5         :
0.0001%
nC5       : 0.0000%

	SANDSTONE (90 - 100%): pale orange brown to light brown, greyish orange, translucent, clear, loose, very fine to very coarse, predominantly very fine to medium, poorly to occasionally moderately sorted, angular to sub-rounded, occasionally round, sub-spherical, trace to rare silica cement, trace to rare pyrite, trace red lithics, moderate visible porosity, no shows.

SILTY CLAYSTONE (0 - 10%): brownish grey to medium grey, medium greenish grey in place, soft to firm, occasionally moderately hard, amorphous, sub-blocky, 30% silt, 10% sand, trace glauconite, trace micro mica.


	Interpretative Depth 
933.0 - 948.0 mMDRT
	Lithology
Interbedded SANDSTONE and CLAYSTONE.

	ROP. (metre/hour)

Min.  8.9


Max. 56.2 


Avg. 35.7

	Drilling 

Parameters (Avg)

WOB        :  4.6 MT

RPM(surf): 132
RPM(mot): N/A
TRQ        : 1.9 kft.lb
	Maximum Formation
Gas: 0.06%
Chromatograph Analysis:

C1       :
0.0220%
C2       :
0.0017%
C3       : 0.0006%
iC4         :
0.0001%
nC4       : 0.0000%
iC5         : 0.0002%
nC5       : 0.0001%
	Average

Formation

Gas: 0.05%

Chromatograph Analysis:

C1       : 0.0143%
C2       : 0.0014%
C3       :
0.0004%
iC4         :
0.0000%
nC4       : 0.0000%
iC5         :
0.0001%
nC5       : 0.0000%

	SANDSTONE (75 - 80%): clear, translucent, moderately sorted, light yellowish brown, very fine to coarse, predominantly medium, poor to moderately sorted, angular to sub-rounded, sub-spherical, trace to rare silica cement, trace to rare nodular pyrite, moderate to good visible porosity, no shows.
CLAYSTONE (20 - 25%): brownish grey, off white to light grey, light yellowish brown, light olive grey to olive grey, greenish grey in parts, soft, amorphous, 10 to 20% silt, 5 to 10% sand, trace to local rare glauconite.


	Interpretative Depth 
948.0 - 975.0 mMDRT
	Lithology
Interbedded SANDSTONE and SILTY CLAYSTONE.

	ROP. (metre/hour)

Min.  16.3 


Max. 104.2


Avg.  42.8

	Drilling 

Parameters (Avg)

WOB        : 3.2 MT

RPM(surf): 132 
RPM(mot): N/A
TRQ     : 1.94 kft.lb
	Maximum Formation
Gas: 0.07%
Chromatograph Analysis:

C1       :
0.0206%
C2       :
0.0018%
C3       :
0.0007%
iC4         :
0.0002%
nC4       :
0.0000%
iC5         :
0.0005%
nC5       :
0.0002%
	Average

Formation

Gas: 0.04%

Chromatograph Analysis:

C1       :
0.0130%
C2       : 0.0015%
C3       :
0.0005%
iC4         :
0.0000%
nC4       :
0.0000%
iC5         :
0.0001 %
nC5       : 0.0000%

	SANDSTONE (30 - 90%): clear, translucent, moderately sorted, light yellowish brown, fine to very coarse, predominantly medium to coarse, poorly sorted, angular to sub-rounded, sub-spherical, rare silica cement, trace pyrite cement, trace quartz over growth, rare nodules pyrite, trace red lithics, good visible porosity, no shows.

SILTY CLAYSTONE (10 - 70%): light to medium olive grey in parts, light to medium grey, soft to firm, sub-blocky, 30% silt, 10 to 20% very fine to fine sand, rare carbonaceous, trace to rare micro mica.


	Interpretative Depth 
975.0 - 1018.0 mMDRT


	Lithology
SANDSTONE with common interbedded SILTY CLAYSTONE.

	ROP. (metre/hour)

Min.  17.73


Max.  90.5


Avg.  43.8

	Drilling 

Parameters (Avg)

WOB     : 3.5MT

RPM(surf): 129 
RPM(mot): N/A
TRQ :    2.28   kft.lb
	Maximum Formation
Gas: 0.05%
Chromatograph Analysis:

C1       :
0.0145 %
C2       :
0.0015 %
C3       :
0.0007%
iC4         : 0.0001%
nC4       :
0.0000%
iC5         :
0.0003 %
nC5       :
0.0001%
	Average

Formation

Gas: 0.03%

Chromatograph Analysis:

C1       :
0.0080%
C2       : 0.0012%
C3       :
0.0005%
iC4         :
0.0000%
nC4       :
0.0000%
iC5         :
0.0001%
nC5       : 0.0000%

	SANDSTONE (75 - 95%): clear, translucent, light yellowish brown in parts, loose, very fine to coarse, predominantly fine to medium, moderate to well sorted, angular to sub-rounded, sub-spherical, trace to rare silica cement, trace calcareous cement in parts, trace red lithics, moderate to good visible porosity, no shows.

SILTY CLAYSTONE (5 - 25%): olive grey to light olive grey, light to medium grey, light yellowish  brown to off white, soft to firm, sub-blocky, 30% silt, 10 to 15% sand , trace to rare glauconite, trace carbonaceous, trace red lithics.


	Interpretative Depth 
1018.0 - 1090.0mMDRT
	Lithology
Interbedded SANDSTONE and SANDY CLAYSTONE.

	ROP. (metre/hour)

Min.
6.2

Max.
119.8
Avg.
44.9
	Drilling 

Parameters (Avg)

WOB      :  4.8   MT

RPM(surf): 130 
RPM(mot):  N/A
TRQ  :     2.52 kft.lb
	Maximum Formation
Gas:  0.06  %
Chromatograph Analysis:

C1       : 0.0316%
C2       :
 0.0018%
C3       :
 0.0008%
iC4         :
 0.0001%
nC4       :
 0.0001%
iC5         :
 0.0001%
nC5       :
 0.0001%
	Average

Formation

Gas: 0.04 %

Chromatograph Analysis:

C1       : 0.0142%
C2       : 0.0016%
C3       : 0.0006%
iC4         : 0.0%
nC4       : 0.0%
iC5         : 0.0%
nC5       : 0.0%

	SANDSTONE (5 - 95%): clear, translucent, light orange, loose, very fine to coarse, predominantly medium, medium to well sorted, sub-angular to sub-rounded, sub-spherical, rare silica cement, trace glauconite, trace lithics, trace pyrite, medium to good porosity, no shows.

SANDY CLAYSTONE (5 - 95%): olive grey to light olive grey,  very  light to medium grey, brownish grey in place, greenish grey in place, soft to firm, sub-blocky, 20 to 30 % very fine to fine quartz grained, 10 to 20% silt, trace to rare glauconite, trace to locally rare carbonaceous specks, trace red lithics, trace micro mica.


	Interpretative Depth 
1090.0 - 1145.5mMDRT
	Lithology
Interbedded SANDSTONE and SANDY CLAYSTONE.

	ROP. (metre/hour)

Min. 4.1


Max. 79.6


Avg. 38.9

	Drilling 

Parameters (Avg)

WOB        : 6.9MT

RPM(surf): 134
RPM(mot):  N/A
TRQ     : 2.61  kft.lb
	Maximum Formation
Gas: 0.07%
Chromatograph Analysis:

C1       :
0.0523%
C2       :
0.0018%
C3       :
0.0008 %
iC4         :
0.0001 %
nC4       :
0.0001 %
iC5         :
0.0001 %
nC5       :
 0.0001%
	Average

Formation

Gas: 0.04%

Chromatograph Analysis:

C1       :
0.0204%
C2       : 0.0012%
C3       :
0.0005%
iC4         :
0.0000 %
nC4       :
0.0000%
iC5         :
0.0000 %
nC5       : 0.0000 %

	SANDSTONE (5 - 95%): clear, translucent, light orange, loose, very fine to coarse, predominantly medium, medium to well sorted, sub-angular to sub-rounded, sub-spherical, rare silica cement, trace glauconite, trace lithics, trace pyrite, well developed porosity, no shows.

SANDY CLAYSTONE (5 - 95%): olive grey to light olive grey, very light to medium grey, brownish grey in place, greenish grey in place soft to firm, sub-blocky, 20 to 30% very fine to fine quartz grained, 10 to 20% silt, trace to rare glauconite, trace to locally rare carbonaceous specks, trace red lithics, trace micro mica.


	Interpretative Depth 
1145.5 - 1265.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with SANDSTONE.

	ROP. (metre/hour)

Min. 
3.8

Max.  119.8

Avg.
30.3
	Drilling 

Parameters (Avg)

WOB        :  4.6 MT
RPM(surf): 152

RPM(mot): N/A
TRQ     :   2.89
	Maximum Formation
Gas: 1.38%
Chromatograph Analysis:

C1       :
1.703% 
C2       :
0.0766%
C3       :
0.4639 %
iC4         :
0.0028 %
nC4       :
0.0023 %
iC5         :
0.0005 %
nC5       :
0.0003 %
	Average

Formation

Gas: 0.15%

Chromatograph Analysis:

C1       :
0.1345%
C2       : 0.008%
C3       :
0.003%
iC4         :
0.003%
nC4       :
0.003%
iC5         :
0.0001%
nC5       : 0.0%

	SILTY CLAYSTONE (5 - 100%): brownish grey to olive grey, light to medium grey, 20 to 30% silt 5 to 15% very fine sand, trace to minor glauconite, trace nodular pyrite, trace carbonaceous specks, sub-blocky to amorphous, soft.

SANDSTONE (trace - 95%): clear, translucent, white, predominantly loose, very fine to coarse, predominantly fine, moderately sorted, angular to sub-rounded, sub-spherical, trace clay matrix, trace calcareous cement, trace to minor nodules pyrite, trace red lithics, moderately visible porosity, no shows.

	Interpretative Depth 
1265.0 - 1324.0 mMDRT
	Lithology
SILTY CLAYSTONE with minor SANDSTONE beds.

	ROP. (metre/hour)

Min. 
5.8
Max.
78.9
Avg.
24.4
	Drilling 

Parameters (Avg)

WOB         : 8.9 MT

RPM(surf): 149
RPM(mot):  N/A
TRQ      : 3.24 kft.lb
	Maximum Formation
Gas: 0.57%

Chromatograph Analysis:

C1       :
0.6885%
C2       :
0.0432%
C3       :
0.0141%
iC4         :
0.0027%

nC4       :
0.0021%

iC5         :
0.0006%

nC5       :
0.0003%
	Average

Formation

Gas: 0.38%

Chromatograph Analysis:

C1       :
0.3553%
C2       : 0.0216%
C3       :
0.0071%
iC4         :
0.0016%

nC4       :
0.0012%

iC5         :
0.0004%

nC5       : 0.0002%

	SILTY CLAYSTONE (90 - 100%): brownish grey to olive grey, light to medium grey, soft, sub-blocky to amorphous, 20 to 30% silt, trace very fine sand, trace glauconite, trace nodules pyrite, trace carbonaceous specks.

SANDSTONE (trace - 10%): clear, translucent, white, predominantly loose, very fine to coarse, predominantly  fine, moderately sorted, angular to sub-rounded, sub-spherical, trace clay matrix, trace calcareous cement, trace to minor nodules pyrite, trace red lithics, moderately visible porosity, no shows.


	Interpretative Depth 
1324.0 - 1386.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with SANDSTONE 

	ROP. (metre/hour)

Min. 
10.6
Max.
130.8
Avg.
 42.7
	Drilling 

Parameters (Avg)

WOB        : 6.7MT

RPM(surf): 149
RPM(mot):  N/A
TRQ     : 4.02 kft.lb
	Maximum Formation
Gas: 0.48%
Chromatograph Analysis:

C1       :
0.4774%
C2       :
0.0178%
C3       :
0.0056%
iC4         :
0.0019%
nC4       :
0.0013%
iC5         :
0.0006%
nC5       :
0.0003%
	Average

Formation

Gas: 0.25%
Chromatograph Analysis:

C1       :
0.2246%
C2       : 0.011%
C3       :
0.0032%
iC4         :
0.0011%
nC4       : 0.0007%
iC5         :
0.0003%
nC5       : 0.0001%

	SILTY CLAYSTONE (0 - 95%): brownish grey to olive grey, light to medium grey, soft, sub-blocky to amorphous, 20 to 30% silt, 5 to 15% very fine sand, trace to minor glauconite, trace nodules pyrite, trace carbonaceous specks.

SANDSTONE (5 - 100%): clear, translucent, white, predominantly loose, very fine to medium, predominantly fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, trace nodular pyrite, trace red lithics, moderately visible porosity, no shows.


	Interpretative Depth 
1386.0 - 1431.0 mMDRT
	Lithology
Interbedded SILTY CLAYSTONE and CLAYSTONE with trace SANDSTONE stringers.

	ROP. (metre/hour)

Min. 
1.6

Max.
64.9

Avg.
12.7
	Drilling 

Parameters (Avg)

WOB       : 11.9 MT

RPM(surf): 109

RPM(mot): N/A
TRQ     :  14.1 kft.lb
	Maximum Formation
Gas: 0.72%
Chromatograph Analysis:

C1       :
0.6738%
C2       :
0.466 %
C3       :
0.016%
iC4         :
0.0053%

nC4       :
0.0046%

iC5         :
0.0018%

nC5       :
0.0011%
	Average

Formation

Gas: 0.39%

Chromatograph Analysis:

C1       :
0.2744%
C2       : 0.0192%
C3       :
0.0061%
iC4         :
0.0011%

nC4       :
0.0012%

iC5         :
0.0003%

nC5       : 0.0002%

	SILTY CLAYSTONE (80 - 100%): olive grey to light olive grey in parts, soft, amorphous, 25 to 35% silt, 5 to 10% very fine sand, rare micro mica.

CLAYSTONE (0 - 20%): light yellowish brown to light brownish grey, soft, amorphous, 10% silt, trace to 5% very fine sandy, trace micro mica.

SANDSTONE (0 - 20%): clear, translucent, white, predominantly loose, very fine to medium, predominantly  fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, trace nodular pyrite, trace red lithics, medium porosity, no shows.


	Interpretative Depth 
1431.0 – 1538.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with SANDSTONE. 

	ROP. (metre/hour)

Min. 
3.8
Max.
94.1
Avg.
17.4
	Drilling 

Parameters (Avg)

WOB        : 7.2 MT

RPM(surf): 126
RPM(mot): N/A
TRQ       :  6.8 kft.lb
	Maximum Formation
Gas: 2.13%
Chromatograph Analysis:

C1       :
2.9322%
C2       :
0.1660%
C3       :
0.4160%
iC4         :
0.0063%
nC4       :
0.0073%
iC5         :
 0.0012%
nC5       :
0.0011%
	Average

Formation

Gas: 0.48%

Chromatograph Analysis:

C1       :
0.3305 %
C2       : 0.0245%
C3       :
0.0096%
iC4         :
0.0014%
nC4       :
0.0019%
iC5         :
0.0004%
nC5       : 0.0003%

	SILTY CLAYSTONE (20 - 100%): olive grey to light olive grey in parts, soft, amorphous, 25 to 35% silt, 5 to 10% very fine sand, rare carbonaceous specks.

SANDSTONE (0 - 80%): clear, translucent, white, predominantly loose, very fine to medium, predominantly fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, trace glauconite, moderately visible porosity, no shows.


	Interpretative Depth 
1538.0 - 1593.0 mMDRT
	Lithology
SILTY CLAYSTONE with minor SANDSTONE beds. 

	ROP. (metre/hour)

Min. 
11.1
Max.
161.7
Avg.
53.8
	Drilling 

Parameters (Avg)

WOB        : 9.0MT

RPM(surf): 152

RPM(mot): N/A
TRQ     : 5.31 kft.lb
	Maximum Formation
Gas: 2.09%
Chromatograph Analysis:

C1       :
2.2735%
C2       :
0.0941%
C3       :
0.0202%
iC4         :
0.0030%

nC4       :
0.0027%

iC5         :
0.0004%

nC5       :
0.0003%
	Average

Formation

Gas: 0.94%

Chromatograph Analysis:

C1       :
0.9130%
C2       : 0.0444%
C3       :
0.0101%
iC4         :
0.0012%

nC4       :
0.0012%

iC5         :
0.0002%

nC5       : 0.0001%

	SILTY CLAYSTONE (80 - 100%): olive grey to medium grey, sub-blocky to amorphous, soft, 20% silt, trace to 10% very fine  sand, trace nodular pyrite, trace glauconite.

SANDSTONE (0 - 20%): clear, translucent, white, predominantly loose, very fine to medium, predominantly fine, well sorted, angular to sub-rounded, sub-spherical, trace to minor calcareous cement, trace dolomite cement in parts, poor visible porosity, no shows.


	Interpretative Depth 
1593.0 - 1630.0 mMDRT
	Lithology
CLAYSTONE.

	ROP. (metre/hour)

Min. 
6.8
Max.
51.5
Avg.
24.6
	Drilling 

Parameters (Avg)

WOB       :11.9  MT

RPM(surf): 143
RPM(mot): N/A 
TRQ   :  4.78   kft.lb
	Maximum Formation
Gas: 0.87%
Chromatograph Analysis:

C1       :
0.7738%
C2       :
0.0474%
C3       :
0.119%
iC4         :
0.0017%

nC4       :
0.0017%

iC5         :
0.0003%

nC5       :
0.0002%
	Average

Formation

Gas: 0.68%

Chromatograph Analysis:

C1       :
0.5095%
C2       : 0.0284%
C3       :
0.0062%
iC4         :
0.0008%

nC4       :
0.0008%

iC5         :
0.0001%

nC5       : 0.0001%

	CLAYSTONE (100%): light to medium grey, olive grey, trace to 10% silt, trace glauconite, sub-blocky to amorphous, soft.


	Interpretative Depth 
1630.0 - 1660.0 mMDRT


	Lithology
CLAYSTONE with interbedded SILTY CLAYSTONE and GLAUCONITIC CLAYSTONE and traces of SANDSTONE. 

	ROP. (metre/hour)

Min.     7.09


Max.
62.8
Avg.
16.43
	Drilling 

Parameters (Avg)

WOB        : 9.4MT

RPM(surf): 142 
RPM(mot): N/A
TRQ       : 4.92kft.lb
	Maximum Formation
Gas: 0.63%
Chromatograph Analysis:

C1       :
 0.5044%
C2       :
 0.0243%
C3       :
0.0115%
iC4         :
0.0008%

nC4       :
0.0007%

iC5         :
0.0002%

nC5       :
0.0002 %
	Average

Formation

Gas: 0.54%

Chromatograph Analysis:

C1       :
0.3694%
C2       : 0.0195%
C3       :
0.0071%
iC4         :
0.0006%

nC4       :
0.0006%

iC5         :
0.0001%

nC5       : 0.0001%

	CLAYSTONE (90 - 100%): light to medium grey, olive grey, trace to 10% silt, trace glauconite, sub-blocky to amorphous, soft and trace nodular pyrite.
SILTY CLAYSTONE (0 - 10%): light to dark grey, occasionally blackish, trace to 10% silt,   trace glauconite, sub-blocky to amorphous, soft, trace pyrite. 
GLAUCONITIC CLAYSTONE (0 - 10%): light to dark greenish, trace to 10% silt, sub-blocky, moderately hard. 
SANDSTONE (trace): white, clear, translucent, predominantly loose, medium to coarse, angular to sub-angular, trace calcareous cement, friable, medium porosity, no shows


	Interpretative Depth 
1660.0 - 1740.0 mMDRT


	Lithology
CLAYSTONE with interbedded GLAUCONITIC CLAYSTONE and traces of SANDSTONE. 

	ROP. (metre/hour)

Min. 
5.6
Max.
40.4

Avg.
12.8
	Drilling 

Parameters (Avg)

WOB        : 7.4MT

RPM(surf): 135
RPM(mot): N/A
TRQ     : 5.88 kft.lb
	Maximum Formation
Gas: 0.73%
Chromatograph Analysis:

C1       :
1.3090%
C2       :
0.0665%
C3       :
0.0141%
iC4         :
0.0018%
nC4       :
0.0018%
iC5         :
0.0015%
nC5       :
0.0022%
	Average

Formation

Gas: 0.56%

Chromatograph Analysis:

C1       :
0.4401%
C2       : 0.0238%
C3       :
0.0059%
iC4         :
0.0007%
nC4       :
0.0005%
iC5         :
0.0001%
nC5       : 0.0001%

	CLAYSTONE (90 - 100%): light to medium grey, olive grey, trace to 10% silt, trace glauconite, sub-blocky to amorphous, soft, trace nodular pyrite.
GLAUCONITIC CLAYSTONE (0 - 10%): light to dark greenish, trace to 10% silt, sub-blocky, moderately hard.
SANDSTONE (trace): white, clear, translucent, predominantly loose, medium to coarse, angular to sub-angular, trace calcareous cement, friable, visible porosity, no shows.


	Interpretative Depth 
1740.0 - 1770.0 mMDRT


	Lithology
SILTY CLAYSTONE with interbedded GLAUCONITIC CLAYSTONE and trace of SANDSTONE 

	ROP. (metre/hour)

Min. 
2.0
Max.
28.8
Avg.
8.7
	Drilling 

Parameters (Avg)

WOB        : 9.4MT

RPM(surf): 119
RPM(mot): N/A
TRQ     : 6.6 kft.lb
	Maximum Formation
Gas: 0.65%
Chromatograph Analysis:

C1       :
1.0716%
C2       :
0.0567%
C3       :
0.0186%
iC4         :
0.0032%
nC4       :
0.0035%
iC5         :
0.0000%
nC5       :
0.0008%
	Average

Formation

Gas: 0.46 %

Chromatograph Analysis:

C1       :
0.4112%
C2       : 0.0175 %
C3       :
0.0048%
iC4         :
0.0006%
nC4       :
0.0004%
iC5         :
0.0001%
nC5       : 0.0000%

	SILTY CLAYSTONE (90 - 100%): greenish grey to olive grey, 10 to 20% silt, trace to 20% glauconite, sub-blocky to amorphous, soft.

GLAUCONITIC CLAYSTONE (0 - 10%): light to dark greenish, trace to 10% silt, sub-blocky, moderately hard. 
SANDSTONE (trace): white, clear, translucent, predominantly loose, very fine to medium, angular to sub-angular, trace to 15% calcareous cement, friable, moderate to poor visible porosity, no shows. 


	Interpretative Depth 
1770.0 - 1795.0 mMDRT
	Lithology
SILTY CLAYSTONE with SANDSTONE beds. 

	ROP. (metre/hour)

Min. 
1.6
Max.
37.8
Avg.
12.1
	Drilling 

Parameters (Avg)

WOB        : 6.5MT

RPM(surf): 111
RPM(mot): N/A
TRQ        : 6.9 kft.lb
	Maximum Formation
Gas: 3.59%
Chromatograph Analysis:

C1       :
4.8459%
C2       :
0.1788%
C3       :
0.0445%
iC4         :
0.0067%
nC4       :
0.0054%
iC5         :
0.0005%
nC5       :
0.0004%
	Average

Formation

Gas: 1.14%

Chromatograph Analysis:

C1       :
1.0125%
C2       : 0.0403%
C3       :
0.0117%
iC4         :
0.0016%
nC4       :
0.0014%
iC5         : 0.0001%
nC5       : 0.0001%

	SILTY CLAYSTONE (80 - 100%): light to medium grey, olive grey, 10 to 20% silt, trace glauconite, sub-blocky to amorphous, soft.

SANDSTONE (trace - 100%): white, clear, transparent, predominantly loose, very fine grained, well sorted, sub-angular to sub-rounded, 20% calcareous cement, friable, trace glauconite, moderately hard, poor visible porosity, no shows. 


	Interpretative Depth 
1795.0 - 1805.0 mMDRT
	Lithology
SANDSTONE with SILTY CLAYSTONE beds. 

	ROP. (metre/hour)

Min. 
2.0
Max.
30.44

Avg.
9.43
	Drilling 

Parameters (Avg)

WOB        : 3.9 MT

RPM(surf): 92
RPM(mot): N/A
TRQ     : 5.98 kft.lb
	Maximum Formation
Gas: 12.8%
Chromatograph Analysis:

C1       :
20.090%
C2       :
0.7261%
C3       :
0.1986%
iC4         :
0.0329%
nC4       :
0.0269%
iC5         :
0.0030%
nC5       :
0.0000%
	Average

Formation

Gas: 0.58%

Chromatograph Analysis:

C1       :
2.5790%
C2       : 0.0987%
C3       :
0.0285%
iC4         :
0.0044%
nC4       :
0.0039%
iC5         :
0.0005%
nC5       : 0.0000%

	SANDSTONE (80 - 90%): white, clear, translucent, occasionally yellowish grey, very fine   grained, well sorted, sub-angular to sub-rounded, 20% calcareous cement, friable, trace glauconite, moderately hard, poor porosity, no shows.

SILTY CLAYSTONE (10 - 20%): light to medium grey, olive grey, 10 to 20% silt, trace glauconite, sub-blocky to amorphous, soft, trace nodular pyrite.


	Interpretative Depth 
1805.0 - 1828.0 mMDRT


	Lithology
SANDSTONE with minor SILTY CLAYSTONE and trace SILTSTONE beds. 

(No samples from 1811.0 to 1818.0 as rig lost power)

	ROP. (metre/hour)

Min. 
1.527
Max.
60.3

Avg.
26.77
	Drilling 

Parameters (Avg)

WOB         : 1.7MT
RPM(surf) : 82
RPM(mot) : N/A
TRQ      : 5.49 kft.lb
	Maximum Formation
Gas: 30.12%

Chromatograph Analysis:

C1       :
24.11%
C2       :
0.90%
C3       :
0.225%
iC4         :
0.0301%
nC4       :
0.0324%
iC5         :
0.0042%
nC5       : 0.0030%
	Average

Formation

Gas: 7.78%


Chromatograph Analysis:

C1       :
5.15%
C2       : 0.20%
C3       :
0.0512%
iC4         :
0.0082%
nC4       :
0.0076%
iC5         :
0.001%
nC5       : 0.008%

	SANDSTONE (10 - 90%): light grey, translucent, loose, angular to sub-rounded, poor to moderately sorted, slightly elongated  to slightly spherical, trace silica clay matrix, 100% silica sand, 30% medium grained, 60% coarse grained, trace carbonaceous partings, 20% inferred porosity, no shows.

SILTY CLAYSTONE (trace - 10%): brownish grey, occasionally massive grey, trace light brown, soft to moderately hard, sub-blocky to massive, 80% silica clay, 20% silica silt, rare glauconite, trace carbonaceous partings.

SILTSTONE (trace): brownish grey, rare olive grey, rare greenish brown firm to moderately hard, sub-blocky to massive, 10% silica clay, 90% silica light, trace glauconite, trace pyrite, trace carbonaceous partings.


	Interpretative Depth 
1828.0 - 1870.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with ARGILLACEOUS SILTSTONE and SANDSTONE

	ROP. (metre/hour)

Min. 
1.116
Max.
16.5

Av.
19.78
	Drilling 

Parameters (Avg)

WOB        : 67 MT

RPM(surf): 108

RPM(mot): N/A
TRQ     : 5.8 kft.lb
	Maximum Formation
Gas: 2.14%
Chromatograph Analysis:

C1       :
1.4191%
C2       :
0.0581%
C3       :
0.0156%
iC4         :
0.0030%
nC4       :
0.0029%
iC5         :
0.0003%
nC5       :
0.0002%
	Average

Formation

Gas: 0.41%

Chromatograph Analysis:

C1       :
0.2906%
C2       : 0.0157%
C3       :
0.0039%
iC4         :
0.0005%
nC4       :
0.0006%
iC5         :
0.0001%
nC5       : 0.000%

	SILTY CLAYSTONE (40 - 100%): medium to light grey, 10 - 30% silt, trace glauconite, sub-blocky to amorphous, soft.

ARGILLACEOUS SILTSTONE(0 - 20%): dark grey, 20% silica clay, 80% silica silt, trace to 20% glauconite, sub-blocky, firm.

SANDSTONE (0 - 60%): light grey, white, clear, transparent, loose, sub-angular to sub-rounded, moderate to well sorted, sub-elongated to sub-spherical, 80% very fine grain, 10% fine grain, 10% medium grain, trace coarse grain, trace pyrite, moderate visible porosity, no show.


	Interpretative Depth 
1870.0 - 1941.0 mMDRT
	Lithology
SANDSTONE with SILTY CLAYSTONE beds.

	ROP. (metre/hour)

Min.      8.95


Max.
72.4
Avg.
31.86
	Drilling 

Parameters (Avg)

WOB        : 9.2 MT

RPM(surf): 118
RPM(mot): N/A
TRQ     : 6.72 kft.lb
	Maximum Formation
Gas: 0.78 %
Chromatograph Analysis:

C1       :
0.592%
C2       :
0.0276%
C3       :
0.076%
iC4         :
0.0011%
nC4       :
0.0013%
iC5         :
0.0002%
nC5       :
0.0002%
	Average

Formation

Gas: 0.42%

Chromatograph Analysis:

C1       :
0.3034%
C2       : 0.0149%
C3       :
0.0038%
iC4         :
0.0004%
nC4       :
0.0006%
iC5         :
0.0000%
nC5       : 0.0000%

	SANDSTONE (10 - 100%): off white, greenish, white in parts, predominantly loose, 50 to 80% rock flour, angular to sub-rounded, well sorted, sub-spherical, trace to 30% calcareous cement, very fine to fine grained, friable, moderate inferred porosity.

SILTY CLAYSTONE (0 - 90%): medium grey, 10 to 30% silt, trace glauconite, sub-blocky to amorphous, soft.


5.4 LITHOLOGICAL SUMMARY for Halladale-1 DW3
Following is a tabulated lithological summary of Halladale-1 DW3. The intervals have been determined on the basis of cuttings lithology and drilling parameters and are consistent with those delineated by the Wellsite Geologist. 
	Interpretative Depth 
1197.0 - 1210.0 mMDRT
	Lithology
SANDSTONE with minor SILTY CLAYSTONE beds.

	ROP. (metre/hour)

Min. 
8.48

Max.
37.83

Avg.
26.59
	Drilling 

Parameters (Avg)

WOB        :  2.4
RPM(surf): 125

RPM(mot): N/A
TRQ         :   3.43
	Maximum Formation
Gas:   0.05 %
Chromatograph Analysis:

C1       :
 0.0050%
C2       :
 0.0007%
C3       :
 0.0004%
iC4         :
 0.0001%
nC4       :
 0.0001%
iC5         :
 0.0001%
nC5       :
 0.0002%
	Average

Formation

Gas:       0.02%

Chromatograph Analysis:

C1       :
 0.0035 %
C2       : 0.0006%
C3       :
0.0000%
iC4         :
0.0000 %
nC4       :
0.0000%
iC5         : 0.0000%
nC5       : 0.0000%

	SANDSTONE (95 - 100%): clear, translucent, white, predominantly loose, very fine to coarse, predominantly fine, moderate sorted, angular to sub-rounded, sub-spherical, trace clay matrix, trace to minor nodular pyrite, moderate porosity, no shows.

SILTY CLAYSTONE (0 - 5%): light grey to olive grey, light to medium grey, soft, sub-blocky to amorphous, 20 to 30% silt, trace very fine sand, trace glauconite, trace nodular pyrite, trace carbonaceous specks.


	Interpretative Depth 
1210.0 - 1324.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with SANDSTONE

	ROP. (metre/hour)

Min. 
7.58
Max.
123.49
Avg.
39.65
	Drilling 

Parameters (Avg)

WOB        : 5.5
RPM(surf): 138
RPM(mot): N/A
TRQ   :   3.58
	Maximum Formation
Gas: 1.09%
Chromatograph Analysis:

C1       :
 0.5897%
C2       :
 0.0271%
C3       :
 0.0053%
iC4         :
 0.0011%
nC4       :
 0.0008%
iC5         :
 0.0003%
nC5       :
 0.0003%
	Average

Formation

Gas: 0.21%

Chromatograph Analysis:

C1       :
 0.1173%
C2       :  0.0068%
C3       :
 0.0016%
iC4         :
 0.0004%
nC4       :
 0.0003%
iC5         :  0.0001%
nC5       :  0.0001%

	SILTY CLAYSTONE (80 - 100%): light grey to olive grey, light to dark grey, soft, sub-blocky to amorphous, 20 to 30% silt, very fine sand, trace glauconite, trace nodular pyrite.

SANDSTONE (0 - 20%): clear, translucent, light greyish, predominantly loose, medium to coarse, predominantly medium, well sorted, angular to sub-rounded, sub-spherical, trace nodular pyrite, fair visible porosity, no shows.


	Interpretative Depth 
1324.0 - 1384.0 mMDRT
	Lithology
SILTY CLAYSTONE interbedded with SANDSTONE.

	ROP. (metre/hour)

Min. 
7.9
Max.
142.2

Avg.
42.84
	Drilling 

Parameters (Avg)

WOB        : 6.0 MT
RPM(surf): 142
RPM(mot): N/A
TRQ   :   3.95 kft.lb
	Maximum Formation
Gas:  0.37 %
Chromatograph Analysis:

C1       :
 0.2858%
C2       :
 0.0099%
C3       :
 0.0015%
iC4         :
 0.0006%
nC4       :
 0.0003%
iC5         :
 0.0002%
nC5       :
 0.0001%
	Average

Formation

Gas:   0.13%

Chromatograph Analysis:

C1       :
 0.0846%
C2       :  0.0044%
C3       :
 0.0009%
iC4         :
 0.0002%
nC4       :
 0.0001%
iC5         :  0.0001%
nC5       :  0.0000%

	SILTY CLAYSTONE (0 - 95%): brownish grey to olive grey, light to medium grey, soft, sub-blocky to amorphous, 20 to 30% silt, 5 to 15% very fine sand, trace to minor glauconite, trace nodular pyrite, trace carbonaceous specks.

SANDSTONE (5 - 100%): clear, translucent, white, predominantly loose, very fine to medium, predominantly fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, trace nodular pyrite, trace red lithics, moderate visible porosity, no shows.


	Interpretative Depth 
1384.0 - 1460.0 mMDRT
	Lithology
SILTY CLAYSTONE with trace SANDSTONE.

	ROP. (metre/hour)

Min. 
12.82
Max.
89.91
Avg.
28.9
	Drilling 

Parameters (Avg)

WOB        : 8.6 MT
RPM(surf): 13.9
RPM(mot): N/A
TRQ      : 3.78 kft.lb
	Maximum Formation
Gas: 3.65%
Chromatograph Analysis:

C1       :
 2.8435%
C2       :
 0.0917%
C3       :
 0.0203%
iC4         :
 0.0028%
nC4       :
 0.0033%
iC5         :
 0.0005%
nC5       :
 0.0004%
	Average

Formation

Gas:  0.51 %
Chromatograph Analysis:

C1       :
 0.3075%
C2       :  0.0186%
C3       :
 0.0046%
iC4         :
 0.0007%
nC4       :
 0.0008%
iC5         :  0.0001 %
nC5       :  0.0001%

	SILTY CLAYSTONE (70 - 100%): olive grey to medium grey, soft, amorphous, sub-blocky, 20 to 30% silt, trace very fine sand, rare micro mica, trace to 5% glauconite.
SANDSTONE (0 - 30%): clear, translucent, white, predominantly loose, very fine to medium, predominantly  fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, trace nodular pyrite, fair inferred  porosity, no shows.


	Interpretative Depth 
1460.0 - 1548.0 mMDRT
	Lithology
SILTY CLAYSTONE with minor SANDSTONE beds.

	ROP. (metre/hour)

Min. 
2.16
Max.
118.68
Avg.
26.67
	Drilling 

Parameters (Avg)

WOB        :  9.2 MT
RPM(surf):   134
RPM(mot): N/A
TRQ      : 4.02 kft.lb   
	Maximum Formation
Gas: 0.98%
Chromatograph Analysis:

C1       :
 0.5973%
C2       :
 0.0453%
C3       :
 0.01555%
iC4         :
 0.0026%
nC4       :
 0.0033%
iC5         :
 0.0006%
nC5       :
 0.0004%
	Average

Formation

Gas: 0.49%

Chromatograph Analysis:

C1       :
 0.2920%
C2       :  0.0216%
C3       :
 0.0069%
iC4         :
 0.0010%
nC4       :
 0.0013%
iC5         :  0.0002%
nC5       :  0.0002%

	SILTY CLAYSTONE (70 - 100%): olive grey to medium grey, soft, amorphous to sub-blocky, 20 to 30% silt, trace -10% very fine sand, trace to 5% glauconite.

SANDSTONE (0 - 30%): clear, translucent, white, predominantly loose, very fine to medium, predominantly fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, fair inferred  porosity, no shows.


	Interpretative Depth 
1548.0 - 1570.0 mMDRT


	Lithology
SILTY CLAYSTONE interbedded with SANDSTONE.

	ROP. (metre/hour)

Min. 
1.7
Max.
12.4
Avg.
6.8
	Drilling 

Parameters (Avg)

WOB       : 11.4 MT
RPM(surf): 119
RPM(mot): N/A
TRQ        : 3.8 kft.lb  
	Maximum Formation
Gas: 0.32%
Chromatograph Analysis:

C1       :
 0.2412%
C2       :
 0.0141%
C3       :
 0.0057%
iC4         :
 0.0009%
nC4       :
 0.0010%
iC5         :
 0.0003%
nC5       :
 0.0004%
	Average

Formation

Gas: 0.18%

Chromatograph Analysis:

C1       :
 0.0839%
C2       :  0.0059%
C3       :
 0.0017%
iC4         :
 0.0002%
nC4       :
 0.0002%
iC5         :  0.0000%
nC5       :  0.0000%

	SILTY CLAYSTONE (90 - 100%): olive grey to medium grey, soft, amorphous, sub-blocky, 20 - 30% silt, trace - 10% very fine sand, trace - 5% glauconite. Trace nodular pyrite.

SANDSTONE (trace- 10%): clear, translucent, white, predominantly loose, very fine to fine, predominantly   fine, well sorted, angular to sub-rounded, sub-spherical, trace calcareous cement, poor to fair porosity, no shows.


	Interpretative Depth 
1570.0 - 1640.0 mMDRT
	Lithology
SILTY CLAYSTONE grading to GLAUCONITIC CLAYSTONE with minor SANDSTONE.

	ROP. (metre/hour)

Min. 
4.5
Max.
40.1
Avg.
12.7
	Drilling 

Parameters (Avg)

WOB        :    11.1
RPM(surf):   152
RPM(mot): N/A
TRQ         : 4.4 
	Maximum Formation
Gas: 0.30%
Chromatograph Analysis:

C1       :
 0.2122%
C2       :
 0.0105%
C3       :
 0.0020%
iC4         :
 0.0003%
nC4       :
 0.0003%
iC5         :
 0.0001%
nC5       :
 0.0002%
	Average

Formation

Gas: 0.17%

Chromatograph Analysis:

C1       :
 0.1038%
C2       :  0.0054%
C3       :
 0.0009%
iC4         :
 0.0001%
nC4       :
 0.0001%
iC5         :  0.0000%
nC5       :  0.0000%

	SILTY CLAYSTONE (85 - 100%): olive grey to medium grey, soft, amorphous, sub-blocky, 20 to 30% silt, trace to 10% very fine sand, trace to 5% glauconite, trace pyrite nodules.

GLAUCONITIC CLAYSTONE (trace - 15%): light to dark greenish grey, soft to firm, sub-blocky, 10% silt, 10 to 20% glauconite. 

SANDSTONE (trace - 5%): clear, transparent, white, predominately loose, very fine to fine, predominately fine, well sorted, angular to sub-rounded, sub-spherical, trace calcite cement, fair inferred porosity, no shows.


	Interpretative Depth 
1640.0 - 1801.0 mMDRT
	Lithology
SILTY CLAYSTONE grading to GLAUCONITIC CLAYSTONE with trace SANDSTONE.

	ROP. (metre/hour)

Min. 
2.2
Max.
37.2
Avg.
10.8
	Drilling 

Parameters (Avg)

WOB       : 11.2 MT
RPM(surf): 121
RPM(mot): N/A
TRQ        : 4.7 kft.lb   
	Maximum Formation
Gas: 0.30%
Chromatograph Analysis:

C1       :
 0.2436%
C2       :
 0.0134%
C3       :
 0.0055%
iC4         :
 0.0006%
nC4       :
 0.0006%
iC5         :
 0.0005%
nC5       :
 0.0005%
	Average

Formation

Gas: 0.19%

Chromatograph Analysis:

C1       :
 0.1131%
C2       :  0.0063%
C3       :
 0.0013%
iC4         :
 0.0001%
nC4       :
 0.0001%
iC5         :  0.0000%
nC5       :  0.0000%

	SILTY CLAYSTONE (85 - 100%): olive grey to medium grey, soft, amorphous, sub-blocky, 20 to 30% silt, trace to 10% very fine sand, trace to 5% glauconite, trace pyrite nodules.

GLAUCONITIC CLAYSTONE (trace - 15%): light to dark greenish grey, soft to firm, sub-blocky, 10% silt, 10 to 20% glauconite. 

SANDSTONE (trace - 10%): clear, transparent, white, predominately loose, very fine to fine, predominately fine, well sorted, angular to sub-rounded, sub-spherical, trace calcite cement, fair inferred porosity, no shows.


	Interpretative Depth 
1801.0 - 1870.0 mMDRT
	Lithology
SILTY CLAYSTONE grading to SILTSTONE and GLAUCONITIC CLAYSTONE.

	ROP. (metre/hour)

Min. 
3.3
Max.
51.9
Avg.
16.9
	Drilling 

Parameters (Avg)

WOB     : 10.1 MT
RPM(surf):   149
RPM(mot): N/A
TRQ        : 5.6 kft.lb   
	Maximum Formation
Gas: 0.42%
Chromatograph Analysis:

C1       :
 0.3010%
C2       :
 0.0151%
C3       :
 0.0049%
iC4         :
 0.0007%
nC4       :
 0.0009%
iC5         :
 0.0002%
nC5       :
 0.0003%
	Average

Formation

Gas: 0.24%

Chromatograph Analysis:

C1       :
 0.1525%
C2       :  0.0069%
C3       :
 0.0016%
iC4         :
 0.0002%
nC4       :
 0.0003%
iC5         :  0.0001%
nC5       :  0.0001%

	SILTY CLAYSTONE (40 - 100%): olive grey to medium grey, soft, amorphous to sub-blocky, 20 to 30% silt, trace to 5% very fine sand, trace to 5% glauconite, trace pyrite nodules.

GLAUCONITIC CLAYSTONE (trace - 60%): light to dark greenish grey, soft to firm, sub-blocky, 10% silt, 10 to 20% glauconite. 

SILTSTONE (trace - 60%): medium to dark grey, brownish grey, trace pyrite, sub-blocky, firm to moderately hard.


	Interpretative Depth 
1870.0 - 1907.0 mMDRT
	Lithology
SANDSTONE with minor SILTY CLAYSTONE beds.

	ROP. (metre/hour)

Min. 
11.3
Max.
52.3
Avg.
26.8
	Drilling 

Parameters (Avg)

WOB        : 5.3 MT
RPM(surf):   147
RPM(mot): N/A
TRQ        : 7.1 kft.lb  
	Maximum Formation
Gas: 1.89%
Chromatograph Analysis:

C1       :
 1.9570%
C2       :
 0.0843%
C3       :
 0.0195%
iC4         :
 0.0031%
nC4       :
 0.0031%
iC5         :
 0.0004%
nC5       :
 0.0003%
	Average

Formation

Gas: 0.57%

Chromatograph Analysis:

C1       :
 0.4607%
C2       :  0.0222%
C3       :
 0.0056%
iC4         :
 0.0008%
nC4       :
 0.0009%
iC5         :  0.0001%
nC5       :  0.0001%

	SANDSTONE (0 - 100%): clear, transparent, white, predominately loose, very fine to medium, predominately fine, moderately sorted, angular to sub-rounded, sub-spherical, trace clay matrix, trace to 50% rock flour, trace to minor nodular pyrite, good inferred porosity, no shows.

SILTY CLAYSTONE (0 - 100%): olive grey, light to medium grey, soft, sub-blocky to amorphous, 20 to 30% silt, trace very fine sand, trace to 5% glauconite, trace nodular pyrite.


	Interpretative Depth 
1907.0 - 1969.0 mMDRT
	Lithology
SILTY CLAYSTONE with minor SANDSTONE beds.

	ROP. (metre/hour)

Min. 
8.5
Max.
48.4
Avg.
23.8
	Drilling 

Parameters (Avg)

WOB        : 7.0 MT
RPM(surf):   126
RPM(mot): -
TRQ        : 6.7 kft.lb  
	Maximum Formation
Gas: 0.60%
Chromatograph Analysis:

C1       :
 0.4839%
C2       :
 0.0282%
C3       :
 0.0081%
iC4         :
 0.0013%
nC4       :
 0.0016%
iC5         :
 0.0004%
nC5       :
 0.0004%
	Average

Formation

Gas: 0.33%

Chromatograph Analysis:

C1       :
 0.2194%
C2       :  0.0137%
C3       :
 0.0038%
iC4         :
 0.0005%
nC4       :
 0.0006%
iC5         :  0.0001%
nC5       :  0.0001%

	SILTY CLAYSTONE (0 - 95%): medium grey to olive grey, soft, sub-blocky to amorphous, 10 to 30% silt, trace very fine sand, trace to 5% glauconite, trace nodular pyrite.

SANDSTONE (5 - 100%): clear, transparent, white, predominately loose, very fine to medium, predominately fine, moderately sorted, angular to sub-rounded, sub-spherical, trace to 10% clay matrix, trace calcite cement, trace to 80% rock flour, trace nodular pyrite, good inferred porosity, no shows.


6.0
Bit records
6.1 
Halladale-1 dw1 (location black watch)
	Bit Size
	BIT 
	MAKE/TYPE
	TFA 
	JETS
	DEPTH IN 
	Metres Drilled
	Eff Hrs On Btm
	AV ROP 
	WOB 
	Surface RPM
	KREV
	SPP 
	FLOW-IN 
	TRQ         
	IADC BIT GRADING


	mm
	 
	 
	in2
	 
	mMDRT 
	m 
	 
	m/hr 
	MT
	 
	 
	psi
	gpm
	kft-lb
	
	 
	 
	 
	 
	 
	 
	 

	914
	1
	Varel L1 11
	2.36
	3x32
	66.3
	2.7
	0.4
	15.7
	2.7
	47
	0.7
	152
	239
	6.3
	NOT GRADED

	445
	2
	HC MX1 

w/ 914 mm Hole opener
	0.86
	2x20, 1x18
	69.0
	32.5
	5
	10.8
	4.9
	88
	23.9
	588
	873
	1.8
	1
	1
	NO
	A
	E
	I
	NO
	TD

	445
	3
	HC MX1
	0.86
	2X20, 1X18
	101.5
	325.5
	6.7
	76.2
	6.6
	116
	38.0
	2533
	1144
	2.6
	1
	1
	WT
	A
	1
	I
	NO
	TD

	311
	4
	HC MXCO3
	0.86
	2X20, 1X18
	427.0
	412.0
	8.4
	71.7
	6.4
	76
	98.8
	2313
	917
	2.3
	NOT GRADED

	216
	5
	DBS FMF 3553
	1.108
	5X17,
	839.0
	952.0
	28.7
	52
	5.8
	121
	201
	3240
	729.5
	3.7
	0
	1
	ER
	N
	X
	I
	NO
	CP

	216
	6
	(CORE BIT) DBSFC274 L1
	-
	-
	1791.0
	7.8
	1.32
	12.2
	2.7
	77
	6.0
	564
	201
	4.4
	NOT GRADED

	216
	7
	DBSFMX 3653
	1.491
	6X18
	1798.8
	119.2
	7.5
	29.6
	 8.2
	132
	55.2
	3245
	727.2
	6.6
	0
	1
	WT
	S
	X
	I
	NO
	TD


6.2
Halladale-1 dw2

	Bit Size
	BIT 
	MAKE/TYPE
	TFA 
	JETS
	DEPTH IN 
	Metres Drilled
	Eff Hrs On Btm
	AV ROP 
	WOB 
	Surface RPM
	KREV
	SPP 
	FLOW-IN 
	TRQ         
	IADC BIT GRADING


	mm
	 
	 
	in2
	 
	mMDRT 
	m 
	 
	m/hr 
	MT
	 
	 
	psi
	gpm
	kft-lb
	
	 
	 
	 
	 
	 
	 
	 

	216
	1
	SMITH MA89BCTVPX PDC
	1.178
	6X16
	853.0
	661.0
	35.2
	58.1
	5.2
	116
	135.9
	3092
	734
	3.3
	1
	2
	BU
	A
	X
	I
	CT
	DTF

	216
	2
	SEC FMF3553 PDC
	1.11
	5X17
	1514.0
	294.0
	25.8
	22.5
	8.3
	134
	193
	3435
	695.7
	5.6
	1
	1
	WT
	A
	X
	I
	NO
	CP

	216
	3
	CORE BIT SECFC 274L1
	-
	-
	1808.0
	27.0
	5.3
	20.8
	2.4
	83
	26.3
	610
	209
	5.2
	NOT GRADED

	216
	4
	SEC FMF3553
	1.357
	5X17, 1X18
	1835.0
	106.0
	5.9
	29.33
	18.9
	117
	36.2
	3385
	702.5
	6.5
	0
	1
	WT
	S
	X
	I
	NO
	TD


6.3
Halladale-1 dw3

	Bit Size
	BIT 
	MAKE/TYPE
	TFA 
	JETS
	DEPTH IN 
	Metres Drilled
	Eff Hrs On Btm
	AV ROP 
	WOB 
	Surface RPM
	KREV
	SPP 
	FLOW-IN 
	TRQ         
	IADC BIT GRADING


	mm
	 
	 
	in2
	 
	mMDRT 
	 m
	 
	m/hr 
	MT
	 
	 
	psi
	gpm
	kft-lb
	
	 
	 
	 
	 
	 
	 
	 

	216
	1
	SEC FMF3553 PDC
	1.032
	3X162X17
	1197.0
	772.0
	53.3
	23.8
	8.6
	135
	413.1
	3611
	715.6
	4.6
	1
	1
	WT
	A
	X
	I
	CT
	TD

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


7.0 BHA 
7.1 Halladale-1 DW1 (Location Black Watch)


BHA-1

	DATE
	BIT MFG
	BIT TYPE
	

	21/03/05
	
	Mill tooth No jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	36” Bit
	36
	
	1.09
	

	X/O
	12
	3 ½
	0.42
	1.51

	17 ½ NB Stabiliser
	9
	3
	1.56
	3.07

	NMDC
	9 ½
	3
	8.37
	11.44

	17 ½ STR Stabiliser
	9 ½ 
	3
	1.90
	13.34

	9 ½ Drill Collar
	9 ½
	3
	9.35
	22.69

	17 ½ STR Stabiliser
	9 ½
	3
	2.20
	24.89

	9 ½ Drill Collar
	9 9/16
	3
	9.13
	34.02

	Drill Collar
	8 15/16
	3
	9.00
	43.02

	Drill Collar
	9 ½
	3
	9.22
	52.24

	X/O
	9 3/8 ; 8 3/16
	3
	1.09
	53.33

	8” Drill Collar
	7 13/16
	3
	8.70
	62.03

	Drill Collar
	7 13/16
	2 7/8
	8.98
	71.01

	X/O
	8 3/16; 6 7/16
	2 13/16
	1.09
	72.10

	HWDP
	6 ¼
	3
	9.34
	81.44

	HWDP
	6 1/8
	3 1/8
	8.92
	90.36

	HWDP
	6 3/8
	3 1/8
	9.25
	99.61

	HWDP
	6 3/8
	3 
	9.28
	108.89

	HWDP
	6 ¼
	3
	9.39
	118.28



BHA-2
	DATE
	BIT MFG
	BIT TYPE
	

	22/03/05
	VAREL
	Mill tooth No jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	36” Bit
	36
	
	1.09
	

	X/O
	12
	3 ½
	0.42
	1.51

	17 ½ NB Stabiliser
	9
	3
	1.56
	3.07

	NMDC
	9 ½
	3
	8.37
	11.44

	9 ½ Drill Collar
	9 ½
	3
	9.35
	20.79

	Drill Collar
	9 9/16
	3
	9.13
	29.92

	Drill Collar
	8 15/16
	3
	9.00
	38.92

	Drill Collar
	9 ½
	3
	9.22
	48.14

	X/O
	9 3/8 ; 8 3/16
	3
	1.09
	49.23

	8” Drill Collar
	7 13/16
	3
	8.70
	57.93

	Drill Collar
	7 13/16
	2 7/8
	8.98
	66.91

	X/O
	8 3/16; 6 7/16
	2 13/16
	1.09
	68.00

	HWDP
	6 ¼
	3
	9.34
	77.34

	HWDP
	6 1/8
	3 1/8
	8.92
	86.26

	HWDP
	6 3/8
	3 1/8
	9.25
	95.51

	HWDP
	6 3/8
	3 
	9.28
	104.79



BHA-3
	DATE
	BIT MFG
	BIT TYPE
	

	23/03/05
	HUGHES
	MX-1 

2x20, 1x18 JETS
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	17.5” Bit
	17 ½
	
	0.4
	

	Hole Opener 36”
	9 5/8
	2 7/8
	1.75
	2.15

	NB Stabiliser w/Float
	9
	3
	1.56
	3.71

	NMDC
	9 ½
	3
	8.37
	12.08

	9 ½ Drill Collar
	9 ½
	3
	9.35
	21.43

	Drill Collar
	9 9/16
	3
	9.13
	30.56

	Drill Collar
	8 15/16
	3
	9.00
	39.56

	Drill Collar
	9 ½
	3
	9.22
	48.78

	X/O
	9 3/8 ; 8 3/16
	3
	1.09
	49.87

	8” Drill Collar
	7 13/16
	3
	8.70
	58.57

	Drill Collar
	7 13/16
	2 7/8
	8.98
	67.55

	X/O
	8 3/16; 6 7/16
	2 13/16
	1.09
	68.64

	HWDP
	6 ¼
	3
	9.34
	77.98



BHA-4
	DATE
	BIT MFG
	BIT TYPE
	

	24/03/05
	HUGHES
	MX-1

2x20, 1x18 JETS
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	17 ½” Bit
	17 ½
	
	0.4
	

	17 ½ NB Stabiliser
	9
	3
	1.56
	1.96

	NMDC
	9 ½
	3
	8.37
	10.33

	17 ½ STR Stabiliser
	9 ½ 
	3
	1.90
	12.23

	9 ½ Drill Collar
	9 ½
	3
	9.35
	21.58

	17 ½ STR Stabiliser
	9 ½
	3
	2.20
	23.78

	9 ½ Drill Collar
	9 9/16
	3
	9.13
	32.91

	Drill Collar
	8 15/16
	3
	9.00
	41.91

	Drill Collar
	9 ½
	3
	9.22
	51.13

	X/O
	9 3/8 ; 8 3/16
	3
	1.09
	52.22

	8” Drill Collar
	7 13/16
	3
	8.39
	60.61

	Drill Collar
	7 ¾
	2 15/16
	8.57
	69.18

	JARS
	8
	3
	9.94
	79.12

	8” Drill Collar
	7 13/16
	3
	8.70
	87.82

	Drill Collar
	7 13/16
	2 7/8
	8.98
	96.80

	X/O
	8 3/16; 6 7/16
	2 13/16
	1.09
	97.89

	HWDP
	6 ¼
	3 1/8
	9.34
	107.23

	HWDP
	6 1/8
	3 1/8
	8.92
	116.15

	HWDP
	6 3/8
	3 1/8
	9.25
	125.40

	HWDP
	6 3/8
	3
	9.28
	134.68

	HWDP
	6 ¼
	3
	9.39
	144.07

	HWDP
	6 ½
	3
	9.31
	153.38

	HWDP
	6 3/8
	3
	9.23
	162.61

	HWDP
	6 3/8
	3 1/8
	9.28
	171.89

	HWDP
	6 3/8
	3 1/8
	9.41
	181.30

	HWDP
	6 ¼
	3 1/16
	9.40
	190.70



BHA-5
	DATE
	BIT MFG
	BIT TYPE
	

	27/03/05
	HUGHES
	MX-CO3

2x20, 1x18 JETS
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	12 ¼ “Bit
	12 ¼
	
	0.35
	

	9 5/8 Motor 

12 1/8 Sleeve Stab
	9 5/8
	6
	8.57
	8.92

	X/O
	9 5/8 – 8
	3
	1.06
	9.98

	12 ¼ STR Stab
	8
	2 7/8
	2.51
	12.49

	MWD
	8
	1 15/16
	9.33
	21.82

	NMDC
	8
	2 7/8
	8.80
	30.62

	12 ¼ Roller Reamer
	8 ¼
	2 5/8
	2.86
	33.48

	8” Drill Collar
	8
	2 ¾
	9.04
	42.52

	PBL Circ Sub
	8
	-
	2.35
	44.87

	2 x 8” Drill Collar
	8
	3
	17.69
	62.56

	Drill Collar
	7 7/8
	2 7/8
	9.00
	71.56

	Drill Collar
	7 13/16
	3
	8.39
	79.95

	Drill Collar
	7 13/16
	2 15/16
	8.70
	88.65

	JARS
	8
	2 ¾
	9.79
	98.44

	2 x 8” Drill Collar
	7 13/16
	3
	17.68
	116.12

	X/O
	8 3/16; 6 7/16
	2 13/16
	1.09
	117.21

	4 x HWDP
	6 ½
	3
	36.80
	154.01

	 4 x HWDP
	6 3/8
	3
	37.05
	191.06

	2 x HWDP
	6 ¼
	3
	18.60
	209.66

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	237.6

	HWDP
	6 1/8
	3 1/8
	8.92
	246.52

	HWDP
	6 3/8
	3 1/16
	9.4
	255.92



BHA-6
	DATE
	BIT MFG
	BIT TYPE
	

	30/03/05
	DBS
	FMF 3553 PDC
5 x 17 JETS
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	8 ½ “ Bit
	8 ½
	2
	0.43
	

	Geopilot 7600 Series
	6 ¾
	1 5/8 
	7.29
	7.72

	NMDC
	6 ¾
	2 ¼
	2.80
	10.52

	LWD
	6 ¾
	1 15/16
	18.30
	27.65

	BAT SONIC
	6 ¾
	1 15/16
	6.75
	34.40

	P4M Sub
	6 ¾
	1 15/16
	3.06
	37.46

	NM Float Sub
	6 ¾
	1 15/16
	0.62
	38.08

	2 x PBL Sub
	6 ½
	2 ½
	2.28
	40.36

	6 ½ Drill Collar
	6 ½
	2 15/16
	9.33
	49.69

	2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	68.37

	 2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	87.17

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	124.24

	JARS
	6 ½
	2 ½
	9.80
	134.04

	Drill Collar
	6 3/8
	2 15/16
	9.23
	143.27

	Drill Collar
	6 ½
	2 7/8
	9.46
	152.73

	4 x HWDP
	6 ½
	3
	36.80
	189.53

	 4 x HWDP
	6 3/8
	3
	37.05
	226.58

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	254.52

	2 x HWDP
	6 ¼
	3
	18.60
	273.12

	HWDP
	6 1/8
	3 1/8
	8.92
	282.04

	HWDP
	6 ¼
	3 1/16
	9.40
	291.44



BHA-7
	DATE
	BIT MFG
	BIT TYPE
	

	03/04/05
	DBS
	FC2744 LI


	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	8 ½ “  Core Bit
	8 ½
	
	0.37
	

	NB Stab 8 15/16
	6 ¾
	
	1.22
	1.59

	Core Barrel
	6 ¾
	4 ½
	7.93
	9.52

	Coupling Stab 8 15/16
	6 ¾
	
	1.22
	10.74

	Core Barrel
	6 ¾
	4 ¼
	7.93
	18.67

	Coupling Stab 8 15/16
	6 ¾
	
	1.22
	19.89

	Core Barrel
	6 ¾
	
	7.93
	27.82

	Coupling Stab 8 15/16
	6 ¾
	
	1.22
	29.04

	Safety Joint
	6 ¾
	
	1.44
	30.48

	Drill Collar
	6 ½
	2 15/16
	9.33
	39.81

	 2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	58.49

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	77.29

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	114.36

	JARS
	6 3/8
	2 ¾
	9.24
	123.60

	Drill Collar
	6 3/8
	2 15/16
	9.23
	132.83

	Drill Collar
	6 ½
	2 7/8 
	9.46
	142.29

	 4 x HWDP
	6 ½
	3
	36.80
	179.09

	4 x HWDP
	6 3/8
	3
	37.05
	216.14

	2 x HWDP
	6 ¼
	3
	18.60
	234.74

	HWDP
	6 1/8
	3 1/8
	8.92
	243.66

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	271.60

	HWDP
	6 ¼
	3 1/16
	9.40
	281.00



BHA-8
	DATE
	BIT MFG
	BIT TYPE
	

	04/04/05
	DBS
	FMX 3653              6 x 18  Jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	 8 ½ “PDC Bit
	8 ½
	2 
	0.30
	

	Near Bit Stab
	6 ¾
	2 ½
	1.37
	1.67

	6 ¾ DM Sub
	6 ¾
	1.92
	2.71
	4.38

	LWD
	6 ¾
	1 15/16
	8.48
	12.86

	LWD
	6 ¾
	1 15/16
	8.65
	21.51

	BAT SONIC
	6 ¾
	1 15/16
	6.75
	28.26

	PM Sub
	6 ¾
	1 15/16
	3.06
	31.32

	NM Float Sub 
	6 ¾
	2 ½
	0.62
	31.94

	2 x PBL Sub
	6 ½
	2 ½
	2.28
	34.22

	6 ½ “ Drill Collar
	6 ½
	2 15/16
	9.33
	43.55

	 2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	62.23

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	81.03

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	118.10

	JARS
	6 ½
	2 ½
	9.80
	127.90

	Drill Collar
	6 3/8
	2 15/16
	9.23
	137.13

	Drill Collar
	6 ½
	2 7/8 
	9.46
	146.59

	 4 x HWDP
	6 ½
	3
	36.80
	183.39

	4 x HWDP
	6 3/8
	3
	37.05
	220.44

	2 x HWDP
	6 ¼
	3
	18.60
	239.04

	HWDP
	6 1/8
	3 1/8
	8.92
	247.96

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	275.90

	HWDP
	6 ¼
	3 1/16
	9.40
	285.30


7.2 Halladale-1 DW2 


BHA-9
	DATE
	BIT MFG
	BIT TYPE
	

	09/04/05
	SMITH
	MA89BCTVPXPDC

6 x 16  Jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	8 ½ “PDC Bit
	8 ½
	2 
	0.42
	

	          Geo Pilot       
	6 ¾
	1 5/8
	7.09
	7.51

	Flex Collar
	6 ¾
	
	2.80
	10.31

	LWD
	6 ¾
	1 15/16
	8.58
	18.89

	LWD w/ Radioactive Source
	6 ¾
	1 15/16
	8.66
	27.55

	BAT SONIC
	6 ¾
	1 15/16
	6.75
	34.30

	Hang Off Collar
	8
	3 ¼
	3.06
	37.36

	Float Sub
	6 ¾
	2 ½
	0.62
	37.98

	Rollar Reamer
	8 3/8
	2 ¼
	2.02
	40.00

	PBL Sub
	6 ½
	2 ½
	2.28
	42.28

	6 ½ “ Drill Collar
	6 ½
	2 15/16
	9.33
	51.61

	2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	70.29

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	89.09

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	126.16

	JARS
	6 ½
	2 ½
	9.80
	135.96

	Drill Collar
	6 3/8
	2 15/16
	9.23
	145.19

	Drill Collar
	6 ½
	2 7/8 
	9.46
	154.65

	4 x HWDP
	6 ½
	3
	36.80
	191.45

	4 x HWDP
	6 3/8
	3
	37.05
	228.50

	2 x HWDP
	6 ¼
	3
	18.60
	247.10

	HWDP
	6 1/8
	3 1/8
	8.92
	256.02

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	283.96

	HWDP
	6 ¼
	3 1/16
	9.40
	293.36



BHA-10
	DATE
	BIT MFG
	BIT TYPE
	

	13/04/05
	Security
	FMF 3553 
5 x 17  Jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	8 ½ “PDC Bit
	8 ½
	2 
	0.43
	

	          Geo Pilot       
	6 ¾
	1 5/8
	7.09
	7.51

	Flex Collar
	6 ¾
	
	2.80
	10.31

	LWD
	6 ¾
	1 15/16
	8.58
	18.89

	LWD w/ Radioactive Source
	6 ¾
	1 15/16
	8.66
	27.56

	BAT SONIC
	6 ¾
	1 15/16
	6.75
	34.31

	Hang Off Collar
	8
	3 ¼
	3.06
	37.37

	Float Sub
	6 ¾
	2 ½
	0.62
	37.99

	Rollar Reamer
	8 3/8
	2 ¼
	1.61
	39.60

	PBL Sub
	6 ½
	2 ½
	2.28
	41.88

	6 ½ “ Drill Collar
	6 ½
	2 15/16
	9.33
	51.21

	2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	69.89

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	88.69

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	125.76

	Drill Collar
	6 ½
	3
	9.46
	135.22

	Drill Collar
	6 ½
	2 7/8
	18.50
	153.72

	JARS
	6 ½
	2 ½
	9.73
	163.45

	Drill Collar
	6 3/8
	2 15/16
	9.23
	172.68

	Drill Collar
	6 ½
	2 7/8 
	9.46
	182.14

	4 x HWDP
	6 ½
	3
	36.80
	218.94

	4 x HWDP
	6 3/8
	3
	37.05
	255.99

	2 x HWDP
	6 ¼
	3
	18.60
	274.59

	HWDP
	6 1/8
	3 1/8
	8.92
	283.51

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	311.45

	HWDP
	6 ¼
	3 1/16
	9.40
	320.85



BHA-11
	DATE
	BIT MFG
	BIT TYPE
	

	15/04/05
	DBS
	FC274 LI


	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	8 ½ “  Core Bit
	8 ½
	
	0.37
	

	NB Stab 8 15/16
	6 ¾
	
	1.22
	1.59

	Core Barrel
	6 ¾
	4 ½
	7.93
	9.52

	Coupling Stab 8 15/16
	6 ¾
	
	1.22
	10.74

	Core Barrel
	6 ¾
	4 ¼
	7.93
	18.67

	Coupling Stab 8 15/16
	6 ¾
	
	1.22
	19.89

	Core Barrel
	6 ¾
	
	7.93
	27.82

	Coupling Stab 8 15/16
	6 ¾
	
	1.22
	29.04

	Safety Joint
	6 ¾
	
	1.44
	30.48

	Drill Collar
	6 ½
	2 15/16
	9.33
	39.81

	 2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	58.49

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	77.29

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	114.36

	Drill Collar
	6 3/8
	3
	9.46
	123.82

	 2 x Drill Collar
	6 ½
	2 7/8
	18.50
	142.32

	JARS
	6 3/8
	2 ½
	9.23
	152.05

	Drill Collar
	6 3/8
	2 15/16
	9.23
	161.28

	Drill Collar
	6 ½
	2 7/8 
	9.46
	170.74

	 4 x HWDP
	6 ½
	3
	36.80
	207.54

	4 x HWDP
	6 3/8
	3
	37.05
	244.59

	2 x HWDP
	6 ¼
	3
	18.60
	263.19

	HWDP
	6 1/8
	3 1/8
	8.92
	272.11

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	300.05

	HWDP
	6 ¼
	3 1/16
	9.40
	309.45



BHA-12
	DATE
	BIT MFG
	BIT TYPE
	

	16/04/05
	DBS
	FMF 3553              5x 17; 1 x 18 Jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	 8 ½ “PDC Bit
	8 ½
	2 
	0.30
	

	Near Bit Stab
	6 ¾
	2 ½
	1.37
	1.67

	6 ¾ DM Sub
	6 ¾
	1.92
	2.71
	4.38

	LWD
	6 ¾
	1 15/16
	8.48
	12.86

	LWD
	6 ¾
	1 15/16
	8.66
	21.52

	BAT SONIC
	6 ¾
	1 15/16
	6.75
	28.29

	PM Sub
	6 ¾
	1 15/16
	3.06
	31.33

	NM Float Sub 
	6 ¾
	2 ½
	0.62
	31.95

	2 x PBL Sub
	6 ½
	2 ½
	2.28
	34.23

	6 ½ “ Drill Collar
	6 ½
	2 15/16
	9.33
	43.56

	 2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	62.24

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	81.04

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	118.11

	Drill Collar
	6 3/8
	3
	9.46
	127.57

	 2 x Drill Collar
	6 ½
	2 7/8
	18.50
	146.07

	JARS
	6 ½
	2 ½
	9.73
	155.80

	Drill Collar
	6 3/8
	2 15/16
	9.23
	165.03

	Drill Collar
	6 ½
	2 7/8 
	9.46
	174.49

	 4 x HWDP
	6 ½
	3
	36.80
	211.29

	4 x HWDP
	6 3/8
	3
	37.05
	248.34

	2 x HWDP
	6 ¼
	3
	18.60
	266.94

	HWDP
	6 1/8
	3 1/8
	8.92
	275.86

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	303.80

	HWDP
	6 ¼
	3 1/16
	9.40
	313.20


7.3 Halladale-1 DW3 


BHA-13
	DATE
	BIT MFG
	BIT TYPE
	

	21/04/05
	Security DBS
	FMF 3553 

3 x 16 ; 2 x 17 Jets
	

	ITEM
	OD
(Inches)
	ID
(Inches)
	Length
(m)
	Cumulative Length (m)

	8 ½ “PDC Bit
	8 ½
	2 
	0.43
	

	          Geo Pilot       
	6 ¾
	1 5/8
	7.09
	7.52

	Flex Collar
	6 ¾
	
	2.80
	10.32

	RLL
	6 ¾
	1 15/16
	8.48
	18.80

	LWD w/ Radioactive Source
	6 ¾
	1 15/16
	8.66
	27.46

	BAT SONIC
	6 ¾
	1 15/16
	6.75
	34.21

	Hang Off Collar
	8
	3 ¼
	3.06
	37.27

	Float Sub
	6 ¾
	2 ½
	0.62
	37.89

	PBL Circulating Sub
	6 ½
	2 ½
	2.28
	40.17

	6 ½ “ Drill Collar
	6 ½
	2 15/16
	9.33
	49.50

	2 x Drill Collar
	6 3/8
	2 13/16
	18.68
	68.18

	2 x Drill Collar
	6 7/16
	2 7/8
	18.80
	86.98

	4 x Drill Collar
	6 3/8
	2 7/8
	37.07
	124.05

	Drill Collar
	6 3/8
	3
	9.46
	133.51

	 2 x Drill Collar
	6 ½
	2 7/8
	18.50
	152.01

	JARS
	6 ½
	2 ½
	9.73
	161.74

	Drill Collar
	6 3/8
	2 15/16
	9.23
	170.97

	Drill Collar
	6 ½
	2 7/8 
	9.46
	180.43

	4 x HWDP
	6 ½
	3
	36.80
	217.23

	4 x HWDP
	6 3/8
	3
	37.05
	254.28

	2 x HWDP
	6 ¼
	3
	18.60
	272.88

	HWDP
	6 1/8
	3 1/8
	8.92
	281.80

	3 x HWDP
	6 3/8
	3 1/8
	27.94
	309.74

	HWDP
	6 ¼
	3 1/16
	9.40
	319.14
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