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ABSTRACT

Between 03 and 07 November 2005, and 09 and 17 December 2005, Fugro Survey Pty Ltd
(Fugro) provided equipment and personnel for the semi-submersible Mobile Offshore Drilling
Unit Ocean Patriot rig move from Fur Seal-1 to Culverin-1 location in Permit VIC/P56 in Bass
Strait, Victoria.

Surface positioning was provided by Fugro’s Multiple Reference Differential Global Positioning
System (MRDGPS) and Starfix Seis Navigation Software.

The final position for the drill stem derived from DGPS observations at Culverin-1 location is:

Location Name: Culverin-1

Easting (m):   644437.3
Northing (m): 5748256.4

Latitude: 38° 24’ 08.14” S
Longitude: 148° 39’ 14.92” E

Rig Heading: 272.54° (True)

This position is 7.0m on a bearing of 337.0° (Grid) from the proposed Culverin-1 location.

All coordinates in this report are referenced to the Geocentric Datum of Australia 1994 (GDA94)
and projected onto the Map Grid of Australia 1994 (MGA94) Zone 55 (CM 147° E), unless
otherwise stated.

All times in this report are quoted in Australian Eastern Daylight-Saving Time (EDST) unless
otherwise stated.
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1.0 INTRODUCTION

Fugro Survey Pty Ltd (Fugro) was contracted by Upstream Petroleum Pty Ltd
(Upstream) to provide navigation and positioning survey services on board the semi-
submersible Mobile Offshore Drilling Unit (MODU) Ocean Patriot, during the rig move
to Culverin-1 location in Permit VIC/P56 in Bass Strait, Victoria.

A general location diagram is shown as Figure 1-1.

This report details the equipment used, survey parameters adopted, procedures
employed and the results achieved.  A section on safety is included in Section 3.0 of
this report.

1.1 Scope of Work

Personnel and equipment were provided on a 24 hour per day basis for:

 Calibration and function testing of the survey equipment on board the rig and the
two Anchor Handling Vessels (AHVs).

 Surface navigation for the Ocean Patriot, using Fugro’s MRDGPS (Multi
Reference DGPS) and Starfix Spot DGPS services.

 Surface navigation for AHVs during anchoring operations, using Starfix Spot
DGPS.

 Final rig surface positioning for the Culverin-1 location using DGPS
observations.

 Final reporting of the positioning results.

1.2 Sequence of Events

On 03 November 2005, J. Cohen and S. Bradley departed Perth for the Ocean Patriot.
After equipment calibrations, the anchors were recovered at Fur Seal-1 location on 05
November 2005, and the rig tow to Culverin-1 commenced.  However, #4 anchor
winch malfunctioned during anchor deployment at Culverin-1. The rig was towed to
Eden Bay, NSW, for repairs and Fugro personnel returned to Perth.

On 10 December 2005, R. Risah joined the rig while the rig was anchored at Eden
Bay. Anchors were recovered at Eden Bay anchorage and the rig was towed to
Culverin-1 on 12 December 2005. M. Karklin joined the rig whist undertow to Culverin-
1 location.

Between 13 and 15 December 2005, the rig was positioned on location at Culverin-1.
Fugro personnel departed the rig on 17 December 2005.

Further details of Fugro’s involvement in the rig move are presented in the Daily
Operations Reports included in Appendix A.
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2.0 RESULTS

2.1 Final Position

The final position of the Ocean Patriot drill stem was established by calculating the
mean position from two hours of DGPS data logged between 17:00hr and 19:00hr on
16 December 2005.  During this period, calculated drill stem coordinates from the
primary and secondary positioning systems were logged at a five second interval in
Starfix Seis. Data from the primary positioning system were used for the final position
calculation.

Differential GPS corrections were derived using a multi-reference solution with base
station data from Melbourne, Bathurst and Cobar.

GDA94 geographical positions for the Culverin-1 location are shown in Table 2-1.

GDA94
Position Method Latitude Longitude
Drill Stem at Surface MRDGPS 38° 24’ 08.14” S 148° 39’ 14.92” E
Proposed Location - 38° 24’ 08.35” S 148° 39’ 15.04” E

TABLE 2-1 : GEOGRAPHICAL POSITIONS FOR CULVERIN-1

GDA94 grid coordinates (CM 147° E) for Culverin-1 location are shown in Table 2-2.

GDA94, MGA, CM147°E
Position Method Easting (m) Northing (m)
Drill Stem at Surface MRDGPS 644437.3 5748256.4
Proposed Location - 644440.0 5748250.0

TABLE 2-2 : GRID COORDINATES FOR CULVERIN-1

This position is 7.0m at a bearing of 337.0° (Grid) from the design location.

A copy of the original rig position field report is contained in Appendix B.

2.2 Rig Heading

The heading of the Ocean Patriot was established by calculating the average heading
during two hours of corrected gyro compass readings logged between 17:00hr and
19:00hr on 16 December 2005. During this period, gyro readings were logged at a five
second interval in Starfix Seis.

The Ocean Patriot's heading is shown in Table 2-3.

Description Method True Grid
Rig Heading Gyro 272.54° 273.57°
Proposed Heading - 270.00° 271.03°

TABLE 2-3 : RIG HEADING
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2.3 Anchor Positions

The approximate locations of the Ocean Patriot's anchors are shown in Table 2-4.

GDA94, MGA, CM147°E
Anchor Easting (m) Northing (m) Azimuth Deployed By

1 643461 5748853 299.9° Pacific Wrangler
2 643944 5749115 330.0° Pacific Wrangler
3 644964 5749099 30.7° Far Grip
4 645480 5748869 59.2° Pacific Wrangler
5 645467 5747566 122.1° Pacific Wrangler
6 645023 5747233 149.3° Far Grip
7 643852 5747274 208.8° Far Grip
8 643454 5747792 244.2° Pacific Wrangler

TABLE 2-4 : ANCHOR POSITIONS

The approximate coordinates of the Ocean Patriot’s anchors were calculated from:

 The azimuth from the fairlead position to the AHVs stern position at the time of
anchor deployment.

 The range from the fairlead position to the anchor, as obtained from the on board
chain counter, corrected for catenary.
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3.0 SAFETY

All work undertaken by Fugro personnel during the project was performed within the
guidelines of Fugro’s Safety Policy, as defined in Fugro’s Safety Manual (SMS-P01)
and Offshore Survey Safety Practices (SMS-SP26).

Fugro personnel worked within all project safety guidelines and plans adopted by
Upstream and Diamond Offshore.

No safety incidents involving Fugro personnel were reported during the project.

Fugro personnel attended a vessel induction, pre-rig move meeting and muster drill
whilst on board.

A Project Specific Safety Plan was developed for positioning services on board the
Ocean Patriot for the Culverin-1 rig move.
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4.0 SURVEY OPERATIONS

4.1 Mobilisation

After the completion of #4 anchor winch repairs, a Fugro personnel departed Perth on
09 December 2005 and arrived on board the rig on 10 December 2005, whilst it was
located at Eden Bay anchorage.  Following an arrival briefing, the survey equipment
on board was powered up and system and function tests completed. The second
Fugro personnel joined the rig on 12 December 2005 whilst the rig was undertow.

4.2 General Survey Procedures

The tow was conducted with the Far Grip connected to the main tow wire.

About 5 kilometres from Culverin-1 location, the Pacific Wrangler was connected to
the #4 anchor. The Far Grip and Pacific Wrangler manoeuvred the rig onto the
proposed Culverin-1 location.  Once the rig was positioned over Culverin-1 location
with the assistance of the Far Grip, #4 anchor was deployed by the Pacific Wrangler.

After establishing that #4 anchor was holding and the rig was maintaining its position
at Culverin-1, the Pacific Wrangler then ran anchors #8, #5 and #1. When the primary
anchors were successfully deployed, the Far Grip was released from the tow wire and
assisted the Pacific Wrangler in deploying the remaining anchors.

Once all anchors were deployed, the anchors were systematically cross-tensioned to a
specified tension of 200 tonnes for 10 minutes and then slackened down to working
tension.

During the deployment of each anchor, the AHVs were provided with a waypoint and
the corresponding run line via the Wombat telemetry system. The AHVs ran out the
anchor chain along this line to the desired drop point. The anchor chain was stretched
out and the anchor lowered to the seabed. After confirming that the anchor was
holding, the vessel then stripped the chain chaser back to the rig.

The Ocean Patriot was positioned over the Culverin-1 location with all anchoring and
pre-tensioning completed at 09:10hr on 15 December 2005.  Final position data were
logged between 17:00hr and 19:00hr on 16 December 2005.  A rig positioning field
report was issued to the Upstream Company Representative (see Appendix B).

4.3 Demobilisation

All navigation systems on board the Ocean Patriot and AHVs were switched off during
demobilisation and left on board the vessels for the anchor recovery at Culverin-1.

Fugro personnel departed the rig and returned to Perth on 17 December 2005.
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5.0 EQUIPMENT CALIBRATION

5.1 DGPS Navigation Integrity Check

In order to check the correct operation of the navigation systems installed on board the
Ocean Patriot DGPS data were logged for 30 minutes on 04 November 2005, whilst
the rig was located at Fur Seal-1.

A comparison of the primary and secondary DGPS was also conducted.  The results
from both of these tests are provided in Table 5-1.

GDA94, MGA, CM 147°E
Easting (m) Northing (m)

Established Well Coordinates 600995.50 5779136.70
Observed Coordinates 600995.95 5779146.60
Difference -0.45 -9.90
Primary Navigation 600995.95 5779146.60
Secondary Navigation 600996.61 5779146.16
Difference -0.66 +0.43

TABLE 5-1 : DGPS NAVIGATION INTEGRITY CHECK

The DGPS check described above demonstrated that the navigation systems on board
the Ocean Patriot were set up and working correctly.

A positioning check list was completed at Culverin-1 location to confirm the proposed
rig position and to ensure that the correct geodetic datum, transformation and
projection parameters were being used. Geodetic calculations were performed using
both Starfix Seis and the off-line geodetic calculation package GEO.

Details of all positioning checks are provided in Appendix C.

5.2 Gyro Compass Calibration

The calibration of the survey gyro compass was carried out on 04 November 2005,
whilst the rig was located at Fur Seal-1.

A series of observations were made to the sun from which the rig heading was
calculated. The calculated values were then compared to the observed gyro compass
values logged in Starfix Seis and a mean C-O value of +1.88° was determined. This
correction was applied in the navigation suite.

Details of the gyro calibration are included in Appendix C.
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6.0 SURVEY PARAMETERS

6.1 Geodetic Parameters

All coordinates are referenced to the Geocentric Datum of Australia 1994 (GDA94)
unless otherwise noted.  The Global Positioning System (GPS) operates on the World
Geodetic System 1984 (WGS84) datum.  Fugro’s Differential GPS Reference Stations
are currently defined in the International Terrestrial Reference Frame 2000 (ITRF2000
Epoch 2005.75) datum.  Due to the continual refinement of the WGS84 reference
frame, for all cases, the transformation parameters indicate that the WGS84 and
ITRF2000 reference frames are essentially identical.

Datum : World Geodetic System 1984 (WGS84)
Reference Spheroid : World Geodetic System 1984
Semi Major Axis : 6378137.000m
Inverse flattening : 298.257223563

Datum : Geocentric Datum of Australia 1994 (GDA94)
Reference Spheroid : Geodetic Reference System 1980 (GRS80)
Semi Major Axis : 6378137.000m
Inverse flattening : 298.257222101

The following seven parameter datum transformation (Table 6-1) was used in Fugro’s
software, to transform WGS84 (ITRF2000 Epoch 2005.50) coordinates to GDA94
coordinates.  These parameters are calculated from the 14 parameter transformation
defined by Geoscience Australia.  Fugro follows the Coordinate Frame Rotation
convention (as defined by UKOOA) for datum transformations.

Transformation Parameters from WGS84 (ITRF2000 Epoch 2005.50) to GDA94
dX -0.0156m rX +0.01445”
dY  -0.0348m rY +0.013050”
dZ -0.0513m rZ +0.015037”

dS +0.004977ppm

TABLE 6-1 : TRANSFORMATION PARAMETERS

The proposed drilling location and all project coordinates are grid coordinates on the
Map Grid of Australia.

Grid : Map Grid of Australia (MGA94)
Projection : Transverse Mercator
Latitude of Origin : 0°
Central Meridian : 147° E (UTM Zone 55)
Central Scale Factor : 0.9996
False Easting : 500000m
False Northing : 10000000m
Units : Metres
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6.2 Differential GPS Reference Stations

Fugro’s Differential GPS Reference Stations are currently defined in the ITRF2000
(Epoch 2005.50) datum and are shown in Table 6-2.

ITRF 2000, EPOCH 2005.75
Station Id Latitude Longitude Height (m) Uplink
Melbourne 385 37° 48’ 29.008” S 144° 57’ 48.029” E 82.06 Optus/APSat
Bathurst 336 33° 25’ 46.882” S 149° 34’ 01.968” E 756.66 Optus/APSat
Cobar 316 31° 29’ 57.434” S 145° 50’ 20.344” E 270.17 Optus/APSat

TABLE 6-2 : DGPS REFERENCE STATIONS

6.3 Project Coordinates and Tolerances

Project target coordinates and surface tolerance for Culverin-1 location were supplied
by Upstream and are shown in Table 6-3. Project procedures are provided in Appendix
D.

GDA94, MGA, CM 147°E
Location Easting (m) Northing (m) Tolerances
Culverin-1 644440.0 5748250.0 15m radius

TABLE 6-3 : PROJECT DESIGN COORDINATES
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7.0 SURVEY EQUIPMENT, VESSEL AND PERSONNEL

7.1 Equipment

Survey equipment used for the positioning of the Ocean Patriot was as follows:

Ocean Patriot
2 x Starfix satellite DGPS (1 Optus link, 1 APSat link)
2 x Trimble 4000 series GPS receivers
2 x Pentium IV computers, running Fugro’s Starfix Seis navigation software suite
3 x 17” monitors (2 Seis, 1 Helm)
2 x SG Brown gyro compass
2 x Uninterruptible power supply units (UPS)
1 x Teledesign radio/modem
1 x Theodolite, tripod and dark glass
1 x Printer

AHVs (complete system per vessel, plus one complete set of spares)
1 x Pentium III computers, running Starfix Display/Wombat
1 x Monitors
1 x Starfix VBS units
1 x Fluxgate compasses
1 x Teledesign radio/modems

All systems were provided complete with all necessary cabling, connectors, power
supplies, antennae, accessories, manuals and consumables.

Refer to Figure 7-1 for an equipment flow diagram for the Ocean Patriot and Figure 7-
2 for the equipment flow diagram for the AHVs.

7.2 Vessels

The vessels used for anchor handling and towing the Ocean Patriot were the Pacific
Wrangler and the Far Grip.  Refer to Figure 7-3, Figure 7-4 and Figure 7-5 for the
vessel offset diagrams.

7.3 Personnel

Fugro personnel involved in the rig move and positioning operations were as follows:

R. Risah Surveyor / Party Chief 09 – 17 December 2005
M. Karklin Technician 12 – 17 December 2005
J. Cohen Surveyor 03 – 07 November 2005
S. Bradley Technician 03 – 07 November 2005
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FIGURE 7-1 : EQUIPMENT FLOW DIAGRAM – MODU OCEAN PATRIOT
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FIGURE 7-2 : EQUIPMENT FLOW DIAGRAM – AHVS
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8.0 CONCLUSIONS AND RECOMMENDATIONS

 The Ocean Patriot was successfully positioned during the towing and anchoring
operations and at Culverin-1.

 The Pacific Wrangler and Far Grip were successfully positioned during the
towing and anchoring operations.

 The surface position of the Culverin-1 well was determined.
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9.0 DISTRIBUTION

Copies of this report have been distributed as follows:

Upstream Petroleum :  3 paper copies
Attn:  John Ah-Cann :  1 electronic copy

Fugro Survey Pty Ltd :  1 paper copy
:  1 electronic copy
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