Datums In the
PNG Oilfields

Connecting the Past
with the Future

Richard Stanaway QUICKCLOSE

b

\ .f &t

‘..

i k
L |
oL
g l

*f'f

i
AF i
!

r

-

-

'.“J.‘ s

-

| =

izml AS spC|at|on of Surveyors PNG

CJq,ngresé
91Eh—

l"I:lg]lday Inn F’.g’,rt Moresby

,,‘U




The setting

Establishing control has been
a very challenging enterprise
INn the PNG Oilfields

Some of the most rugged
topography on the planet

Some of the highest rainfall
on the planet

Land ownership issues
Logistically and physically

challenging environment
for surveying




Taim bipo

Surveyors amongst the first outsiders
to visit and map the PNG Oilfields

Rugged (karst) terrain, torrential rainfall

= incredibly dense & tough vegetation,
debris, sinkholes, moss mattress =

Inclement conditions for surveyors and
chainmen

need trig control on remote, cold, wet and
almost inaccessible high peaks (no GPS)

Lots of waiting time for clear weather

Very, very expensive
(helicopters, labour, equipment)




What PNG looks like at 3000m




And that was not all!

Laborious reduction and checking of
obs In very basic fly camps

Added difficulty due to very high
deflection of the vertical, atmospheric
differences and scale factor variations

Very basic calculators
(no PCs or laptops)

The establishment of AGD66 control In
the PNG Oilfields I1s a testament to the
determination, stamina and skill of the
earlier surveyors to get accurate
coordinates lists and levels for Oil & Gas




Survey underpins almost every
aspect of a resource project

Aerial survey control (and now LIDAR)
Topographic surveys

Village mapping, clan boundaries

Geological mapping, gravimetric surveys,
magnetic, seismic imaging control

Environmental and heritage surveys

Setout of asbuilt surveys of exploration
wells and associated infrastructure

Pipelines, power reticulation,
production facilities




Other problems surveyors face

Lack of understanding of importance of
surveying, field requirements and logistics at
management level

Seen but not heard, so costs are pushed
down. At what cost though??

Loss of information, lack of communication
and reporting of datum information at
each change of phase of development




early 1960s

National

Mapping
trig stations

MRA101
Tellurometers

including
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established by
Uus

Not closed
to a tide gauge!

National

Mapping
(NMZJ37..)




late 1960s

Alan Mail
surveys
for BP

Australian
Army
(RASvVY)

AA series

AERODIST

T

20 (KILOMETRES)
S

~

AM series network




AA Transit
Doppler

SSL
Seismic
Surveys

Carson

Pratt
Surveys

(CP stations)

NORTECH
(GPS)

Arman Larmer
Surveys

Theodist
(Patrick O’Connor)

1970s - 1990s

14 m error detected in earlier heighting




2005 GAS FEED

Front-End Engineering & Design
for LNG Export pipeline to Australia

Required 5 cm accurate control on same datum

PNG94 (PSM 5583 Kikori) chosen as horizontal
datum and Kumul 34 chosen as vertical datum
(with EGM96 geoid)

Geodetic surveys undertaken by Arman Larmer
Surveys and Asia Pacific Surveys

Staff & equipment from DSLS UniTech

Quickclose for validation & finalisation

FUGRO Spatial - LIDAR survey (30 cm accurate DTM)




Some problems

with the 2005 survey
Baselines not interconnected (cost)
Insufficient observation times

Poor connections to earlier survey control

uncertainty In site velocities

no validation of geoid model by levelling

8 cm horizontal 30 cm MSL achieved




D O5H cperaled licence
D O5H interest in licence
[ Petroleum Retention Licence

D Application for licance
.‘ Qil fiald

‘ Gas field
@ Oil &gas field
‘ Prospect

w Qi pipeline
== == Proposed gas pipeline

Map of the PNG Oilfields now




2007 Oil Search Review

Problems identified and confusion of
datums used (horizontal & vertical)

Quickclose contracted to undertake review of all
aspects of surveying and validate datums used

compute AGD66 to PNG94 parameters in the Oil
Fields for Oil Search GIS team

Extensive study of existing reports, collation of
survey information, sketches etc..

Discussions with Fred Pratt on historical aspects
Liaison and planning

Surveys conducted in August and December 2007
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Juha validation - Height of wet season!




Juha PRM 1 and 2

3 h&,
PRM2 Witness, Post
Last visited 193.‘3‘“22%years)
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Site velocities for AUSPOS
& OMnISTAR

Kopi, Kikori, Kumul, Gobe

E 0.034 m/yr N 0.054 m/yr

Kutubu, Moro, lagifu, Moran

E 0.033 m/yr N 0.054 m/yr

Hides, Juha
E 0.032 m/yr N 0.054 m/yr

AUSPOS & OmnISTAR solutions
converted to PNG94




Mean Sea Level (MSL)

Compared EGM96 and PNG Geoid

zero order correction based on
Kumul 34 tidal observations

MSL = EGM96 - 0.87 m

EGM96 geoid equivalent to PNG Geoid
at 1 metre in the Oilfields

Offsets computed from EGM96(Kumul)
to existing height datums in the Oil fields

Geometric levelling still required for
Improved heighting accurcy




MSL differences

To—

From.

Kumul34

5

Chevron

EGM96

0

I
o

.87

0.97

-15.9

2.6

0.55

5.3

2.3

Kumul34

0.87

0

1.84

-15.03

3.47

1.42

6.17

3.17

LAT Kumul

-0.97

-1.84

0

-16.87

1.63

-0.42

4.33

1.33

Chevron

15.9

15.03

16.87

0

18.5

16.45

21.2

18.2

Kutubu

-2.6

-3.47

-1.63

-18.5

0

-2.05

-2.7

-0.3

Hides

-0.55

-1.42

0.42

-16.45

2.05

0

4.75

1.75

Juha

-5.3

-6.17

-4.33

-21.2

-2.7

-4.75

0

-3.0

Gobe

-2.3

-3.17

-1.33

-18.2

0.3

-1.75

3.0

0

Table 1: Conversion reckoner between different height datums in PNG Oilfields




AGD66 to PNG94
transformation parameters

Transformation Accuracy
ITRF2000/WGS84 to PNG94 2008 0.05 WGS84/GRS80
ITRF2000/WGS84 to PNG94 2009 0.05 WGS84/GRS80
ITRF2000/WGS84 to AGD66(0Qil) 2.0 ANS

PNG94 to AGD66(Qil) 2.0 ANS

PNG94 to ITRF2000/WGS84 2008 0.05 WGS84/GRS80
PNG94 to ITRF2000/WGS84 2009 0.05 WGS84/GRS80
AGD66(0Qil) to ITRF2000/WGS84 2.0 WGS84/GRSE80
AGD66(Qil) to PNG94 2.0 WGS84/GRS80

Ellipsoid

2008

2009

2010

2011

2012

2013

Easting

-0.48

-0.51

-0.54

-0.58

-0.61

-0.64

Northing

-0.78

-0.84

-0.89

-0.95

-1.00

-1.05

Table 3 - Correction applied to ITRF2000/WGS84 UTM coordinates to get PNGMG924

1 metre accuracy AMG66 to PNGMG94 block shift

AMG66 Easting = PNGMG Easting - 122
AMG66 Northing = PNGMG Northing - 161




Table 4 - PMNG Oilfields - Geodetic Datum PNG94 (ITRF92 Epoch 1994.0)
[Ta be used for prirnary survey control frorn 20080

PNE94 (ITRF9Z Epoch 1904.0)

Ellipsoid

M5L HE.

PHGMGEY4 Zone 54

Pos. Uncertainty

Yel. (mi/yr)

Station [Location

Latitude

Longitude

Height

[Kunul)

Easting

Northing

o E

o M

o Ht

East

North

Fiducial Contol

LAEL

Lae IG5 B ase station

-5° 407 25", 3664

1457 537 3574670

140,33

=]

001

0.01

0.010

0026

0.052

PSMSSE3

Kikori Airstrip [Apron)

ST ES 24T 8532

144° 14" 55", 7667

82,93

1200

==

917811765

0.0z

0.0z

0.010

0,033

0.054

PSM1TI01

Kopiagoe Airstip [Apron)

-5e 23 0970352

1420297 427,1907

141279

122767

GE3650.92

240442051

0.0z

0.0z

0,020

0.031

0.055

Primary Control

PSMZZ561 [Juha 4 (abowe]

-5950 0372869

1422 257 1072057

1041.13

95821

E07132.18

DI04 SE0.22

o.07

0.0&

0,040

0032

0.054

PESM30041 [Mogoli Helipad

-S5O 56 02" 4345

142247 16", 7455

134020

125754

E9790.59

S343TF0.7E

o.07

0.0&

0.040

0032

0.054

ICTIOGRS

Taqifu IDT10camp

-EF2F 59,1002

143° 107 4373263

119281

111264

T4027.39

F292074.93

0.07

0.06

0,040

0.033

0,034

PSM17TT742

Mot Airstrip (W End)

-5° 217447 2072

143° 137 46™.0940

21788

23742

TACEET 43

S296194.53

o.07

0.0&

0,020

0023

0.054

PSMIZ563

Gobe [(Operations Camp)

-5 490 2001261

143% 44" 427, 7931

DED21

486,15

S023439.28

S2400235.88

o.07

0.0&

0,040

0.024

0.054

PSM30040

Fopi (Walve station]

RN T

144= 117 08" 2730

444

T.24

83178520

21589331.84

0.04

0.03

0,030

0.033

0,034

Secondary Control

PSM32362 [Juha 4

-59500 047,5669

142925 0476812

102835

943,48

EDE9E2.03

EEEEETEN i

o.07

0.0&

0,040

0032

0.054

CRCPLE Hides <

ST 00 2071417

142548 03" 7727

173763

167338

63941277

23350848.868

0.02

0.06

0.040

0.032

0,034

PSM17T743

Tagifu Ridge Camp [above]

-5° 26T 28", 7380

143° 1370076215

147024

139077

T45191.88

S2ETATEED

o.07

0.0&

0,050

0023

0.054

MORD GPS

Fotari Camp [Senior)

-52 210 5578294

143° 14" 26", 7368

91314

g3268

T47ET.o4

S2ODES3.49

o.07

0.0&

000

0023

0.054

PSM1T262

Gobe Airstrip (W zide)

-7 52 4575701

14343 2173500

12924

o032

S00201.00

Q23873430

0.03

0.06

0.0a0

0.034

0,034

A28

Gobe Airstrip [S side)

-5° 52T 5T 65856

143° 43" 36".0904

13002

o128

20135174

EFEEE=EE T

o.03

0.0&

0,040

0.024

0.054

PSM2ZZZ

Kikori Airstrip (S End)

ST ES 3674929

144° 157 11",805%

29,91

1299

2091761

177989

0.0z

0.03

0,040

0,033

0.054

Terbary Control

JUHAPREMI [Juha 4 [abowe)

-59 50 08", 3449

1422 25 1172763

104323

Q0,36

E07190.78

SEDdEEe.21

o.03

0.03

000

0032

0.054

PSM17494 [Hides 1 (abowe]

-5e 55 4272240

142° 42" 437,975

283930

27086

E29042, 29

S34441 8,15

o.07

0.0&

000

0032

0.054

PESMI17640 [Hides 2 (abowe)

-5o5ET 4472401

1429427 57",3569

254704

246454

£91733.48

224230601

0.07

0.07

0.0&0

0.032

0.054

S5LEGE Koarno Airstrip

-0 17ATIE

1422517 41", 7762

182428

154328

TOe021 .42

SI32E4.08

o.07

0.07

000

0032

0.054

PSMITA10 [Tagifu 2 [abowe]

-5° 26T 02", 2002

143° 127 42", 7350

144003

130,00

Taded7 35

S2EEET5.00

o.03

0.07

0,050

0023

0.054

PSM1TT41

Maro Airstrip (E end)

ST 21T 49T 2571

143% 14" 4775855

Q0702

226,54

T42317.47

Q29505144

0.07

0.0&

0.040

0.033

0.054

PSMZZ365 [Cobra l

-57 5 08" 3623

143539 0178200

112008

103111

S29804.95

D239T0E.03

0.10

006

0,00

0024

0,034

PSMZ2564 [Cobra 1 (abowe]

-5° 52 02" 4674

143753 0476413

113814

105718

S29092. T3

S2IEETT

0.10

0.07

000

0.024

0.054

Height Datum Stations

HIRAMZZ [ aird Hills

-TEZE S0 9425

144° 21" 253" 6535

39TV

a320.59

8T0633.93

ENNEETENE]

0.04

0.03

0,030

0.033

0,034

Kurmul34  [Eurmul platform

-5 03 5173913

1447 337 38".3558

103220

2796

S920E3.968

108523305

0.09

0.04

0,040

0,033

0.054

Kumul35

Kurnul platfarm (Helipad)

-5 03 521178

1442 33" 388321

104,59

2926

S92572.368

S10e2s1.02

0.09

0.04

0,040

0,033

0.054

Final PNG94 coordinates list




Future LNG FEED 2008

EIT) 1 250 mmschd (nominal)
”-éa
it

560 mmscfd Conditioning Plant

e Kutubu & Agogo
R

db Gobe

Ui

311 km 32-inch .
Hides-Kopi pipeline X

~300 km 32/34-inch
subsea gas line to LNG
Plant at Cape Possession
or Port Moresby
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