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A.
SPECIFICATIONS FOR HELICOPTER-BORNE ELECTROMAGNETIC 


GEOPHYSICAL SURVEY

1.
SURVEY AREA

Geo Instruments proposes to carry out a Helicopter Electromagnetic Geophysical Survey of an area within the Mineral Resources Tasmania survey program at Moina, totalling 63 line km.

2.
FLYING SPECIFICATIONS

Flight line direction


-  090ºAMG - 270ºAMG 


Flight line spacing


-  100 metres 


Bird mean terrain clearance

-  30 metres (or as safety permits)


Time base
- for magnetics

-  0.1 sec. 




- for electromagnetics
-  0.1 sec.

3.
ELECTROMAGNETIC (EM) READINGS
The in-phase and the quadrature signals for all horizontal coplanar and vertical coaxial coils operating at the frequencies specified in B2.1 are measured simultaneously with a time constant of 0.1 seconds. The EM sample interval is approximately 3.5 metres.  

4.
 MAGNETIC READINGS

Readings of the total magnetic field will be recorded to a sensitivity of 0.01 nT.  Geo Instruments will endeavour to attain a noise envelope not to exceed 0.4 nT.  The sample interval will be approximately 3.5 metres.

5.
CALIBRATIONS

The following calibrations will be carried out before and after each days flying. The electromagnetic response is calibrated using an external Q coil at the commencement of the survey program.  Calibration checks are then conducted at the beginning and end of each sortie using internal coils, and at the beginning of each day using a ferrite phasing bar.  Drift is monitored by flying out of ground effect (above 350 metres) twice per hour to record electromagnetic zero levels.  Prior to the commencement of surveying each day, the EM system is run for at least an hour to stabilise temperatures and verify that the system drift is be less than 5 ppm in 5 minutes.  

6.
IN-FIELD VERIFICATION AND PROCESSING

Stringent real time data validity checks are employed.  Geo Instruments will conduct a daily post-flight verification of all acquired data by our in-field quality control staff.  The following products are generated on site by a mixture of Geosoft and Geo Instruments proprietary software.


(1)  Flight path plots, to demonstrate quality of navigation.


(2)  Magnetic stacked profiles, to demonstrate character of magnetic data.


(3)  Multi-parameter screen presentations of inphase and quadrature data.

  
(4)  Statistical summary of line data.

  
(5)  GPS base station (parked helicopter) plots.

  
(6)  Progressive images of selected parameters.


(7)  Magnetometer base station plots.

7.
NAVIGATION AND POSITIONING

Navigation will be by electronic means using a mobile Ashtech G12 GPS receiver integrated with an Omnistar Model LR3000 virtual base station to provide flight guidance to the helicopter pilot as well as to record the flight path for subsequent processing. Differential GPS data will be obtained in real time using static GPS data obtained from the “Omnistar” wide area GPS service. A ground base GPS station will also be maintained to allow post flight processed differential positions to be obtained. Under normal circumstances differential GPS is expected to yield a positional accuracy of better than 5 metres RMS.

Altitude control is provided by the radar altimeter and displayed directly in front of the pilot together with a dual needle display indicating line tracking.  This system has proven to be simple and highly effective for the survey pilots.

8.
SPATIAL TOLERANCES

If the flight line separation exceeds 1.5 times the nominated line spacing over a distance of one kilometre or more, fill-in lines which cross tie lines at their extremities will be flown. Any segments of a line which cannot be flown for reasons of safety or cultural sensitivity will be excluded from the coverage.

If the surveying altitude data is not recorded for any distance exceeding 200 metres, which is within the operating range of the altimeter, then fill-in lines will be flown which cross tie lines at their extremities.

9.
DIURNAL MONITOR

The base station magnetometer will be positioned within or as near as possible to the MRT survey area and will record to a sensitivity of 0.1 nT every 5 seconds.  Noise levels on the base station magnetometer (i.e. instrument noise) should not exceed +/- 1.0 nT.  This is a combined EM, magnetic and DTM survey and the aim is to collect high quality data for all datasets. The intention is to minimise downtime due to periods of natural geomagnetic field disturbance, and if the diurnal magnetic variations can be adequately subtracted from the airborne data, then acquisition should continue.  However, acquisition will be halted during periods of recognised magnetic storms.   

10.
TIMING AND DURATION

Mobilisation would commence in March, 2001, providing a signed contract has been exchanged and the wet season is finished.  Under favourable weather conditions, the flying for should be completed in one day.

11.
SAFETY
Safety of the public, the Client’s employees and the survey crew is of paramount importance at all times. A risk analysis of the survey area will be conducted prior to commencement of geophysical surveying. Each pilot and operator in the aircraft will wear a personal EPIRB in addition to the aircraft ELT.  A failure to receive SAR transmissions while on survey will generate an immediate response. 

B.
HELICOPTER, INSTRUMENTATION AND PERSONNEL

1.
HELICOPTER

Aero Spatiale AS350BA “Squirrel” helicopter which is owned and operated by Heli-Aust Pty Ltd of Bankstown, plus an experienced survey pilot known to us.  Copies of Heli-Aust’s insurance certificate and operating permits / licences are available for inspection.

2.
SURVEY INSTRUMENTATION

2.1
ELECTROMAGNETIC SYSTEM

The electromagnetic system is the Hummingbird 5-frequency system developed and manufactured by Geotech Pty Ltd.  It consists of two vertical coaxial coil pairs operating at 980 Hz and 7001 Hz and three horizontal coplanar coil pairs operating at 880 Hz, 6606 Hz, and 34133 Hz housed in a 6.5m long boom together with the magnetometer sensor.  The transmitter-receiver separation for each coil pair is 6.3 metres.  The lightweight EM bird is towed 30 metres below the helicopter.  Measurements of the in-phase and out-of-phase signals for each frequency are recorded at the rate of 10 times per second, with a resolution of 0.5 part per million.

2.2
 MAGNETOMETER

The Geometrics G822A Magnetometer is a highly sensitive unit incorporating an optically pumped sensor.  The constant harmonic frequency from the sensor is proportional to the surrounding scalar magnetic field.  This frequency is resolved by the Counter/ Processor which provides the magnetic field to a nominal accuracy of 0.01nT at 10 times per second both in analogue and digital forms. The sensor and pre-amp will be mounted in the EM bird which will be attached by approximately 30 metres of cable to the helicopter.

2.3
RADAR ALTIMETER

A Collins ALT-50 Radar Altimeter or similar type system being a high resolution, short pulse radio altitude system designed for automatic continuous operation over a wide variation of terrain, target reflectivity, weather and aircraft altitude.  The radar altimeter indicator provides a terrain clearance display from 0 - 750 metres (0 - 2,500 feet) above ground.

2.4
BAROMETER

Barometric pressure is recorded using a Centra pressure transducer with a range of 600 to 1600 Hpa and a resolution of 0.04 Hpa (equivalent to 0.4 metres).  The sensor is calibrated to the height given by the GPS.

2.5
DATA ACQUISITION SYSTEM

Geo Instruments Model G2002 Mk 3 data formatting/recording unit stores data in non volatile RAM modules for post flight transfer via PCMCIA Flash Drives to CD-ROM medium. Data from all the sensors are processed from this medium in the field and serve as a backup to working copies stored on hard disk of the in-field processing systems.  The G2002 features an industrial computer, a 16 channel 12 bit analogue to digital converter and solid state recording medium.  It incorporates a counter card, if necessary, for the magnetometer to convert Larmor frequency to nanoTeslas and a GPS navigation card.

2.6
NAVIGATION EQUIPMENT

The GPS receivers are Ashtech Model G12 twelve channel parallel tracking receivers capable of providing sub-metre resolution at five times per second. A base GPS station will be maintained at the accommodation block to allow post-processing of the GPS data. 

2.7
BASE STATION MAGNETOMETER

Geometrics Recording Base Station Model G-856 with analog and digital recording will be used as a diurnal monitor and run continuously during the survey periods.  The sensor of the magnetometer will be placed in a low gradient area beyond the region of expected influence of any man-made interference.

3.
PERSONNEL

Geo Instruments will provide an experienced electronics engineer and an experienced operator, one of whom will be designated the Party Leader.  The Client may be requested to provide field personnel to assist with logistical activities and/or a local representative to provide liaison with the local community and landowners relevant to the airborne survey program.

4.
INSURANCE
Geo Instruments hold certificates of currency of insurance policies summarised as follows:  


Class


Sum Insured
1.
Public Liability

$10 Million

2.
Workers Compensation
As per legislation

Insurance details pertaining to these policies and to the survey aircraft are available on request and would form part of the Contract.  

C.
OPTIONS FOR PROCESSING OF DATA
Various options for optimum presentation will be reviewed with the Client’s representative prior to finalising data processing requirements.  These options are summarised below:

ELECTROMAGNETIC DATA

· Filtering to remove major sferic events and reduce system noise;

· Base level drift correction using high altitude EM zero levels;

· Calculation of apparent resistivity;

· Gridding and micro-levelling if required;

· Presentation as contour maps, colour images or stacked profiles

Magnetic Data

· Diurnal variation removal;

· System parallax removal;

· The removal of the IGRF derived from the secular variation model 1995-2000 updated to the actual time of the survey;

· Tie line levelling of the data;

· Gridding at approximately 25% of the line spacing;

· Micro-levelling if required;

· Production of preliminary contours and images of total magnetic intensity;

· Reduction to the pole;

· Calculation of first vertical derivative, second vertical derivative;

· Calculation of analytic signal;

· Presentation as contour maps, stacked profiles, colour plots or images.

.

DIGITAL TERRAIN MODEL

· Subtraction of radar altimeter data from the Z component of differentially corrected GPS data;

· Tie line levelling;

· Gridding at approximately 25% of the line spacing;

· Presentation as a line contour map, colour image or three dimensional display.

Digital Data

· Delivery of digital data as located data files of all recorded data in standard format on CD-ROM;

· Delivery of grid files of topographic, magnetic and / or radiometric parameters in Client’s preferred format on CD-ROM;

· Geo Instruments will retain one copy of the digital data on CD-ROM in secure storage to enable further processing if required by the Client and as an off-site back-up for your data.  We understand the commercial in confidence nature of this information.  Please advise if you do not require this back-up service.

D. DESCRIPTION OF OPTIONS FOR FINAL DATA PRESENTATION AND 


OVERVIEW OF DELIVERABLE ITEMS

1.
DATA PRESENTATION

The Client may request a quotation for compilation of data involving the production of flight path maps, images, stacked profiles and contour maps. The grid datum and map scale will be advised by the Client.  Final presentation of black and white maps will be on to a stable mylar base transparency.  Hard copy laminated images in colour may also be presented.  Digital data will be delivered on CD-ROM. 

1.1
ELECTROMAGNETIC CONTOUR MAPS

Contour maps of apparent resistivity or other electromagnetic parameters will show:


o
the longitude and latitude and grid coordinates;


o
a location map or sheet index map;


o
technical specifications of the survey;  

1.2
MAGNETIC CONTOUR MAPS

Contour maps of the IGRF-corrected Total Magnetic Intensity or other product (TMI Reduced to the Pole, TMI First Vertical Derivative, Analytic Signal) will show:


o
the longitude and latitude and grid coordinates;


o
a location map or sheet index map;


o
technical specifications of the survey;

1.3
FLIGHT PATH PLOTS

Flight path plots will show:


o
the longitude and latitude;


o
the grid coordinates labelled with their northing and easting along orthogonal borders;


o
the flight lines numbered at the ends;


o
the recovered fiducials labelled with their number oblique to the flight line.

1.4
STACKED PROFILES (Optional)

Stacked magnetic (TMI, RTP, 1VD, 2VD, Analytic Signal) profiles and electromagnetic profiles will show:


o
the longitude and latitude and grid coordinates;


o
the flight lines numbered at the ends;


o
for each profile the location of the base level which is the line joining the ends of the flight lines on each sheet;


o
on each sheet the ends of the profiles are joined to the ends of the corresponding flight line as plotted on the flight path map by a line normal to the base level;


o
profiles are plotted at a constant vertical scale such that each parameter value is related to its corresponding fiducial by a line normal to the base level;


o
single noise spikes will be removed manually from the database;


o
a constant base level for the stacked profiles will be determined separately for each sheet based on the average level over the sheet;


o
the profiles will be plotted without flyback or scale change except as agreed in areas of extreme relief;


o
the magnetic data will be levelled and the IGRF removed.

1.6
DIGITAL TERRAIN MODEL

Contour maps of the Digital Terrain Model will show:


o
the longitude and latitude and grid coordinates;


o
a location map or sheet index map;


o
technical specifications of the survey;

1.7
FLIGHT LOGS

If requested by the Client, a set of computer generated flight logs will be delivered at the end of the project.

2.
DELIVERABLE ITEMS

2.1
FINAL PRODUCTS

All final products will be supplied to the Client as outlined in the Presentation of Data.

2.2
FIELD TAPES

Video tapes (if recorded) and digital field tapes will be supplied to the Client, if required.

2.3
LOCATED DATA FILE

Located data files on CD-ROM will include all field data corrected and merged with locations in a standard map grid co-ordinate system and organised in line number order. 

2.4
GRIDDED DATA FILE

The grid values used to produce the required image products will be delivered on CD-ROM, organised in a column and row ERMapper format or Geosoft GRD format as instructed by Client.

2.5
OPERATIONS REPORT  

If requested, an Operations Report will be submitted at the completion of this contract, accurately specifying the actual parameters and techniques utilised on the survey.

2.6
ALL OTHER MATERIAL

All other material supplied by the Client or acquired by Geo Instruments in relation to this survey will be supplied to the Client.

E.
PRICING AND PAYMENT SCHEDULE

The following Pricing Schedule is for the Helicopter Electromagnetic Geophysical Survey of an area within the Mineral Resources Tasmania survey program at Moina, totalling 63 line km.

Geo Instruments reserves the right to requote should the size of the survey change substantially.  

All prices below are inclusive of GST.  

1.
MOBILISATION AND INSTALLATION









AUD

a) Mobilisation of crew, aircraft and all necessary electromagnetic 

      and magnetic equipment to survey area and return


$ 1,700

b)  Installation, calibration and demounting of the equipment into the 

      helicopter








$ Nil

2.
DATA ACQUISITION

Includes crew and all necessary electromagnetic and magnetic equipment 

to undertake this survey including crew meals and accommodation, 

local transport, helicopter lease charges, helicopter fuel:


$ 47.00 / km
No charge will be made for periods of crew or equipment unavailability.

3.
STANDBY CHARGES

There will be a Standby Charge for each day or part day that Geo Instruments is unable to fly due to bad weather, excessive diurnal activity or if the helicopter is commandeered by authorities for emergencies. 

The standby charge will also apply if survey operations cannot proceed due to a failure of the Client to fulfil its obligations under this agreement.

The Standby Charge will be determined by the survey production accomplished during the day under consideration as follows:


Survey production of less than 20 kms

$ 2,500


Survey production between 20 and 69 kms

$ 2,000


Survey production between 70 and 139 kms

$ 1,500


Survey production between 140 and 199 kms

$ 1,000


Survey production of 200 kms or more

      N/A

4.
DATA PROCESSING AND PRESENTATION

All computer processing will be undertaken by Geo Instruments using the Geosoft HEM module, under the supervision of senior Geo Instruments personnel.  

All grids will be generated at a cell size equal to one quarter of the line spacing, unless otherwise agreed. 

4.1
Processing

Data input, flight path construction, diurnal correction, tie line levelling and removal of current IGRF, gridding  and levelling of TMI




 

Level electromagnetic data, then calculate, grid and level the Apparent Resistivity for 880 Hz, 

6.6 KHz and 34KHz coplanar coil datasets

Calculate, level and grid Digital Terrain Model

4.2
Map Production  

Flight path maps






CHECK:  Field quality multi-parameter plots of EM data plus TMI and DTM at A3 size

4.3
Digital Data Files

Located data file in a standard ASCII format on CD-ROM

Gridded data files in Geosoft GRD format on CD-ROM

Charge for items 4.1 to 4.3:




$ 3,500

4.4
Other Products

Final maps on plasticised mylar or laminated paper at additional cost (to be advised on Client request of additional products).  Other colour and/or contour map products are also available.  

4.5 Delivery of Products

Flight path plots, digital terrain model image, coplanar coil resistivity images and magnetic images (preliminaries) will be delivered for  review by the Client’s representative no later than six (6) weeks after the delivery of all final products for Mineral Resources Tasmania.  

Final digital data files, and any required resistivity contour maps or magnetic contour maps will be delivered four (4) weeks after approval of preliminaries and any required hardcopy multi-parameter profile plots will be delivered six (6) weeks after approval of the preliminaries.  Such approval by the Client is to be confirmed in writing.

5.
OPERATIONS REPORT 

The preparation of an Operations Report at the completion of the survey  
       $ 800
6.
PAYMENT SCHEDULE

The following terms are proposed:

6.1
UPON EXECUTION

Upon execution of a contract, 20% (twenty per cent) of the estimated total cost of the contract will be invoiced and payable within fourteen days to provide for necessary outlays.

6.2
UPON COMPLETION OF FLYING OF EACH BLOCK

As data acquisition for each of survey block is completed the acquisition charge for that block will be invoiced and payable within fourteen days.

6.3
UPON COMPLETION OF PROCESSING OF EACH BLOCK

As the data processing specified in Clause E4.1 to E4.3 for each survey block is completed the data processing charge for that block will be invoiced and payable within fourteen days.

6.4
FINAL INVOICE

A final invoice for each block, payable within fourteen days, will be presented by Geo Instruments when all data have been delivered, to reflect any adjustment required between the Contract value stipulated in this Annexure and the amount paid by the Client.

7.
FINAL KILOMETRES

The final kilometres charged for all data acquisition, data compilation and processing will be determined by computer measurement of such kilometres actually processed.


