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SUMMARY

During the period from July 6 to 30 (2001), Scintrex executed a regional gravity and
GPS survey in the Tennant Creek region, central Northern Territory. The survey was
completed on behalf of the Australian Geological Survey Organisation in conjunction
with the Northern Territory Geological Survey. Surveying involved the observation of
gravity and GPS positioning data on a regular grid of 4 x 4km and at 2 x 2km within
an area to the south west corner of the Tennant Creek 1:250 000 map sheet. A
network of permanently monumented gravity and GPS base stations was also

established throughout the survey area.

A total of 1605 new stations were observed during surveying with 139 repeat readings
taken at 135 independent stations taken to demonstrate the accuracy and repeatability
of the gravity and GPS data. The final standard deviation of all observed gravity

repeat readings was 0.24pms > and for the AHD elevations was 0.04m.

Data was acquired using a combination of helicopter and wvehicle supported
operations. Gravity data was acquired using Scintrex CG-3 Autograv gravity meters
and reduced to Bouguer and Free Air Anomaly values. Positioning information was
established using GPS and final processed data was located using the World Geodetic
System (W(GS84). Elevation data was tied to the Australian Height Datum (1971)
while gravity data was referenced to the Australian Fundamental Network Datum
(Isogal84).
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1.0 INTRODUCTION

On behalf of the Australian Geological Survey Organisation (AGSO) in conjunction
with the Northern Territory Geological Survey (NTGS), Scintrex completed a
regional gravity and GPS survey in the Tennant Creek region of the Northern
Territory. The survey involved establishment of gravity stations on a regular grid of 4
x 4 km and at 2 x 2 km in selected areas. A network of permanently monumented

gravity and GPS base stations was also established throughout the survey area.

Gravity readings were made using Scintrex CG-3 and CG-3M Autograv gravity
meters while positioning information was obtained using Ashtec and NovAtel dual
frequency geodetic receivers operating under the Global Positioning System (GPS). A
combination of vehicle and helicopter supported operations were utilised to maximise

survey efficiency and production rates.

The survey area covers the 1:250 000 map sheet of Tennant Creek and parts of the
Green Swamp Well and Bonney Well sheets. Within the survey area and as specified
by AGSO, selected areas were excluded where existing detailed gravity data was
already available. The survey area terrain varied from major rock outcrops (Davenport
Ranges) to thick spinifex and to black soil plains in the north. General vehicle access
provided by 2 major highways and numerous outstation access tracks was good but

off road access was poor given the density of the vegetation.

Field surveying was carried out by Scintrex Perth and Queensland personnel with the
helicopter and pilots supplied by Rotor Work Australia, based in Bankstown, New
South Wales. The survey was conducted by Peter Johnson (geophysicist —
crewleader), Kenneth Elleray (senior operator) and Barrett Cameron (geophysicist —
operator). The helicopter pilots were Peter Muddle and Barry D Hoedt, both having
several thousand flying hours and significant low level flying experience. Surveying

commenced on July 6 (2001), and was completed on July 30.
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2.0 SURVEY EQUIPMENT

During surveying, measurements of gravity were made using Scintrex CG-3 and CG-
3M gravity meters while positioning information was obtained using GPS with both
NovAtel and Ashtec geodetic receivers. A combination of helicopter and vehicle
transportation was employed for surveying dependant upon station access and field

conditions.

2.1 Gravity Meters
The Scintrex CG-3 Autograv is an automated gravity meter which makes relative
measurements of gravity by sampling the gravity field at 1 second intervals in the
range from 4 to 99999 seconds. The reading duration is selected depending on the
field conditions and background noise levels. Each 1 second measurement is stacked
and averaged with an auto rejection routine employed to ignore erroneous spikes. The
average and standard deviation is calculated and displayed during the reading to

indicate the reading stability and reliability.

The sensing element of the CG-3 (spring and proof mass) is situated between two
capacitive plates within a temperature stabilised chamber. In the null position, the
proof mass is balanced by the fused quartz spring and small electrostatic restoring
force. A change in gravity causes a displacement of the proof mass, which is returned
to the null position by an automatic feedback voltage applied to the plates. The
feedback voltage is a measure of the relative gravity. The biggest advantage of this
system is that there is no need for mechanical clamping between stations which often
results in significant elastic hysteresis effects. Provided the operator maintains a basic
level of care with the meter, settling times at field stations can be as little as 0 — 1

minutes to provide accuracy better than 0.3pums™.

The stability of quartz spring in the CG-3 enables the application of a real time
software correction for long term instrument drift resulting in a typical drift of less

than 0.2pms?/day. Internal digital tilt meters supply information on the off-vertical

Logistics, Operations and Processing Report
Tennant Inlier NT Gravity Survey
August 2001

5



tilt of the instrument and if selected, a real time correction is made to each 1 second
sample eliminating errors in the reading particularly at sites where the ground is
unstable or soft. A real time earth tide correction using the Longman Formula is
applied at the completion of each reading based on the values of latitude, longitude,
Greenwich Mean Time (GMT) Offset and time of the reading. The CG-3 has a
reading resolution of 0.05ums™, while the CG-3M is 0.01 pms.

2.2 GPS Systems
The NovAtel GPS system used is based on the NovAtel Millenium GPS card which is
a 24 channel (12-L1 and 12-L2) “all-in-view”, dual frequency card. The Millenium
makes measurements of both carrier phases (L1 and L2) as well as L1-C/A and L2 P-
Code and employs narrow correlator technology for more accurate and reliable C/A
data. The NovAte] units Scintrex uses have external palmtop computers for recording
the satellite information during an observation. At the completion of each day, the
palmtop computers have a removable PCMCIA card which can be easily downloaded

onto a computer with PCMCIA card capabilities.

The Ashtec Z-Survey is also a 24 channel “all-in-view” receiver tracking both L1 and
L2 carrier phases with multipath mitigation, dual frequency smoothing for improved
code differential and Z-tracking for more reliable solutions. The Z-Surveyor is an
extremely versatile receiver which is waterproof, compact and operates as a stand
alone unit for post processing applications. Observations of the satellite frequencies
are recorded directly onto a PCMCIA card within the receiver which is simply

removed at the end of the day for downloading.

The two receiver types utilise a choke-ring type antenna (antenna is mounted in the
centre of a large round metal ring to reduce multipath effects) at the base station and
smaller aircraft type or round plastic “‘mushroom’ type antennas for the mobile units.
The aircraft type are used on both vehicles and the helicopter as they are designed to

operate in a high vibration environment.
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Both receiver types are geodetic quality receivers capable of accuracies well within
the contractual requirements. Regular field repeats demonstrate consistent and reliable

operation of the receivers at all times.

2.3 Computing and Processing
During surveying, data was downloaded and processed on Toshiba laptop computers.
All field data was regularly backed up onto compact disk (CD) and field plots of the
data and text files for repeat station statistics were made on a colour Hewlett Packard

DesklJet 340 printer.

2.4 Vehicles
Over the duration of the survey, several vehicles were utilised for field work as well
as for transporting helicopter fuel and base camp duties. All vehicles used were

Toyota Landcruiser Traybacks.

Field survey vehicles were fitted with UHF radios for communication with each other
and with the helicopter, satellite telephones and vehicle recovery equipment. All
vehicles carried 2 spare tyres as well as tyre repairing equipment. Regular survey

vehicles also carry first aid kits and fire extinguishers.

The vehicles were hired from Queensland Four Wheel Drive and were all regularly

maintained and had traveled less than 50 000km when initially hired.

2.5 Helicopter
All helicopter surveying was completed using a piston engine, Bell-47GA., The Bell-
47 is ideal for gravity surveying with the ability to carry the pilot, an operator and all
surveying equipment. If an additional two 20 litre fuel containers are carried, the
helicopter has an endurance of between 5 — 5.5 hours. The pilot carries a personal
emergency beacon (EPIRB) and the helicopter is fitted with both VHF and UHF

radios for communication. The helicopter was on sub-contract from Rotor Work
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Australia Pty Ltd, who provided all pilots and maintained the aircraft throughout the
duration of the survey. Rotor Work also obtained all necessary flight licenses and
permits for their pilots and were responsible for the insurance of the helicopter while
surveying. During the survey, 2 pilots were employed to make maximum usage of the

surveying day (approximately 10.5 hours flying).
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3.0 LOGISTICAL SUMMARY

Scintrex field crews initially mobilised from Adelaide where all field equipment was
being stored. The crew consisted of 3 personnel and 2 Toyota Landcruiser Traybacks.
The crews departed Adelaide on July 3 (2001) and arrived in Tennant Creek on July
5.

Establishment of the gravity and GPS base station networks began on July 6 and was
completed on July 8. Additional GPS base stations were established after this date

during the course of surveying operations.

A combination of 1 and 2 vehicle operations began on July 8 and continued until July
10. At this time, almost all stations easily accessible on roads and tracks had been
exhausted. Due to land enfry and access restrictions, vehicle surveying was difficult
with access being restricted entirely to established tracks only. Production rates for

each vehicle were around 10 — 15 readings per day.

On July 11 and 12, Scintrex crews remained on standby as negotiations over land
access and helicopter operations were held. These negotiations included a
reconnaissance flight by the traditional owners in order to identify and obtain
coordinates for any sensitive areas or sacred sites which were to be avoided during
surveying. Negotiations took place between representatives of the Central Land
Council (CLC), NTGS and Scintrex.

On July 13 after being granted the appropriate access permission, helicopter surveying
operations commenced utilising 2 crews (each crew being 1 pilot and 1 operator) and
a 10 — 11 hour flying day. Helicopter surveying continued in this manner until July
30, when survey operations were completed. Production rates varied from between 80
to 110 depending upon the station spacing, vegetation density and ferry to and from

the working area.
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From July 6 to 26, survey operations were based in Tennant Creek. After this time,

operations were moved to Wauchope to finish the southern section of the survey area.

On July 31 the Scintrex and helicopter crews demobilised from Wauchope to Alice
Springs.
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4.0 CALIBRATION OF SURVEY EQUIPMENT

Prior to the commencement of, during and after field surveying, all field equipment
was tested and periodically checked for correct operation. In addition to tests on
calibrations ranges, regular repeats and loop ties between different instruments
(gravity meters and GPS receivers) during surveying demonstrate the achievement of

the contractual requirements for data precision and quality.

4.1 Gravity Meters
The gravity meters to be used on the survey were tested on a calibration range to
demonstrate their satisfactory performance and to ensure the requirements for data
quality and repeatability would be achieved. The same meters were then tested again

at the completion of surveying.

Scintrex CG-3 gravity meters have only one worldwide operating range and do not
require the use of a calibration table for varying reading ranges. The purpose of the
pre- and post-survey calibration range tests are simply to verify that the differences
measured are consistent with the data quality requirements for the survey. No
adjustment is made to the instrument or constants provided the observed error is

acceptable.

In order to test the correction functioning of the gravity meters prior to the survey,
each was used to measure differences between the two accessible stations on the
Adelaide Calibration Range. The primary base station used was Kensington Gardens
(2001.9108) with differences measured at Nortin Summit (6091.0208) over one loop.
The results of these tests demonstrate that all meters were operating correctly, within
specification and consistently between each meter. CG-3M gravity meter number
9610353 gave an error of 0.29ums™ to the published value at Nortin Summit, CG-3M
meter number 9711402 gave an error of ~0.02ums?, CG-3 meter number 9610358

gave an error of 0.02ums? and CG-3 meter number 9403241 gave an error of

0.06pms™.
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At the completion of surveying, the meters were tested on the Perth Calibration Range
using Mount Gungin (7391.0271) as the primary base station. Differences were then
measured at station 8090.0317 using each meter over two loops. The results again
demonstrate that each gravity meter was operating correctly and within specification.
CG-3M gravity meter number 9610353 gave an average (over the two loops) error of
-0.10pms™ to the published value at 8090.0317, CG-3M meter number 9711402 gave
an average error of 0.41pms?, CG-3 meter number 9610358 gave an average error of

0.25pms™ while CG-3 meter number 9403241 gave an average error of 0.43pums™.

Results of the pre-survey and post-survey calibration tests are contained within

appendix one.

4.2 GPS Receivers
The simplicity and low sensitivity of the GPS receivers eliminates the need for regular
calibration and testing with data quality and consistency being demonstrated during

surveying.

Initially during establishment of the base station network, configuring the GPS
receivers in a closed polygon structure allows the consistency and precision of each
receiver to be demonstrated provided the loop closure errors are acceptable. A closed
polygon configuration also provides multiple paths to each station utilising multiple
GPS receivers and again demonstrates the correct functioning of each receiver

provided the error between each solution at the station is acceptable,

In addition, during field surveying regular GPS repeats between loops, within loops

and between different GPS receivers demonstrates their reliability, consistency and

quality.
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5.0 BASE STATION NETWORK
During the survey, a network of GPS and gravity base stations was established both

for the purposes of the current survey and to provide permanent reference stations for
any future surveying in the area. A total of 5 permanently monumented gravity/GPS
base stations were established in a random distribution throughout the survey area
while 18 intermediate GPS only base stations were established at intervals of

approximately 30km.

Intermediate GPS only base stations were established in order to minimise baseline
(base-rover GPS receiver seperation) lengths during surveying. These stations are
marked with a fence dropper and small metal picket just above ground level (10cm).
The stations have an aluminium identifier tag attached to the fence dropper with the
station number (200181.80XX) and the word “AGSO”. The small metal picket
provides the assumed ground level and in its centre is the exact location of the GPS
position for the station. The positioning accuracy of the GPS only stations is

equivalent to that of the permanently monumented stations.

Permanently monumented combined gravity and GPS base stations are marked with a
flat topped concrete block, approximately 30 x 30cm. Set in the centre of the concrete
i1s a brass disc with the words “Precise Survey Mark” and the station number
(200181.900X) stamped on. Immediate adjacent is a star picket with a diamond
shaped white witness plate aftached stating the distance and bearing of the monument
from the witness marker. This plate has the words “Survey Mark” with a reference to
AGSO under the words “Further Information Contact”. Each concrete monument
protrudes from the ground by approximately 10cm so that it does not become covered
with sand or dirt. The monument has been set in the ground approximately 20 — 30cm.
Attached to the star picket is an aluminium identifier tag with the station number
(200181.900X) and the word “AGSO”. The exact location of the GPS position for the

station is at the top of the raised section, in the centre of the brass disc.

Logistics, Operations and Processing Report
Tennant Inlier NT Gravity Survey
August 2001

13



5.1 GPS Network
The GPS network consists of a series of closed geometrical figures and smaller
internal network structures. The origin of the network is the Australian National
Network (ANN) station NTS 233, situated just north of Tennant Creek, with 0 order
ellipsoidal coordinates and a 3rd order AHD elevation. Only control stations with 3rd
order AHD elevations were available in the survey area which is consistent with the
contractual precision requirements. Several additional state geodetic control stations
which were to be incorporated into the Scintrex network could not be located and as a
result no additional control to station NTS 233 was observed. In addition, given the
remoteness and lack of access to most parts of the area, state control was only

available at limited locations generally along the major highways.

The closed polygon structure of the network ensures consistency and compatibility
between all stations within the network and as demonstrated by the numerous closure

errors, network accuracy was very high and within contractual requirements.

The GPS base station network was established using a combination of multiple GPS
receivers logging concurrently, generating multiple network paths to each station and
providing a real indication of the network error. Up to 4 GPS receivers were used
placed in either a linear traverse or closed polygon configuration at separations of 25
— 30km, access and field conditions permitting. Once the first and last receivers had
logged a minimum of 1.5 hours, the receivers were moved in succession. For
convenience, base station sites were chosen along tracks and fence lines and generally
situated at major features such as road junctions and gates. Base stations were also
generally set off major roads and highways by 50 — 100m for security of the

equipment when left unattended.

Because the network consists of a series of closed polygons, it is possible to determine
the error at a station to which more than one path exists. In addition, it is also possible
to determine the reliability of any stations along a path which end at a station of

known precision (provided the closure error is acceptable). The network processing
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package used on the current survey uses the shortest possible network path to derive
coordinates at each station (i.e. minimal number of network legs) and then uses any
additional paths as a check or error estimate. In the final adjustment however, all
network paths to a station will have an effect on the final network adjusted

coordinates for that station.

— Table 5.1 is a listing of the closure errors for the various closed polygons of the GPS
' network. They are not network adjusted and demonstrate that all closure errors are
within contractual requirements. The errors shown in table 5.1 are stations which have
a minimum of 2 paths connecting them to the network and the errors are generated by
differencing the coordinates derived from the shortest network path to all subsequent

observations / paths at that station.

@STA | FROM | TYPE | DN(m) | DE(m) | DH(m)
8003 8001 Loop -0.03 0.01 -0.05
8003 8001 Dup. 0.01 0.04 -0.01
8003 8002 Loop 0.00 0.05 0.00
8004 9005 Loop 0.03 0.10 -0.05
8005 8002 Loop 0.19 -0.06 0.11

5 8005 8003 Loop 0.0 -0.03 0.05

- 8005 8007 Loop -0.01 0.03 0.07

- 8007 8002 Coop 0.01 0.01 -0.01
8010 9004 Coop 0.03 0.11 -0.01
8010 8008 Loop 0.00 0.06 0.00
8010 8009 Coop 0.00 0.01 0.00
8011 8001 Loop 0.00 0.03 0.10
8012 8009 Loop | -0.04 | -0.04 0.02
8013 9004 Loop | -0.03 0.00 -0.03
8014 9004 Loop 0.02 0.02 0.01
8015 8002 Loop 0.12 0.04 0.09
8015 8003 Loop 0.02 0.07 0.01
8016 8015 Coop | -0.03 0.08 -0.01
8017 8005 Coop 0.01 003 | -0.07
8019 9002 Loop 0.00 0.07 0.00
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8019 9003 Loop -0.04 0.01 -0.02
8020 8003 Loop 0.05 -0.07 -0.03
9001 8002 Loop 0.00 0.00 -0.01
9002 9001 Loop 0.01 0.01 0.01
9005 8001 Loop 0.03 -0.10 0.04
9005 8011 Loop 0.01 0.01 0.00
9005 9004 Loop 0.00 -0.02 0.00

RMS Error| 0.05 0.05 0.04

Table 5.1 GPS base station loop closure summary —~ Tennant Inlier NT Gravity

Survey

In table 5.1: the ‘@ station’ column indicates the station on which the closure is made;
‘From’ indicates the previous station from which the check path originates; ‘DN’,
‘DE’, ‘DH’ indicate the errors measure in the GDA94 easting, northing and elevation
respectively; ‘“Type’ indicates whether the closure is from a closed loop structure or a
duplicate observation (2 observations of the same baseline). The ‘RMS Error’ is the

root mean squared error measured over all loop closure errors.

A full listing of the base station information including network diagrams, station

descriptions and positioning details can be found in appendix two.

5.2 Gravity Network
The gravity base station network established throughout the survey area was observed
with 3 gravity meters using an A-B-A-B-A (3/2) loop structure. In most cases, 2 new
stations were observed within the same loop for efficiency. The use of multiple meters
in each gravity loop generated independent gravity values for each meter at each
station giving a true error estimate and allowing for some redundancy. Each gravity
loop was started and completed at the same established base station, with a minimum
of 2 readings of 120 seconds duration taken at each station. If the repeat difference

between the 2 readings was greater than 0.15um5“2 then additional readings were

made until a minimum of 2 were within 0.15ums™.
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The gravity network (figure 5.1) originates from the AGSO Isogal station at the
Tennant Creek Airport terminal building (6793.0134). All primary permanent base
stations (200181.9001 to 200181.9005) are connected directly to station 6793.0134
while station 200181.8021 (intermediate station) is connected via station
200181.2002. In addition, stations 200181.9002 and 200181.9003 are connected by a
second loop to station 200181.9001.

200181.8005

o

s 1 200151.9004

B6793.013¢4 4

— \
~>—- O 2001819003

200181.8002 ===~

\ v PriMGLY Tigs
b Secondary Ties

200181 8021

200181.9001

Figure 5.1 Gravity base station network — Tennant Inlier NT Gravity Survey
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Station Loop No Error (ums™) | No. Meters Date
200181.9004 1/2 0.17 3 06/07/2001
200181.9005 1/2 0.11 3 06/07/2001
200181.9001 I 0.14 2 06/07/2001
200181.9001 1/2 0.18 3 07/07/2001
200181.9001 check 0.04 3 07/07/2001
200181.9002 1/2 0.23 3 07/07/2001
200181.9003 1/2 0.23 3 07/07/2001
200181.9002 1/2 0.25 3 11/07/2001
200181.9002 check 0.03 3 11/07/2001
200181.9003 1/2 0.29 3 11/07/2001
200181.9003 check 0.04 3 11/07/2001

Table 5.2 Summary of the gravity base station network errors — Tennant Inlier NT

Gravity Survey

In table 5.2, stations with “1 / 2” in the loop number column indicate the maximum
error observed at each newly established base station between all gravity meters (the
number of meters used is indicated by “No. Meters™). The “1 / 2” denotes the fact that
this error is generated from taking the average value determined from each of the 2
loops for each meter. The “check™ in the loop number column is for stations which
were re-observed in a second independent loop. The error values listed for these cases
15 the difference to the previously established observed gravity value at the station.
These same observations also have internal error values associated with the present
loop between all the meters, the values of which are shown within the same box (with

loop number “1 / 2” shown).

As demonstrated by table 5.2, repeat errors from independent loops and within loops
are well within contractual requirements and indicate the high accuracy and reliability
of the gravity base station network. A full listing of the repeatability of the gravity

network is contained within appendix three.
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6.0 FIELD SURVEYING
The field survey procedures and methodology employed for both vehicle and
helicopter modes of transport were for the most part very similar and varied only

slightly for reading times and conditions.

6.1 Navigation
Surveying and setting out of gravity stations was conducted based on navigating to
pre-determined reading locations. Navigation was accomplished using both the
Garmin 12XT. (vehicle) and GPS II+ (helicopter) handheld GPS receivers. Both
receivers are 12 channel, operating in non-corrected or autonomous mode with an
expected accuracy of better than Sm (in the absence of selective availability).
Proposed gravity reading point information including station number, easting and
northing, were loaded into the receiver (via the PC-GPS interface) as waypoints and
then field readings taken as close as possible to these. Stations were generally taken
within 100m of the proposed location and only moved outside of this limit when
absolutely necessary. Because the proposed waypoints are loaded into the receiver,
the exact distance from the proposed point is known (and displayed on the screen) and
there is no possibility of errors in reading locations. Stations to be re-observed as
repeats were marked in the GPS if the reading site did not coincide with the pre-

planned point so that they could be easily relocated.

6.2 Gravity Operations
During surveying, all gravity meters had the constant tilt correction (correcting each 1
second sample for off vertical tilt), real time earth tide correction and auto rejection
(rejecting any reading more than 4 standard deviations from the mean) features
enabled. The time the reading was taken and the value of gravity at each site were
recorded on a field sheet by the operator as was the station number and any additional
comments on unusual field conditions. This was only done as a cross check to ensure

there had been no errors in entering station number information into the gravity meter
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and allowed any errors to be easily and accurately rectified. Data recorded by the

gravity meter is stored digitally and recovered by downloading to a computer.

All gravity surveying consisted of measuring data in independent, closed loops which
started and finished at base stations of known observed gravity. These stations form
part of the base station network established during the survey or are part of the AGSO
Australian Fundamental Gravity Network. Generally it was not practical to have loop
durations of less than 10 hours due to either the helicopter crews changing over in the
field (away from the base station) or vehicle operators working too far away to return
to the base. In these cases, additional repeats and loop ties were made to ensure the
data within in each loop was of acceptable quality and reliability. In addition, the
gravity meters used for surveying generally exhibited very stable drifts, the values of

which can be found in appendix four.

For both vehicle and helicopter supported gravity operations, at each station a
minimum of 2 readings were taken to ensure repeatability and reliability. The
difference between these 2 readings was required to be no more than 0.3pms™ unless
there were extremely adverse reading conditions at the station (such as muddy or
unstable ground). In the event that the difference exceeded this, additional readings
were made until at least 2 were within 0.3ums™. The 2 readings made at each station

are then averaged during the data processing.

6.2.1 Helicopter
For helicopter supported gravity surveying, gravity readings were averaged for a
duration of 30 seconds with a minimum of 2 readings having a difference of less than
0.3ums™ taken at each site. When travelling between stations, the meter was placed
on the seat between the operator and the pilot. Because transportation by helicopter
has a minimal effect on the meter, it was not necessary to allow any settling time

before reading in order to achieve the required repeatability.
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Gravity readings were taken at an average offset of about 5m, directly out from the
passenger side of the helicopter. This position was far enough from the helicopter that
the gravity measurement was not affected by ground vibration (micro-seismic) and
just outside the effect of down wash from the helicopter blades. At all times, the
operator was still in the view of the pilot for safety purposes. The GPS antenna was
located on the boom of the helicopter, approximately Sm behind the cabin, which
meant the gravity reading was taken at an offset of less than 10m from the antenna.
All reading sites were chosen to be flat (gradient of less than 10cm in 10m), clear and
away from major terrain changes which minimised the possibility of breaching

Bouguer assumptions.

When 2 additional fuel containers (201 each) were carried, the helicopter had an
endurance of 5.5 hours including ferry time. This generally resulted in a reading time
of 5 hours in the field yielding between 80 and 110 new readings depending upon
station access and spacing. A typical day for helicopter surveying consisted of 2 shifts
of 5 hours each, with a crew replacement (both pilot and operator) around 12:30pm.
The helicopter lifted off in the mornings at around 7:00am and landed at 6:00pm with

a break during crew change over for refueling.

6.2.2 Vehicle
Gravity surveying with vehicles used a sarpling duration for the gravity field of 40
seconds at each site, again with a minimum of 2 readings having a difference of less
than 0.3pms'2. In almost all cases, the difference was less than 0.1pms™® due to the
fact that the meter was allowed to settle for several minutes before the first reading
was taken. The settling time was necessary because transportation by vehicle causes
the greatest stress on the meter and allowing it to settle just after transportation helps
the spring recover from any minor elastic hysteresis effects. During transport, the
meter was placed in the transit case on the tray of the vehicle. The case is well padded

to absorb shock and vibration and minimise the effect on the meter.
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Gravity readings were taken immediately adjacent to the vehicle which is an offset of
less than 2 metres from the position of the GPS sensor. Reading locations were chosen
to be flat (gradient of less than 10cm in 10m), clear and away from major terrain

changes which minimised the possibility of breaching Bouguer assumptions.

With the exception of the first few days of surveying, the vehicle operator was
generally used only for helicopter support, setting out and retrieving the GPS base
stations in advance of the helicopter. Working off the existing roads and tracks was
made difficult by the vegetation density and it was considered more efficient to utilise

the helicopter for the majority of the survey.

6.3 GPS Operations
The GPS field procedures varied depending upon the mode of transportation (vehicle
or helicopter) and the GPS system used. The Ashtec GPS receivers recorded data
directly to removable PCMCIA cards inserted into the receiver, while the NovAtel
system recorded data to a palmtop computer using the program LOGGPS. For both
the NovAtel and Ashtec GPS systems, the data recording interval was set to 5

seconds.

GPS base stations were set up over the station marks established during the base
station surveying and occasionally on new marks established during a session. The
use of optical plummets in the tri-brach allowed for accurate positioning of the phase

centre of the antenna, to ensure no errors in positioning of field points.

In general, the Ashtec receivers were used at the base stations and in the helicopter
while the NovAtel receivers were used as mobile units in the vehicles. A total of 3

Ashtec and 2 NovAtel receivers were employed during surveying.
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6.3.1 Helicopter
Helicopter supported GPS surveying utilised the kinematic procedure with the rover
continuously in motion. At the commencement of surveying for a particular session
(generally when the helicopter was close to the base station GPS receiver), the
receiver began logging a minimum of 10 — 15 minutes prior to observation of the first
station. This allowed sufficient time to reliability and accurately resolve the satellite
ambiguity values (number of cycles between the GPS satellite and GPS receiver)
using the Kinematic Ambiguity Resolution (KAR) technique. Dual frequency
measurements make KAR extremely reliable and very fast (sometimes as little as 1 —

2 minutes of time 1s used depending upon satellite geometry).

KAR (also known as ‘on-the-fly’ resolution} is a technique used by the post-
processing software to fix the satellite ambiguity values to integer numbers when the
rover GPS is continuously moving. Previously, GPS surveys were initiated by
occupying a station with known position and then fixing the ambiguity values. This is
no longer necessary as it is possible to do this simply while the helicopter is on the
ground just before take off and while it is flying to the first station. The ambiguities
are still fixed to integer values which is the highest accuracy solution possible. In the
event that the lift off point is some distance from the GPS base, the helicopter would
simply fly closer to the base before beginning to survey, or ensure that at some point
within the session, it would fly over the GPS base. The processing would simply then
be done in reverse from this point to the start and forward from this point to the end of
the session. This technique is also particularly useful when using several GPS base
stations during a session. The GPS post-processing can utilise all base stations by

resolving ‘on-the-fly’ when switching between each one.

Once the ambiguity values are initially fixed, the session continues in kinematic mode
provided a minimum of 4 satellites are maintained. Once the number of satellites
drops below this, KAR is evoked and the values re-fixed. KAR uses an auto-reversal
process which searches past times of loss of lock (less than 4 satellites), fixes the

ambiguity values and then goes backwards until it reaches the last loss of lock. In this
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way, there is little chance of losing large blocks of data while the program tries to find

the best time for resolving.

Helicopter GPS data is often the cleanest and kinematic lock is generally maintained
throughout each session. Under these conditions, only 5 seconds is required (1 epoch)
at each station to get an accurate solution. Because the gravity reading takes 1 — 2
minutes however, there are usually at least 12 solutions per station which can be used
to monitor solution stability and ensure there is little drift. Baseline lengths (base-
rover separation) were generally kept below 30km when possible but were sometimes
increased beyond this when there was no access for vehicles to set up GPS base

stations in advance of the helicopters arrival.

The helicopter GPS antenna was mounted on tail boom, midway between the cabin
and the tail rotor. In this manner, the sensor was located beneath the main rotor blades

but this presented no problem for the GPS receiver or processing.

6.3.2 Vehicle
Vehicle surveying utilised a similar process to the helicopter kinematic procedure
using KAR to resolve ambiguity values ‘on-the-fly’. Most of the survey areas in
which the vehicles were utilised had only minor tall vegetation resulting in longer
periods of continuous satellite lock. This allowed operators to spend less time at each
station in order to obtain an accurate and reliable solution. For stations in thicker
vegetation where satellite lock may have been lost, operators simply waited a
minimum of 5 minutes at each station (depending on distance from the base station) to
acquire enough GPS data to resolve a solution. Vehicle baseline lengths where
generally kept below 15 — 20km to ensure accurate and reliable solutions with

minimal observation time.

The GPS antenna was mounted on the steel bars of the vehicle tray, immediate behind
the passenger cabin. It was securely mounted to avoid movement during readings and

between stations.
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6.4 Repeat Stations
In order to demonstrate the repeatability and reliability of the data, it was necessary to
repeat selected stations placed at easily accessible locations and distributed evenly in
time within each gravity loop. Repeat stations are of 3 types: an internal loop repeat
which involves re-observing a point surveyed within the same loop; an external loop
tie which involves re-observing a point outside of the current loop; and an external
base loop tie which involves re-observing a station that has been surveyed using
another gravity and/or GPS base station. Internal repeats are an indication of the
internal consistency of a loop by demonstrating the assumption of linear drift, for
which a correction has been applied to all points within the loop. Loop ties ensure
consistency between loops and indicate repeatability of measurements under different
survey conditions which may vary from day to day. Base ties are used to ensure data
acquired using different base stations is both consistent and comparable. Both types of

loop ties are a way of relating the data from independent loops.

In order to return to repeat stations, each was clearly marked with survey flagging
along with the location of the GPS antenna and gravity reading point to ensure
repeatable data was obtained. In the case of the helicopter, paint marks were made
along the skids and flagging placed to indicate the direction in which the helicopter
faced. When re-occupying stations with the helicopter, it was generaily possible to
land within 1m of the original position depending on whether it was considered safe

by the pilot.

For vehicle surveying, repeat stations were marked with flagging tape and paint marks
were made for the position of the tyres (also indicating the direction of the vehicle)

and that of the gravity meter.
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6.5 Station Locations
As required by contractual obligation, stations were taken within a radius of 10% of
the station spacing when possible and only moved outside of this limit when
absolutely necessary. Causes for offsetting stations outside of this limit include lack of
landing or vehicle access, sacred sites or interference from cultural features, Initially
when surveying was conducted by vehicle and access was restricted by the CLC to
roads and tracks only, some stations were taken at higher than usual offsets (up to

700m on the 4km grid) in order to continue working.

A total of 69.2% of all stations were taken within 100m of the pre-planned reading
location, 30.2% were taken within 100 — 500m of it and 0.8% were taken at more than
500m.

6.6 Land Access Issues
Significant sections of the Tennant Inlier Gravity Survey covered Aboriginal Lands
which required entry permits and negotiations with the CLC to access. In addition,
sacred sites and sensitive areas had to be identified and marked onto maps in order to

minimise disturbance and damage during survey operations.

After negotiations by personnel from the CLC, NTGS and Scintrex, it was decided the
most appropriate method of providing land clearance was to fly selected traditional
owners over the survey area in the helicopter prior to surveying in order to identify the
sites of significance and to obtain GPS coordinates. Several of these reconnaissance
flights were undertaken at various times during the survey as and when required. Each
flight generally cleared enough area to continue surveying for several days during
which time the next flight would be pre-arranged so it could be done quickly and with
minimal disturbance to survey operations. It was necessary to conduct the land

clearance by air given the size of the survey area and lack of vehicle access.

After initial negotiations by the NTGS, Scintrex was responsible for liasing directly

with the CLC in order to effect the land clearance. Each traditional owner was paid by
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the NTGS for the time they spent working on land clearance with their details and
hours worked being documented and supplied to the payment agency for the NTGS in
Tennant Creek by Scintrex.
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7.0 HEALTH AND SAFETY

The health and safety of all employees and sub contractors on a survey is of major
concern to Scintrex and as a routine practice, employees must adhere to all guidelines
and procedures documented in the company Occupational Health and Safety Manual.
These guidelines require specific tasks to be performed by field personnel in order to
maintain a safe and productive work place. All Scintrex employees and sub
contractors have been trained and are competent to perform the tasks required of

them.

All vehicles used on the survey had the necessary recovery and remote operations
equipment such as long range fuel tanks, kangaroo jack, fire extinguisher, first aid kit,
drinking water, satellite phone and 2 spare tyres. Vehicle log books were kept and a

weekly check of vehicle condition and damage was carried out.

All surveying crews were required to contact the main base at lunch time and at
6:00pm if they had not already returned from the field. In the event the base was not
manned, crews arranged beforehand to contact one another in the field to advise other
crews of their whereabouts, status and estimated time of return. Helicopter crews
maintained contact with the base every 2 - 3 hours by satellite phone (carried in the

helicopter) or UHF radio.

All permanent Scintrex staff (all staff on site for the surveys) have current first aid

training and have also completed four wheel drive training.
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8.0 DATA REDUCTION AND PROCESSING

Data editing, GPS processing and reduction to Bouguer gravity were conducted in the
field on a daily basis in order to monitor data quality and instrument performance.
Reduction of the raw data to final Bouguer gravity involves several steps utilising

different processing procedures as detailed below.

8.1 Gravity Processing
Raw gravity data processing methods were independent of the method in which the
data was acquired (vehicle or helicopter), due to the fact all meters used were the
Scintrex CG-3. All gravity data collected in the field, inclusive of station and reading
details, are digitally stored within the memory of the CG-3. At the completion of each
survey day, the data from each meter was downloaded via the RS-232 output into
separate files on a notebook computer. Individual meter survey files are named
according to the last three digits of the meter serial number and an abbreviated version

of the survey date (eg. 353j102.dmp is meter number 9610353 on the 02/07/2001).

Once downloaded, the data was backed up and an edited copy made. The data was
checked and corrected for any data entry errors made by the operator. When the
gravity reading is taken in the field, the time, gravity reading and station number is
recorded on the field sheet by the operator so that any errors made can be easily and
accurately corrected. In addition, each station with the exception of repeats should
have only 2 readings in the edited file. Multiple readings taken at noisier stations are

removed leaving only 2 which are within the allowed tolerance of 0.3ums™.

8.2 GPS Processing
All GPS data recorded in the field either using the Ashtec or NovAtel receivers was
stored on PCMCIA memory cards which were removed each day and downloaded to
a notebook computer. For the base station GPS receivers, files are named according to

the base station number they observed (eg. base 9002 is named *b9002.*) and for
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mobile units, the first 3 digits of the gravity meter serial number and an abbreviated
date are used (eg. *353j102.* for meter number 9610353 on 02/07/2001). Each days
data is stored in a directory named after the date (eg. ..\jl15\. for surveying on July 15)
and separated depending on if the observations are part of field surveying or base

station network set out,

Each observation file created by the Ashtec GPS receivers requires decoding and
decompression from the raw Ashtec format. This results in the output of several files
(binary GPS records, text ephemeris data and a text information file) which are then
converted to the format required by the GPS processing software. Files made by the
NovAtel GPS units are already recorded in the correct format and can be imported

directly into the GPS processing software.

In order for the post processing software to recognise each reading location as a
station, a station file has to be generated with the station number and observation time
for that station. The station file is generated using in-house software and is based on
reading the gravity meter dump file and using the reading times and the value for
Greenwich Mean Time Offset (GMT). The times recorded in the dump file are in
local time. From this the software generates station observation times in GPS seconds
(since Midnight Sunday GMT) for each station which is required by the post

processing software.

After the GPS processing is complete, an output file of station coordinates for each
day is produced for subsequent reduction of the gravity data. Each gravity meter has
an associated GPS file which contains stations observed only by that meter for a
particular session. Station information (latitude, longitude and ellipsoidal elevation)
are output based on the station file input (listing of GPS observation time for each
station). A solution file is generated after processing for every 5 seconds of the

session with the program simply extracting the closest solution point for each station.
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8.2.1 Software
All of the GPS processing was completed using the post-processing software GrafNav
(field surveying) and GrafNet (base network surveying), designed by Waypoint
Consulting Incorporated. GrafNav/GrafNet is a post-processing program which runs
under windows, capable of processing fixed or quick static and float type solutions. It
can automatically switch between static and kinematic (pseudo-kinematic surveying)
within the same session and provides both graphical and statistical analysis for all
solutions. Graphical displays of DOP’s (PDOP, GDOP, HDOP, VDOP), static session
convergence, forward/reverse solution separation, satellite phase residuals and RMS
values give an excellent indication of resulting solution reliability. Numerous
statistical parameters also exist to access reliability including RMS, PDOP and

covariance trace.

Specialised techniques are developed to exclude the use of poor quality and erroneous
phase data in the Kalman filter in order to avoid contaminating the resulting solution.
When processing fixed or quick static, the program searches the data for the periods
of continuous satellite lock with the maximum number of satellites, omitting any
noisy sections of data which may be present. If this process fails or there is
insufficient consistent periods of lock, the standard processing techniques of utilising
the best satellites over the entire observation are used. A similar process is used for
KAR, when phase ambiguity values are fixed to integer values with the exception that

the sensor is not stationary.

Through the windows based interactive menu system, many properties of the data can
be modified to give more accurate and reliable solutions. Satellite geometry can be
altered, the elevation mask changed, base satellites changed and noisy satellites
removed. Solutions obtained from forward and reverse processing can be combined in

order to identify any problems which may exist in the data.
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8.3 Positioning Datums
As a contractual requirement, all horizontal coordinate data was referenced to the
World Geodetic System (WGS84), equivalent for most practical purposes to the
Geocentric Datum of Australia (GDA94). Vertical coordinate data was referenced to
the Australian Height Datum (AHD71). The grid projection system used for
generating rectangular coordinates from WGS84 latitude and longitude positions was
the Universal Transverse Mercator / Map Grid of Australia (UTM / MGA94) with a

zome number of 53.

8.3.1 Derivation of Orthometric Heights
Elevations for each station obtained from GPS observations are WGS84 ellipsoidal
values and must be converted to orthometric heights based on the AHD71 by
application of the N-value for that location. This was achieved using the latest geoid

model produced by AUSLIG, AusGeo1d98 and the interpolation software Winter.

Corrections for the geoid-ellipsoid separation (N-value) were performed in a
differential or relative mode from each of the GPS base stations in order to minimise
the error associated with the absolute N-value (0.3 — 0.5m). The resulting AHD values
at each station have a 3rd order uncertainty (<0.1m). This error is consistent with the
only available AHD control stations in each area which all have a 3rd order

uncertainty.

8.4 Gravity Datums
All observed and processed Bouguer Gravity was referenced to the Australian
Fundamental Gravity Network datum (based on the IGSN71 international datum). All
primary control and subsequent field stations had Isogal 84 _values of observed

gravity.
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8.5 Reduction to Bouguer Gravity
Final processed GPS files were combined with the edited gravity dump files using in-
house windows based software. As a contractual requirement, all Bouguer gravity was
processed using the formula and constants as specified in the Bureau Gravimetrique

“Bulletin d’Information”.
Agpa (1984) = gops (Isogal 1984) — g, (1967) + 3.086h — 0.419ph (].Lms'?')

where

g, (1967) = 9780318.5 (1 + 0.005278895sin*} - 0.000023462 sin*$) (ums™)

Latitude (¢) corrections were made based on the WGS84 value, while elevation (h)
was using the AHD71 elevation, with a density value (p) of 2.67gm/cc. Tidal
corrections were obtained using the Longman formula based on the position (latitude,

longitude and GMT difference) of the base station for the current gravity loop.

Output from the processing software was a file comprising the following fields:

1. station number

2. horizontal (WGS84/GDA94) information (both geographic and grid values)

3. vertical information (AHD)

4. time of reading

5. date of reading

6. drift corrected observed gravity (both corrected and non-corrected for instrument
height) (Isogal §4)

7. tidal correction value

8. free air value (Isogal 84)

0. Bouguer (2.67gm/cc) value (Isogal 84)

10. gravity base station used to establish the station

11. GPS base station used to establish the station

12. gravity meter used to establish the station

13. offset from the pre-planned position
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Once processed and checked for errors, data from each day was appended to the
master file and then gridded and plotted to verify compatibility. Any erroneous
stations can be identified and then re-processed or re-observed when necessary. In
addition, repeat analysis is performed each time new data is appended giving a

detailed listing of the repeat readings taken and the associated statistics.
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9.0 DATA PRECISION AND REPEATABILITY

An analysis of all repeat data from the survey shows consistently high quality and
excellent repeatability. Repeats made within each loop and ties to external loops
demonstrate the achievement of the project requirements for data quality and

precision. A complete listing of the repeat stations can be found in appendix five.

A total of 139 (8.7%) repeat readings were made at 135 independent stations
distributed between vehicle and helicopter operations. A combination of internal,
external and external-base loop repeat types were employed (table 9.1). Repeat
stations were chosen in order to give an accurate reflection of the observed gravity
and GPS positioning errors within and between each loop by distributing them
appropriately within the loop. When practical, each gravity loop contained a minimum
of 1 repeat for each 10 new stations and at least 1 external loop tie. For an average
loop utilising helicopter transport, a total of 100 new readings were observed with 7 —
8 internal repeats and 1 — 2 external loop ties. An average loop utilising vehicle
transport observed between 10 and 15 new stations with 1 — 2 internal repeats and
when possible, 1 external loop tie. The high number of internal repeats were made due

to the extended durations of the gravity loops (usually 10 hours).

Internal External External-Base Total

65 21 53 139

Table 9.1 Summary of repeat reading types

Table 9.1 summarises the repeat reading types which include internal (repeats within
the current gravity/GPS loop), external (ties to an existing loop outside the current
loop) and external base (ties to a station established with another gravity and/or GPS
base station) loop repeats. External base repeats are also a type of external repeat as
they also observe stations outside of the current loop but they have the added benefit
of ensuring that the gravity and/or GPS base stations involved are compatible to

within project requirements.
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The repeat table listings of appendix five display the maximum repeat errors for each
of the parameters (easting, northing, elevation and observed gravity) observed at each
repeat station. These values are only differences between the maximum and minimum
values (i.e. always positive) for each parameter and do not account for the sign of the
difference. In order to analyse the repeat data correctly, the error used to derive the
statistics in the table 9.2 below is generated by differencing each repeat reading from
the first observation at the station and retaining the sign of the difference. This method
is also used to generate the frequency distribution graphs (appendix five) for the

observed gravity and AHD elevation differences at each repeat station.

The frequency distribution graph of the AHD elevation repeat errors shows a mostly
random spread with 100% of the data contained within the limits of —-0.1m to +0.1m
(1o), centred at 0.01m. A plot of the frequency distribution of observed gravity repeat
errors displays a mostly random spread with over 97% of the data contained within

the limits of —0.5um™ and +0.5um™ (1o). The population is centred at 0.02pm™.
pop

Parameter Easting (m) | Northing (m) | Elevation (m) | Obs. Grav. (um™)
Max Error 0.86 1.59 0.09 0.46
Min Error -1.27 -6.30 -0.10 -0.65
Median -0.00 0.01 0.01 0.02
Mode -0.04 0.01 0.08 0.08
Std Dev 0.10 0.14 0.04 0.24

Repeat Readings | 139

Repeat Stations | 135

% Repeats 8.7%

Table 9.2 Summary of statistical analysis of all parameters

No detailed analysis of the horizontal coordinate errors at repeat stations was
undertaken given the project precision requirements for these were only 10m
(absolute). In general, the accuracy of the horizontal coordinates is 0.7 times the

vertical and any large errors evidenced in the horizontal but not vertical coordinate
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values simply reflect incorrect positioning of the GPS antenna on re-occupation of the

station and not error in the GPS solution.

Of all repeat readings taken, no GPS positioning repeat errors were outside of the
requirements for data precision (0.Im). A total of 4 observed gravity repeat readings

exceeded project quality requirements by 0.03pm™, 0.04pm'2, 0.08um> and 0.15 pm'z .

Stations which fall just outside the 0.5um™ repeat ervor limit can be explained by the
presence of localised noise sources such as vibration from the helicopter, micro-
seismic noise or unstable ground surfaces. In all cases where a repeat error was
greater than 0.5um>, numerous additional internal and external repeat stations
demonstrate that the error is not consistent across the loop and is isolated to that

station only.

A complete listing of the repeat stations and the associated repeat data information
can be found in appendix five. These repeat tables are a comprehensive listing of each
repeat station including the values for easting, northing, elevation, gravity meter used,
time, date as well as the gravity and GPS base station used to establish the station.
The average value for each parameter (easting, northing, elevation and observed
gravity) as well as the standard deviation and maximum difference measured for each
station are shown as well as overall survey statistics. The Free Air and Bouguer values
were not analysed for repeatability as they vary only with observed gravity, elevation

and latitude differences all of which are shown,
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10.0 CONCLUSION

Field surveying and acquisition of the data was completed quickly, effectively and to

a high standard of precision and repeatability. Data quality was consistently high as
demonstrated by 139 repeat readings made at 135 independent stations. The survey

was completed within the time requirements with no incidents or accidents.

Access restrictions and difficulties proved to be significant initially but where
minimised once negotiations took place and agreements were made with the CLC. At
times, survey operations were adversely effected by the lack of access to parts of the
area close to Tennant Creek resulting in significant ferrying with the helicopter over

land not cleared for access.

A combination of vehicle and helicopter operations proved to be the most successful
method of surveying given the variability of field conditions, density of vegetation
and the station intervals. In addition, helicopter operations were the most

environmentally sensitive for work off roads on Aboriginal Lands.
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Appendix One

Results of Gravity Meter Calibration Tests

Pre— and Post— Survey
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Appendix Two

Base Station Descriptions and Network Diagrams
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Project: tennant_1 GrafNet v6.01
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Station ID:  200181.9001 {Station Name: "Little Edinborough" Repeater Tower Date: 07/07/2001
HORIZONTAL DETAIL VERTICAL DETAIL MARK DETAIL GRAVITY DETAIL

Eastng: 416020300 |Elevation: 307186  |MarkTyps:  PSM Obs Gravity:  9785376.28 |

Northing: 7787052.870 |Geoid-Ellips. Sep: 32173 Witness Mark: Star Picket

Zone: 53 Witness Plate: Survey Mark Plate

Latitude: -20.01146534 Monument Type: Concrete block

Longitude: 134.20574174 Brass disc

Datum: GDAg4 Datum: AHDT71 Plaque Stamped: 200181.2001 Datum: IGSN71

Order: 1 Order: 3 (Isogal 84)

Class: Class: Located in Map Sheet: Units: ums™

Method: GPS Method: GPS Bonney (5757)
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Station ID:

200181.9002

Station Name: Bonney Well

Date:

11/07/2001

HORIZONTAL DETAIL

Easting:
Northing:
Zone:
Latitude:
Longitude:
Datum:
Order:
Class:
Method:

421594.618
7741301.078
53
-20.42505887
134.24844246
GDA94
1

GPS

VERTICAL DETAIL

Elevation: 361.696
Geoid-Ellips. Sep: 30.880
Datum: AHDT71
Order: 3
Class:

Method: GPS

MARK DETAIL
Mark Type: PSM
Witness Mark: Star Picket
Witness Plate: Survey Mark Plate
Monument Type: Concrete block

Brass disc

Plaque Stamped: 200181.9002
Located in Map Sheet:

Bonney (5757)

Obs Gravity:

Datum:

Units:

GRAVITY DETAIL

9785518.42

IGSNT71
(Isogal 84)

p,rl.'\s"2

BONNEY
WELL

HIGHWAY

T TO TENNANT CREEK

DAVENPORT RANGES
TOURIST INFORMATION

SIGN

SIGN

200181.9002

cleared area

200m

N
10m

TO DAVENPORT RANGES

[ul

CAR
PARK

STUART

-~
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(27.2km)




Station ID:  200181.9003 |Station Name: Date: 11/07/2001
HORIZONTAL DETAIL VERTICAL DETAIL MARK DETAIL GRAVITY DETAIL

Eastng: 463409101 |Elevation: 396666  |MarkType: PSM Obs Gravity: 978544937 |

Northing: 7750728.240 |Geoid-Ellips. Sep: 32.260 Witness Mark: Star Picket

Zone: 53 Witness Plate: Survey Mark Plate

Latitude: -20.34114232 Monument Type: Concrete block

Longitude: 134.64944037 Brass disc

Datum: GDA%4 Datum: AHD71 Plaque Stamped: 200181.9003  |Datum: IGSN71

Order: 1 Order: 3 (Isogal 84)

Class: Class: Located in Map Sheet: Units: ums?

Method GPS Method: GPS Ooradidgee (5857)

— T —
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T = =
= ' access  RoaD -<7g & Ttk
KURUNDI T T
STATION 2 m
X
A
8 200181.9003
“0LD POLICE TRACK
STATION ~—  FENCELINE
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Station ID:  200181.9004 |Station Name: Microwave Repeater Tower Date: 06/07/2001
HORIZONTAL DETAIL VERTICAL DETAIL MARK DETAIL GRAVITY DETAIL

Eastng: 472804241 |Elevation: - 260675  |Mark Type: PSM Obs Gravity:  9785138.26 |

Northing 7862178.507 |Geoid-Ellips. Sep: 34.683 Witness Mark: Star Picket

Zone: 53 Witness Plate: Survey Mark Plate

Latitude: -13.33415060 Monument Type: Concrete block

Longitude: 134.74108721 Brass disc

Datum: GDA94 Datum: AHD71 Plaque Stamped: 200181.9004  [Datum: IGSN71

Order: 1 Order: 3 (Isogal 84)

Class: Class: Located in Map Sheet: Units: ums™

Method: GPS Method: GPS Barkly (5859)

T

TRACK
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~—  FENCELINE
TELSTRA MICROWAVE
REPEATER STATION > GATE
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[conTamer| [ conTainer |

L E—

200181.9004

TO THREE WAYS/

TO BARKLEY H/S
QUEENSLAND

HIGHWAY ——=

BARKLEY

-

Notes:- GPS position is at centre of small star picket (0.5m west of concrete marker)




Station ID:  200181.9005 |Station Name: Date: 06/07/2001
HORIZONTAL DETAIL VERTICAL DETAIL MARK DETAIL GRAVITY DETAIL

Easting: 413362700  |Elevation: 315739 |MarkType PSM Obs Gravity: 978504652 |

Northing: 7888008.896 |Geoid-Ellips. Sep: 34.782 Witness Mark: Star Picket

Zone: 53 Witness Plate: Survey Mark Plate

Latitude: -19.09905154 Monument Type: Concrete block

Longitude: 134.17637578 Brass disc

Datum: GDA%4 Datum: AHD71 Plague Stamped: 200181.9005 |Datum: IGSNT71

Order: 1 Order: 3 (Isogal 84)

Class: Class: Located in Map Sheet: Units: ums?

Method: GPS Method: GPS Flynn (5759)
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Appendix Three

Gravity Base Station Repeat Listing
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Appendix Four

Gravity Meter Loop Closures and Drift
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Appendix Five

Repeat Data Listing and Repeat Statistics
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