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The Royal Australian Survey Corps
Doppler Satellite Year4971-1992

Peter Jensén

This story is dedicated to the memory of Flight Lieutenant Ralph Taylor, 9 Squadron RAAF
(Iroquois UH1H), CENDERAWASIH FORCE, who was killach helicopter crasion 29

July 1977, while positioning a Doppler satellite (Geoceiver) team in the Central Highlands of
Irian Jaya (now Papua) IndonesiaHe is commemorated on the Australian War Memorial

Roll of Honourttps://www.awm.gov.au/collection/R1729459

The author and Dappler satellite surveying My time with Doppler satellite surveying began
1975in Papua New Guinea (PNG) serving with 8 Field Survey Squg@apmondetta antlVewak)
Doppler satelliteield surveysncluded:Operation SANDY BUSH Phasén3the Louisiae
Archipelago inMilne Bay Rovince(Operations SergeantComputations, Survey Records and
Communications 2 Fd Svy Sq@perationsCENDERAWASIH 197énd 1977rian Jaya,Indonesia
(Geoceiver reconnaissance/clearing team and Geocedaen)t 4 Fd Svy Sq@p NERVOSE 1982
Arnhem Land NT (Operations Officer) ap NEURATION 1983 Central NT (Offiecer-Charge).
Training: School of Military Survey 1/76 Geoceiver Operatoue held at Randwick NSW and
Instructor SupporSchool of Military Surve$/77 Geoceigr Operator Course As a oOci vil
student at Western Australian Institute of Technology Curtin Univ) my final yeamajor project
(directed by Directorate of Surv@&yArmy)was toinquire intotherelationshigs betweeithe geodetic
systems el by the Doppler satellite system dhd Australian Geodetic @um/Australian Height
Datum.As a staff officer at Directorate of SurvAymy Headquarterd provided advice on Doppler
satellite operational and technical matters including participatioNational Mapping Council
working groups on standards asgecifications andurvey practicesEmail: pajmjense@gmail.com

Preamble

This story is not a formal history &eoceivergTransitDoppler satellite geodetic receivérs
AN/PRR14 andMX-1502 asused by the Royaustralian Survey CorpdRA Svyy but is a mix

of factual information from papers and reports and also recollections of those who used the
equipment and all that went on around using it. After €éambceiveoperation there was a
compreensi ve report as much covering mywhkassons
was doneWhat this does not cover in any depth is the other associated survey wharkssuc
theodolite and electromagnetic distance measuretraa@rse and other forna$ conventionh
survey,astronomic azimutheighting by airborne laser temgprofiling and aerial photography

in particular station identification photography, all of which waften done at the same time as

the Doppler satellite surveys

! LieutenantColonel (Retd) RA Svy/RAE B App Sc (Distinction) (Surveying & Mapping) WAIT, M Sc (Geodetic Sc)
The Ohio State Univ

2Common abbreviations used are: Royal Australian SurveysG&A Svy; Directorate of Survearmy

Headquarters; DSVYA; Field Survey Squadrgri-d Svy Sqgn; Royal Australian Electrical and Mechanical

Engineersg RAEME; Australian Army Aviation CarpgsAAvn, Sydney Workshop Comparyyd Wksp Coy, US

Defense Maping Agency, DMA US Naval Surface Weapons/Warfare CeqiSWC; DetachmemtDet;

Australian Defence ForagADF; Defence Cooperation ProgradCP; Exclusive Economic ZqQieEZ; Army

Reserve ARES
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Some nominatolls of those who were involved exist, but for reasons of consistency and
completeness, the numbers of those involved, if known at this stage, is summarised rather than
lists of personnel.

It is not intendedhat this story try and covell that is in hose reports. Moreover, such a short

story will never cover all aspects of this era, or indeed be complete in those aspects mentioned,
but | do hope that i1t i whyguhee® anlr ®laoadvopiodt u
Geoceiver years and thahat is said is as factual as possible.

Acknowledgement of those who have stenhe documents, stories, recollections and
photographs is at the end of the stangl in footnotesAll photographs may be used for
purposes of the Survey Corps Associatibasare not to be used for other purposghlout
approval of the Association

This version (revised January 2026includes information sent to me in response tdrhil
draft (June 2024) and revisiodgigust 2024 September 2024nd January 2025There are
gaps in thestorywhich will be filled, and correctedyhen information is forthcomingPlease
emailto me atpajmjensen@gmail.com

The story wa published inrhe Globe, the journal of the Australiand New Zealand Map
Society No 96 November 2024t was reformatted for publishing and printing and did include
information in addition to that in the VersidrSeptember 2024.

Introduction

For nearly 19 years, 1974 to 199BeTransit Doppler satete Magnavox AN/PRR14
Geodetic ReceivelGeoceivey andsecond generatioagnavoxMX-1502 Satellite
Surveyor alsocalleda Geoceiverwere majogeodetic and topographstrvey equipments
of RA Svy. To avoid confusion oéquipmennames in tts paperthe AN/PRR14 is named
Geoceiverand theMX-1502just that. These were titemmonnames used at the timé.
Geoceivel(NSN667500-1131815 anda MX-1502(NIC-0166 are in the RA Svy
Collection ofthe Australian Army Museum of Military Engineering abldworthy NSW.

The Corps establishebout2,000Doppler satellitesurvey stationg Australia and its

Territories (internal and external), Papua New Guitregnesiaandeightisland nations of

the SouthiWe st Paci fi ¢ i n A u sategicanterest. 8ahDapplera of pr i n
satellite receiversbserved and recorded Doppler data from signals from thedy$g N

Navigation Satellite Systerknown asTransitor NAVSAT, which was developenh the

early 1960dor navigation ofuclear ballistianissile(Polaris)armednuclear powered
submarineso update inertiahavigation systemsTransit was a wordot an acronym

NAVSAT also became the popular name for the Transit satellites and is used for that purpose
in this story.ThemanportableGeoceiverprovided the capability asingle or multiple
instrumentdeingdeployed for24 hourthreedimensionaljeodetic qualitysurveyingin any

weather anywhere in the world'hey replacedheC o r gesdetic traversing and astronomy
systems anderodist(airborre electromagnetidistance measuremeiDM) system)for

3 From the unique Doppler Satellite Station Procegsilumbers allocated for each station processed using
precise satellite ephemerides. Numbers started at 10,008 the last number found 11,903 for a station on
Op ALGUM 86Not included in thisummary number is the pogt986surveys before the GPS alREs era,
those Geoceivestations processed by US Defense Mapping Agency in th&97idls and those stations
computed adMX-1502translocations using predicted satellite ephemerides.
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large areaurveysespecially for 1:100,00pographianapping But theywere acapability
alot more than thatHowever they did not replace all survey methods and equipments which
at times wereaised inconjunction with the Doppler satellite receivers

In Australia the major role of the Geoceivers was to provide supplementary mapping control
for the scale 1:50,000 defence mapping progmaammly across northern Australiabout

1,900 maps) In Papua New Guinedgey enabledhe completion of th&éeld surveysor

horizontal contrglby the end of the 1970s, for thele 1:100,000 mapping progranhédy

were essential to the military surveysms$ance projects iremote provinces of Indonesiaer
11yearsfrom 1974to 1984. From 1978 Geoceiversereused extensivelfor Defence
Cooperation PrografDCP)projectsin Solomon Islands, Vanuatu, Fiji, Kiribati, Tuvalu,

Tonga, Westen Samoa and Nauffor surveysassisting those nations to establiber

Exclusive Economic ZonfEEZ) under the UNConvention on Law of the Setm upgrade

existing geodetic networkandfor topographic surveys for mappin@he survey intelligece
resulting from these operationmsalso beneficial to Australia.The Corpshistory notesthe

Corps was expanding its horizons with a new form of activity that would continue taking its
me mber s b ey on dersAonthet nexativa dacaddsdded for much of the period

until the 1990s, the Corps was the most visible etérof the Army outside Australif.

These surveysnainly enabled by the Doppler satellite receivevsrepotentinstruments of

A u s t rfaréign poicgand influencen the regionn the1970s and980s An example of

the importance of the woyko both cooperatinghations especially in diplomatic terms, was
saidto Major Don Swiney MBE, Force CommandéZENDERAWASIH FORCEpy
Australiads Ambass adahhevisited the ondt@IAle is Iriean Jayah 19 7 7
Gincethe incident with they®iney Morning Herald, and all that stuff, the only official

contact | have had with the Indonesian Government has been about your survey project. You
have been our only line of contactb with themn

It was the DCPRpemtions especially those in the South West Pa@ssisting the island
nations to establish théiEZ whichshowedte Cor psdé capabil ity of <co
guality surveysovervastvery remoteareaghousands of kilometres from Australidth
limited logistic support from Australia relying docal and regionatesources These
projects challenged the initiative, adaptability and resolve of all invoRacific neighbours
helped each othewith Fiji and New Zealand offering their nd\ships to spport the surveys
which they recognised as helping all of the nations in the régkiji and Western Samoa
hostedstaging baseand Cook Islanda main base for part of the projgeatith neighbouring
Kiribati, Tuvalu and NauruDCP projects wereombired collaborativeoperations relying on
host countries for coordination and liaismmd often with military officers and soldiers or
Government survey staff integrated into all elemeftbe operatios For some projects,
staff from DCP host countriestanhded training at School of Military Survegonegilla VIC

4CD CoultharClarke! dza G NI f A | Q-#akarg, The RdyalBustiah-Sudvey Corps 191996 p160,
Oxford Press (2000)

5 Later Colonel, Director of Survey Army Headquarters and Head of the Royal Australian Survey Corps
6 CD CoulthareClarke] dza G NJ f A | Q-Makers, The RdyalBustrliarL$urvey Corps-1996 pl66,
Oxford Press, (2000)

7CD CoulthareClarke] dza G NI f A | Q-Makard, The RdyalBustrmlian $urvey Corps-1996 pl170
171, Oxford Press, (2000)
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Geoceivefformal training was a spidist course conducted lilye School of Military

Survey. Initiallyoperatortraining was fothe RA Svytrade Topographic Surveyor Grades 1,

2 and 3. Wheme RA Svy trades were resttured in 1976thenewtradeTechnician
Cartographicreplacing Topographic Surveyor and Topographic Draughtsmelaped field
survey skills A specialist Control Survey Course was later introddicedechnicians
Cartograplt and this was generally the prerequisite course foG@ceiveicourse as it
included subjects such as astronomic azimuth and electromagnetic distance measurement
which were necessary especially for team leaders.

The AN/PRR14 Geoceivel(a military egqiipmen) was not a realime navigator butecorded

Doppler data which whelatercombinedwith postorbit precise satellitephemerides

producel geodeic quality absolutéhreedimensionab p oi nt sbp o g8 intdie@rendent o
otherfield instrumentacarate to about 1.5 metres in each axis (x,§88)percent

confidence)n a world geodetic systemThisdependean the number of satellite passes, the

number of data points in each pass and the balance of satititen geometryThe MX-

1502 (availabe commerciallywas both a reaime navigator and geodetic receiver which

coudbe wused for geod e talsatodétgrminanthe fipldbg ietl iad nivreg 6 |
p o s i toverchanslréds of kilmetresaccurate t@bout ametre.

Operations informatioms drawnfrom operatiorprojectreports,unit reports in the National
Bulletins of the Survey Corps Associatiortee Survey Corps MagazifiePararethe Survey
Operations webpage on the Survey Corps Associations welgiterasvy.organd from
information from individuals who were involved in the work

Base and field mintenance support for all of the Doppler satellite equipmenBuagey
Support Sectiosydney Workshop Company (Syd Wksp Cbgsedat Mascot NSW.

The lst and timings of Doppler satellite operations (below) shows that there was rarely a
period of a few monthsr@o from 19740 1986 when th&eoceiversvere not deployed on
operations somewhere be®veSumatrandonesiaand Cocos (Keeling) Islands thenorth-
west,Victoria in the south and Kiribatn thenorth-east A factor was the seasons sometimes
limiting access to areas to be surveyed.

From earlyl970s Geoceiversver e t he t ool s of small Doppl er
notice to move to anywhr € i n t h e STRB @pkcalist Team Réyal Enginefrs

and US DMA Geodesy and Geophysics Dept, both based at DMA Hydrographic

Topographic Cetre outside Washington DC.ogjetheitheyexercised their national interests

and influence in what seemaalbe an endless list of invitations from many nations of the

world. Canadian ForceaslsousedGeoceivers fiThe defence of North America keegsvery

close to UStechnology. The Corps assisted New Zeal and by
from preci® ephemerides for the Royal New Zealand Navy Hydrographer.

The start date for this story is 1971 when the first Doppler satellite familiarisation and training
was undertaken by an officer in the US.

82/1 Australian Corps Field Survey Company, (Royal Australian Engineers) Australian Imper{aDA642)
served in the Middle East in the Second World War with 512 Army Field Survey Company (Royal Engineers)
which was the ancestral unit of 512 Specialist Team Royal Engineers.

9 Colonel Dave Carney (Retd), Corps of Royal Canadian Engineetsy DfrSarvey Canadian Forces
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A

The Corpso6 Doppler sat elhelGPS (6Elobal®gsiioninglSysteym) wa s
and IPS (Inertial Positioning System) field and compuystems commencing 1987. The
Doppler capabilityvas retired from service in 1992 when the GB&@nt positioningfrom
O6precise ephemer i deopefationabandrmytSurvey Regimefit! € m wa s

Transit development

The dynamics of afficial earth satellites walgrst profounded by Sir Isaac Newton in the
summer of 1687. Two hundred and seventy years later on 4 October 1957, Drs WH Guier
and GC Weiffenbeh'® of the John Hopkins Unersity Applied Physics Laboratory (APL)
observed a significant difference in the transmitted frequency and the received frequency
(Doppler effecor shiftt4) of signals from the USSR SPUTNIK 1 which was the first artificial
earthsatellite. They found that the orbit of the satellite could be determined from Doppler
observation at a single ground statiaithin five months andrbm the imagination and
direction of Dr FTMcClure, also of APL, theghowedhhatfrom the observed Dapler shift

the orbit solution could be inverted to solve the position of earth stations from the known
satelliteorbits. Over one weekenith March 1958 McClure and DIRB Kerscmer(APL)
designedill of the essentigbarts ofwhat became the US Navy Nguation Satellite System,
Transit. All of the work was sponsored by the US NavytHeiPolaris submarin@rogram
Kerscmer, abrilliant mathematician and enginebecame th&rarsit program manager
leadingsystem developments.

APL built 14 developmehand prototypdransitsatellites launched.959- 1961 Like all
spacedevelopment projects some failed at launch and some failed to operate as expected.
The firstoperationabkatellite(also APL)beingthe typeOscar(phonetic alphabet O for
Operationy, was launched in December 1963 with the fitstaris submarineavigation fix

in Januaryl964 From1964 to 1988 there were Zscas successfullyaunchedand

operational Transitwasreleased to the publlty US PresidentiaExecutive Ordeim 1967

and deddred fully operationar civilian usell Ocbber 1%8°. It wasthe firstfreely
availableto the publioglobal system for accurate positioning, navigation and timing.

Oscars were extremely reliable satellites lasting much longer than teigin diée. Two

were operational for 20 year$hey were light weight, and spare satellites were stacked as
pairs on what was known as SOOS (Stacked Oscars onr8cke) launchedwo at a time
into low earthorbits. RCA built later Oscars andas thercontracted to store the spares on

10 Captains P Clarke, P Jensen, J Mobis,RA Svy GPS Experience 1987188 Australian Surveyor, VVol34,
No6 (1989)

115 Malys, Major P JensdnS Defense Mapping Agency, Geodetic Point Positioning with GPS Carrier Beat
PhaseData from the Casa Uno Experiment 198&ophysical Research Letters, Vol17, No5, page§%51
(April 1990)

2Survey Corps MagazigeParare, Issue 9, (1992)

13 Guier WH, Weiffenbach GGenesis of Satellite Navigatiodohns Hopkins APL TechnicaeBid8(2), 17&
181 (1997)

1 Named after Christian Doppler who first described the phenomenon in 1842

5 Pisacane V[T he Legacy of TransjtJohns Hopkins APL Technical Diyed19 No1(1998)

16 Sentman O.L and Danchik R.dnd Rueger,.ll, 1986,JointPaper on the Navy Navigation Satellite System
(TRANSIT) Status and PlaPoceedings of the™international Geodetic Symposium on SktelPositioning,
Austin Texas 28 Ap2 May 1986
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orbit launching three SOOS from 1985 to 1988 to maintain 12 satellites in Transit8vith 7
operational at any tim¥.

NAVSATs were known with different designations. The NSWC numbers 59, 68, 105 etc
were used by RA Svgs that was used for satellite predictid@soceiveiobservatios and
precise ephemerides identification. The other common satellite identifier wiagetdeyit
NNS/APL number eg 30130, 30140, 30480 etc.

A Transit Improvement Program (TIP) of &ar satllites was launched 1972976. The
successful TIP resulted in the second generation operationatesitallown as Novénew),
built by RCA, of which three were launchdxy Scout rocketdNova 1(105/30480)15 May
1981; Nova 3,0ctober 184 andNova 2,Jure 188. Novadesign improvementgspecially
as low atmospheric drag satellitessulted in predicted orbits accurate for up to a week
instead 624 hours. Navigation solutions converged faster with impraeedracies.

NAVSATs were lowearth orbithg at an altitude of about 1,k#4 in polarcircularorbits

with an orbitalperiod ofabout 100minutes. A minimum of five satellites ima&qualspread

of orbital planesindphase betweesatelliteswere requiredo meet the US Navy requirement
that anyvhere in the world navigatidiix es were available between 2nutes near the poles
and one bur at the equator. rédictedsatellite orbits aneéphemeridesrere computed from
observations ablur TransitOPNET (OPerational NE~ork) stations all in the US and
regularly uploaded to the satellitts broadcast messages necessaryefaktime navigation
solutions TransitDopplerfrequenciesvere400and 150 MH.

Transit was continually upgraded. Initially rémhe position fixes from a single satéli

pass were accurate to a few hundred metres with this improved to a few tens of metres over
time. ThePolarissubmarine Transit Doppleeceiversvere able to read an encrypted
broadcast message giving access to better timing information and themgfooged position
accuracies.This was similar to the PRN (Pseudo Random Noise) system used later in GPS
satellies foraccess tonore accurateangingsignals. After what was an extraordinary 32

years of service to military and civilian positioning, rgation and timing usersyith 100%
system availabilityand 9977% single satelliteeliability, Transit was retired in 1996. The
satellites werg¢henre-used as part of a US Navy lonospheric Monitoring Program. The US
Navy Transit system was replacedthg US Department of Defense GPS (Global

Positioning System) used from the eatBB80s and declared operational in 1994.

Transit developments benefitted other satellite programs with Doppler methods found to be
the most accurai@nd reliableor orbit detemination for lowaltitude and lowearth orbiting
satellites (160 krii 2,000 km$2.

From thetwo originalpioneers WH Guier and GC Weiffenbath d6rhe use of range
instead of range ratéDoppler)for aircraft navigation was evident at an early stage,
butthetechnology was not yet available. The present Global Positioning System is the
r es ul tspmreeriAgRdrk@vith Transit, progress in electronics, and the global
economy. Of course, we underestimated progress in electronics. In particular, we did
not predict the incredible extent to which size and cost would be reduced for everyday

7R DanchikAn Overview of Transit Developmgdbhn Hopkins Un&PL Technical Digest, vol19 no 1, (1998)
2 ibid

19 Guier WH, Weiffenbach GGenesis of Satellite Navigatiodohns Hopkins APL Technical Didé&), 17&
181 (1997)
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applications for the mass market, e.g., navigation systems for our automobiles and
pleasure boats, and even handheld units for hikers. We will always look back with
enormaus gratitude and pride that we were part of it@ll.

Geodetic quality Doppler satellite surveys, mostly by government agencies, soon covered
much of the earth adding to the various methods of other global surveys. Transit was
included in the mix of datkor development of WGS 72 (World Geodetic System) and later
WGS 84. In Odaiber 196 the First International Geodetic Symposium on Satellite Doppler
Positioning was held at Las Cruces, New Mexico, USA. Another three such symposiums
were held every thregears until 1986. Such was the significance of the Transit system to
geodesy and geodetic surveying for many applications. At the second symposiugaiy Jan
1979 there were 282 scientists from 32 countries. Typically the symposiums were sponsored
by DMA andNOAA (National Oceanographic and Atmospheric Administratidajional

Ocean Survey and hosted by APL.

TRANET

Althoughclassed as mavigation prograrmand not ayeodetic progranlransitDoppler was

soon utilised for geodetjourposs. Doppler instumentssimilar to Transitvere included on

various geodetic and specsatelliteprograns. The fixed OPNET stations satisfied the
Transitnavigation requirements but a glokspread etwork of stations was necessary for

those applications needimgnreal-timepostor bi t 0 p r epbemsrides arthese | i t e
purposs TRANET (TRAcking NETwork) systemsunder technicatlirectionof APL, were

built for deployment globallgither as fixed sites ¢atermounted in mobile TRANET vans

From 1959 to 197 there were 13 permanent TRANET stations establisbedumbersrzd

locations fluctuatedver the life of the system

Australiads involvement in thelatdialansit progr
Australia/United States Exchange of NofE©N) signed5 June 1961 (Australian Treaty
Series 1961 No 18} Under this arrangemenparmanenTRANET station wasocatedat
Smithfield SA, about 30 km north of Adelaideging operationdbr 32 yeardrom 25
August1961to 30 Jue 1993, Initial arrangements were between the Austian

Department of SupplgpOS)and theUS Navy. The station was accanodated in a snia
building of DOS Weapons ResearEktabishment(WRE) and manned by WREaffand a
member of Physical Sciences Laboratory New Mexico Stateesity until 1967 Initially

the antennas for frequency pairs 400/M88z and 324/162 MHZgeodetic and special
satelliteswerelocatedon two platformsoneabovea John Hopkins Univ APL plaque (east
platform) andhe otherabovea RA Svy bronze plagud962) set in concrete (west platform).
In October 1965 the antennasre celocatedasa square arragn theeastplatform alout 6
metes dove theJohn Hopkins Univeity APL plaque set irconcreté? (Figures 1b and Jc
Ealy TRANET could alsdrack 5 MHz used in developmental Doppler satellites.

20 hitps://www.austlii.edu.au/au/other/dfat/treaties/ATS/1961/10.html

21 GPS fixed statioBmithfield ceoperated by DMA and RA Svy 1281994 was cdocated with TRANET
22 https://geodesyapps.ga.gov.au/cache/files/020402.pdf
https://geodesyapps.ga.gov.au/cache/files/0222-00.pdf
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The US advisg Australia in March 1970 that TRANET would soon ceae to be of interesto
theUS Navyfor develgpment and testingfd ransitnavigation, and that it proposel to dose
the statio in June 1971 Up until 30 June 1971t wasfully funded ly the US.Audralia
recognised tke vdue and lenefits of continued @ticipation in the TRANET program,
inparticular for mgpping, charting andgeodesy in the Australian regioand wnsidered, but
never mplemented, dired Army involvement in station opestion by RA Svy and RAEME
peronrel and relocaing the gation to PerthWA. The 1961 EON wasrenewed in 1971, with
pat operational fundng responsibiliy for the statiortrarsferring to Australia ard the gation
remaining at Snithfield and continuing with WRE staffin@nd its successor organisations)
and managemeuwin behalf of Australia

After the USDefense Maping Ageng (DMA) was established i©972, a bilateral
Memorandum of Mapping, Charting and Geadesy Arrangements was ghed ly Austaliaand
the USin 1973 This arangement becaga cornerstone inthe relationship between RA Svy
and DMA and supportedoperatie ativitiesincluding geaeic projects and the supply of
TRANET derived Transipostorbit preciseephemerideto RA Svy for its use and that of

national and state agencies responsible for mapping, charting and geodesy and for research

universities In return survey results were provided to DMi. 1973 DMA assumed
responsibility for contraananagement and funding of operations and management and
equipment upgrades #RANET stations by New Mexico State Univ Physical Sciences
Laboratory®. A 1979Memaandumof Implementing Procedures, under the 1961/1971
EON, allowed the aging TRANET | to beplaced with TRANET Il equipmentFor
Smithfieldthis remained the arrangememitil TRANET station closure 30 Septemi#393.

Over the life of the SmithfieldRANET station its numbechanged with equipment
upgrades. Nmberswere 012(1961) 112(1965- antenna upgradeandmoved to above
John Hopkins Univ plagy@nd 1974 upgrade tarubidium oscillatoy; 412 (August 199 -
TRANET Il replaced TRANET)land 545Jure 19837 antennaupgrade Figures 1b, 12

US Navymobile TRANET vans were deploye
globally with VAN 307 operationain Australiafrom
March 194 to August 1%6. For periods of one to
five months the van observatlestablished godetic
stationgpreviouslyincluded in otheglobalgeodetic
programs Thestationswereat Perth, Darwn,
Cocos Island, Townsville, Manus Isla@iPNG),
Woomera, Canberra, Thursday Island and
Culgoora®®

Figure la (above) A US Navy mobile TRANET van (weight 4

tonne). Van design changed from the original seaiier size
to this van which varied in letig from 12ft to 19ft long. Each of the fomhip antennas wafor one of the four

Bt KeaArOlt {OASyOS [F02NI G2NBZ b Sé TheSlistanOothe{SatelliteS
Ground Instrumentation Section 19%8d d{de@ember 1993)

24ibid

2 ibid
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frequencies Transit 400/150MHz and geodetic/speszEtellites 324/162MHz.ans were transported either by
US Air Force aircraftor ship(Thursday Island QLD3® ?”

The vans wre replaced by the AN/PRR4 Geoceivelfor point positioning and orbit
determinatiorfrom 1970

Figure 1b TRANET Smithfield SiAwest
antennagplatform (left)above aRA Svy
plague and easintennae platform (right)
above a John Hopkins University plas
The tracking and recording equipment is
in the red brick building.(Photo: the
author 1983)

STATION 545

Figure Ic. TRANET Il Station 545
Smithfield SA next to theGPS
receiver equipmer(pl7) not in this
photograph Note the first
generation8-inch floppy disc
removable median the floppy drive
cabinet. (Photo: the author1983)

%6 ibid
2TNASA Directory of Observation Station Locati@wmidard Space Flight Centre, 3rd edn, (November 1973)
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Observation methods

Observaibn methodgor surveyingwereabsolutejpoint positiom i ragnéd &ési mul t aneou
p osi t jwhichiresuged in survey station coordinates indepat of any otheand

relative positioning-as e ®h aahortadrtscedamnvsh eorcea t o noen 6
more station coordinate sets were determnedative to other stations. Relatigesitioning

of secondary statiomsainly used predicted satellite orbit®t requiringpostorbit precise
ephemeridesut did requie a higher level of coordinatidn ensure that at least two

receivers were obsengrthe same satellite at the same time.

T he C dsepaidns vath th&eoceiversve rpeo iont  p aasitiwasithe easiesty 6

logistically whenthe Corps had accessthe postorbit preciseephemeridesA mi x of O poi
posi ti o elativegpdd iacrdi tragd docya wais wsediom 1982with the MX-

1502receivers

Observation programs were determitgdtheDopplerteansin thefield from predictions
providedby DSVY -A from DMA. Thecomputemrediction printouts, on 132 character wide
folding paper, werdor all satellitesnot only those for which precisgphemeridesvould be
available. Teamdeveloped the observation progrémom thesatellites with precise
ephemeridegequirements of number of suitable passes, above Y8abetevation

balanced north going and south goiegstwestandequal elevations possible Numbers of
acceptable passes to meet station accuracy standards were generally in accordance with the
standards of the Australian National Mapping Counthese standasdwere consistent with

US forces evaluation of theeoceiveiin 197 %8,

Equipment SOPs (Standing Operating Procedures) were developed and maintained by School
of Military Survey and Technical Instruction 307 ransit Doppler Standards and
Specifications byirectorate of Survey Army Headquarters

28 physical Science Laboratory, New Mexico State Univ, Las Cruces, New Mexidistory of the Satellite
Ground Istrumentation Section 1958993, p34December 1993)
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Observation standards

3.4 Classification - Doppler position fixing

The absolute coordinates determined by Doppler point positioning are
classified thus:

Class

1.

Reference System

Precise Ephemeris

Precise Ephemeris

Precise Ephemeris

Precise Ephemeris

Onboard Ephemeris

Onboard Ephemeris

Characteristics

minimum of 35 acceptable precise
ephemeris passes

expected accuracy is 1.5 metres in
each component at 90% confidence
interval

between 20 and 34 acceptable precise
ephemeris passes

expected accuracy is 2.0 metres in
each component at 90% confidence
interval

between 12 and 19 acceptable precise
ephemeris passes

expected accuracy is 2.5 metres in
each component at 90% confidence
interval.

between 6 and 11 acceptable precise
ephemeris passes.

expected accuracy is better than 4
metres in each component at 90%
confidence interval.

minimum of 20 acceptable onboard
ephemeris passes (75 passes optimum)

expected accuracy is about 10.0 metres

in each component at 90% confidence
interval.

less than 20 acceptable onboard
ephemeris passes.

solution is unreliable.

where the two-sided 90% confidence interval is equivalent to about 1.65 standard

deviations.

Figure 2 NMC Standards and Specifications for Control Surveys SP1 Edn 3 1981

This does not include errors in the transformation fronpteeiseephemeridedatum to a

local datum.

Satdlite ephemerides and godetic systems

The geodetic system for the pasbit preciseephemeridesand therefore the Geoceiver
absolute point positionsyas based on the coordinate set of the gloBANET stations used
to compute the precise orhit©rbit computations werdeveloped andone by the USlaval
Weapons Laboratory (NWL), later renamed Naval Surface Weapons Centre (N®@C)
Naval Surface Warfare Centa¢ Danlgren, Virginia, using compat program CELEST
(19717 early 1990s) a word not an aonyn¥®. Thepreciseorbits were reference the NWL

29 Swift E History of Satellitérbit Determination at Navaédurface Warfare Centre, Dahlgr®ivision2018)

Royal Australian Survey CorpBoppler Satellite Years 191992
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9D /NSWC 972 coordinate set from @bler 191 and the NWL 108 earth gravitation
modelfrom Jamary 193 and updated 19845Two-day fits(48 hourTRANET network
observations and numerical integrationteé equations of motignvere done for the orbits

and accuacies improved to about the three mdaeel. With continual CELEST mddey
improvements, the absolute positioning accuracy reached the one meter level around 1980.
Un-modeled higher order ionokpric refraction effects limited the accuracies attaieab

using the Transit satellité§. Compustionof the precise ephemeridpassed from NSWC

to DMA in April 1975. CELEST also supported sateltite satellite trackingvherelow-
altitudesatelliteg(160-200km) with Transit Doppler receivetsackedhigher altitude

NAVSATSs (1,000 km altitude) TRANET, mobile TRANET vans an@Geoceiversvere all

able to track the lovaltitudesatellite(324/162 MHz)for orbit determination.From 1979 to

1982 preciserbits were computefilom 19 TRANET and the 4 OPNET statiéh¥’. In

early-1989 Transit precisephemeridesransitioned to the World Geadtile System 1984
(WGS-84) andGeoceiveandMX-15026 poi nt positiond solutions v
from that tme3* The predicted broadcasphemeridggead and recorded from the satellite
message by thelX-1502 andused for relative positioning, was reference the WGS 72 and
then the WGS 84 from early989.

Whenever possible survey connectigvertical) wereobservedetween the Doppler satellite
antennas anslea level for direct relationships betwegoidal(sea leveland spheroidal
(Doppler)heights.

Point position computations

Initially the Geoceiverdata on paper tapes was transmitted via telex dirétt\b/NSWC

for processing. From 1977Geoceivepaper tapes wempied to magnetic cassette tape in
the field using HP9863A tape reasdand HP9815A calculaterfor despatch to DSV-A for
processingDoppl er O poi ntocepsedsbpPIViy-& nsndDMA provieledp r
program DOPLR®¢ installed on a Defence Univac 1180d theCELEST derivedrecise
ephemeriderom DMA. In 19914992, this capability was transferrédthe newly formed
Geodetic Information Groyir Survey Squadron, Army Survey Reginiéinstalled on a
VAX computer)along with he geodetic computing elemeftthe GPS T14100 geatic
receiver systefd. The field surveys were then all conducted by 4 Fd Svy Sgn (Adelaide).

DOPPLRused thentegratedDopplercount basedlant range diffemrecesbetveen the

satellite and receivealongwith therelevantprecisesatelliteephemeridederivedfrom a
polynomial interpolatiorof the satellite orbit arcs expressedtage position components and
three velocity componenter each 1 minute UTCrie interval The ephemerides tapesnee
for each satellite containimgybit data for up t@ two week periodThe Geoceivethree

30 vetter JR The Evolution of Earth Gravitational Models used in Astrodynamics, Johns Hopkins APL Technical
Digest, VoLume 15, Number 4 (1994)

31Swift E History of Satellite @it Determination at Navaburface Warfare Centre Dahlgr®ivision (2018)
32 ibid

33 Anderle RIDoppler Satellite CharacteristiddSWC TR8363, (October 1983)

34 BangertJA (DMA)CunninghamdP(NSWCIPreliminary Evaluation of Doppler Determined PolsitRms
Computed Using World Geodetic System 188éased by DMA October 1986

35 Sergeant Phil Bannister, 2 Fd Svy Sgn, NCOIC Reweyds Op CENDERAWASIFS

36 DMA Topo Centre Technical ReportZ®OPPLR A Point Positioning Program Using Integcf@oppler
Satellite Observation@pril 197§

37 SurveyCorps Magazine, Parare, Issu@ 992
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dimensionaposition(reference NSW®Z2/ NWL 10E)wasthendetermined frona
convergenteast squaresiulti-pass solutionvith the precise ephemerides held fixEdr
Australian surveys, transformation of the point positicmsrdinatedo the local datums
(Australian Geodetic Datum 1966/84 and AustraliaigHt Datum 1971) were in accordance
with National Mapping Council reenmendations.

The two major sources of errandependent of the receiver type, were ionospheric and
tropospheric refractionDoppler count observatiord thetwo coherensatellitefrequencies
(400/150 MHz)meant that the first order effect of ionospbeefraction was accounted for.
Tropospheric refractiowas not frguency dependent but was a functioteshperature,
humidity and atmospheric pressureorf@ctionfor these componentgas computed from
observations atie Geoceiveof dry andwet temgrature from a psychrometer normally a
clockwork instrumentand atmospheric pressuleromecht each satellite pas#.
unaccounted foslant range eors wereabout 12 metres at 10 degree elevation, 9 metres at
15 degrees and 3 metres at 60 degi®es

AN/PRR-14 Geoceiver

In 1967APL was contracted to the US Navy to desidiglat weight, smallmanportable
geodetic quadtly receiverto replace the mobile TRANET vafar point positioning and
satellite orbit determination

Magnavox waswarded the dnld contractproducing in 197@he Geoceivel(geodetic
receiver) with the military nomenclature AN/PRR. It was built to military specifications.
About 55Geoceiversvere delivered Geoceivediffered fromTRANET stationsin several
respects(a) Geoceiverused the integrateddppler counting technique, which ameasure
of thechange in satelliteto stationrange wa obtaned by counting the number obppler
cyclesreceived betweesuccessivenarkersjb) Geoceivemwas manportable ananuch
smaler andlighter (40kg)thanthe mobileTRANET van(4,000kg) (c) the data format
resultedn atleasta 10-to-1 reductionin the number of datpoints from asatellitepassj(d)
therequirementor calculation ofclock errorsand clock correctionBy staion operators wsl
obviated by obtainingpochfrom NAVSATs automaticallyin the course of tracking
operationand (e) the Geoceivemwas adaptable witliew changedo a semiautomatiomode
of operatiort® 40

In NovemberDecember 1971, thdS Navy, Army andhir Force tested the accuracy and
reliability of theGeoceivemt 21 locationsn the US. The triservice test proved that the
Geoceivercould be used ifoint positionin@modewith an accuracy of 1.5 meters in each
coordinate (x, y, z) at a 90% cordiace level with 35 data pas$esLater tests by DMA
showed that 25a@sses, well balanced nowtbuth going anéqual elevations, could achieve
similar results.

38 HS HopfieldTropospheric Refraction Effects on Satellite Range Measurey#dritsTech Digest, (MApr72)

39TA StansellGEOCEIVERn Integrated Doppler Geotie ReceiverAPL/JHU Report TG710 (Rev) (Nov 1968)

40 Report of the DOD Geoceiver Test Progiasfense Mpping Agency Report 0001 (1972)

4! Lieutenant Dan McCluskey, 1 Fd Svy Sqn, was attached to US Army Topographic Com#haid ke

may have been therto attend the trials.

2t K@aAOrt {OASYyOS [F02NIG2NEZ b Sg TheSlistantothe(SateliteS | yA OZ
Ground Instrumentation Section 1988d d{de@ember 1993)
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Geoceiveh ad t en o p e rivaforiracaiver bet@, threesfar Tranbit observation
400/150 MHzand two for observing thgeodetic angpecial mission sallite Doppler
frequencies 32462 MHz.

Satelite signals on th two coherent frequenciagere received and compareth
frequenciesynthesized from th&eoceived escillator, giving a beafrequencyin the range

of tens of kilocycles.The Doppler count was the number of wavelengths of the beat
frequency received over a measured time inter@ade Doppler count represented a change
in slant range between satellite and receivemefwavelength which for 400 MHz was 0.75
metres. Integrated Doppler count intervals warer two minutes in four suimtervals of
about 280 32 secs.The satellite oscillator veadelibeately offset by an amount that
exceededhe maximum expected Doppl shift, sathat the beat freqncy never passed
through zero. This offseanged from35 to-85 parts pemillion in APL-built satellites. The
maximum Doppleshift for satdites at about 1000 km wwaabou5 parts per millionThe

beat frequency vweaproducedn the reeiver detector and containdte desired Dppler
information, phase modulationpfesent, and noise. It wahis signalvhich was trackedn

the phase lock tracking loo®nly the 400 MHz signdDoppler countvas used irthe

position s¢ution. The 150 MHz=ignal was only used for the iasheric refraction
correction.The Geoceivewas more precise and accurate than other receivers because it was
capabl e of a d&pdatermined from boghdhe sateltite®andrecéiver dock

The Geoceivehad fivebasic parts: anter, preamplifier, receiverpunched paper tape
recorder on which all of the Doppland refraction counibformation and station information
was recordednd 12VDC power supplyThe station information was enéd by the operator
using the receiver front panel switclmeating a header before the pass and a trailer with
station meteorological data after the paAs thesatellite approache@ignal tracked and
locked on)the increasindgrequency noise coulde head in the earphone and then
decreasindrequency after CAP (closest approach poindfter the pass was complete the
operator could decipher the tape information to chieakthere waaboutanequalnumber

of 30 secondoppler count intervalsither side of the CAPCAP was identified as the point
where the Doppler count, or number of wavelengths receivedthe constant time interyal
was a maximumDepending on satellite elevation, satellite passes were between 10 and 18
minutesin time. A minimum of Doppler counts for fouminutes either side of CAP were
specified.

Longer Wavelength Shorter Wavelength
Low Frequency High Frequency

Figure 3 Doppler effect as the sourt@nsmitting a constant frequen¢satellite moves towards and
away from thestationaryGeoceivemwith more waelengths received as thatsllite approaches the
Geoceiver

Royal Australian Survey CorpBoppler Satellite Years 191992 Peter Jensen
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To ensure that the receiver was working corr

were run each day at about 0800hrs so that the receiver could be repaired or replaced that day
if necessary.

Geoceiveunit costsvere about US$50,000 (equiv US$375,000 in 2024 = AS$566,250).
i's believed t hat-l4Bdoceergnd sparesdelivered iN £amFORS,
wereacquired through the Foreign Military Sales (FMS) progfiam the original build of
about 55 fo USagencie$®. FMSwhich had to be beneficial to the national security of both
Australia and the UShortened the materiel procurement system adethelopmenttests

and evaluations to ensure that the equipment met theedgtiandards had been doR&

Svy Geoceiverserial numbes wereDHQ 051, 053,054, 056, 05and 058 Five of the six
Geoceiversvere issuedo 2 Fd Svy Sgr(Randwick NSW) to be allocated field survey

units and School of Mil Svgs directed by DSVMA. The sixthGeoceivemwasallocated to
Survey Spport Sect Syd Wks@oy RAEME, for maintenance training. Deployment of the
Geoceiversvas from single sets angb to five sets for larger operations where it was
originally intended to deploy four in the field and keep one in mase ba a spare.
Geoceiversvere extremely reliablm all operating environmentaormally over98%
availability (their design requirementesulting at times in all sets beidgployed in the

field. To a large extent the main operational limiting fescteere logistic support and
operator fatigue on the 24/7 roster, which if preejskemerides/asavailable or all five
satellites, usable satellite passes were in blocks but on average less than two hours apart.
Although the receiver could operate uratled, attendance was needed to ensure that the
paper tape recorder waad properly especially in humtdopical conditions.

1T} B 1357

toree 122|000

£

Figure 4 Op CENDERAWASIH 7AN/PRR14 Geoceiver receiver on the right, punch paper tape
recorder (lid closed) next to it, boon thewhitewatertight transit boxesThe bottom transit box is
for the antenna and the other is for the receiver. HIReadio AN/PRGF1 is on the left. The alarm
clock was set to UTC which was the satellite pass prediction Tinesatelliteprediction computer
printout is in the folder in the foregroundhe personal shesvave radio kept the team in touch with
world news and musi¢Photo: Gary Huntg)

43The bilateral RA Svy/DMA Mapping, Charting and Geodesy MemaraatlUnderstanding was signed 1973
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As theGeoceiversvere so reliable, the attached Syd Wksp Coy technicians were often
deployedas operators oGeoceiveiteams or with reconnaissance and clearing teams to fill
out the teams and to provide respite for what was otherwise a job with little to do. RAEME
technicians did carry spares kits which were not often needed in the field.

Figure 4a. AN/PRR14 Geaeiveri punchpaper tape
recorder. The paper tape for each pass spooled in
the tray with holesn the top. After the pass, the tapg
was annotated with station and pasfirmation,
rolled up and store¢h a circular cigarette tohcco
tinwitha screwseallidThe dai |l y 6 md
6alternate dat ad ohthe ks
punch paper tapthen decipheredhanually(Photo:
author).

Figure 5 OpMIZMAZE 85(Aug 85)

Sapper A Matison and Corporal J

Smith (both 5 Fd\& Sqgn) assembling

a Geoceiveantenndpreamplifieri

thevari ous seirimdggdss of O6sc
were to stop interference reflections

into the antenna (top section) and the
pre-amplifier (bottom section)The

line on the antenngust above the rods

above theiheadsis the electrical

centre of the antenna and the

reference point of the computed

spheroidal height The two guy ropes

are to stop the antenna being blown

over(Photo: CD CoulthareClark,
Australiads Military M
Svy 191996, p182
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Antenna masts

Threelight weightand compact 75 foot CanadiAstromastsvere procured for use with the
Geoceivelantennaso avoid clearing vegetation to get the observing horizémnb&0

degrees. The trianguleower comprising light alloy tubes altdlOmm in diameter joined

with pin hinges andvith light locking wires was erected by placing the collapgadked

tower on avery levelbase platandanchor pin and rotating one section, about 1 foot high, at
a time with the help of the tripod hoisGuy wires at 25, 50 and 75 feet were attached 120
degrees apariThe tower could be secured at any of those heigFtie. towers were
transported in two drums (standing near the base of the towegure § i one being for the
collapsed tower and theher for the assembly tripod with winch and the guy wires and
ground stakes etcThe assembled antenna was scretwedl plate on the tower tdygefore
erection A 200 foot signakoaxialcable was attached to the preamplifier with the other end
attachedd the receiver in th&eoceivettent. Height of the antenna electrical centre above
the ground mark was measured by either the antenna cable or a 30 metre clatetdpe

the antenna.

It must be said that although trained how to erect and dismantiikeit was not a

particularly popular item as #eemed to have a mind of its own. Site preparation was the key,
especiallyhavinga level base amngell plannedyuy wire anchor location Otherwise it was

a case ofjetting out a yellowd L 0 s s anmgéd rDpad@nd giving a junior Lieutenant a

job asInquiry Officer.

From the authorAs the instructor on the 47 Geoceiver course at School of Military
Survey, I  was sssoawheilajpglimtChriess appearedéie asked e

me didl really have to erect the Astromasther than showing the partdhen only

erecting it to 25 feet. | insistetklling him that it vas important to know how to

preventthe tower fronwisting, corkscrewing and fallingNot convi nced, he
itsonpyur headod and wat dbuesdedthatd nmd it chred ts i waerd ti nt
have to call DSVMA to saythatwe have one less tower for use in PapeavNcuinea

or Indonesia. tidid not fall then but there were accidents and one tower ended up just

over 25feet high.

The Astromastsvere not to be climbed and wbetide anyone who forgot to attach the

antenna cable to the paenplifier. 4 Fd Svy Sqrf-) on Op SEA KING 1974ound that a

team of at least threaenwere required to safely erect the tower anadoit, although

|l owering was more diffidéult and 6édid not | oo

Two 70 ft (21 metredelescopigoneumatidHilomastswere purchased b$trategic and
International Policy$IP) Division for usewith MX-1502in Vanuatu (Op ALGUM 1984 4
Fd SvySqn) For helicopter trasport the masts had to be ungamgcarried because of the
towerlength when collapsedlhose masts were later used for GPS T14100 Geodetic
Receiver antennas.

44 Project Report Op SEA KING 1pivided bywarrant Officer Class One Allan Adsett and M&jave
Carney Canadian Exchange Offic@tC Op SEA KING, faB®lonel Director of Survey Canadian Forces
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Figure 6 AN/PRR14 Geoceiverantenna atop &5 foot CanadiamstromastThis tower is
intentionally leaning to place the station ground mark plumb under the antesimga Wild T2
theodolite The twastorage/transport drumand the winch tripod are near the base of the toWwke
antenna/pe-amplifier is connectetly a 100 foot coaxial cable to the receiver in tieat (Photo:

author)
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MX -1502 Geoceiver

With the release of the Transit system to the public in 1967, elecrommspanies produced

receivers for theommerciahavigation and surveying marketswell as military receivers
Magnavoxwas one of those produciagmix of commercial and militameceivers before

releasinghe commercialsecond generation duftequencyGeoceiverthe MX-1502Satellite

Surveyorin 1978. TheMX-1502 from itsGeoceier roots, becamtheé g ol d 6 fst andar c
survey and geodetic Transit Doppler satellite receivéhe receiver and data recorder were

in the one unit weighing 21 Kg being half that of Geoceiveland amuchsmallerand
lighterantenngFigures 7 and 8)

In March1982, a set ofwo MX-1502were procured for RA Svy ascommercialoff-the-
shelf purbasefunded by Strategic and International Pol{&P) Division Headquarters
Australian Defence Forder Defence CooperatioRrogram(DCP)projects*® The purchase
also included two 12/24VDC Honda generatorsharge 12V wet cell batteries for thikx-
150%. Hondas weréghterand promised to beore reliablehan the standard Army 500W
generator.By then the Corps hagliccessfully completddrgeDopplersatellitesurvey
projects n the DCP irPapua New Guine#ndonesiaSolomon Islands, FipndTonga SIP
Div would have expected such a purchasel employmenby RA Svy, to be bw risk but
high return especially in the context of assisting the S@gist Pacific island natiore
define their EEZ.

Unlike theGeoceivethe MX-1502could not observe the 324/162 MHz frequency pair used
for Doppler signals ogeodeticandspecialsatellites DMA replaced theiGeoceiversn the
early 1980s with the moddd MX-1502the MX-1502DSDual Satelliter 400/150 MHz and
324/162 MHz- to maintain théransit and godeticandspecial trackingapability. These
with security and communications upgradesemgsed until the end of the tracking program
in 1993 RA Svywas never equipped with théX-1502DS"*

Thetwo MX-1502were trialled by 2 Fd Svy Sqn for acceptance and introduction into service

and lke theAN/PRR-14 Geoceiverghey were issued to that uhatr field deploymento

field surveyunitsand School of MilSvyas directed by DSVMA. They were usethainlyin

the Opominhg®omo doerodbpuitd arlesloat i ve positioning |
the satellite on board predicted broadegdtemerides They were also used
mo d e 6 &istingfsurveydstateons, to confirm new station locations in featureless terrain

and to find vehicle routes into statioriBhe recoded data on cassette tapas automatically

checked to ensure its integritfhe receivehad a automaticself-test capaitity. This was a

big advantage over the AN/PRR4 . 60Transl ocati o#ineonrthes ul t s v
MX-1502when the data cassettes wbreught together at ondX-1502 6 Tr ans | ocat i on
could be obsendeover distances of hundreds of kilometneth reportedrelaive accuracies

of about ametre from about 10 passebhe MX-1502could be left alone to operate

auomatically butthat wasnever done.An Operators Manuabpparently used byatmap is

at https://www.xnatmap.org/adnm/ops/prog/GP S/mapdf

45 Major Paul Pearson (later Lieutena@iblonel)SO2 Equipment DS\Wwho was responsible for the mhrase
46 physical Sciences LaboratoNew Mexico State Universitijistory of the Satite Ground Instrumentation
Section 1958 993,(December 1998
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TheMX-1502would have been ideal fdf! Division TopographicSurveySectionto rapidly
densifyor extendexisting survey networks or to establish new theatre .grids

When sing broadcastphemeride§ or 6 p o i n tobsprarg time$orosmilan g 6
accuracies tasingpreciseephemeridesvere typically 4 10 times longer?’

Figure 7. Op ARIGHT 85 Cape
York (Det 1 Fd Svy SqiyX-1502,
the data wa recorded on the red
cassette tape the tape drive is
behindthewater tightcover with
theKeyboard Code indexPhoto:
Mick McConnel)

~ Figure 8 Two M*1502 antennas

between twAN/PRR14 Geoceiver
antennas at School of Military Survey
in Feb1987 for acceptance trials of
T14100 GPS geodetic receivers. The
MX-1502 were observing

6tr ams |l o hedANAPRR4
were observingimultaneougpoint
posi t3xdHIHDEGPSantennas
are on the concrete in the background
awaiting their turn on the tripods.
(Photo: author)

4TTA StansellThe Transit Navigation Satellite Systei@tatus, Theory, Performance and Applicatiqdane
1983)
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Operations and Projects
1971

In late 1971 Lieutenar@an McLuskey?® (1 Fd Svy Sqnhwas attachetb Aust Army
Staff (Washington) for ten weeks where he undertook Doppler satdideeiver
familiarisationtraining with the US Army Topographic CommafitDPOCOM). The
Geoceiversvere introduceadnto service therérom 1970 TOPOCOMwasone of the
agenciego form the Defense Mapping Agency Topographic Cemtre Jamary72.

1973

The Cor ps hila1983rthe Coms joihed io a grogrdm run by the US
Department of Defence to observe a series of US Nawsitrzavigation satellites
across a wide area of Australia.h@SpecialSatellite Mission Tracking Program
(SMTP)expected toun for four yearswas aimed at developingmo d el of t he e a
atmospheregletermining precise orbits for loaltitude satélites and deriving geodetic
positions from Doppler observations of laltitude satellites. This involvetiree man
detachments from, 2 and 5 Field Survey Squadrons undertaking observations at
Culgoora(NSW, PenongSA and CavershaniWA) respectivelyd® This project was
not full-time butapparentlyran from March 1973 to February 1976he exact nature
oftheCop s 6 i n vio SMTRismetnntludedn this version of thistory. More
than 40Geoceiversvere availablglobally for the prograref.

1974

Indonesia,Op GADING 4 (21 April i 9 August1974. In 1974, the US Defence
Mapping Agency (DMA) loaned RA Svy tw@eoceivergDHQ 009 andDHQ 034)
along with a field geodesist Mr Allan Joll for training teams to use and maintain the
equipment.Thetwo loanGeoceiverand Mr Jollweredeployed withs Fd Svy Sqrin
Sumadra, Indonesiato observe existing major geodetic statioftations included
PADANG in Western Sumatrahich became the PADANG DATUM being the single
station coordinate set of thedonesian Datum 1974D74) and thosemajor stations
occupiedon Op GADING 3 1973y Aerodistfor trilaterationties across the Strait of
Malacca to the MalajanPeninsula?!

Northern Australia, NT and QLD 1974 Following on from GADING 4the two
DMA Geoceiversalong with Mr Joll, were deployed to Darwah(or near)RA Svy
station U605 SEOR 1968 mery Point in Larrakeyah Barrack3arwin, and a Cape
York HIRAN statior?2.

Papua New Guinea, Op SEA KING1974 The DMA team then moved ferritory
PapuaNew Guinea witht Fd Svy Sqgrf-) which was establishing mapping control
mainly byAerodistand helicopter born barometric heighting for the scale 1:100,000

48 Later Lieutenantolonel

49CD CoulthareClarke] dza G NJ f A | Q-&Makerd, The RdyalBustraliar$urvey Corps-1996 Oxford
Press, p174.80, (2000)

50 Swift E History of Satellite Orbit Determination at Na®irface Warfare Centre Dahlgr®ivision (2018)

51 Captain Peter BateBrownsword (later LieutenarEolonel) 5 F&vy Sgn, Ops GADING 3 and 4 Operations
Officer

52 bid
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topographic mappingrogram Two Geoceiveteams of three men (Mr Joll, fodrFd
Svy SqgnTopograpit Surveyorsaand one Syd Wksp Cdyeoceivetechniciar)

observe 11 FirstOrder geodetic traverse statiqd$ acceptable passés)m the
Indonesian brder in the nortiwest to Torres Strait, to Rabaul East New Britaird

11 stationgnapping contro(12 acceptable passesjiginally in theAerodistprogram
Two satellitesvere available with precise satellite ephemerides for most of the time,
but at one point there was only orfeome difficulty with station occupation reinforced
the long known valuef preliminary survey reconnaissandgeoceivelpaper tapes
were duplicated on a communications Siemens Telex for safe ked¢fnghorter

occupation mapping control stations the be
work was highlightedltwas essenti al to observ-epbhe spe
time of 37 4 hours so that the receiver reference frequencies were stable. The

Geoceiverdli d not have internal battery power a

transit boxes but was unsuccesstsithe receivers overheatdédwas recommended t
investigate design dfoxesalb wi ng o6éwar m updé during transi

With the success of theeoceiverand an extension of the loaquipmenfrom DMA
for a monththe operationwas extendetb collaboratevith 8 Fd Svy Sgn (Popondetta
PNG)on Op SEA WASHnN the Vitiaz Strait arehetween New Britain and New
Guineato establishmapping controand to establish five new stations (20 acceptable
passes) adjacent to airstrips for trials oftthennew aircraft manted laser terrain
profiler WREMAP2 Airborne Profile RecordéAPR).

Geoceiverreliability was unquestionable aver 96 with 49 hours downtime from
over1,900 hours of operatiaturing Op SEA KING GeoceivelDHQ 009 which had a

total of 25,000hoursof operationsince manufacturdiad 34 hours dowime and
GeoceiveDHQ 034 with 10,000 hours of operati@gince manufacturé5 hours

downtime The punched paper data recorders had the most reliability issuely

paper jammingvith humidity and dustOne problem was the satellite predictions
provided by DSVY¥A which appeared to have been caused by a longitude input error of
100 degrees longitudélracking issues were identified with the antenna on the
Astromast, with noise and sometimes lossighallock above 65 degrees satellite
elevation especially around the critical four minutes either sidatefliteclosest

approach point (CAP). This may have been ground reflections and required a few more
passes to be tracked.

When the operation was exteaatihelicopter support changed from 9 Sqn RAAF
Iroquois UH1H to 5 Sgn RAARroquois UH1H.

After a successfubeoceivelphase of the operation the project nemoncluded

O0rhe Geoceiver has shown itself to be an extremely reliable piece of equipnwnt whi
can be used to obtain both horizontal and vertical control under any meteorological
condition and mo®t terrain conditionsd

53 Op SEA KING 1974, Project Report, 4 Fd SwgiSgprovided by Majobave Carneg Canadian Exchange
Officer, 2IC Op SEA KING, laelonel Director of Survey Canadian Forces
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Training development. Initial Geoceivetraining/course development by Schof
Military Survey was by amall team of leutenant Frank Young and one other (name
unknown) usig all that was known about tii@eoceiverat that timé*. There was the
field experience of 5 Fd Svy Sgn in Sumatra and 4 Fd Svy Sqn in Territory of Papua
New Guinea, all that Mr Allan Joll (DMA) had gsed on and all that Captain Dan
McLuskeyknew from hisattachment to US Army TOPOCOM late 1971.

PreoperationGeoceivettrainingin 1975was conduad for 5 Fd Svy Sgn (Op
GADING 5) and 8 Fd Svy Sgn (Op SANDY BUSH).

Indonesia,Op GADING 5 (6 May i 22 August 1975) 5 Fd Svy Sgmwas the first

unit t o us eGeodeieero@oe agaisnGunatsa,Andonesia based at
PADANG. These stations, along with the 1974 Doppler stations and the PADANG
DATUM 1974then became a major part of #rdensivegealetic surveynetwork
adjustment (VARYCORD) prepared and computedheySurvey Sect DSV of
Indonesian, Dutch, Australian, Japanese, British and Malaysian geodetic surveys over
many years and conrted to ID74

Papua New Guinea, Op SANDY BUSH PH 81 Octoberi 30 November 19/5).
Geoceiversallowed survey control in theemoteoutlying islandof PNGto be
established bpetA 8 Fd Svy Sqr{wWewak) for the nationdbefencel:100,000
topographic lie mapping programThe Det included fouGeoceiveiteamsof two
men and two teams of two employed on conventional sundaysupport was: PNGS
SalamaudLCH - Landing Craft Heavyfor the survey duratiorDet 38 SqQrRAAF
Caribou(Port Moresby) for force insertion, extraction and moving basagyvn 183
Recce K (Lae)Pilatus Portereconnaissance and general suppdrarter Bell 206
Jetranger helicopter survey team transpad supportcivil charter Queen Air air
photography Wild RC10Det A personneincluded 8 Fd Svy Sgn14), 2 Fd Svy Sgn
(2), Army SvyReqgt (2),Syd Wksp CoyGeoceiver Tecli2), 183 Recce Flt (Lagilot
(1) andRAEME Awviation (1),civil pilot (Bell 206)(2), civil pilot (Queen Air)(1), civil
aircraft engnee (Queen Air)(1).%°

Overthe nexffive years,Geoceiversvere used (not a futime endeavour) to fix 202
Doppler satellite stations across all parts of PNG to geodetic and mapping quality
standards®

From Dennis PuniaPf’ perations Sandy Busind Laharawere conducted in 1975

and 1976 respectively and acquired all the necessamyrgl control required for

mapping of the island chains to the north and east of Samarai in Milne Bay province.
The tasks carried out included the establishment of permanent survey marks, including
the clearing of stations, suitable marking and referencitarh station was occupied

by parties of two soldiers for a period e#2lays each with geoceiver equipment used

54EmailFrank Young
558 Fd Svy Sgn Op Instruction 8/75 Op Sandy Bush Ph 3 dated 24 Sep 75

56 Dennis J, Puniard, dza G N> f A} Q& w2f S Ay (GKS al LILAyYy3I 2F t | Lidz
indeperdent nation 100 Years of National Topographic Mapping Conference (2011)

57 Lieutenant (later Major)
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to record a minimum of 14 satellite overpasses to fix the points to 3rd level accuracy.
Some additional survey work by tellurometer andaikes was also completed. The
points were panelled with black or white plastic panels (black was used on sandy white
beaches) and identification photography flown over each point using Wild RC 10
cameras mounted in a civil hire Quegin aircraft. Partieswere generally inserted and
relocated by Bell 206 civil hire helicopters. The operational support to position and
move the whole operational detachment included PNGDF Landing Craft (LCH), RAAF
Caribou and PNGDF Dakota aircraft. Air support was also suggbfrom Australian

Army Pilatus Porter aircraft for some redeployment and spot photography work. 8 Fd
Svy Sqgn personnel were supplemented by other soldiers on detachment from Australian
based Survey units. Local labour was hired to assist with porteradjgrannd

clearing tasks. The main base moved as redudetween Samai, Goodenough

Island, Lousia in the Trobriand Islands and Misima Island. The major operation
(Operation Sandy Bush) were in 1975 but, as not all tasks were completed that year,
anotheroperation (Lahara) was mounted in 1976 to complete the ground control
acquisition. This work had additional support from PNGDF Patrol Boats and some

civil hire local shipping to move the ground parties to required observation giints.

Figure 8a Op SANDY BUSH Ph 8 Det 8 Fd Svy Sghthe two PNGDF LCH (Landing Craft
Heavy) PNGS Samaua and PNGS Bura seain the Trolsiand Islands (Photo: Russ Larséf)

58 Corporal (later Warrant Officer Class One)
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Figure 9 Indonesia areas of Doppler satellites survey operafioBamatraarea(Ops GADING,
NUSATIMUR, NUSA BARAJTIn the west to Irian Jaya (Op CENDERAWASIH) in the east. Maluku
(Moluccas) (Op PATTIMURA) is between Kalimantan in the west and Irian Jaya in the east.

19751977

TheDivision of National Mapping report of the Australian DogipSurvey 1979977
menticms RA Svy observing seven statiGhs

1976
Training, 19 Jaruary i 13 Felruary 1976. School of Military Survey conducted

1/76 Geoceiver Operators Courae2 Fd Svy Sgn, Randwick NSW, in preparation for
Op CENDERAWASIH in IrianJaya, Indonesia later in the year.

Queensland, Op SUNBIRD76. Basedn NormantonDet1 Fd Svy Sqn conducted a
joint 40 personnel ArmyRAAF Geoceiveloperation.

Cocos Island (16 Machi mid May 1976). A two man detachment from 5 Fd Svy
Sgnwas attachetb a US DMA satellite observation program.

Papua New Guinea, OP LAHARA Early in 19768 Fd Svy SqrfWewak)continued
Geoceivemoperatios in the Trobriand\Woodlarkand Ningo Islands groups.

59 Australian Doppler Survey 191977, Division National Mapping Tech Report No 21
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Figure 10 Op Laharai PNGDF Dakota DC3 transporting DetRl Sy Sgn to the area of
operations (Photo: Dennis Puniard)

Irian Jaya, Indonesia,Op CENDERAWASIH 1976(3 Augusti 13 Novwember
1976). Based on the island &AK, Op CENDERAWASIH 196 based or2 Fd Svy
Sgn (Randwick NSWand combined with Indonesig&rmy (TNI-AD) Corps of
Topografi (JANTOP)stablished 7&eoceivesstations in the westetmalf of the
province for horizontal andertical control for scale 1:100,0a0pographic mapef the
Indonesian province Irian Jayahiswas the first phase oftavo phaseGeoceiver
operation over twgears. Over the 112 day$é average completion rate was one
station every 1.4days. Average satellite passes per statiag 27.4, or mainly
Doppler 2 class. Fiv&eoceiversvere availablavith four teams deplogdin the field
at any time.Geoceivervailability was excellent at 98.5%hreeNAVSATS were
available with precisephemeridesEachGeoceiveteam was three Australians and
two JANTOP. The JANTOP Doppler station plaques set in concrete blocks were
prefixed SP (Satellite PointAircraft in support were: AAAvn 2 x Pilatus Porter, air
photo Wild RC10) and general support; RAAR x 9 Sgn Iroquois UHH Geoceiver
teamsand reconnaissance/clearigg 38 Sgn Cariboshortrange tansport2 x 2 Sap
Canberra mapping photoggzhy (Wild RC10),C130Herculesmedium range transport
T force irsertion, sustainment, extractianivil charterQueen Air APR RAN LCH
(Landing Craft Heavy) supportedrte insertion and extractiomNot includingthe
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JANTOP omponentOp CENDERAWASIH 1976ersonneincluded 2 Fd Svy Sgn
(31); other Armyand RAAFon rotation (110§°

From the author Thelslamicholy month oRamadans related to théunar
calendar and not the commonly used solar b&Sexjorian year In 1976
Ramadarwas lateAugust to lateSeptemberin the middle of Op
CENDERAWASIH During Ramadanmpur JANTOP Mislimcolleaguedasted

from sunrise to sunset. On a Geoeeieam,sleeping and cooking was in@®n

22ft x 11ft Australian tent.his meant evepnewasawake very earlyn the
morningwith the rattle of cooking pots, chatter and the smedvedet coffee and
Garam clovecigarettes from the far end of the tent. The only respite was for the
duty Geocaier operator who if not up recordingsatellite pass slept in the
Geoceiver 11ft x 11ft tef@ne morning, on the coast nbrof Forward Base
WASIORI was doing under the mosquito net, when there was an almighty
BANG. First sleepy thoughtas that a can of fishad explode@n the stove

No, it was a gunshotOne of our JANTORiends was being a good soldier doing
his daily pistol cleanAll answered thé -u-okayocall. | have no idea what
happened but we checked that he unloaded it, and put it, the magazine and
ammunition all in the metal boxhere itall belonged. In the morning we

checked the tent for a bullet hole. Thereswane. Tetent end near the soldier
was closed so th®und must have either hit the ground somewhere in the tent or
travelled the 20ft length of the tent, passed ukanstretchers, and out the open
door with the tent flaps tied back.

We did test fire their weapons over the ocedh stoppagesandjams mainly
from dirty and old ammunition.

A rare accident with transport of equipment happened wilotbs of aseocever
spares kit from an Iroquois over the sea. The sealed box would have floated but a
search soon after failed to fincPit.

A story of aGeoceiveteamon the Mapia Island group of three islan@230 km north

of the mainlandand a tsunami warning from aathquake in the Philippines is in
Canberra Survey Corps Assoc Newsletter 5/20Piillau Bras Thirty years later one

of those islands, Pulaur®s, was honouredith the isse of a postage stamyth the
description®Bras Islandis the outermost island of Indonesia located in the Pacific
Ocean and borders the country of Palau. Bras Island is part of the governmertf area
Supiori Regency, Papua province. The island is located north of Manokwari City with
coordinates OA 5B%f57" N, 134A 20Nj30" E.

60 National Bulletin of Survey Corps Associations, No 13, Sep 1977

61 Captain Pat Lilley (later Lieutena@blonel)

62 hitps://id.m.wikipedia.org/wiki/Berkas:Stamps_of Indonesia, -084pg
63 Colonel Don Swiney (Retd) MBE
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Figure 11 Op CENDERAWASIH 1976 Irian Jaya, Indonéstaereconnaissancelearing team at a new
vilage underconstrt i on i n the 6Birds Head?d. From t he | eft:
Svy Sqni Topographic SurveydrCraftsman Johi€assim (Syd Wksp CRAEME Geoceiver Technicign
with village men clearing the new leige of trees and building huts (Be: author)

Figure 12 Op
CENDERAWASIH
1976 Irian Jaya,
Indonesia Geoceiver
team waiting for a 9
Sgn RAAHRroquois
UH-1H tobe moved to
the next station The
Astromast towe(C) is
the two drums on their
sides. Thehreewhite
boxes ardor 12Vwet
cell batteries for the
Geoceiver and
Tellurometer MRA301
Theyweghted down
any light stores before
the lroquoislanded
next to the stack. Corporal Cameron Chapfida Fd Svy Sgin Topographic Surveydalways hada few
freshfish on order fromthe forvard base cookPhoto: authoy

64 Later Warrant Officer Class Two
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Figure 13 Op CENDERAWASIH976 Irian Jaya, Indonesialsland surveys were often a combination of
Geoceiver at one point to establish absoluted p o i n t themaréciprocalisuh azimuth (Wild T2 on the
tripod abowe the ground majkand Tellurometer MRA301 (on the left a 90 deg offset ecceniridistance to
establish another poirdt the other end of the islaridr azimuth and scal&.he Geoceiver antenna is standing
on a blackcloth buntingpanelused here fortation identificationphotogragy (Wild RC10 mounted in an
AAAvnPilatusPorter) against a highly reflective white sand background. Sta&on identification
photography was flown while the Geoceiver team was on site to makthsuslack panels weresitble This
was one of the stations when thapping photography (2 SAAF CanberraWild RC10, 40,000ft) was also
flown when the Geoceiver team was on stafiPhoto: author)

Figure 14 Op CENDERAWASIHO976 Irian Jayalndonesiai a 6 | i g Bebceisec taam enéking use of
local resources. Th€&eoceiver had the fotstar 11ft x 11 canvas tent(Photo: author)
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Figure 15 Op CENDERAWASIH976 Irian Jaya, Indonesia9 SqnRAAF Iroquois UH1H transportand
resupplyfor reconnaissancelearing and Geoceiveréams The pilothas his hand out the windomaving to
local fishing boatrews (Photo: author)

Figure 16 Sapper Wally Chilcott (2 Fd Svy Sqin Topographic Surveydobserving (Wild T2 theodolite) the
vertical angle to a tide gaugeThis was an observegbrtical survey connection betwesaalevel (the geoid
from the tide gauge) and the spheroid (from the Geocei{Rpto: author)

55 | ater Sergeant
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PN FFC
Figure 17 Op CENDERAWASIH976 Irian Jaya, Indonesia Geoceiver team JANTGdfficers looking at
what appeared to be a floating arsthippingmine presumably from the Second World \Wahile waiting for
the rising tideto have asalt water bath(Photo: author)

1977

Papua New GuineaOp NYALAUN KUP PH 1 (20 February - 8 May 1977) Det 8

Fd Svy SqrconductedGeoceiveoperations in the islands east and north of the
mainlandcompletingthe horizontalsurvey control for th@ationwidel:100,000

mapping programUse ofGeoceiverghrough the islandand support from the PNG
Defence Forcespecially thavaritime Element expeditecompletion. This was the

end of a topographic survélgorizontal controlprogram commenced in 1964 with
Aerodistsurveys tied to the geodetic surveys commenced in 1962 by RA Svy and 1963
65 by Division of National Mappingndthe USAir ForceHIRAN 196263 network
TheGeoceiversalso connectethe 19541957 RA Svy and U&rmy Map Service
ship-shore triangulation surveys of New Britain and New Ireland (Operations XYLON
and CUTLASSespectively to the world geodetic system.

Iri an Jaya, Indonesia, Op CENDERAWASIH1977(9 May 1 10 October 1977)

This was year two of the collaborative project with the Indonesian Army Corps of
Topografi (JANTOP}o mapthe provincdrian Jaya CENDERAWASIH FORCE of

2 Fd Svy Sgrand other ADF ung in supportcompleted 4&eoceiverstations at the
rate of one station pdr41 days this was a period of continuous operatiofi$is was
about the same rate as 1978nother four stations were completedtietwo weeks
following. Four and sometigs fiveGeoceiveteamswere field deployed. Like 1976
preciseephemeridegvasavailable for thre®AVSATS. Operations were hindered by
security concerns in some aret®ving progresand by longline logistic support for
the Forward Base directly sumping theGeoceiveiteams Some stations were moved
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from the planned locations due to weatlmarting access irthe mountainous terrain.
In 1977 the prefix for the JANTOP Doppler station plaques set in concrete blocks was
changed fronbeingSP (Satelte Point)in 1976to D (Doppler). Aircraft in support
were: AAAvni 2 x PilatusPorter, air photo ( Wild RC10), reconnaissaand general
support; RAAF 3 x 9 Sgn Iroquois UHH Geoceiver and reconnaissafatearing2
x 38 Sgn Caribou shorange trarsport,2 x 2 Sqn Canberramapping jpotography
(Wild RC10),C130Herculesmedium range transpdrtforce insertion, sustainment,
extraction civil charterQueen Air- APR. RAN LCH (Landing Craft Heavy)
supporteddrce insertion and extractio.he forcesize was similar to 197@bout 19:
2 Fd Svy Sqr{33); AAAvn/RAEME (9), Pater for air photography and
reconnaissan¢®therArmy attached fultime (43); RAAF componergon rotation
Theoperation report is online at National Archives of Austt&fia

On 29 Jul 77Flight Lieutenant Ralph Taylp® Sqn RAAF was killed when the
Iroquois UH1H which he was captainingrashed intaain forestjungleat 7,500 ft
while trying to negotiate a route into a vallepding toGeoceiverstation D108 at
APALAPSILI about ® km northeast of WAMENA. The flight of two Iroquois was
inserting Ser ge aG@Gebceiweream offiveapéddle. |Flightr an 6 s
Lieutenant Taylors commemorated on the Roll of Honour at the Australian War
Memorial https://www.awm.gov.au/collection/R172945Bour others on boardywo
RAAF crew(Flight LieutenantGregCashmere Pilot, AircraftsmanPeterSinclair-
Crewman and twoGeoceiveteammembergCraftsman Ril Edward$§” i Syd Wksp
Coy Geoceiver Tegh.ieutenantSubandii JANTOP) were injured aneveremedically
evacuated to Australizy RAAF C130from WAMENA 8. Geoceiverstation D108
APALAPSILI was one of the stations that had been avoided because of security
concerngsee Apendix ).

WhereGeoceiveistations were loated on or near airstriplsat were crossed, or
planned to be crossely thelaser terrain profileWWREMAP2 APR a vertichprofile
of the airstripcentrelinewas surveyecormallyby conventionabifferentiallevelling
connecting to th&eoceiverstation. This allowed the spheroidal heighthe APR
airstripcrossing point to be estimatédm theGeoceiverdetermined heighthen
redwced to the geoid from the surveygebid/spheroid separatiat local coal
Geoceiverstations Thelroquois nountedGeoceiverreconnaissandéegearingteam
surveyed thd976Geoceiverstation airstripsn the Birds Head area (western Irian
Jaya)after theGeoceivereconnaissande the soutkeast around MERAUKRvas
completed

66 Op CENDERAWASIH IRIAN JAYA Op report 1977, N&RA69
https://recordsearch.naa.gov.au/SearchNRetrieve/Interface/Viewlmage.aspx?B=12916154

57 Later Brigadier BM (Bravery Medal)
68 Canberra Survey Corps Assoc Newsletter March 2011
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Honours and awardsom CENDERAWASIH 19771 x MemberBritish Empire 1 x
Bravery Medal1 x Air Force Crossl x Chief of General Stalffommendation,
General Officer Commandinfgeld Force Comman@ommendations

Figure 19 Op CENDERAWASIH977 lian Jaya, Indonesié the Geoceivereconnaissancelearing tam
waiting for the weather to cleaotadvance up the valley to findsaitable Geoceiver station site thearea
preferred on thenapping photographgPhoto: author)

Figure 20 Op CENDERAWSIH 1977 Irian Jaya, Indonesialeft: Major Don Swiney (Force Commander
CENDERAWASIH FORQRvith ColonelJohnCoates (Colonel Operatiori§eld Force Command and later
LieutenantGeneralAC MBE, Chief of the General Staffi a highlandsGeoceiver statioiPhoto: Don Swiney)
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Figure 21 Op CENDERAWASI 1977 Irian Jaya, Indonesiatheglacier-cappedhighest pealon the island of
PapuaNew Guine#rian Jaya Mt Puncak Jaya (Carstentp,024ft about fivekilometres east of the
Tembagapura Freeport mine aver 13,000 ft (Photo: authpphototaken by Sapper Jamie Lyle)

Figure 22 Op CENDERAWASI 1977 Irian Jaya, Indonesiathe Geoceiver reconnaissance tet@sting an
Iroquoislanding zonemaking sure the aircraf i d n 6t si nk | mchsenGeoseiver $itare& mud at
AGATS on the soutbast coastSapper Jamie Ly{& near theroquoistail rotor, is makingcontact with locals

in the canos coming to see what was going on. Jawas a great asset on reconnaissaritwvingattended

with distinction the short Indonesian language couraeRAAF School of LanguagesRAAF Basd oint
Cook(Photo:author)

69 Sapper Jamie Lyle was awarded a Chief of the General Gtaffmendation for his bravery in an incident
during the operation. That story by Major Don SwindgEwas published in th€anberra Survey Corps Assoc
Newsletter 6/11 December 201dBallad of Running Bear
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Figure 23. Op CENDERAWASIH 1977 Irian
Jaya, Indonesi& JANTOPbronzeground mark
plaque D83 station not established dNational
control neéwork T D83 Doppler Station Damage
is Prohibited, Not to be DisturbédNational
Mappingi Corps of Topographi Indonesian
Armyd(Photo: author)

CENDERAWAS/IH 77 GEOCEIVER STAT/IONS
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Figure 24 From operation repoff. Op CENDERAWASIH 1976 Geoagistations coverethe
remainder ofirian Jayato the west othe 1977area

ORef: Op CENDERAWASIH IRIAN JAYA Op report 1977, NAA A6918/2
https://recordsearch.naa.gov.au/SearchNRetrieve/Interface/Viewlmage.aspx?B=12916154
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Force security
Force security incidents are not included in the djmraeport’*

The central highlandsentred around thewn WAMENA in theBALIEM VALLEY ,

was a high risk securitgreabecause of widespread civisturbance. Reasons for this
were given as interibal fighting after a football malcandactivities of elements of

the pro-independenc®rganisation of Free Papua Movement (OPNHdonesian

military forces, based &/AMENA , wereconducing intensiveoperations in the area
The planned location and occupation schedule for $eeneeiverstationshad to be
modified accordingly Op CENDERAWASIH had avoided that area but on completion
of everything else two teams were to observe @eoceiverstationssupported from
Forward Base-f WAMENA. The aftermath of the Iroquois cradélayed the survey

for more thara week.

Four sgnificant curity incidentsare mentioneat Appendix I AAAvn Pilatus
Porter hit by ground fireGeoceivesstation D108 APALASILI, Geoceiverstation D97
KARUBAGA andthereconnaissanceam at TIMIKA.

Op HOME RUN (September 1977). Det 2 Fd Svy Sqgn strengthened the survey
network on the Lake Hume Photogrammetric Test Rangel lzdsgchool of Military
Survey, Bonegilla VIC

Training (26 Septembeii 4 November 1977) School of Military Survey conducted
1/77 GeoceivelOperators Coursat Bonegilla VIC Instuctor supportvas provided
by 2 FASvy Sqn(Sergeant with recent operational experienCgp

CENDERAWASIH 1977)

Georgeown area QLD (November 1977) Det 1 Fd Svy Sqgn observeasgisting
stations irnthe Georgetown a@a withGeoceiver For the first timea RAAF Chinook
medium lift helicoptemwas used. t @ad catrying and manouvering capabilitysva
used to advantage.

Geoceiver progress.The 1977 National Bulletin of the Survey Corps Associations

reported that 25Geoceiverstations had been observed in the first two years mainly in
Papua New Gui n eered walld havegpreuoasl been ifdpossible to

establ sh geodetic control. using conventional

1978
Townsville QLD, GEOS-3. Det 1 Fd Svy Sgn observ&tASA satelliteGEOS3 also

known as GEOX (Geodynamis ExperimentalOceanSatellitg launched 197%also
known asGeodetic Earth Orbiting Satelljtassisting a US DMA geodetic progrdm
mapt he eart hos .dtwasvhe thiedsatebite ia theEOSpedraoim
commencing in 1965. hie satellite 32462MHz Dopplerpackagdor ground based
orbit trackingwastracked by th&eoceiver Otherinstruments on the satiéd were to
investigate alternativenethods of orih determination andhapping the ocean surface.

L ibid
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Transit stations uséfdr GEOSC Doppler based trackingere the 12r morefixed
TRANET and 12 mobil&eoceiver? The station waat RAAF Base Townsville. The
programended in July 1979 bwtasplanned to béonger-termwith the DMA operator
accompanied by his family with children in schéblA small geodetic survey in the
Townsville areavasalsoconducted It is uncertain whettr theGeoceivembelonged
to DMA or RA Svy.

Papua New Guinea, Op ANIA LOLO Geoceiveoperations were conductég 8 Fd

Svy Sgnon mainland PNG and the Bismarck Archipelago to establish control for future
WREMAPS2 Airborne Profile RecordéAPR) operatiors. Logistic suprt was

AAAvn Nomadaircraftand PNGSSamarai (Patrol boat)

Northern central NSW. For five week®Det2 Fd Svy Sqrundertook a collaborative
Geoceiverprojectwith the Central Mapping Authority in tHéollerenebrMoreearea
This wasthe firsttime that unitvehicles(Landrovers)vere usedor the survey teams.

Solomon Islands, Ontong Java (25 Jusi 2 July 1978) Det8 Fd Svy Sqr{Wewak
PNG)established &eoceiverstations on Ontong Java, Solomon Islafsonnel
were: 8 Fd Svy Sq(6), Syd Wksp CoyJ).

Guadalcan,

-’"— uada : %ﬂﬂ
F oy

| VA

| CORAL SEA
oy
taion
©
I

l J

| NEW @
CALEDONIA
Fracel

Figure 25 DCP Island NationsSouthWest Pacific AregSolomon Islands, Vanuatu, Fiji, Samoa, Tonga,
Nauru, Tuvalu, Kiribati)showing the vast extents of the areas of operations and the distances relative to
Australia

72 AnderleRJ, NASA Space Science Coordinated Archive
https://nssdc.gsfc.nasa.gov/inmc/experiment/display.action?id=027%05
73 Captain Peter BateBrownsword (later Lieutenarolonel) 1 Fd Svy Sgn
74 National Bulletin of Survey Corps Associatioh878

Royal Australian Survey CorpBoppler Satellite Years 191992 Peter Jensen


https://www.rasvy.org/wp-content/uploads/2024/03/No-14-National-Bulletin-Survey-Corps-Assocs-November-1978.pdf

38
Revised January 2026

Exmouth area WA, Op NEW BROOM. Det 5 Fd Svy Sgn usddeoceiverto
establish supplementary topographic survey control for six 1:50,000 maps in the
Exmouth area.

1979

Shoalwater Bay Training Area, Townsend Island Det1 Fd Svy Sqmused
Geoceiveto establish WGSZ control for the live naval gunfire and air bombmagge.

""""

South Australia, Op DESERT WALK (24 February 7 24 March 1979) Det4 Fd
Svy Sgnbased at Maralinga VillagesedGeoceives to establistsupplematary
mappingcontrol for1:100,000mappingin the Maurice, Ooldea, Tallaringa and Barton
JOG areadrive teams observed 20 stati@mmnprising 13 new, Bxiging high order
astronomic and 2xistingfrom an unclosed SA Lands Dept traver3aventy five wel
balancedsatellitepasses were observatieach station. Terrainprofiles ofabout100
metresaroundthe statiorwere observetbr connection to WREMAPS 2 APRrofiles.
OneGeoceivercould not be repaired in the field being replaced from SydneyW500
generators failed with various problems needing 100 percent baGegqzeivepaper
punches frequently jammed from duggress In support vas onel71 Command and
Liaison Sgqn AAAvn Kiowa LOH fo reconnaissance and resupply, 8rfegn RAAF

Iroquois UH1H for transport of survey teams and to position fuel where vehicles could

not accesand a charter Queen AiBrisbanefitted with Wild RC10 aerial camera for
identification photographyPersonnel incl: 4 Fd Svy S¢R0), Syd Wksp Coy
GeoceiveiTech(1), AAAvn (2), RAAF (5), dvil charter Queen Airl).”™

Fiji, Op SPEARLINE 79(18 April i 21 Jure 199) A seven man detachment from 2
Fd Svy Sgn and tw8yd Wksp Co\RAEME GeoceiveriTedniciansobserved 30
Geoceiverstations for Fiji to define baselines fitg Exclusive Economic Zon&ach
field party consisted of one 2 Fd Svy Sgpidier, one Fiji Army soldier and one
chainman from the Fiji Lands Dapment Field parties were transported usorge of
three Fiji Defence Forcghips which were ex US Navy &nd World Wamine
sweepers. In the majority of cases field parties were dropped ontshbes
walk/climb the several kilometres to the survey statibands were provided to hire
local labour. Two stations wee occupied with the help of a locahater helicopter for
a one way lift from the shore to the top of an existing station on a mountaipop.
identificationphotography of all occupied stations was taken using a ¢beater
aircraft with a Fiji Lands Degatmentaerial camera aha 2 Fd 8y Sqgnair camera
operator. This was the first Pacific operation relying a great deal on local logistic
support.”® 77

75Op Desert Walk 1979, Project Report, 4 Fd Swy Sq

6 Captain Kym Weston (later Major) OffiearCharge Det 2 Fd Svy Sgn

7CD CoulthareClarke] dza G NI f A I Q-&akerd, The RdyalBustrallar$urvey Corps-1996 pl170
171, Oxford Press, (2000)
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Figure 28. Op SPEARLINE9T Fiji. Officer-in-ChargeCaptain Kym Westofwearing aT-shirt) and his
teamon the beaclplanning the rext phaseto insertthe Geoceiver teason survey stations with thecal
charteredlight helicopter Sling loadswere prepared in the nets. (Photo: Kym Weston)
Maluku Province, Indonesia, Op PATTIMURA 79 (July i Deember 199) Det?2
Fd Svy Sgrbased aManado in North Sulawesi established@€oceiverstations in
the area historically known as the O0Spice
Halmaheras.This was the first year of a three year DCP proj&etpport elements
included 9 Sgn RAAF Iroquois UIH and 8 Sqn RAAF Caribou

Papua New Guinea 8 Fd Svy Sqn established G&oceiverstationson Manusls,
New IrelandandNorth SolomongBougainville) Support included the Maritime and
Air elements of the PNG Defence Forad&nd like many othesurveytasks the trying
environmental conditions testéte Survey sappers

drhe final field task8 Fd Svy Sgin Wewak)was carried out in November 1979

with Dopplersatellite observations at three stations to strengthen the survey
control of the Admiralty Isinds. This task tested the initiative of the members
involved as heavy unseasonal rain caused numerous landslides, several massive
treeshad to be felled to clear stations and to top it all off a tidal wave hit the

camp on Papilou Island. Fortunately thgugoment had been packed minutes
earlier for witRKdrawl from the pointo

1980

New South Wales, Op BLACK STUMP(January - February 1980). Det2 Fd Svy
Sqgn assisted Central Mapping Authoi(iG@MA) NSW with Geoceivelsurveys in
western NSW.Field parties onsisted othreeman parties deployed by Landrover. An

78 National Bulletin of Survey Corps Associatioh880
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AAAvn Kiowa LOH helicopter was deployed for resupply and then subsequent use by
NSW CMA for field checkinghew maps Stations weg located on or near the NSW
border from north of Broken Hill to Camen Cornerjunction of NSW, SA, QLD)

then east to Burké.

Maluku Province, Indonesia, Op PATTIMURA 80 (20 April T 30 July 1980) Det 2
Fd Svy Sgn establishé? Geoceivesstations in @ntral Maluku Provincef islands
Beru, Seram, Misool and island groupasnda, Kai and Aru.

Solomon Islands.Op SPEARLINE 80 (15 Sepemberi 4 Deember 18B0). Det 2

Fd Svy Sgrassisted the Soloon Island Survey Degor definition oftheir EEZ and
integration of existing surveysto the world geodetic systenfour Geoceivelteams

were deployed by two local charter vessels, a 70ft two masted schooner and a 40 foot
diesel powered copra boaburvey ponts included Ontong Javstoll 250 kmnorth

east of Santa Isabel IslanBach team was one 2 Fd Svy Sqgn soldier and two Swiom
Islands Lands Dept chainmemm support was a charter Queen Air from Australia, with
an AAAvn pilot, fitted with aWild RC10 mapping cameffar identificationand
mappingphotography.Australian grsonnel were: 2 Fd Svy Sqgn (Byd Wksp Coy

(2), AAAvn (1)8081

Figure 2%. Op SPEARLINE 8D Solomon Islands. The chame 70ft two mastd schoonetbehind the
catamaranin the foregrounyiwith thechartered40ft copra boat alongside for transport and support of the four
Geoceiver teams (Photo: Kym §ten)

7® Captain Kym Weston (later Major) OffiearCharge Det 2 Fd Svy Sgn
80jbid
81 Staff Sergeant Brian Partridge (later Watr&fficer Class One)
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Figure 26 Op SPEARLINE 1980Guadalcanal geodetic statiqguillar. Warrant Officer Stevo Hinic
with the Geoceiver in the white basiting for the clearing team to finish wofRhotos: Brian
Partridge)

Sing

i

A
i
:

Figure 27 Op SPEARLINE 1980 Staff Sergeant Brian Partridge at 11 Novemi®80Remembrance
Day commemorative service at Honiaolomon Islandéhotos: Brian Partridge)
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Figure 28 Op SPEARLINE 1980Corporal Mark Westbrookusting the oarsmafPhoto: Brian
Partridge)

Figure 29 Op SPEARLINE 1980 Sapper Andy
Capp* on a log towerscrewing in the Geoceiver
antenna groungplane rods(Photo: Brian
Partridge)

82| ater Warrant Officer Class One
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Figure 30 Op SPEARLINE 1980 Staff Sergeant Ban Partridge in the charter Queen Adt the Wild

RC10 aircameraNF2 navigation sight. Brian achieved the first mapping photography of Malaita Island
a feat much appreciated by the Surve@@@aneral Solomon Islarsvho presente®rian with a carton of
beer.(Photoand story Brian Partridge)

1981
Christmas Island, Op NUMBAH (January 7 February 1981) Det 5 Fd Svy Sqgn (3
personnel)

Alice Springs NT, Op CYNTHIA (14 Marchi 8 April 1981) Det 4 Fd Svy Sgn
established 3 Geoceiverstations as supplementary confiai 1:50,000 topographic
line mapping in the six JOG are&termannsburg, Alice Springs, Henbury, Rodinga,
Kulgera, Finke. Fivé&seoceiveiteams were deployedseoceiveDHQ054 worked
intermittently. Main Base was at Heavitree Gap Caravan Palike Springs Eighty-
five stations including th&3 new stations wre panelled and photographeddyil
charterQueen Air(Wild RC10. A charter Bell 206 Jetrangkelicoptersupported the
GeoceiveteamsHonda generatofer Geoceivebatteriedailed from overloading.
Personnel were: 4 Fd Svy Sdi®); Syd Wksp Coyseoceiver Tech?); Adelaide

Wksp Coy Velcle Mechanic(1), civil pilots (Bell 206, Queen Air)2).8

South Maluku Province, Indonesia, Op PATTIMURA 81 (29 April i 10June
1981) Det2 Fd Svy Sgn establishd@® Geoceiverstations Thisoperation
successflly completed the three year DCP projecthe Maluku Province including
202 Geoceiverstations

Fiji, Op AUSSURV81 (July i Segember 18B1) Det2 Fd Svy Sqr{8 personnel)
conductedGeoceiversurveys to assist Fiji with Exclusive Economic Z¢R&Z)
baselinepoints and tstrengthen existing triangulatidor survey adjustment by Survey

83 Op Cynthia 1981, Project Report, 4 Fd Svy Sqn
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SectDSVY-A. In support was the Royal Fiji Mtlry Force Maritime Element
minesweepeHMFS Kula with an embarkectivil charter Hiller helicopter for shifo-
shore trangort.

Figure 32 Op AUSSURY 81, Fiji chartered
Hiller helicopter, embarked on HMFS Kula
sling loading adinghy assafetyboat for
Geoceiveteamson low lyingislands with
stations just above sdavel- below(Photcs
and story Brian Partridge)
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Figure 33. Op AUSSURYV 81, FijiRound Island Geoceiver station, also next plioBiaff Sergeant Brian
Partridge, Corporal Mark Westbrook, Royal Fiji Navy swee(Phote: Brian Partridge)
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From Brian Murph$* : Many of the Geoceiver stations established by Op
SPEARLINE 79 and Op AUSSURYV 81 were subsequerdbctgpied during

2007 and 2008vith GPS receivers as part of a thrphased field campaign to
provide International Terrestrial Reference Fraifi€RF) coordinategor these
stations. The ITRF system had been chosen by the Fijian Government's Marine
Affairs Coordnating Committee (MACC) as tkheordinate reference frame in
which Fiji's claim to extendecbntinental shelf (ECS) would be lodgedhahe

UN Commission on thieimits of the Continental Shelf, in accordance with the
provisions of Article 76 of the UN Convention on the Law of the Sea.

Phase 1 of this campaign was observed during the inclpsived 310 August
2007. Nine survey sitegere occupied in the southeanea of the Fijian
archipelago and included stations which were adjacent to the ECS claim in the
South Fiji Basin. These sitexluded thedllowing six RA Svy Geoceiver precise
ephemerisDoppler sitesKadavu10592 Matuku10596 Vatoal0603 Onc-i-lau
10604 Tuvanai-cola10915 Cevai-ra 10918

Phase 2, the Northern Fiji Islands campaign, involved the occupation of twenty
sites during the inclusiveeriod 8 July5 Augus 2008. Twelve of these sites
included he following RA Svy Geoceiver precise epheni@gpler sites:

Solmeal 0589 Seselekd 0593 Nakorowarol10595 Ului Kamali 10597
Tavuagal0598 Nggeleleva0599 Vadraulailai 10607 Ekubul0904 Cikobia
Macuatal0908, Mana10918 SailRock10973 Kia 10988 Phase 2 was a large
scale and logistically complex project. Fijian government vessels "Tovata" and
"Rayawa" provided logistic suppofor this phase. The Fijian Department of

Lands office in Suva was closed ddwanthe duration of tts phase to enable all
stafftoassi st in the survey of baselines

Phase 3 of the campaign was conducted during the inclusive period 282uly
August 2008 and involvabe occupation of two sites ¢time Hjian island of
Rotuma.

Tonga, OpAUSSURYV 81 (Octoberi 20 Deember 18B1) After successfully
completingthe Fiji tasks DeR Fd Svy Sgmoved to Tonga for a similar project. Of
169 islands in the Kingdom of Tonga, survey stations on 21 islands reedis were
coordinatedby Geoceiverfor EEZ baseline determination€onnections to sea level
and existing triangulation networks were completed where possiia.lsland being

84 FormerlyNatmap and consultant surveyor and maritime boundaryrdiition specialist contracted to the
Londonbased Commonwealth Secretariat to assist the Fijian Government's Marine Affairs Coordinating
Committee (MACC) in the preparation of the ECS claim for submission to the UN Commission on the Limits of
the Continetal Shelf.
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the most southern island and essential to defining the EEZ could safehdanded
on by boatto observe with th&eoceiver

Pilbara WA, Op MICROBE 81 (20 July i 19 Sepember 181) Det5 Fd Svy Sgn
used a leased JMR1 Doppler satellite receiver to supplement and upgrade control for
1:50,000 topographic line mappimgthePilbara

1982

Yilgarn, WA, Op MISCAST (February 1 Mar ch 1982 Det5 Fd Svy Sqr{Captain
Don Taylor) usedGeoceiverdo supplement existing control for topographic mapping
of the East Goldfields are&eoceiver training was conducted by the unit before the
operation. Main Base was at A Coy 16 Battalion, Royal Western Australia Regiment,
Kalgoorlie WA .8 Photos: Graham Johnston i Station R466 and Main Base

8 Corporal Graham Johnston (later Saff-Sergeant) 5 Fd Sry Sgn
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Introduction into service trials of two Magnavox MX-1502(March 1982). In
March 1982, 2 Fd Svy Sqgn took delivery of tdX-1502Geoceiversafter conducting
acceptance trials.

Ata Island, Tonga (May 1982). The importance of getting accurate coordinates for
Ata Island Tonga is covered in @ AUSSURYV 81(abovsg.

From Andrew McLeo®f 'Ata Island, 160km SW of the main island, was unable to be
acquired on the 1981 opAfter the cyclone in Tonga in Mar 82, HMAS Tobruk was
dispatched with relief supplies on 27 May det 2 Fd Svy Sqgn hitchedrade (a SGT |
candt r eme mb e ttempt to det cmer )d i i nna A@enath dhedViiX15G@R.

However, the voyage was very slow and by the time we reached the launch point for the

helo, it was dark and theaptain refused to allow fligldperations fo what to him was
a very minor opportunity task. '‘Ata remained uncoordinated@oldnelJohn Hillier,
Director of Survey Army, blamed me for not convincing the captain to drop anchor

and wait til!]l mor.ni ng (I remember that é)

Ata Island occupation armbservabn by Doppler satellite €oceivemwas finally
achieved on Op ANON 84ee below.

Kimberley WA, Op MIZMAZE 82 (Junei July 1982). Det5 Fd Svy Sqgn observed
24 stations with twdX-1502including relative positioningranslocatiobfixes to
comect previously establish&gleoceiverstations to the existing high order geodetic
network. In addition 200 existing stations were panelled and photographed.

Arnhem Land and North-East NT, Op NERVOSE 82 (4 Augusti 17 Sepember
1982) 4 Fd Svy Sqgrf-) equpped with thregseoceives and twoMX-1502 established
61 Doppler satellite stationa 44 daysy point positioning foupgrade of existing and
supplementary control for scale 1:50,000 topographic line mapiag JOG areas
north of a line from Darwito the QLD border near the Barkly Hw{f those 51 were
new stations, six were existing stations and four were existing geodetic stations

observed for the GMA82 (Geodetic Model of Australia) which was later adopted by the

National Mapping Council as theGD84. Postorbit preciseephemeridesvas available
for five satellitesi four Oscar and one NovaDn average one statiomascompleted
every 17 hours.Both types oDopplersatellitereceiversverevery reliable with only
72 hours unserviceability #h,500 hours of operatiq(98.4% availability) The 24hr
obsening program with five NAVSATSvasvery tiringfor the two man Doppler teams
andsowere rotatedvhen possibldor respite. It was intended to use M&-1502in
dranslocatiodmode but theaquirement of 15 x-Bimensionapasse® meant that
about 25 passes be observetlvo 5 Sqn RAAF IroquoidJH-1H supportedoppler
teams which were limited th540lbs weight, including twasoldiers for one sortie

each stationPrecast ground marks anéter resupply weighing 550 Ibs per station
meant that three teams could be resupplied in one s@tiis.was an economic use of
the UH support Army Kiowa LOH (161 and 162 Recce Sqnegre tasked with survey

88 | ieutenant (later LieutenarColonel) 2 Fd Svy Sgn
87 A term used byvX-1502to ensure Dimensional results
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reconnaissance/clearing and panelling exgssiations but Iroquois were called upbn
hoisting wasecessary The Geoceives daily alternatedata tesbn thenew Nova
saellite (105/30480 failed. This was not gatellite oreceiver faultbutbelieved to be
caused by the Novaopper offsetwhich was4ppm differentto the Oscas. Peronnel:
4 Fd Svy Sqri31) including one ARES, Syd Wksp Coy3); AAAvn (14); other Army
attached8), Army shortterm(15); RAAF (18) on threerotatiors for eachaircraft1 x
38 SqgnCariboy 2 x5 SgnlroquoisUH-1H.88

Figure 34 Op NERVOSE 82, Forward Base MagridaNT i a community briefing on what we were
doing (Photo: author)

Figure 35 Op NERVOSE
82, Forward Base
ManingridaNT i almost
6 g | a mwith moglesty
screens around theanvas
bucketshowers andhe
washing machinéPhoto:
author)

Western Australia (Segember 1982) Det 5 Fd Svy Sgn observedviX-1502
6transl ocationd f rGeareivao paienvti opucsd iyt iodrsée rtvee «
geodetic network.

Vanuatu, Op ALGUM 82 (11 Sepemberi 10 October 1982) The Corps history
notes this operatigmut it is unclear the nature of it. It may have been a feasibility

88 Op Nervose 82, Project Report, 4 Fd Svy Sqn
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reconnaissance and collection of survey intelligencéh®Doppler satellite surveys
19841986.

Islands south of Singaporelndonesia,Op NUSA TIMUR 82 (12 Novwemberi 17
Deember 182). The administrative and technical reconnaissance for the Nusa series
of threeoperationsn the islands between Sumatra, Singapore and Kalimantan and west
of Sumatrayas conducted bpSVY-A Colonel Jolm Hillier and OC 2 Fd Svy Sgn

Major Pat Lilley in March 198P. The operation was to be a mix of Doppler satellite
surveys and photo identification of existing survey stations. The first ph#se Riau

and Lingga Island groups south of Singapore thas planned for the middle of the

year but then cancelled after stoagsl equipmeniverepositioned at RAAF Base
Richmond for transport by RAAF C13®@erculesaircraft. Then in October it was on
agai n light-g cha laeach@mentdo£20 men and techdieguipmentwith

everything else to be purchased locallast minute transport was a schedu@htas

747 flight for all personnelRusiness @@ss) and technical equipmentSingaporehen
Indonegan Air Force C130 to Tanjunging On return it wasdcal civil air from

Tanjung Pinang to Singapore then Qantas 747 again to Sydney.

From Peter Claf: | joined Op Nusa Timur 82 undbfajor PatLilley OC 2 Fd Svy
Sgn.l recall we had to go light scalésno lavish survey field camjpsno chartered
cargospace.We had to source locally in Tanjung Pinang where we were to be based
from the local Naval Base. So | spent about a week on the ground there sourcing
supplies locallyi generators, lights, campirggear etc from the locaimafiad it was a
crazy time Working through local middle men whkoaew all the local importersnostly
from Singapore as | recallTharkfully Pat had a health§impresbaccount. As | recall
he andWO1DennisDuquemi did a lot of wheeling and dealingAs for the Survey Op
T | havethis feeling it was downscaled. d thinkdwve did any fansit Doppler
tracking. | ledthesurvey parties of three teams as we eosssed the nearby island
groups, putting twanan teams ashore t@dea level connections for pre
marked/surveyedgnts and panellindor air photo identificatioron some very remote
places and rock outcropsNe were based ansmallwooden Indonesian Naval Patrol
Boat (a former Dutch minesweepédriarmed with an aging 56al machine gun up
frontT more for show thaanything seriousl recall SGTSteve Glouster accompanied
a chater aircraft for some of the operation as they collectihification pictures

once we had panelled all the sité&/e also had a Sydney Wksp Coy Geoceiver Tech
CPL. I do recall the apprach to Mascot late Friday afternoon week or so out from
Christmas, sun setting on the Bridge and Opera House, the Harbour looking amazing
and thinking this R&vy lik is pretty good commercial overseas flights, overseas
operationsand scenic cruisesithe South China Sea

Much of what waslone inthe last montlof 1982 was survey inlegence and
reconnaissance informatidor the followon Op Nusa Timur 1983.

89 Major Pat Lilley (later Lieutenai@olonel)
% Lieutenant (later Major)
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Western Samoa, Op AUSURYV 82 (5-21 December 182) Det2 Fd Svy Sqrof two
MX-1502teamsestablished 6 Doppler satellite stations on the two main islands of
Western Samod. extract from an article by Al Hanc®posted on Facebodk

On the tarmac at Sydneyds Mascot I nternat.
idea that in just a few minutesne how lucky he would béle was expecting to

deliver a Christmas present to the Government of Western Samoa (since 1997, just

called Samoa)The plane was shortly to depart for Fiji, and then onto a weekly

connection service to Samoa.

ThroughAustralianGovernment assistanega OP AUSSUR\82, on boardhis
commercial flight today, he had the capability to enable Samoa to transform its
geodetic framework onto a world geodetic syst&his would allow Samoa to
determine its 200 nautical mile Exclusive EcamoZone (EEZ).

With Andrew on the flight were recently Magnavox verdained SGT Nev Stofie

and me, WO2 Al Hancox, along with our camping stores, technical equipment, and
two Magnavox MX1502 satellite tracking kitSould you imagine the commercial
checked baggage cost these days for two fully fitiatisurvey camp stores and
equipment?

Andrew was probably thinking about the 2% week project ahead ofTHien.
operation was expected to:

1 occupysix existing surveystationson the coastallimits of Sa mo a 6 s
two mainislandsusingDopplersatellitereceivers,
determinggeoidalheightsthroughconnectiongo sealevel,

carry outPCP (photo control pointgonnections on existing mapping

photography, and

1 retrieve any obtainablsurvey informationrelevant to thé and future
operations.

1 Rather than workingn the middleof nowhereas was the case withostsurvey
operations, Samoa is a misge tourist destination complete with tropical rain
forests, marine parks, food markets, rock pools and waterfalls, naliages,
the RobertLouis Stevenson Museum, and very friendly inhabitants.

)l
)l

Disaster loomed Still on the tarmac with passengers settled in and soon about to take

off, blind luck played a critical role in rescuing the operation from ruin before it even

began. Andrew happened to be on the side of the plane fati@germinal buildings,

sitting in a window seat, of which he just chanced to be idly gazing thréiughs

then he had a ma#edd oWEBGnmmement wo whi te -
containing his atellite tracking receivers sitting on a baggage cart being driven back
totheterminalll f he di d not hi mmgamodunabketoddany hedd ar
work.

In an understandably concerned state, he immediately jumped out of hemskeat

spoke with aircew staff.He explained the situatioraccommodatiorstores could

stay but not the boxe§&round crew were consulted and a solution was found.

Fortunately, the flight was not full of passengers on this #igix was arrived at by

the ground and air crewsome of our stores were retrieved from the cargo hold and

%t Warrant Officer Class Two (later Class One)
92 Provided by Andrew McLeod
93 Later Captain
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strapped into spare seats making room for the satellite equipment Wikagshe
crisis averted, he could now sit back, relax, and thank his lucky stars.
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Figure 36. OpAUSSURYV 826 surveycontrol points (black triangleg)n thetwo major islands: Savaii
and Upolu. Neville surveyed Saw@iand |, Upolu. Andrew shared himself between both islands and
sorted out admin requirements.

| noted four interesting things about SamoahRgstly, theyhad a characterististyle
of traditional housecalled a fale (fai lay). The construction is distinctiveoval or
oblong shaped domed roofs of palm fronds are suppdsiedoodenpostssetin an
elevatedplatformconsistinggenerallyof smallstones otimber. There are no walls.

The nextthing of interest was thmat, the type consisting of woven palm frondéey

have many uses, one being for weather protection and privacy as temporary fale walls
T they hang folded up from the roof eaves when noteteekhother important use is

as a combination floor and sleeping mat which was put to use in myMgrassistant
Samoan Lands Department surveyors Joseph and Peter, and driver Sio brought them
along with them an@s uncomfortable as it was, | joined nyworkers in using the

mats for sleeping instead of my stretchemne in, all in.(photo below)

A rectangular piece of cloth wrapped around the waist, known lasvadava is an
article of daily clothing traditionally worn by Polynesians and other Ocepeiples.
We bought these and wore them after hodisey were quite a comfortable form of
casual attire, although when seated crEgged, the custom for another use of the mat
is to cover your knedswho knows what lurking underneath on display coed b
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Figure 37 Op AUSSURYV 8 theteam in theaccommodation and work tent with the MX02 in the
corner(Photo: Al Hancox)

The last surprise was an interesting situati@ame Samoans like to socialise into the

late hours and their preferred settingsitting on a tarmac roadwith the warmth of

the day stil]l r adi a Theyae a tlangenisffibhmzard,o ad 6 s s
andat 0030onthe Sundaymorningafter our arrival to Samoa, we encountered quite

a few dashing o udnthe30knttripé&omtre hiipartitoeodrs pat h
accommodation at Apia.

We stayed at Aggie Greyods Hot el at both t1l
Built in 1900, this internationally renowned hotel was founded by Aggggin 1933

astheold British Club. In the1940'sit becamea renowned club for American

servicemen stationed in Samoa during World WaEbon after the war, the location

became a popular holiday spot for celebrities including Marlon Brando and author

James A Michenern 1982, thestyle ef | ect ed a 19506s vintage
old-world tropical feeling to it. Its tariff of $42.78 night offeredhe guest gardens

with bungalows, a pool and a large dining hall, as well as a main building for more
accommodationThe hotels originaform ismostlyunrecognisabléodayhavinghad

major overhauls overtheyears.t i s now known as the Sher a:
Hotel.

Downtown Apia had a quiet colonial feel aboutWe wandered about on the first day
being a Sunday (when not muchicéily happens), visited the yacht club for drinks,
and at Aggies we had meals and swam.

The first of my three stations on Upol u 1 :
Observatory which is | ocated on the nort he
entrarce to Apia Harbour.The observatory had an outside baslwowerandablution

facility whichwasveryhandy (the first anthst time lever encountered this at a

survey site)l went shopping for food with Joseph in the local markets and shops, and

Peter coked our mealsHe prepared a range of local dishes using a variety of

cooking methods, which even included a shredded raw fish meal which tasted

surprisingly good.| was also introducedo some local customs during my time spent

with them.

My second suryesite lay on the souttentral coastline in the village dPoutasi
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which lies in a tropical paradise settingunfortunately, it would be later extensively
damaged by the 2009 Samoa earthquake and tsun&¥@.had previously carried out
a recce here for auitable tracking site with good elevation prospects; none could
easily be found, but our driver, who confesm Poutasi, put us in touch with the
village chiefi he would let us use a breadfruit tree as a towldris was just the start
of his generosityo us.

It appeared that the chief had at least two residen€xse was a traditional Samoan
fale. Nearby weresmaller fales whichvere set ugor food preparation and cooking.
All the fales were sited close to the ocean shoreline, and a short distariterefts
small treecovered island (Nuusafee) could be sekrwas a pictureperfect tropical
scene.

The chief would not hear of us refusing to use his other house, a rectangular building
set on a concrete slab floor, with roof and walls constructed irugated iron

sheeting, and glass louvered windowsgjain, woven palm fronds were used

extensively as floor mattinglhis was the house hgersonally used, and Andrew and

| were expected t o sdtheesgeptonthefioorBhe and hi s
MX1502 receiver was conveniently set up in the corner between the bed ends, with the
antenna lead running through thepen louvres and up into the breadfruit tree to the
antenna.

Figure 38 Op AUSSURYV 8Rthe Poutasi Village Chief insisted the team taker dws house while he
and his wife slept on the floor. Al and the MIX02are between the bed¥he MX1502 transit boxs
in the foregroundThe table is the Army small folding tabjEhoto: Al Hancox)
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—
- ' ? r’ i Figure 39 Op AUSSURYV 8Rthe Poutasi site wlit

MX-1502 antenna atop the breadfruit tréhoto: Al
Hancox)

-

Figure 40 Op AUSSURYV 82 dn the night of our
final day at Poutasi, the chief provided a feast for us.
Andrew and | were seated at one end of the fale as
guests of honour, while the familgdiour assistants sat
at the other. It is customary to be seated cilegged.
Later, Andrew presented our hosts with a gift in
appreciation for all their support during our stay, and
our time spent here was a unique experiéfeaoto

and storyAl Hancox)

Figure 41 Op AUSSURYV 8Rthe Poutasi Village Chiefext to Andrevand his familyPhota Al
Hancox)

We were also honoured as guesta dinner graciously provided for us by Joe, the
Director of the Samoan Lands Departmettis gardenandhousewere more along the
lines of colonial influence and in total contrast to our Poutasi village experience.
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He was proud of his extensive garden, show
and veges, as well as his menagerie of pigs and fruit b&ts.house was large as he

had 11 kids, and it also included a room set up as a ch&wen his marital situation

was speciat his wife had been killed (possibly in a protest insurrection), and he then

married her sisterJoe had put on a feast for usialnincluded beer, coral eggs,

chicken, smoked fish, pig, wild passion fruit (eoéinge shell type), taro leaves in

coconut sauce, potato, and taro efhe coral eggs were from the annual coral

spawning event that happened that manghrare treat.

He had shown us most generous hospitalititis survey project would make a
significant upgrade to Samoads geodetic po
appreciated.

Figure 42 Op AUSSURV 8o ne of Nev St on e 6502 anteinamwthe oight(PBadov ai 6 1
Al Hancox)

Work results?

The Magnavox MX1502 Satellite Surveyor instrument was fairly recently introduced
into RASVY as an upgrade replacement for the AN/PRReoceiver.Neville and |
were trained by Magnavox vendors in its use, tredequipment worked well.

We marked and established some new stations, carried out spirit level connections to
sea level to determine geoidal heights, observed sun azimuths and theodolite angles
etc for eccentric and photo control point connections tédusual calculations and
station notes in triplicatel cast my mind back to basic course trainifighever

thought that there would ever be a requiremiamtPCP connections.

Andrew determined that the poor state of the existing Samoan coastal saveeye
records, and the fact that most ground marks had been destroyed, meant that no
network datawasextracted.NewZealandaid was expected to work on a new control
survey which would incorporate the RASVY coordinates.
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OP AUSSURYV 82 Western Samoa waassful and a most enjoyable experience.
Include Samoa on your bucket list for places to visit; Andrew, Neville and | can
guarantee that you would enjoy it.

1983

Central/Western NSW, Op ATAVIC 83 (16 Felruary i 19 March 18B3) As
SouthEastAustraliasufferedone ofthe worstdroughs in the 2@ centuryandthe
devastatingnd deadly (75 lives lost) Ash Wednesday fireSouth Australia and
Victoria on 16Felruary83, a Det 2 Fd Svy Sqgn of two threeanMX-1502teamsand
headquarters of twdneaded wstfrom Sydneyin unit Land Rovers with trailersThe
task wadgo establish control for 1:50,000 topographic mapping of a potential Army
training area bounded by West Wyale@gffith-Hay-lvanhoeWilcanniaNyngarn
NarromineWest Wyalong Extremeand chaging environnental conditions wereery
trying for everyone and arything withseeminglynever ending cycles o3 deg
temperatures, dust storms, rain storms, mud, 43 deg temps and on Each team
observed about 9 & p ohaminimpnood 30tadceptable passest i 0 n ¢
over an average of 58 hours observing per stéfion.

Ifthecondi i ons wer endt t r andrRgvetegear selgdtorplaged e o f t
up with being stuck in reverse at one stalyetwithstanding the conditions,&h

Dopplersurvey poductivity rate remained highAs long as the antenna was vertjcal

and securely connected to the receitteg,observations wegssured from the teint
theMX-1502was designeddtbe left unattended

Fromthe detachment Officén-Chage Peter(Blue) Blasket?®: The operation
includedlevdling connections on th&/REMAP 2 Lasefirborne Profile
Recordemetwork in farwestern NSWThiswas at the end of the '823

drought. Conditions were so bad that most properties westatked adthe
owners had shut the doors and left. The extremely hot conditenesvery hard
on men and vehicles. To boot, bdshs, smoky air, anlorrendousduststorms
were frequent. On two (might even have been }loesasions the Queehir
suffered engia fire while on photo missionsaused by dust in the air/fuel intake
systems, and made emergelanydings on one engine (Jim Miller was the pilot).
All on board weresafe, but the nerve of all suffered too. We were all very pleased
to getback to Randwick

94 Al Hancox
9 Captain (later Major) 2IC 2 Fd Svy Sgn
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Figure 43 Op ATAVIC 83 dust storm rising (Photo: Al Hancox)

Figure 44 Op ATAVIC 83 some stations had to be revisited to clear dust/dirt off the panels before the
identification photography (Photo: Al Hancox)
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Figure 45 Op ATAVIC 83 after the 40 degree temps, the dust storms, the rain storms, came the mud
(Photo: Al Hancox)

Defence Main Supply RoutedNT, Op NEURATION 83 (21 March -12 June 1983
Det4 Fd Svy Sqgn establishedpplementary control for 3481x50,000 topographic
line mapsand orthophotomapotal 270,000 sq knm)f theDefence Main Supply
Routes corridarof the Barkly Highway, the highway from the Stuart Highway to the
WA border and the Stuartighway from 25 km north of Daly Watets 100 kmnorth

of Alice Springs.Main base was Tennant Creek, Outback Caravarr®PHrkFive
Geoceiversver e depl oyed f or ONXd502(IvanfpomSA t i oni ngo
Lands Dept) was used for navigatimnnew stationsind to locate existingurvey
stations. 735eoceiveistations were gopletedin 65daysor averageone station
completed every 22 hourSive NAVSATS were availablevith preciseephemerides
four OscarsNISWC59, 60, 6877) and one NovaNSWC105). Observation
requirements were minimum of 25 passes balanced one mantp @he south going
within 10 degrees elevatiof.eams were two soldierSomeobserved 365 passes
25 passes were completed early inrilght. This was not required if the team needed a
rest from 24 hour workThe observation program was aboQthiours ovethree nights
and two days Two HP9863Apapertape readers toonvert tomagetic cassette tape
on HP9815Awent unserviceable from dust ingresBaper tapewerecopied orthe
rearlink communicationsignak telex.Personnel4 Fd Svy Sqr{27) including one
ARES, AAAvn Kiowa LOH (9) andPilatusPorter(2); other Army attachedl@). The
original plan was to use RAAF Iroquois UHH helicopters folGeoceivetteam

support, but after the adminiative reconnaissance in Deci8®as decided tose a
mix of AAAvn Kiowa LOH and Landrovers with trailers to reduce the air support

9 https://www.rasvy.org/wp-content/uploads2024/03/ACTCanbSvyCorpsAssocNewsletter63_Sep23.pdf
9 https://lwww.rasvy.org/wp-content/uploads/2024/03/ACTanberraSvyCorpsAssocNewsletter64_Dec23
compressed.pdf
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logistics. AAAvn pers rotatedhree timegor operational experiencelhe operation
was tmed between the end of the wet season for vehicle access and the start of
Geocever Op ARIGHT (Cape York) committed to start 1 Juhith 1 Fd Svy Sqri a
higher priority are&®

Figure 46 Op NEURATION 1983. A RA Sigs Signaler copying AN/PRBeoceiver punch paper

tapes on the messaging Telex machifeo HP9863A tape readers¢onvert paper tape to magnetic

cassette tape on HP9815A went unserviceable from dust ingtessmall white items on the table

bottom left are the Geoceivenlled paper tapes being one for each Trarssitellitepass. The round

tinsnexttothe Telexer e used to store the tapes in the field
tight seal. The supply battalion questioned why w
mystified being told they were for data recorded from observatiosatelfites. (Photo: Mark Heinrich)

9% Op Neuation 83, Project Report, 4 Fd Svy Sgn
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Figure 46. Op NEURATION 198Zaptain Mark HeinricH’, 21C/Operations Officer, at thetgation
map boardn theMain Baseoperations ¢€nt. TheOperations Officeplanneddaily and longerterm
taskingby continuouslymonitoiing everythingabout people, equipment, aircraft, vehiglechnical
progressweatherroad and offroad driving conditionsbush fires, flooddorward base fuek, wate,
rations etcto make sure that the operatioras completed on time and budget given the resources
allocated. Ear | y mor ni ng and raidhftemmoos SITMRERSUditieatod reporf)m all
elements weressential inputs fathe dailylate-afternoonplanningmeeting Most of the direct
support of the field survey tes was from Forward Basdetailed technical, administrative and
logistic plannng commencedbout twelvamonths prior to the operatioifPhoto: Mark Heinrich)

99 Later LieutenantColonel
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Kalimantan, Indonesia, Op NUSA TIMUR 83 (9 Mayi 14 August 183) Det 2 Fd

Svy Sgnrequippedvith MX-1502 (four teams)kestablished control in the islandfthe

Riau Archipelagdetween Kalimantan and Sumatkéain base was Pontianak,
Kalimantan Barat, which was the main baseXerodistsurveyOp MANDAU 1970 (2

Fd Svy San) Forward support bases were Sinkawang, Tambelan, Karimata, Matak Oil
Base and Tanjung Pinang.

From Pete(Blue) Blaskett®® Early '83 was a turbulertime in 2Fd SvySqgn.
There was a 100 percent turnover of the five officers witiAdmin
Commander/21Carriving in early-January for a few days handover witte
outgoing OC MajorPat Lilley. Hand-over was understandably a schemozzle
with the lack & continuity inmanning and no overlap in posting¥ehad a few
days deliberation together about the previous yeacse and thoughts for the '83
operation and | recall making many notes abdls recce photos that they took
of the sites and islands b@ occupied.

When the O®/ajor Harry Hanserarrivedin late-January (two weeks before |
departed on Op ATAVIQ)had to bring him up to speed on the situation as
understood itFor sure a lot must have been misseguorbled in all the telling
and retelling.

Unsatisfactory as the situatiovas, nevertheless the operation was planned well
and executed successfully and on schedule.

The extraction return to Australias planned to be by RAAF Cl1&@tirely.
However he opportunity arose to get personnehteon a chartered Ansélight
from Singapore during thierrying of ExerciseLong Look' BritishServicemen to
Australia This short notice change meant a rush at theiemhcking stores,
and extracting alpeople and storeisom Pontianak to SuppoBase aflTanjung
Pinang, and thegetting the people Singapordy RAAF C130n time for the
flight home with just anvernight in Singaporto spare. Stores and equipment
were returned to RAAF Base RichmdydRAAF C130 later.

Mt Ovens, Bathurst NSW (md-1983) Det 2 Fd Svy Sgn

From Al Hancox®! 4t was during miewinter in 1983 that we spent eight days, 18 kms

due east of Bathurst, NSW, on the top of Mount Ovens. A trial was being conducted

using the Magnavox MX1502 satellite receiver in conjunctioh ather agencies for
reasons | candét recall . TQUArnold @mpson, PEEO Nnsi st ¢
Wolfgang Hofbauer, and me, WO2 Al Hancbixe priority was to set up the MX1502

and start tracking, but there was a reason for mild pérticere washo dockbon the

expected satellite passes. Metal close to the antenna can cause interference, but we had
tracked near fences etc previously without issue. Even though the steel post and vanes

were placed part way down the slope from the plinth, remotvimgch further away

100 Captain (later Major) 2IC 2 Fd Svy Sqgn
101 From Al Hancox article posted on Facebook, provided by Andrew McLeod
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down the hill immediately fixed the problem, and satellite passes were now collected as
normal. With technical concerns now alleviated, we could finalise our camp set up.

Seeing that we were expecting to bestation for a longer thamsual tracking time
needed to suit the requirements of the trial, a bit of extra effort was made with toilet
ablutions. Two logs set over a hole dug next to a dead tree trunk, and sited with some
thought, provided a very pleasant outlook over the plaghevb when used in the

seated position.

The surveying equipment and our generator operated without fault during the eight
days that we trackedl.

As might be expected in a Bathurst winter, the weather chaodest both th&1X-
1502and the team. Both psed the test.
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Figure 47 Mt Ovens, Bathurst NSWet 2 Fd Svy Sgnthe MX1502 antenndas barely visibleon the
survey pillar in the snowy background (Photo: Al Hancox)
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Cape York and Gulf of Carpentaria QLD, Op ARIGHT 83(1 JulT xxx) Based in
NormantonDet1 FdSvy Sqn completed 9Beoceiverstations as supplementary

control for scale 1:50,000 topographic line mapmh@ape York and Gulf of

Carpentaria Pessonnelincluded membersf theunitts ARES Troopandl Div Svy

Sect This was the unitds | argest field surve

Murchison and Gascoyne WA Op GOLDEN FLEECE (1 Sepgemberi October
1983 Det5 Fd Svy Sgn completed 45 Dopplatdlite stations usinGeoceiverand a
rented JMR1 receiver faupplementary control for scale 1:50,000 topographic line
mapping.In addition 220 existing stations were panelled and photographed.

1984

Dundas region Eastern GoldfieldsOp NUYTSLAND Det5 Fd Svy Sgn completed
xx Geoceiverstations as supplementary control for scale 1:50,000 topographic line

mapping.
Pilbara WA, Op MICROBE 84 (April T June 1984) Det 5 Fd Svy Sqgn df5
peronnel established9Do ppl er stations i aonsubdcagi obhéei

6si mul t aneous apsogplantentgryocenird forscale 159,000
topographic line mappingTotal Dopplerstationsobserved on Op MICROBE 1981
and 1984n the Pilbaravas74 newand 16 existing stations upgrad@

Islands westof Sumatra, Indonesia,Op NUSA BARAT 84 (2 Junei 2 August

1984) Based in Padang on Sumaibeet 2 Fd Svy Sqn of 43 personmpdlis Indonesian
forces withsupport ofchartercivilian Sikorsky S58 helicopter from Amét, an AAAvn
173 Gen Spt Sgn Nomadtét with a Wild RC10 mapping camera and Indonesian

102 Major Pat Wood, Westlink magazine of WA Survey Corps Assoc, no 4, 1992
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Navy LCU Andri XXXIV, establishe®4 Doppler satellite station®X-1502 and two
stations by azimuth and distancBhe successfully completeaperation was reported

in theArmy NewspapeBeptember 20, 1994° This was the last of the three NUSA
series of operations (198884) and the last of the DCP Doppler satellite field survey
operations with IndonesiaGADING Sumatra 1974975, CENDERAWASIH Irian
Jaya 19761977, PATTIMURRA Maluku 19794981, NUSA Islandbetween Sumatra,
Singapore and KalimantdBaratandwest of Sumatra 1982984.

Tonga, Tuvalu, Kiribati , Nauru, Op ANON 84 (18 Jurei 30 October 184) The
importarce of ndional declarations dEEZs was recognisezhd supportedy all South
Pacific nations. Fiji supported other nations bygrsag the Royal Fi Military Force
Maritime ElemenminesweepeHMFS Kula®* acting as a mobileofwardoperating
base having a heletk and an embarked charter Bell 206 Jetranger fromBgi2 Fd
Svy Sqgn of 20 personnestablisied 35 Dopper satellite(threeMX-1502100%
serviceability stations selected to define baseline for EE2eppler stations were:
Tonga (Ata Is)1, Tuval i 13, Kiribati(including Banaba Is) 19, Naurui 2. One of
the stations observed TuvaluwasUS Air ForceHIRAN 55 Niulakita 1965 Ecadric.
Ninety-onenew and existing stations were panelled and photogrdpaegharter

Beech B8Queen Airfitted with a Wild RC10 mapping camefar mapping and

station identificatiorspotphotography Force insertion and extractiom Suva Fiji as a
staging baswas by scheduled divair Qantas/47. Movement between bases was by
light civil air charter Main base were the national capitals of Funafuti in Tuvalu and
Tarawa in Kiribati. Two inflatable Zodiac boatsyith outboard motors, were available
for shipto-shore transfeandasutility boats These were only partially successful
being damaged by coral anocksi recommended future operations use aluminium
boats. The Army force comprised personnel from: 2 Fd Svy Sgn (13), Syd Wksp Coy
(1), 2 Sig Regt (3), HQ 2MD (1), 6 RAA Pay Corps Unit (1), 1 and 2 Mil Hosp (1)
medical officer.In TarawatheDet providelab d o or opener 6 QPbsy t y
during a visit by the GoverngGeneralbf Australia Sir Ninian Stepheo open the new
Australian Embassy in Kiribati. Dachmenimembers were introduced to the
GovernorGenerawho showed great interest in thEEsurveysRearlink
communications wadF radioMorsecode RA Sigsoperatos) through Naval
Communications Station Canberra (HMAS Harmaf)e operations network
including main base, HMFS Kula, Queen Air and survey tesassHF radio!®

QAta Island h Tonga, which had not been able to be landelyoboat in 1981or from
HMAS Tobrukhelicoptersn 1982,was finally accessed and observed. This completed
the survey for Tonga to be able to finalise its EEZ declaration.

103 Army Newspapehttps://trove.nla.gov.au/newspaper/article/267036238/2990160Brendan Whyte NLA)
104 Commanding Officer was Lieutenant Frank Bainimarama, later Commander Rep#ilitditary Forces,
2006 coup leader and Prime Minister

1050p ANON 84, Project Report, 2 Fd Svy San, Dec 84
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Detachmen®Officer-in-ChargeCagain Peter(Blue) Blaskett and Lieutenai@olonel
Don Swiney SO1 Survelkand Commandaonducted the reconnaissariceOp ANON
85106.

Vanuatu, Op ALGUM 84 (30 Jurei 22 Sepember 18B4) A five man Det 4 Fd Svy
Sgn(Adelaide)provided support to the Vanuatu 8ely Department (lead agency) for a
Doppler satellite survefMX-1502all point positioning}o help define baselines for
their EEZ, to upgrade existing Dept Overseas Surids andIGN French survey®
establish one integratéabmogeneousurveynetworkfor 1:50,000 topographic

mapping of the entire country DSVY -A performedthe nationalgeodetic adjusaent

This was the first of three phases of Doppleelite surveys over three years (1984

the south 1985centra) 1986in the north). The Det povided technical advice, the
technical equipmer(funded by DCPand air photography. TwdX-1502(Nos 344

and 351)were hiredwith spare parts. Eighteen new stations were established (20 well
balancedsatellitepasses) and 3 existing network stationsented (40 well balanced
passes)Two existing512 STRE (Specialist Team Royal Engineers) Doppler satellite
stations (31329 and 31330) were connected to sea level, 31330 being adjacent to a
RAN Hydro tide gauge Twenty-nine existing stations were paneli@ad all 50 stations
were photographed (Queen Air Wild RC1®ome EEZ base pointgereto be
coordinated photogrammetrically from line photography flown by QueekVid
RC10(scale 1:30,000)DCP purchased stores were: 2 x pneumatic telescopic Hlomas
NL21 for MX-1502(21 metre 7 sections4.2m retracte 2 x AGA Geodimetre Model
16 short range infreed EDM, 2 x Yamaha EF2000 generatoii&e two sirvey teams
were thregeoplefrom Vanuatu Survey Dept and one Australif@ersonnel were: 4 Fd
Svy §in @), Syd Wksp Coy Geoceiver Tech) (civil pilot Queen Air (), civil aircraft
engneer Queen AirX). Transport for the twdX-1502teams was two boats provided
by Vanuatut®’

Northern Territory, Darwin Area. Sergeant®oger Rees andeil Joneq4 FdSvy
Sgn)establishedoppler stationsNIX-15020n loan from NT Lands Dept) in the
Darwin areao supportdevelopment of the ovehe-horizon aedarsurveillance and
trackingsysternow known as the RAAF operated Jindalee Operational Radar
Network

From Roge Rees$® Stations were at Cox Peninsula to the west, Point Stuart to
the eastAdelaide River to the south, and the tarmac of Darwin airporiThis
point near theynction of the runways, was be used as the initialisation of
equipment por to takeoff and on return.At the time of acquiring our
observationst Darwin airport there had been a major incident with one ef th
RAAF jets crashing during arxercise in the area, necessitating all similar
aircraft in the region to have engine tests notffam our control point. The

noise from these engine tests was inteAsPoint Stuart, a buffalo came too

106 Survey Corps Magazine Parare, Vol 2 Issue 1, Dec 84
1070Op ALGUM 84 Project Report, 4 Fd Svy Sgn
108 ater Warrant Officer Class Two
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close to our equipment and we were required to use our7S3ZRnmo stop its
advancesThe weapon had be&sued for protection from crodileswe may
have encountered in the area whilst carrying out observations.

1985
Northern Territory, Op NERVOSE 85 (30 May i 25 Aug 85) Phase 1 of a four

phase operation established 52 new Doppler satellite stations across northern Arnhem

Land, Bathurst and MelNe Islands and a large area soumtbst of Katherine to the WA
borderas survey control for scale 1:50,000 mappiRfases 2 were panelling

existing stations, field checking of new maps, APR and vertical survey connections
from APR profiles to AHD (Ausalian Height Datum) network.The Doppler satellite
survey method was Simultaneous Point Positionsigg precise ephemeridesne

base station and three remote statiorfewf Geoceives (DHQ 053, 056, 057, 05&nd
MX-150% (2 x RA Svyios. 307,33F 2 xloan Australian Survey Office Darwin 12 Jul
T 6 Aug nos. 539, 546; 3l@an SA Lands Dept 7 Aug30 Sep nos.312,341,343PP

required a minimum of 18 common balanced passes which at times required 40 passes

observed.Five NAVSATs were available ith precise ephemeridéghree Oscars
(NSWC59, 77, 93) and two NovgNSWC 105, 115) Positioning of Doppler teams of
two soldiers was by a mix of Landrovers with trailers and AAAvn LOH (161 and 162
Recce Sgns and 171 Comd and Liaison Sqgn).3theOH were also used for

reconnaissance, panelling existing survey stations and field checking new maps. Other

aircraft in support weré x RAAF Squirrel helicopter antl x RAAF Caribou (Darwin
Search and Rescidight), 1 x AAAvn Porter (173 Gen Spt Sgrair photography Wild
RC10, general suppornd 1 x charter Queen Air equipped with WREMAP?2 laser
APR (Airborne Profile Recorder) and Wild RC10 mapping cam@&faithe 103
personnel on the operation, 56 wéam AAAvn unitson two week rotatiomand the
remainng 47 weret Fd Svy Sqn (33) and attached (1%).

Cape York, Op ARIGHT 85(20 Mayi 8 Aug 85) From Main Base at Weipa
Airport, Det1 Fd Svy Sgn completed seven stations usiXgl502amongst other
tasks of ArborneProfile Recorder (APR)APR level connetions and field annotation
of mapping photograph¥LD Lands Dept loaneX-1502for this survey.

1090p NERVOSE 85, PobjReport, 4 Fd Svy Sgn
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Figure 49 Op ARIGHT 85. Det 1 Fd Svy Sgn#I%02 believed to being tested at Weipa Airport
Main Base. The antenna and tripod on the left is a loar1d0R from QLD Lands Dept (Photo: Mick
McConnel)

Figure 50 Op ARIGHT

85. AMX1502 oOlight
scal edamgingam

stores undeslung net

load on AAAvn Kiowa

LOH. The technical

stores are in the cabin

(Photo: Mick McConnell)
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Figure 51 Op ARIGHT 85, Del Fd Svy SqrstaffSergeant Cameron Chapmaiopographic
Surveyorunloadng his MXx1502 team stores from the Kiowa LOH undimgnetload. (Photo and
information: Mick McConnell)

From Mick McConneft!® Op ARIGHT 1985 in Cape York QLD was only my
second deplgment on a 1 Fd Svy Sqgn operatiorhe Detachment HQ was based
at the Weipa airport. As a young Sapper it was an excellent opportunity to gain
more experience conductingogind and aerial (AAvnKiowa LOH) field
verification annotation, leléng using the Kern automatic level, and operating
the Magnavox MX.502. | do remember the several weeks of statielSDR
operation to be quite tedious compared to the other more active tasks, as we
operated in two man teams with contus rotating 6 hourksfts for 4 to 6 days
before relocating to start the whole process again.

Having to spend days dhe same site with the M»502 in/near crocodile

infested swamps/rivers, teams were issare&LR7.62mmand ammunition for
seltprotection. We were undstrict instructions from the Quarter MastéM)

to at all times keep the riflolt and ammunition hidden sapéely in the

vehicle, and under no circumstances was the ammunition box seal to be broken
unless we could justify a sgifotection incident in witing. | think all teams

ignored the QM direction; especially, the CPL | was teamed with who placed the
SLR at the full magazine load condition in the tent on the first evening we set up
on station within a swamp area. We definitely sighted and hearidod lo

10 sapper (later Warrant Officer Class One)
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