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Introduction

Borehole induction conductivity data, commonly referred to as conductivity logs, were acquired from 20 boreholes in the Frome region of South Australia, during July-August 2010, in support of the Frome airborne electromagnetic (AEM) survey managed by Geoscience Australia (GA). The conductivity logs were used to assist in generating reference models for geophysical inversions of the AEM data, and to provide an independent dataset for assessing the inversion results.
The Frome AEM survey was acquired using the Fugro Airborne Surveys (FAS) TEMPESTTM fixed wing time-domain electromagnetic (TEM) AEM system. The acquisition and processing of data were carried out by FAS under contract to GA. The geophysical investigations were designed to deliver reliable, pre-competitive AEM data and scientific analysis of the energy resource potential of the Frome region of South Australia, including the flanks of the Northern Flinders Ranges, the Frome Embayment, the Olary Ranges and the northwestern Murray Basin. The Frome AEM survey covers a total area of 95,000 km2 and was flown between 22 May and 2 November 2010.
In addition to the Frome Embayment survey, four lines were flown to the west of the main survey area for the Department of Primary Industries and Resources South Australia (PIRSA). These lines are known as the Cariewerloo Traverses, and were released in advance of the full Frome AEM survey (Hutchinson and Costelloe, 2010). Two boreholes were logged in support of the Cariewerloo Traverses during the July-August field campaign. Data from these two boreholes remain commercial-in-confidence, and are not expanded upon in this report. Data from boreholes logged at the Leigh Creek coal mine, Beverley uranium mine, Honeymoon uranium mine, Lake Namba and Anabama are also commercial-in-confidence, and are not expanded upon in this report
Location

The coordinates of the 5 publicly available boreholes logged at the Oban uranium deposit are shown in Table 1. The other 15 boreholes in the survey area are commercial in-confidence and their coordinates are not shown, however their approximate locations can be seen in Figure 1.
Table 1: Coordinates (MGA Zone 54) and depths of the 5 non-confidential boreholes logged at the Oban uranium deposit for the Frome AEM survey. 
	Borehole
	Easting
	Northing
	COLLAR elevation (m)
	HOLE Depth (m)

	OBM01
	481050
	6549516
	70
	96

	OBM09
	479368
	6549076
	66
	84

	OBM10
	479764
	6548141
	68
	96

	OCM01
	480233
	6548814
	67
	96

	OCM04
	480232
	6549114
	69
	96
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Figure 1: Location of boreholes, flight lines and the survey boundary for the Frome AEM survey, plotted over the Shuttle Radar Topography Mission digital elevation model.

Method

Induction conductivity logging tools measure the electrical conductivity of the material in a volume surrounding the borehole at the measurement point and provide a detailed indication of changes in electrical conductivity with depth. These tools permit measurements of the electrical conductivity of the ground outside PVC-cased boreholes, generally without being sensitive to the presence of more conductive borehole fluid within the casing. These tools do not function correctly in holes that are cased with steel, which tends to trap the signal within itself. These tools are capable of making reliable scientific measurements, however, standards for their use and calibration have not been established. The principle of operation of induction conductivity borehole logging tools, after McNeill (1986), and other conductivity logging information, is provided below.

The induction conductivity logging tool functions in a similar way to ground or airborne electromagnetic systems. A small transmitter coil in the probe creates a primary magnetic field which gives rise to an electrical field in the materials surrounding the borehole. This electrical field creates eddy currents within the surrounding material, the strength of which depends on the electrical conductivity of that material. The eddy currents then induce a magnetic field which is measured with a receiver coil within the probe. Figure 2 shows the principles of operation.

[image: image6.jpg]Winch and
console

Plastc cased wel

7 27777 7
4 Primry magrei fekd

™

Ectdy currrent flow





Figure 2: The principle of operation of inductive conductivity borehole logging tools, from McNeill et al. (1990).

The geophysical logging equipment used for the field campaign was rented from Auslog Pty. Ltd., and included:

· Induction conductivity probe (A034 serial no 914);

· 500 m cable winch;

· Logging matrix console; and,
· Laptop computer with WellvisionTM logging software.
For each log the location of the borehole was recorded using a handheld GPS receiver. The standing water level was estimated from the point at which the cable became wet, as observed when the cable was being reeled in. Thus, the standing water level recorded is indicative only. The height that the borehole casing extended above ground was measured to the nearest centimetre using a tape measure. Where the condition of the hole was questionable (for example if the hole was not cased), a steel dummy probe was sent down the hole prior to logging to check for hole depth, hole continuity, and possible obstructions that could hinder the logging process.
The induction conductivity probe was temperature stabilised prior to logging. Temperature stabilisation was achieved by lowering the tool into the borehole to approximately 30 m depth, where it remained for 10-15 minutes until the background readings had stabilised.  
The probe was positioned at the zero level prior to conductivity logging. Zero level is defined as the point at which the ‘neck’ of the probe (the point at which the end of the cable connector meets the probe) is level with the top of the borehole casing, hence the need to measure the borehole casing height above ground to derive the true measurement depth. The probe is then run down and up the hole at a reasonably consistent speed of between 6 and 8 m/min, logging a reading every 2.5 cm. All holes were logged at least twice; once as the tool descended, and again as the tool ascended. 
After temperature stabilisation, the induction conductivity probe was calibrated using two calibration rings supplied by Auslog (200 and 500 mS/m). Using these rings and a free air measurement, the probe was calibrated at four different conductivity values: 0, 200, 500 and 700 mS/m.  For each calibration setting the probe was held in air, horizontally at shoulder height by the assistant, taking care to keep well away from any metal objects, including cars, borehole infrastructure, wrist watches, belt buckles, coins, car keys and jewellery, while the operator ran the calibration routine on the computer. Calibration was carried out immediately after logging the hole. This ensured that the probe temperature had been stabilised, and was in a state as close as possible to borehole conditions.
At the completion of the logging program, GA’s standard practice is to re-log the first borehole, to demonstrate the repeatability of the measurements over the campaign. Due to unforeseen circumstances including bad weather and competing interests for the logging equipment, this was not possible. However, several of the boreholes were logged four times, and these were used as a substitute demonstration of repeatability. An example of a repeat run borehole is shown in Figure 3.
The details of the measuring procedures used for each bore were recorded on field logging sheets. These details include the date, time, logging speed, irregularities, weather, run number and any other important details for each borehole. The non-confidential field logging sheets are provided in Appendix 1.
Results
Each calibrated conductivity log was saved as a LAS-format file onto the field laptop using the WellvisionTM software. The LAS files contain header information including software version number, location, service date, null value, well name, depth and induction conductivity values. A median filter (filter width of 3 samples) was applied to the data in the LAS files to remove spikes.  An example plot showing conductivity versus depth is shown in Appendix 2, and the 5 non-confidential borehole logs are provided on the accompanying DVD.
Results from Borehole OBM01, which was logged twice to check for vertical and horizontal repeatability, are shown in Figure 3. A visual comparison of 4 logs shows little variation between the logs, indicating good repeatability with the logging equipment used. 
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Figure 3: Borehole OBM01 repeat runs plotted on the same axis. All four runs were logged to approximately 88 m, and show consistent results.
The results of the conductivity logs were compared to known down-hole geology in a drill hole lithology database obtained from publicly-available reports or in-confidence data. Figure 4 shows the strip log of one run of the induction conductivity log from hole OBM10 compared to the geological and gamma ray logs of the same hole. These logs were supplied to GA by Curnamona Energy Ltd.
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Figure 4: Comparison of borehole OBM10 conductivity log to gamma ray and lithological logs. Geological logs and gamma ray logs were provided by Curnamona Energy Ltd.
Raw and processed conductivity log data for the holes, to remain in-confidence between GA and the respective tenement holder, were provided with a data package to the respective tenement holder. Appendix 3 lists the borehole conductivity products in this data release.
Summary
The 22 conductivity logs collected during the campaign helped define the conductivity signatures of rocks within the Frome AEM survey area. The conductivity logs will be used to assist in generating reference models for the geophysical inversions of the AEM data. Furthermore, the logs will be used to validate the GA layered earth inversion products, to be released later in 2011.
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Appendix 1
This appendix contains field information for the conductivity logs acquired during the 2010 field campaign to the Frome AEM survey area. The field sheets for commercial-in-confidence boreholes are not included. 
Borehole information

	
	
	Method (e.g. tape, GPS etc.)

	Location/Site name
	Oban

OBM10
	

	Easting
	479764
	DGPS

	Northing
	6548141
	DGPS

	Map Datum 
	GDA94
	

	Projection
	MGA54
	

	Surface elevation
	68 m
	SRTM 9sec DEM

	Height of casing
	290 mm
	Tape

	Water level
	28.7 m
	Estimate from “wet point” of logging cable

	Depth of hole
	96 m
	Actual Depth ~ 90m

	Drill method
	RC

	Casing info


	Type
	Size
	Depth interval

	
	PVC
	105 mm
	To Bottom


Probe information

	Type of probe
	Name
	Serial number

	Conductivity
	A034
	914


Log information
	Type of log
	Induction Conductivity

	Name of operator(s)
	David Hutchinson / Ian Roach

	Run #
	1 ↓
	2 ↑
	3 ↓
	4 ↑

	Date 
	25-7-10
	25-7-10
	25-7-10
	25-7-10

	Time 
	1230
	1240
	1310
	1325

	Logging speed (m/min)
	7
	7
	7
	7

	Temperature stabilised?
	10 min
	NA
	NA
	NA

	Repeatability?
	Y
	Y
	Y
	Y

	Irregularities
	
	
	
	

	Weather info
	Cool sunny
	
	
	

	Units of measurement
	cps,

mS/m
	cps,

mS/m
	cps,

mS/m
	cps,

mS/m


Calibration information
	Rings (mS/m)
	Values (cps)
	Std dev
	Time
	Temperature Stabilised

	0
	202.9
	4.5
	1403
	yes

	200
	1159.6
	2.1
	
	

	500
	2468.7
	1.7
	
	

	700
	3364.7
	5.0
	
	


Borehole information

	
	
	Method (e.g. tape, GPS etc.)

	Location/Site name
	Oban

OCM01
	

	Easting
	480223
	DGPS

	Northing
	6548814
	DGPS

	Map Datum 
	GDA94
	

	Projection
	MGA54
	

	Surface elevation
	67 m
	SRTM 9sec DEM

	Height of casing
	520 mm
	Tape

	Water level
	~ 30 m
	Estimate from “wet point” of logging cable

	Depth of hole
	96 m
	Actual Depth ~ 89 m

	Drill method
	RC

	Casing info


	Type
	Size
	Depth interval

	
	PVC
	105 mm
	To Bottom


Probe information

	Type of probe
	Name
	Serial number

	Conductivity
	A034
	914


Log information

	Type of log
	Induction Conductivity

	Name of operator(s)
	David Hutchinson / Ian Roach

	Run #
	1 ↓
	2 ↑
	
	

	Date 
	25-7-10
	25-7-10
	
	

	Time 
	1452
	1506
	
	

	Logging speed (m/min)
	7
	7
	
	

	Temperature stabilised?
	10 min
	NA
	
	

	Repeatability?
	Y
	Y
	
	

	Irregularities
	
	
	
	

	Weather info
	Cool sunny
	
	
	

	Units of measurement
	cps,

mS/m
	cps,

mS/m
	
	


Calibration information
	Rings (mS/m)
	Values (cps)
	Std dev
	Time
	Temperature Stabilised

	0
	197.6
	4.3
	1535
	yes

	200
	1163.8
	4.9
	
	

	500
	2492.7
	4.4
	
	

	700
	3403.5
	4.8
	
	


Borehole information

	
	
	Method (e.g. tape, GPS etc.)

	Location/Site name
	Oban

OCM04
	

	Easting
	480232
	DGPS

	Northing
	6549114
	DGPS

	Map Datum 
	GDA94
	

	Projection
	MGA54
	

	Surface elevation
	69 m
	SRTM 9sec DEM

	Height of casing
	530 mm
	Tape

	Water level
	~ 30 m
	Estimate from “wet point” of logging cable

	Depth of hole
	96 m
	

	Drill method
	RC

	Casing info


	Type
	Size
	Depth interval

	
	PVC
	105 mm
	To Bottom


Probe information

	Type of probe
	Name
	Serial number

	Conductivity
	A034
	914


Log information

	Type of log
	Induction Conductivity

	Name of operator(s)
	David Hutchinson / Ian Roach

	Run #
	1 ↓
	2 ↑
	
	

	Date 
	25-7-10
	25-7-10
	
	


	Time 
	
	
	
	

	Logging speed (m/min)
	7
	7
	
	

	Temperature stabilised?
	10 min
	NA
	
	

	Repeatability?
	Y
	Y
	
	

	Irregularities
	
	
	
	

	Weather info
	Cool sunny
	
	
	

	Units of measurement
	cps,

mS/m
	cps,

mS/m
	
	


Calibration information
	Rings (mS/m)
	Values (cps)
	Std dev
	Time
	Temperature Stabilised

	0
	195.0
	5.0
	1700
	yes

	200
	1162.3
	4.2
	
	

	500
	2498.4
	3.7
	
	

	700
	3405.8
	4.9
	
	


Borehole information

	
	
	Method (e.g. tape, GPS etc.)

	Location/Site name
	Oban

OBM01
	

	Easting
	481050
	DGPS

	Northing
	6549516
	DGPS

	Map Datum 
	GDA94
	

	Projection
	MGA54
	

	Surface elevation
	70 m
	SRTM 9sec DEM

	Height of casing
	360 mm
	Tape

	Water level
	~ 30 m
	Estimate from “wet point” of logging cable

	Depth of hole
	96 m
	Actual Depth ~ 89 m

	Drill method
	RC

	Casing info


	Type
	Size
	Depth interval

	
	PVC
	105 mm
	To Bottom


Probe information

	Type of probe
	Name
	Serial number

	Conductivity
	A034
	914


Log information

	Type of log
	Induction Conductivity

	Name of operator(s)
	David Hutchinson / Ian Roach

	Run #
	1 ↓
	2 ↑
	3 ↓
	4 ↑

	Date 
	27-7-10
	27-7-10
	27-7-10
	27-7-10

	Time 
	0913
	0927
	0947
	1000

	Logging speed (m/min)
	7
	7
	7
	7

	Temperature stabilised?
	10 min
	NA
	NA
	NA

	Repeatability?
	Y
	Y
	Y
	Y

	Irregularities
	
	
	
	

	Weather info
	Cold, overcast
	
	
	

	Units of measurement
	cps,

mS/m
	cps,

mS/m
	cps,

mS/m
	cps,

mS/m


Calibration information
	Rings (mS/m)
	Values (cps)
	Std dev
	Time
	Temperature Stabilised

	0
	201.1
	4.2
	1029
	yes

	200
	1164.3
	5.0
	
	

	500
	2497.1
	4.6
	
	

	700
	3404.6
	5.0
	
	


Borehole information

	
	
	Method (e.g. tape, GPS etc.)

	Location/Site name
	Oban

OBM09
	

	Easting
	479368
	DGPS

	Northing
	6549076
	DGPS

	Map Datum 
	GDA94
	

	Projection
	MGA54
	

	Surface elevation
	66 m
	SRTM 9sec DEM

	Height of casing
	370 mm
	Tape

	Water level
	~ 30 m
	Estimate from “wet point” of logging cable

	Depth of hole
	84 m
	Actual Depth ~ 81 m

	Drill method
	RC

	Casing info


	Type
	Size
	Depth interval

	
	PVC
	105 mm
	To Bottom


Probe information

	Type of probe
	Name
	Serial number

	Conductivity
	A034
	914


Log information

	Type of log
	Induction Conductivity

	Name of operator(s)
	David Hutchinson / Ian Roach

	Run #
	1 ↓
	2 ↑
	
	

	Date 
	27-7-10
	27-7-10
	
	

	Time 
	1147
	1200
	
	

	Logging speed (m/min)
	7
	7
	
	

	Temperature stabilised?
	10 min
	NA
	
	

	Repeatability?
	Y
	Y
	
	

	Irregularities
	
	
	
	

	Weather info
	Cold, overcast
	
	
	

	Units of measurement
	cps,

mS/m
	cps,

mS/m
	
	


Calibration information
	Rings (mS/m)
	Values (cps)
	Std dev
	Time
	Temperature Stabilised

	0
	195.9
	4.9
	1225
	yes

	200
	1162.2
	4.1
	
	

	500
	2495.6
	5.0
	
	

	700
	3405.1
	5.0
	
	


Appendix 2

The 5 publicly-available borehole logs are provided as PDF-format multiplots in this data package. A sample multiplot is shown in Figure A2.1 for borehole OBM10. These plots show the calibrated conductivity, along with accompanying system data acquired with the logs.
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Figure A2.1: A sample borehole log multiplot, showing calibrated conductivity, raw counts, wireline speed, load, voltage and current for each well logging run. 
Appendix 3
Contents of the accompanying DVD
	NAME
	FORMAT
	DESCRIPTION
	COMMENTS

	
	 
	
	 

	Report
	.pdf
	Explanatory Notes
	1 file

	
	
	
	

	
	 
	
	 

	FieldLogsProcess
	.well
	Well data binary files
	143 files

	
	
	
	

	 
	 
	 
	 

	Figures_log_conductivity
	.pdf
	Induction log data
	5 files

	
	
	
	

	 
	 
	 
	 

	las_files
	.las
	las files data
	10 files
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