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1. SURVEY OPERATIONS AND LOGISTICS

1.1 Introduction

Between the 9th of April 2005 and the 13th of April 2005 Fugro Airborne Surveys Pty. Ltd. (FAS) undertook an airborne helicopter magnetic survey for Adamus Resources Ltd., over the Serpentine Ridge Project area near Zeehan, Tasmania. The survey consisted of one area, flown in 8 flights. Total coverage of the survey area amounted to 919 line kilometres. The survey was flown using a Bell 206 Jetranger Helicopter, registration VH-JWF owned and operated by Heli Aust Pty Ltd. This report summarises the procedures and equipment used by FAS in the acquisition, verification and processing of the airborne geophysical data.
1.2 Survey Base

The survey was based at Zeehan, Tasmania. The survey aircraft was operated from the Zeehan airport with the aircraft fuel available on site. A temporary office was set up in a room at the Heemskirk Motel, where all survey operations were run and the post‑flight data verification were performed.

1.3 Survey Personnel

The following personnel were involved in this project:

Project Supervision - Acquisition
Rod Pullin

                               - Processing
Andrea Tovey

On-site Crew Leader
Zoltan Beldi

Pilots
Tony Feller

Data Processing (Field)
Zoltan Beldi

Data Processing (Perth)
Matthew Hope

1.4 Survey Equipment

Survey Platform
-
Bell B206 B3 Jetranger Helicopter VH-JWF

Data acquisition system
-
FASDAS digital acquisition system

Total Field Magnetometer
-
Geometrics G822A Cesium Vapour

Magnetometer Compensator
-
FASDAS magnetic decoupler

Navigation System GPS
-
Fugro Omnistar in VBS (Virtual Base Station) mode,




Ashtech G12 GPS receiver

Base station magnetometer
-
2 x Geometrics G856 proton precession

Altimeter
-
Collins ALT 50B radio altimeter

Barometer
-
Setra V55M
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2. SURVEY SPECIFICATIONS AND PARAMETERS

2.1 Area Co-ordinates

The survey area was located within UTM Zone 55, Central Meridian = 147

(Note - Co-ordinates in WGS84 Zone 55)

Easting

Northing

363597E      
5389240N

364437E      
5386608N

365464E      
5384125N

370085E      
5377598N

368192E      
5375741N

366882E      
5376626N

363769E      
5382451N

361040E      
5385672N

361040E      
5387781N

362489E      
5389240N

2.2 Survey Area Parameters

Job Number
-
1708

Survey Company
-
Fugro Airborne Surveys Pty Ltd

Date Flown
-
9th April 2005 – 13th April 2005

Client
-
Adamus Resources Ltd

Area Name
-
Serpentine Ridge, Tasmania

Nominal Terrain Clearance
-
50 m

Traverse Line Spacing
-
50 m

Traverse Line Direction
-
045 – 225 deg

Traverse Lines
-
10001 – 10272 (272)

Tie Line Spacing
-
500 m

Tie Line Direction
-
135 – 315 deg

Tie Lines
-
19001 – 19013 (13)

Total Survey Line Kilometres
-
919 km

2.3 Data Sample Intervals

Nominal data sample intervals.

Magnetometer
-
3.0 m (@10 Hz)

Radar altimeter
-
3.0 m (@10 Hz)

Temperature
-
3.0 m (@10 Hz)

Pressure
-
3.0 m (@10 Hz)

GPS
-
30 m  (@  1 Hz)

Magnetic base station
 (G856)
-
5 s

AIRCRAFT EQUIPMENT AND SPECIFICATIONS

2.4 Aircraft 

Manufacturer
-
Bell  

Model
-
206 B3 JetRanger Helicopter

Registration
-
VH-JWF

Ownership
-
Heli Aust Pty Ltd

2.5 Navigation System

The GPS receiver was integrated as part of the FASDAS system. Navigation displays were generated by the FASDAS software that displayed to the pilot a graphical representation of the line being flown. A pre-defined flight plan, with area boundaries and the start and end of the line co-ordinates, was loaded into memory and used for real-time navigation information. Position co-ordinates and other relevant GPS information were output and recorded by the acquisition computer.

2.6 Aircraft Magnetometers 

The survey was flown using a Geometrics G822A ultra-high sensitivity Caesium vapour magnetometer sensor with the sensor mounted in a boom attached below the helicopter. The sensor provides a Larmor signal that is processed by high precision counters embedded within the FASDAS to provide an operating range of 20,000 to 100,000 nT.

Magnetometer specifications:

Nominal Sensitivity
0.001 nT

Still Air RMS Noise
0.05 nT

Digital Recording Resolution
0.001 nT

Magnetic Gradient Tolerance
>20,000 nT / metre

2.7 Automatic Compensator

The magnetometer data, together with data from the 3-axis fluxgate, was integrated in the FASDAS to produce real time compensation for the effects of the aircraft’s motion, i.e. from changes in attitude and heading. The compensation coefficients were calculated from compensation flights carried out before the survey commenced. The compensated output data, with a resolution and sensitivity of 0.001 nT at a sampling rate of 10 times per second, were recorded digitally. 

2.8 Radar Altimeter

A Collins ALT 50B Radio Altimeter system was used to measure ground clearance.  The radio altimeter indicator provides an absolute altitude display from 0 - 750 metres (0 - 2,500 feet) with a sensitivity of 4 mV/ft. Radar altimeter data were digitally recorded every 0.1 seconds.
Specifications 

Range:
-
0 - 2500 feet

Accuracy:
-
1% 

Resolution:
-
4 mV/foot

2.9 Barometric Altimeter

The output of the Setra V55M pressure transducer is used for calculating the barometric altitude of the aircraft. In conjunction with the area QNH pressure and ambient temperature, the barometric altitude may be calculated. 

2.10 Flight Data Recording

All data recorded by the data acquisition system were stored in a digital format on the removable media drive located in the DAS. This data were then transferred to the field office computers for post-flight quality control examination.

2.11 Flight Following

An integral part of the Safety Management System provides for the installation of a Flight Following System that transmits a position via satellite at pre determined intervals. The Fugro Omnistar Flight Following System was fitted to the aircraft and for this survey, position information was transmitted every 2 minutes to Fugro’s premises in Perth. This information can be monitored by accessing the Fugro web page where the updated flight path is displayed. The aircraft was also fitted with an emergency switch and activation of this by the pilot or crew will notify the Omistar Network control centre immediately. They in turn will contact FAS personnel as per the Emergency Response plan.

Aircraft are also fitted with Thrane & Thrane Imarsat C reporting units which report every 5 minutes directly to the FAS office. A similar Emergency alarm system is in place.

GROUND DATA ACQUISITION EQUIPMENT AND SPECIFICATIONS

2.12 Magnetic Base Station

Two Geometrics G856 proton precession base station magnetometers were used to measure the daily variations of the Earth’s magnetic field.  The base stations were established in an area of low gradient, away from cultural influences. The base stations were run continuously throughout the survey flying period with a sampling interval of 5 seconds and a sensitivity of 0.1 nT. The base station data were closely examined after each day’s production flying to determine if any data had been acquired during periods of out-of-specification diurnal variation. The primary base station was situated at the Zeehan Airport. The secondary base station was situated at the Heemskirk Motel, Zeehan.

2.13 GPS Base Station

A GPS base logging station was set up at the survey base office. The GPS antenna was positioned on the roof of the Heemskirk Motor Hotel,  Main St Zeehan.

The GPS base system was comprised of a GPS receiver, a logging computer, an antenna and a power supply. Data was logged and displayed in real time on the logging computer screen. The logged base data was processed with the airborne GPS data to calculate the differentially post‑processed position of the aircraft.
The GPS base station position was calculated by logging data continuously at the base position over a period of 24 hours. These data were then statistically averaged to obtain the position of the base station.

The calculated GPS base position was (in WGS 84):

41° 53’ 33.94730” S, 145 20’ 39.99138” E,  169.869 m.

EQUIPMENT CALIBRATIONS AND DATA ACQUISITION CHECKS

2.14 Survey Calibrations

A series of calibrations were performed as follows:

2.14.1 Dynamic Magnetometer Compensation

Carrying a magnetometer through a varying field in a non-uniform orientation produces manoeuvre noise. To compensate for this manoeuvre noise a standard compensation test flight called a “comp box” was flown. The compensation file produced also removed the majority of the heading error. Aircraft compensation tests were flown on the 4 survey line headings and also at +/- 7½ and 15o to the line headings (to accommodate for cross wind flying conditions). The data for each heading consists of a series of aircraft manoeuvres with large angular excursions: specifically pitches, rolls and yaws. This was done to artificially create the worst possible attitudes and rates of attitudinal change likely to be encountered while on line and compensate for any magnetic noise created by the aircraft’s motion within the earth’s magnetic field. The data was processed to obtain the real-time compensation terms. These coefficients were applied in real‑time or later during post‑processing if required. Note that this form of compensation will only remove those noise effects modelled in the manoeuvre test flight. Random motions of the boom with respect to the aircraft airframe generally establish the noise floor for this type of installation. Details of the comp boxes flown for this survey are shown in the table below.

Flown
Flights covered

9/4/2005
Flights 1 - 9

2.14.2 Parallax

Parallax error is caused by the physical difference in distance between the various sensors, the electronic delay and software timing in the acquisition system. Hence all variables are subjected to a displacement from the GPS co-ordinates. If these variables are processed without a position offset a parallax error will occur.

Data
Parallax

GPS
0 second

Magnetics
0.06 second

Radar Altitude
0 second

2.14.3 Daily Calibrations

A set of daily calibrations were performed each survey day as follows:

Magnetic base station time check

2.14.3.1 Magnetic Base Station Time Check

Prior to each days survey all magnetic base stations were time checked and synchronised with the time on the aircraft survey system GPS receiver. 

3.  DATA VERIFICATION AND FIELD PROCESSING

All data verification was conducted at the field office in Zeehan for the duration of the survey. At the conclusion of each days survey all magnetic, altimeter, flight path and diurnal data were downloaded onto the field office computer for preliminary verification. All raw aircraft data were backed up at the end of each day’s survey. One copy was sent to the FAS office in Perth, the other copy remaining at the field office.

3.1 Magnetic Diurnal Data

Diurnal data recorded from the primary base station was downloaded onto the field office computer. The data were then checked for spikes and erroneous readings. If invalid diurnal data occurred whilst survey data was being acquired the affected section was re-flown. The diurnal data was also checked to see that the change in diurnal readings during the course of the survey did not exceed the specified tolerances. When this occurred the affected part of the survey line was re-flown. The diurnal data was merged with the aircraft data and used in the verification of the magnetic data. Diurnal data recorded on the secondary base station was also downloaded onto the field office computer.

3.2 Height Data

Radar altimeter, barometric altimeter and GPS height data from the aircraft was transferred onto the field office computer.

3.2.1 Radar Altimeter Data

The radar altimeter data was verified to check that a reasonably constant height above the terrain was flown, readings during the course of the survey did not exceed the specified tolerances and for equipment reliability.

3.2.2 GPS Height Data

The aircraft’s height above the WGS84 ellipsoid each second was determined by differentially post‑processing the synchronised GPS data from the aircraft and GPS base station data. The GPS height of the aircraft was verified to check for data masking and for equipment reliability. 

3.2.3 Barometric Altimeter Data

As a backup to the aircraft’s GPS height, barometric height was also recorded. The barometric height of the aircraft was verified to check for equipment reliability. The barometric data were also used in the processing of the radiometric data. 

3.2.4 Topographical Data

After verification parallax corrections were applied, the radar altitude was subtracted from the GPS height to give the elevation of the terrain above the WGS84 ellipsoid. It was not considered necessary to make any further corrections as this data was for verification purposes only.

3.2.5 Gridding and Inspection

The topographic data were gridded and grid image enhancements were computer and displayed on screen. These were inspected for inconsistencies and errors.

3.3 Flight Path Data

The flight path data from the aircraft and the GPS base station were transferred onto the field office computer. The aircraft’s precise location each second was determined by differentially post‑processing the synchronised GPS data from the aircraft and GPS base station data. The flight path was recovered and plotted daily to ensure it was within specification. Any data not within specification was re-flown. The flight path data was then merged with the rest of the aircraft and diurnal data. Both the aircraft and GPS base station recorded the data in the WGS84 datum.

3.4 Magnetic Data

The real-time compensated and uncompensated magnetic data from the aircraft recorded every 0.1 second were transferred to the field office computer. The raw magnetic data were checked to identify noise and spikes. If the noise exceeded the specified tolerances the part of the line affected was re‑flown. After the magnetic data were merged with the digital flight path the following sequence of operations were carried out to allow inspection and verification of the data:

3.4.1 Diurnal Correction

The synchronised digital diurnal data collected by the base station was subtracted from the corresponding airborne magnetic readings to calculate a difference. The resultant difference was then subtracted from the base value to produce diurnally corrected magnetic data.

3.4.2 Parallax Correction

The diurnally corrected magnetic data were corrected for system parallax using the calculated value.

3.4.3 Preliminary Gridding and Inspection

The magnetic data were gridded and grid image enhancements were computed and displayed on screen. These were inspected for inconsistencies and errors.

FINAL DATA PROCESSING

3.5 Aircraft Location

The aircraft’s location each second was determined by differentially post‑processing the synchronised GPS data recorded on both the aircraft and GPS base station. This data is recorded in the WGS84 datum. 

3.6 Magnetic Data Processing

The processing procedures applied to the magnetic data are summarised below:

a) Apply any spike corrections to the compensated magnetic variables.

b) Interpolate undefined magnetic values.

c) Co-ordinate the data with post-processed GPS data.

d) Filter diurnal values and subtract them from individual compensated magnetic readings. 

Area
 Base Value

Serpentine Ridge
61960 nT

e) Apply parallax correction.

f) Correct for regional effects of the earth’s magnetic field by calculating the IGRF value at each fiducial using IGRF model 2000 and secular variation model. A base value was added back.

IGRF Model
Base Value

2005.4
61900 nT

g) Height correction applied.

h) Following this, a FAS proprietary microlevelling process was applied in order to more subtly level the data. 

3.6.1 Gridding

The final levelled magnetic data were gridded using a bi-directional spline algorithm. A grid cell size of 10 m was used.

3.7 Digital Elevation Model

The processing procedures applied to the terrain data are summarised below:

a) Apply any spike corrections to the raw radar altimeter data.

b) Interpolate undefined values.

c) Co-ordinate the data with post‑processed GPS data.

d) Apply parallax corrections.

e) Subtract the aircraft’s height above ground from the aircraft’s height above the WGS84 ellipsoid and correct for radar altimeter/GPS sensor separation.

f) Derive surface topography values with respect to mean sea level (referenced to the geoid) by correcting the WGS84 ellipsoid values with geoid-ellipsoid separation values.

g) Following this, a FAS proprietary micro‑levelling process was applied in order to more subtly level the data.

3.7.1 Gridding

The final levelled elevation data were gridded using a bi-directional spline algorithm. A grid cell size of 10 m was used.

The accuracy of the elevation calculation is directly dependent on the accuracy of the two input parameters, radar altitude and GPS altitude.  The radar altitude value may be erroneous in areas of heavy tree cover, where the altimeter reflects the distance to the tree canopy rather than the ground.  The GPS altitude value is primarily dependent on the number of available satellites. Although post-processing of GPS data will yield X and Y accuracies in the order of 1-2 metres, the accuracy of the altitude value is usually much less, sometimes in the ±5 metre range.  Further inaccuracies may be introduced during the interpolation and gridding process.

Because of the inherent inaccuracies of this method, no guarantee is made or implied that the information displayed is a true representation of the height above sea level.  Although this product may be of some use as a general reference,  THIS PRODUCT MUST NOT BE USED FOR NAVIGATION PURPOSE

APPENDIX I – Weekly Operations Report
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APPENDIX II – Final Located Data Formats

Headers for final data files

Description File for 0.1 sec Magnetics and Elevation Data 

COMM JOB NUMBER:                                                      1708

COMM AREA NUMBER:                                                       01

COMM SURVEY COMPANY:                                Fugro Airborne Surveys

COMM CLIENT:                                              Adamus Resources

COMM SURVEY TYPE:                                                 Magnetic

COMM AREA NAME:                                           Serpentine Ridge

COMM STATE:                                                            TAS

COMM COUNTRY:                                                    Australia

COMM SURVEY FLOWN:                                     09/04 to 13/04 2005

COMM LOCATED DATA CREATED:                                      27/04/2005

COMM

COMM DATUM:                                                          WGS84

COMM PROJECTION:                                                       UTM

COMM ZONE:                                                              55

COMM

COMM SURVEY SPECIFICATIONS

COMM 

COMM TRAVERSE LINE SPACING:                                           50 m

COMM TRAVERSE LINE DIRECTION:                                045 - 225 deg

COMM TIE LINE SPACING:                                               500 m

COMM TIE LINE DIRECTION:                                     135 - 315 deg

COMM NOMINAL TERRAIN CLEARANCE:                                       50 m

COMM FINAL LINE KILOMETRES:                                         919 km

COMM

COMM LINE NUMBERING

COMM

COMM TRAVERSE LINE NUMBERS:                                 10001 - 10272

COMM TIE LINE NUMBERS:                                      19001 - 19013

COMM

COMM AREA BOUNDARY

COMM

COMM 363596.4375      5389240.0000

COMM 364436.9063      5386607.5000

COMM 365463.7500      5384125.0000

COMM 370085.0000      5377598.0000

COMM 368192.0000      5375741.0000

COMM 366881.9063      5376625.5000

COMM 363768.7813      5382451.0000

COMM 361040.0000      5385671.5000

COMM 361040.0000      5387780.5000

COMM 362489.4375      5389240.0000

COMM

COMM SURVEY EQUIPMENT

COMM

COMM AIRCRAFT:                                                      VH-JWF

COMM

COMM MAGNETOMETER:                                         Geometrics-822a

COMM INSTALLATION:                                                 Stinger

COMM RESOLUTION:                                                  0.001 nT

COMM RECORDING INTERVAL:                                             0.1 s

COMM

COMM RADAR ALTIMETER:                                        Collins ALT50

COMM RECORDING INTERVAL:                                             1.0 s

COMM

COMM NAVIGATION:                                real-time differential GPS

COMM RECORDING INTERVAL:                                             1.0 s

COMM

COMM ACQUISITION SYSTEM:                                         Fugro DAS

COMM

COMM BASE MAGNETOMETER:                                     Geometrics-856

COMM RECORDING INTERVAL:                                               5 s

COMM

COMM DATA PROCESSING

COMM

COMM

COMM MAGNETIC DATA

COMM DIURNAL CORRECTION APPLIED                         base value 61960 nT

COMM PARALLAX CORRECTION APPLIED                                     0.06 s

COMM IGRF CORRECTION APPLIED                            base value 61900 nT

COMM IGRF MODEL 2000 extrapolated to                             April 2005

COMM DATA HAVE BEEN HEIGHT CORRECTED

COMM DATA HAVE BEEN MICROLEVELLED

COMM                                                                            

COMM

COMM DIGITAL TERRAIN DATA

COMM DTM CALCULATED [DTM = GPS ALTITUDE – (RADAR ALTITUDE + SENSOR SEPARATION)]

COMM DATA CORRECTED TO AUSTRALIAN HEIGHT DATUM

COMM DATA HAVE BEEN MICROLEVELLED

COMM ----------------------------------------------------------------------

COMM The accuracy of the elevation calculation is directly dependent on

COMM the accuracy of the two input parameters, radar altitude and GPS

COMM altitude.  The radar altitude value may be erroneous in areas of heavy

COMM tree cover, where the altimeter reflects the distance to the tree

COMM canopy rather than the ground.  The GPS altitude value is primarily

COMM dependent on the number of available satellites. Although 

COMM post-processing of GPS data will yield X and Y accuracies in the

COMM order of 1-2 metres, the accuracy of the altitude value is usually

COMM much less, sometimes in the ±5 metre range.  Further inaccuracies

COMM may be introduced during the interpolation and gridding process.

COMM Because of the inherent inaccuracies of this method, no guarantee is

COMM made or implied that the information displayed is a true 

COMM representation of the height above sea level.  Although this product

COMM may be of some use as a general reference,  

COMM THIS PRODUCT MUST NOT BE USED FOR NAVIGATION PURPOSES.

COMM ----------------------------------------------------------------------

COMM

COMM

COMM LINE DATA FORMAT

COMM A space is left between fixed fields so that a field of, for example,    

COMM A8 should only ever have a maximum of 7 characters in it, even when it   

COMM is a null, thus:                                                         

COMM

COMM FIELD                     UNITS            NULL                FORMAT

COMM Line Number                                -9999.9             F5.1

COMM Flight Number                              -99                 I4 

COMM Date (yyyymmdd)                            -9999999            I9

COMM Fiducial Number                            -999999             I8

COMM Time (local)               s               -9999.9             F8.1

COMM Easting                    m               -99999.99           F10.2

COMM Northing                   m               -999999.99          F11.2

COMM Longitude                  deg             -999.9999999        F13.7

COMM Latitude                   deg             -99.9999999         F12.7

COMM GPS Altitude               m               -999.99             F8.2

COMM Radar Altitude             m               -999.99             F8.2

COMM Compensated TMI            nT              -99999.99           F10.2

COMM Diurnal                    nT              -9999.99            F9.2

COMM Final TMI                  nT              -99999.99           F10.2

COMM Digital Elevation Model    m               -999.99             F8.2

APPENDIX III – List Of All Supplied Data
Final Located Data

· 0.1 second magnetics and digital elevation data

Final located data is in ASCII format. Contents are shown in Appendix II.

Final Products 

Final gridded data was produced in ERMapper format WGS84 UTM Zone 55.

· Total Magnetic Intensity (TMI)

· Digital Elevation Model (DEM)
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