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Summary

In theearly hours of 24 February 1994,
the Norwegianflag (NIS) off-shore
anchor handling and supply vessel Boa
Force was engaged in deploying
anchorsfrom the off-shore
construction barge, Support Station 111,
about half amile south of Thevenard
Island, 11 miles north-west of Ondow,
Western Australia.

Anchor handling vessels do not
navigatein the accepted meaning of
theterm, but aredirectedtogoin
directionsdetermined by the person
controlling the operation on board the
parent vessdl, in thiscase, using a
differential global positioning system
and monitor.

Intheimmediate areaof BoaForce's
operation, there was a pipeline, marked
at regular intervalswith temporary
buoys and an unmarked subsea
wellhead, standing about 3m highina
general seabed depth of under 8m of
water. Thewdl itsalf was not active
and had been capped and suspended
for sometime. To thewest, and about
70m from the wellhead, a new pipeline
had been laid, running from oil
production platformsto Thevenard
Island.

At about 0220 Western Australian
Standard Time, Boa Force recovered
the barge's number one anchor from
closeto thewellhead. Thoseon the
barge were concerned with the
proximity of thewireto the wellhead.
BoaForcewasorderedtogoin a
northerly direction to ensurethat the
wire was clear, beforethe barge

recovered thewireprior to
repositioning the anchor.

At about 0250, while moving stem fnst
towards the barge, Boa Force hit the
wellhead and holed the engineroom
spacein the only areawherethe vessel
did not have adouble hull.

Despiteefforts by the Chief Engineer,
the Second Engineer and an Integrated
Rating, the vessdl's pumps could not
keep up with theingressof water. A
launch was sent from the Support
Station 111 to stand by BoaForce. A
little before 0345, the M aster ordered
the crew to abandon Boa Force and by
0345 the complement of eleven were
on board the launch.

The vessel sank, to the seabed partially
supported by thewellhead. A boom
was deployed to combat any pollution.

An operation to raise and dispose of
Boa Force was completed on 6 April.
Thisinvolved lifting BoaForce clear

of the wellhead, patching the breachin
the hull, and recovering al oil and
other pollutants. The vessel was then
towed beyond the continental shelf and
scuttled.

The incident occurredin Western
Australian State waters, where
shipping is administered by the
Western Australian Department of
Trangport, and the general operation,
connected with the petroleumindustry,
came under the provisions of
legidation administered by the Western
Australian Department of Mineralsand
Energy. Boa Force was a'' declared
vessdl" under the provisions of the
Navigation Act 1912 and its Australian
Master and crew held Commonwesalth



gualifications. Therefore, in addition Western Australian Department of

totheflag State, three Australian Minerals and Energy), however, by
administrationshad jurisdictionto mutual agreement the authorities
investigatetheincident agreed to conduct ajoint investigation
(Commonweal th Department of in accordancewith the provisionsof
Transport, Western Australian the Navigation (Marine Casualty)
Department of Transport and the Regulations.
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Narrative

Boa Force

Boa Force was builtin 1978 by Stort
Velt A/Sin Stord, Norway, and
launched as Tiwazfor AB Bohus-Tug
Ltd, Udevalla, Sweden. It has operated
under five different namesfor five
owners. At al timesit has been
classed with Det Norske Verites.

AsBoaForce, it wasowned by WS
Leh IX A/S under the Norwegian flag
(NI1S), and carried an Australian master
and crew. It had been on bareboat
charter to Tidewater Port Jackson
Marine Pty Ltd for about three years
and it had operated in Australian and
South-East Asian waters.

Boa Force was an off-shore tug/supply
vessd of 499 grosstonnage, designed
for handling the anchors of off-shore
drilling rigs and construction barges. It
was 43.39min length, it had abeam of
12.25m, a moulded depth from the
main deck of 6.02mand a maximum
draught of 4.961m. Propulsion was by
twin variablepitch propellersin Kort
nozzles, driven by two sixteen cylinder
diesel engines with a continuous output
of 5180kW. Theengineroom was
designated an unrnanned machinery
space (UMS).

As part of itscomplement of deck
machinery for anchor handling, the
vessel was equipped with a hydraulic
towing/anchor handling winch, with a
bollard pull of about 120 tonnes, and
four hydraulically operated towing
pins. These were normally operated

fromthe after end of thevessdl's
bridge.

Thewhed house dof the Boa Force was
about 10.5min length, withengine
control positionsat theforward end of
the wheelhouse, and on the
bridgewings (for normal navigation)
and at the after end. For anchor
handling operations, the engines,
steering, hydraulic towing winch and
hydraulic pins, could al be controlled
from the after end. Theenginesand
the hydraulic controls, operating the
winch and hydraulic towing pins, were
normally controlled by a person sitting
in achair on the centre-line, at the after
end of the wheelhouse.

With the exception of one gyro
compassrepeater, al the navigation
equipment (radars, gyro compass, echo
sounder etc) was at theforward end of
the bridge, variously 6mto 10rnfrom
the after conning position. The chart
table was about 5.5m forward of the
after conning position.

Boa Force operated on atwo crew
system, each crew of eleven, working
about one month on and one month

off. To ensure continuity, the Master
and Chief Engineer joined together at a
different timeto the remainder of the
crew.

The Master first went to seain 1959
and had extensive seagoing experience.
Hefirst joined the off-shoreindustry in
1968 for a period of about two years
and he rgjoined theindustry in 1976.
He had 16 years command experience
in the off-shoreindustry and held a
certificate of competency as Master
Class1. Hehad sailed on Boa Force
as Master before August 1993 and had



sailed regularly on the vessdl since
September 1993, compl eting three
swings. Hergoined Boa Forceon

28 January 1994 with the Chief
Engineer. Mog of hisexperiencewas
in anchor handling and off-shore
construction work.

The Chief Engineer had 16 years
seagoing experienceand hdd aClass 1
Engineer's Certificate. Hehad been a
Chief Engineer for five years and had
been Chief Engineer on Boa Force
since January 1993.

The Mate held acertificateot
competency as aMaster Class 2 and
had extensive commercia shipping
experience. Hejoined the off-shore
industry in 1974 in the North Sea
working on tugs, crew boatsand rig
tenders. He entered the Austrdian
Merchant Mainein 1986 and worked
as tug master in various ports around
Australiaand in the off-shoreindustry.
He joined Tidewater Port Jackson
Marinein 1989, sailing as Mate and
relieving Mager. He had sailed on the
Boa Forcein 1993 and had rejoined
the vessel on 7 February 1994.

The Second Mate held a Master
Class1Ce cae had devenyears
Seagoing experienceand spent some
time ashore as amarine surveyor for
private marine consultants. He had
undertaken limited operations off-
shore, withtworig movesand a
delivery voyage. BoaForcewas his
first off-shore vessal engagedin
constructionwork, deploying anchors
and towing pipelines.

The Second Engineer held acertificate
as an Engineer Class 2, he hed
extensiveengineering experienceasrig

mechanic and second engineer in the
off-shoreindugtry. He had over six
months experienceon Boa Force.

Theremainder d the crew involvedin
thisincident, comprising of four
integrated ratings and acook, joined on
8 February 1994. Two of theratings
had cons derableexperiencein the off-
shoreindustry and the Boa Forcein
particular. Thethreenew ratings
proved enthusiasticand proved that
they were capable of handling the
specidised deck work with wires and
anchors.

Off-shore support vessals normally
serviceone geographic areaof the off-
shore industry for prolonged periods.
Their voyages are essentially within
Statejurisdiction and hence are on
intra-state voyages, under State or
Northern Territory jurisdiction.
However, to dlow flexibility in their
operation it is open to the operator to
apply for adeclarationunder Section
8A of the Navigation Act 1912, to
bring avessal under the provisons o
the Act.

Tidewater Port JacksonMarine Pty Ltd
applied to the Augrdian Maritime
Safety Authority (AMSA) for a
declaration under Section 8A of the
Act, to bring Boa Force under the
provisonsaof the Navigation Act 1912,
The declaration wasissued with effect
from 14 January 1992, following an
ingpection of the vessal by an AMSA
surveyor on 7 January 1992. The
declaration wasin forceon

24 February 1994, and all statutory
certificateswerevalid.

Boa Force had been supplied with
Wes Austrdian Petroleum Pty Ltd's
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(WAPET) safety manualsrelevant to
the operation and their requirements
for anchor handling. The Master stated
that he read the manuas and had taken
therelevant partsin the four manuals,
creating asingledocumentfor the
officersand crew.

The Operation

WAPET had contracted MSJ Joint
Venture, on afixed price contact, to
develop the pipeine system from two
oil fields, Roller and Skate, Stuated
between 7 and 11 nautical miles west
of Ondow, Western Audtrdia, to
Thevenard Idand and the mainland.
The Roller/Skate project includesfour
unmanned monopod well-heads. The
operationinvolved anumber of phases,
including the construction and
gtabilisation o the pipeinesystem.

Boa Force was chartered to MSJ Joint
Ventureon 11 January 1994 under the
terms of " Supply Time 89" Uniform
Charter Party for Off-shore Service
VesHs SubSealnternationa Inc., one
of thejoint venture partners who hed
operational control of the congtruction
and stabilisation phase of the pipeline,
coordinated the operationfromthe
construction barge Support Station |11

(SSI).

A BargeMaster wasin chargeof SSIII
and was responsiblefor construction
operations, including the anchor
deployment. The Barge Master had

22 yearsexperiencein the marine
construction industry world wide, in
deep and very shallow seaareasand in
conditions of extremetide and current.
For 16 years he had direct
responsibility for anchor handling from

off-shoreconstruction vessalsfrom
50m to over 180m inlength.

Boa Force was involved in towing the
off-shore barge SSI 11 and working with
Maersk Supporter. Thiswork included
the two vesselsworking in tandem,
dragging the pipelineroute with a
heavy chain sweep, to remove
obstructions, and towing lengths or
"grings’ of prefabricated pipeinefrom
aconstructionsite near Ondow to the
dlotted position. The pipe strings
were towed at the seabed, attached to
special flotation collars which provided
neutral buoyancy.

Boa Force asotowed SSI11 to various
locations, where diversfrom the barge
bolted the lengths of pipe together.
Thisinvolved usng an anchor wire
from the bargefor towing and
deploying the anchorsas directed by
the barge magter. The positionsof the
anchors on the seabed were marked by
barrel buoys joined to the anchor by a

50m wire pennant. The wire pennant
passed through the anchor buoy (in a
"auit-case” system) and endedin an
eye. When recovering the anchor, the
pennant eye was secured by a
messenger and led to the working
winch and pulled through the buoy,
which remained afloat until thetop of
the anchor shank engaged the buoy.
Both buoy and anchor were hoveto the
sernroller, and either left there ready
for dropping, or brought on deck

(decked).

Under theterms o the charter party,
specific provison was madeto alow
the owner, master and crew discretion
regarding the safety of any operation
that they might have been directed to
undertake.



"If Owner determinesit isnot
safeto performany servicesas
requested under any given
conditions, Owner shdl
immediately notify the
Charterersdf such unsafe
condition, and shall not engage
In any activity which may cause
damageor lossd lifeor
property. Owner, itsMaster and
Crew havethe solediscretion,
authority and last word asto
whether any request of the
Charterersshould or should not
becarried out. Owner, its
Master and Crew, shall not
under any circumstances,
undertakeany task or request of
the Chartererswhich it or they
shall deem unsafe; and Owner,
itsMaster and Crew shall have
theresponsbility not to
undertakeany task whichit shall
deemimproper or unsafe.’”

The Roller/Skateoperationinvolved
work in shalow water off both Ondow
and Thevenard Idand, requiring
detailed bathymetric surveysof both
the pipdine routeand any towage
route whereit was necessary to tow
clear of existing pipdinesand subsea
obgtructions. Thetowing and
positioning of thepipelinewas co-
ordinated by specialist "tow maesters”
operating from Maersk Supporter.

Oncethe bolting together o the
pipelinestrings had been completed on
the seabed, the pipdine had to be
"gabilised" by buryingitin atrench to
an gpproved depth. Thisoperation,
""dedging”, i's undertaken by equipment
that straddlesthe pipe. Vay high

pressure water isforced through the
"runners” of the sledge on elther side
o the pipe, crestinga durry o the
bottom material and atrench into
which the pipelinesubsides.

Asfar as possible, pipelinesarerun
adjacent to other pipelines, soasto
minimisethearea of hazard and
enhance safety. Where pipdinesare
laid adjacent to other lines, they are
laid 5m gpart. Inthecased the
Roller/Skateproject the pipeline was
being laid adjacent to the Sdadin"'C"
pipeline and the Cowle pipdine, which
meant that the Roller/Skate pipeline
was laid adjacent to at least one other
"live" oil pipeinefor adistance of
3000m South-south-east from
Thevenard Idand.

When operating on off-shore
construction projects and positioning
pipelinesor anchors, great precision
and careful planning isrequired.
Accuratepositioning is obtained
through adifferential global
positioning system (DGPS) utilising
the United States military Navstar
GPS. Both the barge and support
vesselswereequipped with DGPS. In
the case of theBoaForce, the DGPS
position was configured to show the
position of thevessdl's sternraller,
whereby the position of the barge's
anchor, carried at the stern, could be
monitored and an accurateposition of
wherethe respectiveanchors were
dropped could be obtained.

Masters of anchor handling vesselsdo
not navigatein the normally accepted
terms of theword. Navigation, as
practised by trading vessels, would be
Impracticablegiven the scaled charts,



therelative coarsenessof standard
ships position fixing equipment, the
lay-out of the wheelhouse and the need
to respond immediately to directions
from the parent vessdl.

In the construction operation, the barge
magter and surveyors pre-plannedthe
anchor positions and patterns, which
had to be approved by WAPET. The
support vessel was directed to place
anchorsin the pre-planned positions.
The master or officer conning the
support vessel usudly operated from
the after control position, away from
the norma navigation aids such as
radar, navigationcharts and echo
sounder. The support vesselswere
directed, asto the directionin which
they had to go and when they wereto
drop the anchor, by the person
controlling the operation from the
parent vessdl, usualy the surveyor or
barge master. Although support
vessals may be equipped with survey
chartsand DGPS, whileengagedin
anchor handling they do not usually
have any detailed knowledgeof the
anchor or pipeline position, but rely
overwhelmingly on the directions
given by the surveyor or other people
on the parent vessdl and, to alesser
extent, on marker buoys and DGPS
monitor screenswhich provide avisua
referenceor display o the position of
the support vessdl.

Under WAPET's operating procedures,
no constructionor anchor laying
operations were alowed to be carried
out within 200m lateral distance or
within 5m vertical distanceaf any
pipeline or subseastructure. Also,
when anchors were carried over
pipelines or subseastructures, there
was arequirement for the anchor to be

10

carried on deck to prevent accidental
release and danger to the subsea
ingtallation. On-the-spot exemptions
from thisrequirement could be given
by WAPET through thelr
representative working with the
Contractors, but in any event no work
was alowed within alateral distance
of 10m. Detailed surveysaof the areas
of operation, including the position ad
depth of subseaconstructions, were
therefore an integral part of any
specification for conducting such
work.

The navigation chartsof the area
issued by the Hydrographic Office of
the Royd Australian Navy, chart Aus
743 Barrow Idand to Ondow and chart
Aus 744 Exmouth Gulf and
Approaches, areon ascae of

1: 150,000and do not contain sufficient
detail for the specialised operation.

The WAPET project team co-ordinated
adetailed survey of the pipdineroutes
onascdeof 1:10,000 and had in their
possession a bathymetric survey of the
areaon ascaleof 15000. Thesewere
conducted by survey companies
engaged by WAPET and included
drawing B-72201-L " Offshore -
Thevenard Idland SubseaPipelines
Alignment Sheet”, at ascale of 1:5000.

SubSeal nternational commissioned
their own survey of the the pipeline
routes, completed by aprivate
contractor. Thisincluded the survey
on ascaeof 1:10,000"Roller Skate
Tow Out Route Survey" which
included compositechart 5,

drawing A 2166-6.

The tendererswere provided with the
WAPET surveysin September 1993.



Contractualy, it was the successful
tenderer's responsibility to check the
data given and undertake such other
surveys asrequired to safely undertake
the operation. It wastherefore the
responsibility of MSJJoint Ventureto
ensure that the necessary information
for the project was availableand that
the Sub-contractors, including Boa
Force, also had accurateinformation
concerning the operation. By the same
token it was WAPET's responsibility to
endeavour to ensurethat the
information they provided to the
contractors was correct.

The Contractorsmarked the position of
the existing pipelines and subseawell-
heads associated with the Roller/Skate
project with temporary buoys, as
required under the conditions of the
contract.

Operations 11 January to
0001 on 21 February 1994

Theinitial operation was under the
direction of the Tow Masters, experts
engaged from Smit Engineering of
Rotterdam. They were part of the
complement on board the Maersk
Supporter and directed the pipelaying
operation.

The genera areaof work lay in
shallow water of lessthan 10m,
between Urala Beach, south of the
Ashburton River, and the shoal water
surrounding the Roller/Skate
monopods and Thevenard |sland.

BoaForce, at adeepest draught of
between 4.5m and 4.8m, operated with
thelarger Maersk Supporter (draught
about 6m). When necessary, the two

11

vessels operated in tandem, sweeping
the pipeline route with a heavy chain
and deploying strings of pipeline, some
aslong as4kmin length, from asiteon
themainland at UralaBeach, to the
planned position. BoaForce, being of
shallower draught than M aersk
Supporter, was ableto operatein
marginally shallower water.

Between 11 January and 8 February,
BoaForce wasinvolved in a number of
potential or actual incidents.

In late January, the vessels were
sweeping the pipelineroute, when the
Second Mate on Boa Force saw a
wave-rider buoy ahead on the sweep
path. The Tow Master, overseeing the
operation on board M aersk Supporter,
ordered that the sweep be aborted as
they were concerned that the buoy may
have been marking an uncharted
wellhead. Intheeventit was
established that it was not a wellhead
and the operation resumed.

Also, on 28 January, asmall firein the
BoaForce's bow thrust compartment,
(resulting in theloss of the bow thrust
motor for about three weeks), delayed
bottom sweeping operationsfor eighty
five minutes.

There were also a number of incidents
in which BoaForce''touched" bottom,
while picking up the pipe stringsand
whiledelivering the string to the beach
at Thevenard Idand. Maersk
Supporter aso touched bottom on at
least one occasion. Theseincidents
reflected the restricted water depth
closeto the pipelineconstructionsite
and close to ThevenardIsland, in
which the vessels had been operating
for seven weeks. A further incident,
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when BoaForcewas dongsidethe
SSll1and fouled an anchor wire
pennant, made it necessary for divers
from the bargeto cut the wirefree of
thevessd's Kort nozzle. This
coincided with atime when the bow
thruster wasinoperative. Theincidents
werenotedin the vessd's |og book,
copiesof which weresent routindy to
Tidewater Port Jackson Marine.

Theseincidentsand the mechanica
performance of the vessel caused the
BargeMaster tofacamileM SJ Joint
Venture on 3 February, complaining
about the handling of BoaForcewhile
engaged in anchor and tow work, and
whilealongsdeSSlII.

SubSeal nternational sent a number of
facsmilesto Tidewater Port Jackson
Marinerdating to personnel and
mechanical problems, which resulted
in ameeting between the two
companies. Thismeetingdid not
addressthe specificissuesraised by
the BargeMadter, but related to issues
of lost timeinjury to the crew aboard
BoaForce. Theofficers, ratingsand
cook were changed on 7 February as
part of theroutine"swing" system, and
the vessel under the new swing
operated apparently without incident
until 24 February, athough the bow
thruster unit remained inoperative until
about 16 February, when new electrical
breakerswerefitted.

On 18 February, thelaying of the
pipelinewasfinished and Maersk
Supporter completed its charter and
left the operation.

The engineers on Boa Force, together
with the ratings, were constantly
involved in maintenance of equipment.
On 19 February, the ballast pump, with
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acapacity of about 40 tonnes per hour,
was sent ashorefor repairsto the
electrical motor, which could not be
completed on board. Thisleft three
other engineroom pumps, each rated at
about 40 tonnes per hour, which
adequatdly covered therequired
pumping capacity on board.

On Saturday, 19 February, both the
BargeMaster and WAPET's
representativewere particularly
concerned that the barge did not have
detailed soundings of theareadf Trap
Reef, wherethe pipeline passed close
to shoa water, asdrawing B 772201-L
gaveinsufficientdetail of that
particular area. They did not havea
suitable survey drawing on board with
which to plan the deployment of the
anchorsin theareaof Trap Reef, as
anchor wires could extend about 500m
or morefromthe barge. Theroute
drawing (A 2166-6) showing the tow
routesto position the pipeline, detailed
an areano morethan 150m either side
of the projected pipelineposition, did
not show the positionof SaladinNo.3
wellhead and was unsuitablefor laying
out anchorsfrom SSIII during the
stabilisation operation.

Asit was a Saturday afternoon, the
WAPET representativetelephoned a
colleague, who lived near to Perth's
city centre, and asked himto go to the
officeand find a suitable drawing for
the operation. The colleague secured a
survey drawing on ascale 1:10000,
with the bathymetric datum stated to be
based on lowest astronomical tide
(LAT). Thiswastheonly drawing that
he could find and it was sent by
facamileto Thevenard | sland, together
with the explanation that his access
was limited to thefloor on which he
worked.



L ater on that day at 1730, ameeting
was held on board SSI11, which
included the, the Barge Master and the
Master of the Boa Force, but did not
include the Contractor's surveyors.
Theforthcoming stabilisation
operation and safety issueswere
discussed in accordance with
WAPET's "job safety andlyss'
procedure. The Master was given a
copy of thedrawingfacsamilefrom
Thevenard Idand to south of Trap Reef
wellhead.

Once back on the Boa Force, the
Master highlighted all critical depths
on the drawing, using orangefor any
area of 6m and boundingin red all
areas|ess than 5m datum, as he had
done with his other working drawings
and plans. The drawing showed that
Sadladin No.3 wellhead was just inside
the 9m depth contour in a depth of
about 8.8m. He had been told that the
well was 2.5min height.

Just after midnight on 20 February,
BoaForcerecovered SSlii'sno. |
anchor, decked and securedit, then
used the anchor wire to tow the barge
to anew postion. The tow lasted
about four and a hdf hoursafter which
the anchorswere re-deployed on the
seabed. At 1005, BoaForce again
recovered no.l anchor, secured it on
deck and towed SSI 1 for afurther hour
to aposition about 1200m to the south-
south-east of ThevenardIdand jetty, in
about 9.6m o water, over or adjacent
to the newly laid pipdine, to dlow the
testing and subsequent stabilisation
(burying) of the pipelineto start.

At about 1055, Boa Force dropped
no.l anchor, a the direction of the

* A number of surveyors were engaged for the
project, and different surveyors were involved at
different times of the operation.

Barge Master and Surveyor* tothe
east of the subseawellhead, Saladin
No.3. The WAPET representetive
reviewed the position of the anchor in
relation to the wellhead and he
considered that the operation of
deploying the barge over the pipeline
could bring the anchor wireto no.l
anchor in contact with the wellhead.
Although the anchor position accorded
with the agreed plan, at the verbal
request of WAPET representetive, the
Barge Master directed Boa Forceto
recover the anchor and repositionit
south and west of SaladinNo.3
wellhead.

Boa Forcelifted the anchor at 1122
and followed the directionsfrom SSI |
to the new position. Boa Force's log
book containsa notation for 1135;

"TOUCHED BOTTOM
RUNNING No1 ANCHOR

No.l Anchor was dropped at 1139.
According to the DGPS monitor on

SSI 11 it wasjust 30m south and west of
the welhead and 68m from the
pipeline. Thewind at the timewas
from the south-west at about 4 knots,
with calm conditionsand no swell.

The anchor handling operation was
completed at 1420, after which Boa
Force went to anchor.

The start of the stabilisation of the
pipeline and other preliminary work
was delayed, over the next few days,
by strong winds.

On 23 February, Boa Force was
engaged in anchor handling for alittle
under three hoursfrom about 1115 to



about 1400, and again from about 1800
to 1845. Otherwisethe vessd
remained at anchor.

Operations on 24 February

At about midnight on 23/24 February
the barge was ready to reposition and
start the dedging operation.

A little after 0001 on 24 February, the
rating on watch on Boa Force was
caled by aforemanon SSII. Hewas
asked to ready the vessdl for anchor
operationsand prepareto pass two

85 tonne safe working load shackles
(each about 40kg in weight) to awork
boat. The Second Mate was called,
who in tum called the duty engineer
and the Magter. Thewind at that time
was west by north averaging about

13 knots, with wind gustsof 19 knots
and therewasaswel of 0.3m. It wes
overcast and drizzling.

Upon request from SSl 1, the Second
Matelooked up the Ondow tidal
predictionsand relayed them to the
surveyorson the barge.

Boa Force weighed anchor at 0024
and, after what seemed to the crew to
be someindecisionon the part of those
on SSlI, the vessdl was ordered to go
alongsideand deliver the anchor
shacklesto the barge. Thiswas
completed at 0100. At 0150,

Boa Force was instructed to reposition
no.2 anchor. By 0154 the anchor was
secured at the sternroller and,
following the directions of the
Surveyor working from the DGPS
monitor, the anchor was successfully
repositionedat 0206. Boa Forcewas
then directed to reposition no.l anchor,
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the anchor that had been repositioned
south and west of SaladinNo. 3
wellhead on the morning o 20
February, to moveit closer to the
barge.

Boa Force approached the anchor buoy
gernfirst fromthe south and east. The
two rudders had been locked, angled
toward the centreline at about

30 degrees, the Master was seated at
the after engine controls steering the
vessd with the pitch o the propellers
and, where necessary, the bow thruster.
The Second Mate stood on his | eft
hand side controlling the winch.

Working in what was, accordingto the
working survey drawing (33765.21),
about 9m of water, the 50m wire
anchor pennant was secured to the
working winch and the dack takenin.
At 0218, the anchor was on the stern,
together with the anchor buoy. From
the weether records monitored by
Thevenard | and wesather station,
Stuated about 1500mto the north, the
wind at the time was averaging 14
knots gusting to 18.8 knots. High
water at Thevenard Idand (Sdadin
Termind) was predicted at 2056 on 23
February (2.1m) and low water at 0400
(0.8m), the tide was ebbing to the
south-west at about 0.3 knots. At 0220
the height of tide above datum was
0.95m.

The Surveyor on SSII I, stationedin the
control room, was able to track the
postionof BoaForce's stern on the
DGPS monitor. Whilethe anchor was
being recovered, the Surveyor
estimated from the monitor that the
vessl's stem was only 10m from the
welhead and he was concerned that,
with the dackening of the anchor wire
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and lifting the anchor, the vessal had
drifted to the east and the anchor wire
may have fouled the wellhead.

Boa Force was informed that the wire
might be around thewellhead. The
Barge M aster, stationed on deck at the
anchor winch, and the surveyor
combined to direct BoaForce, ina
generdly anti-clockwisedirection, to
the north-west to ensure that the
anchor wirewas clear o the wellhead,
before the anchor and Boa Force were
winched back towardsthe SSI1 1.

Both the Master and Second Mate
dated that Boa Force followed a steady
dream of ingtructionsfrom the barge,
directing Boa Force north-west, then to
the north and findly to thewest. Boa
Force a thistime was about 550mto
the north and west of SSIII. BoaForce
wes then told to back down towards
SSll I asthe wire was clear and that the
pull back to the bargewould start. By
thistime Boa Force was closeto the
pipeine and was instructed to go to
darboard, so that the vessdl would not
crossany pipelinewith an undecked
anchor. Thisingruction was followed
and Boa Force canedowly south as
SSIH took up the dack anchor wire.

The Magter of BoaForce had limited
points of reference, having one unlit
"Norwegian'* buoy marking the
pipeline, which could be seen by those
on Boa Forceand the barge itsdlf. He
endeavoured to keep Boa Force aligned
foreand aft with SSI11. Boa Force had
backed about 150m towardsSSli1, and
was just north and west of Saladin
No.3 wellhead,when it was directed to
go to starboard, as the DGPS on the
bargeindicated that Boa Force was
againclosing with the pipeline. Boa
Force was then told to go to port asit
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was closing the Saladin 111 wellhead.
According to the Barge Master and the
Master of Boa Force, shortly
afterwards the Magter wasinformed by
SSlII that Boa Force was clear of the
wellhead and the barge would pull Boa
Force back to the barge.

At thistime the Master felt adight
bump, similar to adight bottom
contact. Thinking that the vessal may
be touching the bottom, hetold SSI11 to
keep recovering the wire and, after
about two or three minutes, the anchor
wire broke the surface so the Barge
Master, who had remained on deck by
the winch, commented*'that you could
walk across without getting your feet
wet."" Thisshowed that the wire was
not fouled on the wellhead, the vessdl
however, had not moved and was
firmly lodged on an obstruction.

At 0257, the Second Engineer, who
was sitting in the messroom having
just returned from answering an dlarm
in the engine room, wes aerted by the
bilgeaarm. He went to the engine
room and found water entering the
Space gpparently from beow the
starboard engine. Heimmediately
informed the Master and called the
Chief Engineer, started the bilge pump
and stopped the starboard engine. The
Master reported theincident to SSI |
and he was instructed to put the anchor
on the bottom and attend to his
emergency. Thishedid.

The Chief Engineer went straight to the
engine room when telephoned by the
Second Engineer. On arrival hefound
the water was dready risng round the
darboard engine gear box. Herang the
Master and told him that they had a
serious problem.



At about 0305, the Master instructed
the Second Mate to go to each cabin
and call those crew that were deeping
and tell them, together with the
remainder of the crew, to muster on the
bridge with life jackets.

Astherewereonly five crew knownto
be off duty, the proximity of the cabins
and thefact that the full extent of the
emergency was not known, he did not
use the emergency alarm. The Second
Mate went to call the crew and told
one of the duty ratingsto assst. All
the crew, with the exception of the
Chief and Second Engineers and the
Integrated Rating assigned to the
engine room, mustered on the bridge
with their life-jackets.

The Master and those on SSli 1 redlised
that the vessel may have struck the
SaladinNo.3welhead. The Master
called SSI11 to request the diving
launch Dolphin Diver to stand by in
case it was necessary to abandon ship.

The three engine room gaff werein the
engine room trying to bring pumpsinto
action to counter theingressof water.
The engineerswere able to start the
fire pump and the fire and deck wash
pump, in addition to the bilge pump.

The Chief Engineer collected Al the
pipeline diagrams and, assisted by the
Second Engineer and rating, explored
ways of bringing other pumpsto draw
fromthe bilge, particularly the two
high capacity fire monitor pumps.
They were hindered to adegree, as dll
the planswerein Norwegian. To
utilise the two fire monitor pumps
would have meant breaking theline
from thefoam tank and cutting ahole
in the pipe system so that they could
draw from the bilge. The engineroom

18

rating went to the starboard side and
marked the water level on the gear box.
Therate of ingress was such that there
was not timeto improvise pumpsand,
asthe water rose, the Second Engineer
first topped the starboard electric
generator, shortly after he stopped the
centre of the three generators.

So as not to distract theengineersin
ther efforts, the Magter sent the Mate
to the engine room to make an up-to-
date assessment of theemergency. He
returned to the bridge and reported that
the water level wasrigng rapidly. At
0320, the Master instructed al the
crew to gather essentia personal
belongings. Both those on the bridge
and those in the engineroom went to
their cabins and secured essential
items. The deck crew returned to the
bridge within three minutes and the
engineersreturned to the engine room.

The vessdl took asignificant list. The
Chief Engineer was concerned for the
safety of lifeand rang the Magter,
telling him that the water could not be
contained. The Master called in the
launch and instructed the crew to
abandon ship. Thosein theengine
room went to the deck, leaving the
gstarboard generator running, to provide
light for the abandonment. By this
time the launch, was dongsde Boa
Force.

The crew of the launch were concerned
that the wellhead might be"'live’* and
urged the crew tohurry. At 0345, all
crew left the ship safely and without
any panic, by stepping from the
starboard side of Boa Force onto the
launch. They weredl takento SSIII.

Subsequent examination by divers
established that the SaladinNo.3



wellhead had punctured the port side
of the bottom plating of BoaForce, in
way o the engine sump betweenframe
18 and 19,10.20m forward of the port
rudder stock. They aso reported to the
Barge Master that the anchor wes
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about 30m south of the wellhead,
about 15m from BoaForce's sern. At
thetimeaof theincident Boa Force had

241,500 litres of light diesdl oil and
1910litres o lubricating oil on board
In double bottom and side tanks.



Forward bulkhead door, showing six securing dogs Aft bulkhead door showing two securing dogs

Well-head Cap
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Comment and
Analysis

Performance of Personnel

Following the incident, various parties
raised doubtsredating to the
performanceand effectivenessof some
o thoseinvolved.

The Barge Master had many years
experience and his appointment by
MSJ Joint Venture was testament to his
ability. Thoseon Boa Forcefound him
professiona and easy to work with.

Similarly the Surveyorshad wide
experiencein off-shore congtruction
operations and there seems to belittle
doubt on their competenceor
effectiveness. However, the sweeping
operation of |ate January, when the
operation was suspended after the
Surveyors suspected the presenced a
wellhead, caused some comment on
BoaForce, asto the thoroughnessand
quality of the survey.

The Master of Boa Force wasinvolved
in twoincidents which led to the Barge
Master reporting on the competence of
the Master and crew and the reliability
o thevessl itsdlf; the fouled propeler
on 2 February and the incident off
UrdaBeach o 3 February.

Boa Force's Master had wide
experience and waswdl thought d as
ahighly competent off-shoreoperator.
Itisnot unusud for relatively minor
mishaps to occur from time to time and
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in the case of thefouled propdller, this
may have been such an incident.
Therewerelimited areasfor vesselsto
come aongside, given that only certain
areasaof SSI11's hull protected by
fendering, and that Boa Force's bow
thruster wasinoperative. Also, the
Master of the Boa Force attributed the
incident to the crane operator, who
reportedly lowered the pennant into the
water after being instructed to keep it
Clear.

The second incident involved an
operation under the direction o the
Tow Master on Maersk Supporter,
when in extreme shallow water and
securing a pipe string tow linefromthe
shore. Thiswastypical of thetaskin
hand and does not reflect on the
Mager's competence.

Of greater concern to the Inspector,
wasthefallure of the Master to check
the survey drawingsavailableto him
after Boa Force had apparently touched
bottom on 20 February. The Madter
dismissed this contact as one o
""touching' a coral pinnacle, which
could be expected to collapse with
such acontact. He did not report the
incident to the staff on board the barge
and, other than noting it in thelog
book, took no other action. Had he
checked, he would not only have
established that Boa Force had
probably comeinto contact with the
wellhead, but also that the chart datum
was inaccurate. However, rather than
anissue of competence, thisrelates
more to the conditioning of mastersof
off-shore vessdlsand their reliancefor
proper directionsfrom the parent
vessd.



The Master worked long hours on the
bridge, recognising that the Mate's
experiencein anchor handling was
limited, and the Second Mate had
none. Up until 24 February, Boa Force
was under the directionof SSII1, some
days working 18 or more hours, other
days less hours, depending on what
was required. Recognising that once
the stabilisation phase was started the
vessdl would be operating on a 24 hour
basis the Master had arranged a system
whereby either he or the Mate would
be on the bridge at all timeswhile
manoeuvring.

On 23 February, Boa Force had
remained a anchor until 1117 and had
anchored again at 1845. Theratings
took the watch and the Master and
Mateswereabletorest. The Master
dtated that he went to bed a about
2100, redising that he may berequired
early in themorning. Hewascalled
three hourslater.

It isrecognised that aseagoing life
usualy involveslong hoursaf duty.
Thisis particularly true of the
off-shoreindustry, particularly in
congtructionwork, which can involvea
disruptive deep pattern. The Master
accepted theroutine as "' part of the
job". However, the Inspector cannot
rule out the possibility of fatigue, as
one of the many e ements that
contributed to the incident, and
particularly of chronicfatigueasa
possible explanation for the Master
failing to investigate why BoaForce
apparently touched bottom at 1135 on
20 February, in an areawhere,
according to his base data, there should
have been sufficient water.
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Position of Saladin No.3
Wellhead

The co-ordinatesof SaladinNo.3
wellhead were recorded on a*"Wdl
Location™ form, dated 25 August 1988,
based on Audtrdian Geodetic Datum
1984 (AGD84), givingapositionin
Eastings® 295178.618and Northings™
7624422.541. Thisequated with a
position of 21°28' 15.589"s

115" 01' 23.672"E.

The Eastingsand Northingsused by
the surveyorstofix theposition of the
wellhead, obtained from earlier
surveys, were within 0.5m of the true
position of the wellhead.

Tofix the pogition of the barge and
support vessalsrelevant to the survey
drawings, SSI11 wasfitted witha
satellitebased global positioning
system (GPS) which uses World
Geodetic Sysem 1984 (WGS84) as
datum. To achievethe required
accuracy, a supplementary shore based
station was set up at aknown postion
s0 that the differentia between the
actual position and the satellite
position could be computed, thus
creating a DGPS system, accurateto
plus or minus 3m, providing that the
distance between thelocal differential
station and known geographic points
were absolutely accurate. Two
differential stations had been set up for
the operation, one on Ashburtonidand
and the other on Thevenard Idand.

For the operationsin the area of
SaladinNo.3 wellhead, the sation on
ThevenardIdand wasin use. The

* Eastings and Northings refer to map projection
co-ordinates of the "Universal Grid Reference.



positioning obtained should have been
within the plus or minus 3m required.

The support vesselswere a sofitted
with DGPS and their position relative
to the barge and the survey drawing
could be monitored by the surveyors
on the SSIII, with updates every three
seconds.

However, WGS84 and AGD84 do not
have acommon datum and acorrection
of about 90min latitude and 160min
longitude must be madeto the
incoming GPS signal. This adjustment
can be made by programs within the
computer softwaredf a GPS recalver,
based on known local datum points, to
convert GPS latitude and longitudeto
AGD84 datum. However, the accuracy
of the conversion may vary, depending
on thedistanceof thereceiver fromthe
common loca datum.

The transformation parameters used by
SubSeal nternationa to transform from
WGS3B4 datumto AGD84 were the
slandard transformation parameters
supplied to SubSeal nternational by the
Geodetic Officeof the Department of
Land Adminigtration, Perth
(Attachment 2). No evidencewas
presented to suggest that the
transformation parameterswerein any
way inaccurate.

Minor variationsin GPS positioning
may a so arise through a changein the
satellitecongtellation ' visble'" from
SSliI. Although the GPS constellation
between 1100and 1200 on

20 February and between 0200 and
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0300 on 24 February involved different
satellites, there were sufficient
avallable at a reasonablealtitude on
both occasionsto provide an accurate
GPS position, any variationin the
satellite positions would have been
nullified by the differential station on
Thevenard Idand.

There does seem to be some evidence
that there was uncertainty asto
wellhead plotted position. Thosein
control of the anchor operation on

SSl on 20 February, allege Boa Force
over-ran the no.l anchor target position
to the east and north, and this made it
necessary to redeploy the anchor, yet
they did not detect that Boa Force may
have made contact with SaladinNo.3
welhead whilerepostioning no.|
anchor, or appear concerned during the
repositioning. The Master of

Boa Force maintained that the anchors
were dropped when instructed as soon
astheorder wasgiven a theend of a
count-downreceived from SS11.

Agan, on the morning of 24 February,
they found that the stem of Boa Force,
whilelifting the anchor, was only 10m
from the wellhead, indicating that the
vessal had again overrun the target
anchor position. Thisis supported by
the percelved uncertainty of the
position in which the anchor was
dropped aswell astheinitid
uncertainty of the actud distanceof the
vessa's stern from the wellhead when
It subsequently struck on 24 February.
It cannot be determined with absolute
certainty whether or not the positioning
system was giving variationsin the
position of Saladin No.3 wellhead.



Charted Depth

The Audrdian Hydrographic Office
chart Aus 743 Barrow Idand to
Ondow and chart Aus 744 Exrnouth
Gulf and Approaches, are on ascale of
1:150,000 and did not have sufficient
detail for either the pipelaying or
stabilisation operation.

WAPET had undertaken surveysof the
areaas part o the pre-operation
planning; however, under the terms of
the contract with M SJ Joint Venture,
therewas aresponsbility on the
Contractor to ensure that the survey
was correct and that any other survey
necessary to complete the operation
safely was undertaken. It was
therefore the responsibility of SubSea
| nternational to supply working plans,
or drawings, or charts showing
accurate bathymetry and the location
and depth of hazards, including
pipelinesand well-heads. SubSea
International completed surveysof the
tow out routes and submitted them to
WAPET for acceptance.

Boa Force had three sets of
bathymetric data, relevant to this
investigation, provided by the
Contractors.

Thefirst wasthe ' Roller Skate Tow
Out Route Survey', compositechart 5
(A 2166-6) on ascaleaof 1:10,000.
This drawing showed only the details
of the tow out routesto awidth of
about 300m, it did not show Saladin
No. 3 wellhead.

The second, wasa seriesd 10
drawingsissued by West Austraian
Petroleum Pty Ltd, " Off-shore-

Thevenard Idand, SubseaPipdines
Alignment Sheet” (B-72201-L),ona
horizontal scaed 15000. These
drawingshad been on board Boa Force
and Maersk Supporter throughout the
pipelinelaying operation. Sheet 1
showed the bathymetry in plan and
profile of the area about 2500m south-
south-east of Thevenard Idand jetty
and the pipelinetermina. The Master
had marked his limiting depth on both
the plan and the profile. On this
drawing, SdadinNo.3 welheadis
shown to bein between 7 and 7.2m of
water based on adatum of lowest
astronomical tide (LAT).

Thethird, was adrawing also issued
by WAPET, " Off-shore - Thevenard
Idand, Generd; Layout for Marine
PurposesMap W2' (33765.210) ona
scaleof 1:10,000. Thiswasasoaplan
bathymetricdrawing, the depthsaso
dtated to be based on LAT, showing
Sdadin No.3 wellhead in about 8.8m
of water. Thisdrawing was provided
to the Master of the Boa Forceon

19 February and was used by the saff
of the SSI 11 for itsbathymetric
informationfrom 20 February
onwards, athough specifically
acquired by the WAPET representative
for operationsin the area of Trap Resf.

Other than establishing that it carried
the legend that the bathymetry was
based on LAT, the Master did not
check theinformationfurther. Neither
did the Mateor Second Mate.

A document produced during the
investigation, "Saladin No.3 -
Suspension Status” showsthe depth of
the seabedin the area of the wellhead
as 8.3m bedlow mean sealevel (MSL).
Allowingthat LAT is 1.5m below
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MSL, adepth to the seabed of 6.8m
would beindicated.

Thisdepthis consistent with the depth
recorded on the""Wd| Location™ form
of 25 August 1988, which also showed
the water depth to be 6.8m based on
LAT, Thevenard Idand.

Examination by diverson the morning
of 24 February, between 0945 and
1100, found that the seabed around the
casing was scoured away, however
away from the scoured area the genera
depth of water was 8.56m. Givena
height of tideat 1000af 1.7m, the
generd depthin the areaof the
wellhead was about 6.9m.

The Ingpector consulted the
Hydrographer of the Roya Audrdian
Navy with regard to the soundings,
LAT datum and the bench mark. The
Hydrographic Office advised that,
based on bench mark B934 and
observationsbetween 7 July 1985 and
30 July 1987, LAT was determined as
being 1.5mbedow MSL. Based on the
survey grid coordinates (Easting
295178.6 and Northing 7624422.5) on
the Hydrographic Office's survey
"fairchart" (scale of 150,000, with
200m between sounding lines) Saladin
No.3 wellhead isin water between
6.Ilmand 7.2m.

The Inspector is satisfied that the
actual depth of water at LAT wasinthe
region of 7m and not greater than 7.2m
and the bathymetry of drawing
B-72201-L showed the more accurate
information.

Thisdrawing had been used asthe
operational drawing by the Tow
Masters on Maersk Supporter and by

the Magter of BoaForce. The
drawingswere gpparently not
transferred to SSI 11 when Maersk
Supporter completed its operation on
18 February and left the areaon

19 February. It was stated by barge
dtaff, that no copy was availableon
SSl.

On baance, given the nature of the

rel ationship between masters of
support vessalsand those supervising
the operation on parent vessdlsin the
off-shoreindustry, the Inspector
consdersthat it was not unreasonable
for the Magter to accept the drawing
33765.210 a face vdue a thetime of
the job safety analysis meeting of 19
February. However, had he compared
the depths he would have found a
significant discrepancy in depth of
about 1.6m.

Height of Wellhead

In estimating therisk posed by Boa
Force to Sdadin No.3 wellhead the
BargeMagter and surveyors assumed
that the wellhead was 2.5m in height.
This seems based on verbal advice that
was not checked againgt any historic
data

However, in the contractua document
" Generd Specification, Roller/Skate
Joint Development Project, Anchor
Handling Procedures, Specification
No. RWGS20.02-3", issued for tender
in May 1993, under paragraph 5.2 (€)
itis gated that:

"Unlessotherwise advised by the
Company, al subseawel-heads shall
be assumed to be 3 metres above



Accordingto the document "Sdadin
No0.3 - SuspensonStatus'* the wellhead
casing stood 2.9m above the seabed,
with acentral cap of 0.15m, making a
total height of 3.05m.

On the morning of 24 February, divers
measured the depth of water at the base
of the wedlhead to the surface as
9.815m and from where the wellhead
entered the hull as 5.913m. However,
because of the scouring at the basethis
does nat reflect the height of the
wellhead from the general seabed
adjacent to the wellhead. Thisdepth
was 8.656m, making the height above
the seabed, including the 150mm cap,
about 3m.

Boa Force - Draught and
Under Keel Clearance

Boa Force was drawing a maximum
draught of between 4.5 and 4.8m. This
was an estimation based on the diesdl
oil, lubricating oil, and stores on board.

The Magter highlighted hislimiting
depths based on the survey information
provided to him and, based on the
information supplied to him on

19 February on drawing 33765.210,
consdered that he would have a |east
one metreclear water depth over
SdadinNo.3 welhead. Although the
Master appreciated undecked anchors
should not be carried over the
wellhead, he was not concerned that
Boa Force would strike the wellhead, |
only that any anchor wirefrom SSIi|
might foul the obstruction.

The BargeMagter, Surveyor and
WAPET representativeswere
concerned to keep Boa Force clear of
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the pipelinesand the wellhead,
particularly in view of the operating
procedures prohibiting undecked
anchorspassing over subsea
installations. Ther operating
procedure was designed not to dlow
Boa Forceto passover the wellhead,
dthough they considered there was
sufficient water to do so.

I n repositioning the anchor to the west
of Saladin No.3 wellhead a about
1135 on 20 February, the Magter felt
Boa Force gpparently touch bottom
and duly made an entry to that effect in
the log book, but made no report to the
barge. Given ageneral depth as shown
on the working survey drawing
(33765.210) of 8.8m beow datumin
theimmediateareaof the welhead and
aheight of tide above datumaof 1.4m,
Boa Force (with adraught of 4.8m)
would have had atheoretica clearance
of about 2.3m over the wellhead and
5.4mover the seabedin that genera
area. However, if the predicted height
of water for 1135 istaken as 8.4m
(based on the actud LAT) the under
kedl clearancewould have been 0.5m.

The wellhead was the only obstruction
in that immediatearea that the vesd
could have encountered.

In calculating the depth over the
wellhead on 24 February, the gaff on
SSI1 requested informationon the
tides a Ondow which predicted low
water at 0413 with 0.9m of water.
Thevenard Idand is astandard tidal
port and predictionsfor the area of
operation could have been taken
directly from the tide tables.

At adraught of 4.8min salt water, with
atonne per centimetreimmersion of



4.06 and a moment of
11.00tonne/metresto changetrimby
lcm, aweight of 7 tonnes placed at the
gernroller, 23.3m from the
longitudinal centre of flotation will
increase the stern draught at the after
perpendicular (18.3 m aft of the centre
of flotation) by 0.09m, giving a
draught of 4.89m*. This does not take
into account the weight of the wire, but
may be assumed to gpproximate the
deepest possible draught.

On the morning of 24 February, low
water was at 0402, with 0.82m of
water above datum (LAT). At 0250, a
little after Boa Force struck Saladin
No.3 wellhead, thelevd of water was
0.89m above datum, with aswell of
about 0.3m. Assuming the seabed was
8.8m below sealeve as shown on

. survey drawing 33765.210, there
should have been aminimum
under-ked clearanceof 2.Im.

However, the seabed was not more
than 7.2m below datum (as shown on
survey drawing B72201-L 5). At
0250, there would have been only
4.89m clear water over the wellhead
and Boa Force was bound to make
contact if it passed over the top of it.

* Length between perpendiculars 36.95m

The estimation of the under-keel
clearance by the Master of Boa Force
and the gaff on SSI11 was based on
falseinformation (See table below).

Marking the Wellhead

The SaladinNo.3 welhead had been
marked by anavigationaid, aydlow
spar buoy, shown on navigation chart
Aus 743. Thereissomedispute asto
the date on which the wellhead became
unmarked. The best evidenceis that
this buoy had been displaced in bad
westher at some time before October
1993 and adecision was taken not to
replaceit, either temporarily or
permanently, the reasoning being that it
was closeto the prohibited areaof the
pipelinesand only small local vessels
bound for Thevenard Idand used these
waters. Thisdecision had not been
conveyed to the Hydrographic Office,
who were unaware that the navigation
buoy had been removed.

Further, the navigation buoy was not
placed exactly by the wellhead and it
had a scoped chain 2.5 timesthe
maximum depth, which meant that the
buoy had acircle of rotation about its

Table 1

Assumed
24 Feb 93

I.Im Sealevel above LAT
0.5m Lessswdl

6.9m Water over wellhead
4.8m BoaForce Draught

Calculations on clearance over
Saladin No.3 Wellhead

8.8m Depth of seabed bdow LAT

2.5m L essHeight of wellhead

2.Im Under-ked Clearance

Actud

(Estimated)

7.20m

0.89m

0.15m (haf swell}
3.05m

4.89m

4.89m

0.00m
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mooring of about 20m. It was
consdered that such abuoy would not
mark the wellhead with sufficient
accuracy for the pipelinelaying and
stabilisation operation.

However, the contract agreement
between WAPET and the Contractor
stated that:

"Any existing pipelinesor
facilitiesin the vicinity of the
Works shall be located and
marked with temporary buoys by
the Contractor. The Contractor
shall provide the company with
the surveyedlocation of all
buoys."

Temporary buoys were placed to mark
theroute of the pipelineand on subsea
well-heads. However, no temporary
buoy was placed a SaladinNo.3
wellhead to provide avisud point of
reference.

The Barge Master stated that, up until
the barge started operation in proximity
to SaladinNo.3 wellhead on

20 February, he thought that Saladin
No.3 wellhead was marked and there
seemsto have been abresk downin
communicationswithin and between
SubSeal nternational and WAPET. It
would have been ardatively smple
matter to mark the wellhead with a
temporary buoy. Given thelimited
time of operation in the areaand the
known range of tide over the period, a
buoy with alight line and light could
have marked the position of the
waellhead accuratdly, indicating the
hazard to the support vessd.

Positioning Equipment

Asrequired by the contract, the
ContractorsinstalledaDGPS
transceiver in Boa Force, consisting of
adigital read out of the vessd's
positionin latitude and longitude, so
aligned that the position given was that
of thegern of the vessdl, thus giving
an accurate position of the anchor.

SSI 1 was equipped with DGPS and
plotter to monitor its own position,
relevant to the pipelines and any other
relevant hazard, and the position of
Boa Force's stern. The plotter updated
its position every three seconds.

Accordingto the contract, the
Contractor was obliged to submit
details of the positioning equipment,
personnel and proceduresgoverning
the survey works associated with the
positioning of anchors, to WAPET for
approval.

When the DGPS equipment wasfitted
to BoaForcein Exmouth sometime
after 11 January, the then Master asked
thosefitting the equipment why no
monitor screen wasfitted to the vessd;
equipment, which in his experience,
was normally suppliedto anchor
handling vessdls. Herecallsthat the
reason offered was based on
minimising costs. The Master did not
formalisehisquery by contacting
Tidewater Port Jackson Marine, or the
Contractors to express concern.

The provisionof a monitor was not a
requirement under the charter party
between Tidewater Port Jackson
Marine and the Charterers.



The equipment supplied to Boa Force
was the standard equipment supplied to
the Contractorsvessedlsworld wide. It
was their policy not to supply monitors
as experience had shown that ship
operatorstended not to ook at them,
but listento theingtructionsfrom the
parent vessel. The anchor handling
procedureswere written specifically to
exclude visua monitors.

A digital printout of latitudeand
longitudeis of virtually no practical
valuewhilemanoeuvringin very close
proximity to hazards, when the
master's concentrationis on handling
the vessdl and following the
instructionsfrom the parent vessdl. It
Isnot practical to transfer positionsto
chartsor drawingsunder such
circumstances, nor areradars
sufficiently accurate. 1n any case both
the chart table and radar were about
5.5mfrom the conning position.

The monitor has the advantage that
information about all known hazards
may be entered onto the screen, with
accuracy to within 3m and the position
informationis updated every
threeseconds. By using the scale
facility an enlarged picturecan be
obtained when working closeto
hazards, which actsasavisua prompt
and point of referencefor the Master
when following instructionsfrom the
barge.

incident of Touching Bottom

The construction operation, sinceits
inception, had involved Boa Forcein
navigating shallow watersand the
vessdl had touched bottomon a
number of occasions. Maersk
Supporter had al so touched bottom on
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a least one occasion, on 15 January.
Theseincidents were noted in thelog
book of the respectivevessels and
forwarded to Tidewater Port Jackson
Marine.

However, neither the Master nor
Tidewater Port Jackson Marinefelt
compelled to exercisetheir prerogative
under the charter party and notify the
charterers of unsafe conditionsduring
the operation. The speed of the vessals
while engaged in shallow water was
minimal and the incidentsinvolved the
vessals''resting'* gently on the bottom
withlittlerisk. Theincidents of
grounding were not seen as seriousor
"unsafe’” by the vessels masters.

On 20 February, the Master of Boa
Force noted that it touched bottom at
1135, when repositioningno.l anchor
from SSI1I. The Master, who was
following directionsfrom SSlII,
received no indication from the barge
toindicatethat Boa Force was over the
wellhead. The Master accepted that
the contact, which was very slight, was
with acoral pinnacle, however he was
very closeto the known position of
SaladinNo.3 wellhead. If, after the
event, he had checked against his
working drawing (33765.210) he
would have seen that there should have
been about 4m under-kedl clearance at
LAT with no allowancefor tide and the
contact could well have been the
wellhead.

The Sinking

Boa Force wasinvolved in the
repositioning of no.l anchor wheniit
struck Saladin No.3 wellhead. At the
time, it was carrying the anchor at the
stern of the vessel with about 450m to



Enlargement of DGPS monitor printout
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Enlargement showing movement of Boa Force from 0218 to 0255,
from position 1 anti-clockwise to position 2, then north-west and west
to position 3, then south to position 4 and grounding position 5.
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500m of anchor wire extending to the
gtarboard forward corner of SSlIl and
was manoeuvring under the direction
of the Barge Master and Surveyor.

On the morning of 24 February, it was
dark, overcast and there was alight
drizzle. The wind wasfrom the wes,
or just north of west, averaging about
14 knots with gustsdf 18to 20.5 knots.
There was no buoy on the wellhead
and Boa Force had no survey monitor
to work from.

No. 1 anchor had been repositioned
fromeast, to apositionwest of Saladin
No.3 wellhead on 20 February 1994,
when SSll was within 250m of the
wellhead. Thewind at thetime o
repositioning the anchor (1120,20
February) was from the south-west at
5 knots. The anchor was dropped 30m
south and west of the wellhead and
about 70m from the pipeline.

At thetime no.l anchor was picked up
at 0218 on 24 February, it was stated
that the position of the anchor was
within 20rn of the wellhead and the
assumption was made that Boa Force
had over-run the anchor position.
However, there was no suggestion that
the norma anchor routine had been
breached and nothing unusual was
recalled to suggest that the anchor was
positioned other than required by the
barge. At 0220, the westerly wind was
gusting to 18 knotsfrom amean of

14 knots. Boa Force approached the
anchor buoy from the south-east (with
its bows to the south-east). After the
anchor was lifted the vessal headed,
bow first, to the north and north-west,
dtering the heading initially by 135
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degrees. Itispossblethat inlifting the
anchor, with the 50m anchor pennant
wire and while bringing the anchor to
the gern, Boa Forcedid drift
marginaly from the anchor postion.

Because the anchor was so closeto the
wellhead, the Surveyor was concerned
that the anchor wire may have beenin
apositionto foul the wellhead. He
advised that Boa Force should first go
north-west, to ensure that the wire was
clear of the wellhead, and that there
was no danger of fouling the subsea
structurewith the wire.

From 0218 to atime between 0245 and
0250 (atimelapse of about 30
minutes), Boa Force was manoeuvring
in abox about I00m wide and 150m
long. The vessd received a constant
stream o ingtructionsto clear the
pipeline and then to keep clear of the
wellhead. The Master was totaly
reliant upon directionsfrom SSllin
manoeuvring the vessel and to pass
through agap less than twicethe
length of Boa Force.

Anenlargement of the DGPS monitor
printout, taken at 0549 on 24 February
1994 (about three hours after the
incident) showsthetrack of Boa Force
from thetimeit picked up no.l anchor
to the contact with the wellhead, a
period of about 35 minutes. The
Surveyor on SSl | indicated that Boa
Force had followed a generaly anti-
clockwiseroute under the direction of
the Surveyor and the Barge Madter.
Althoughthe printout does not actually
indicatethe direction that Boa Force
moved, the anti-clockwisedirection
agrees with therecollection o both the



Master and Second Mateon
Boa Force.

It would seem that the anchor was
recovered from position 1 and the
vessdl then moved due east beforethe
vessel moved north-east, then north
and then north-west at position 2. At
postions3and 4 the stern was dmost
verticaly over the pipeline, whileat
position 4 the vessal passed just north
of the origina anchor position and then
in a southward direction over the
well- head.

The pipdine, about 70m to the west of
the wellhead, was marked by unlit
"Norwegian" fibreglass buoys a 250m
intervals. Oneaf these buoyswas
closeto thewest of Saladin No.3.

The Magter o Boa Force was therefore
holding hisvessd in alimited area
without any adjacent points of
referenceto show wherethe hazards
lay, with the exception of one
Norwegian buoy over the pipdine
which had been fixed in the vessdl's
searchlight. To assist SSI11, BoaForce
wes required to back towards the barge
S0 that the barge winch did not haveto
take any weight. The problem of the
time spent in proximity to hazardswas
exacerbated by the dlow recovery rate
of thewincheson SSIII. Whenthe
anchor wire was clear to be recovered
the winch speed on the SSI I could
only retrievea 24m/min.

However, nobody on SSIH1 had any
direct experiencedt actualy handling
anchor support vessels, nor did they
appreciate the difficultiesof
maintaining station in a gusting wind,
or inatida stream, or current without
any effectivepoint of reference.

Grest reliance was placed on the
ability of Boa Forceto respond
immediately to directionswhen
working in close proximity to hazards.

No.l anchor wasrecovered after the
incident from a position reportedly
15m from Boa Force's stem towards
the positionof SSIII. In submission,
the Barge Master stated that he was of
the opinion that the vessel drove bow
first over thewellhead. He considered
that the contact with the wellhead was
made after the bilge alarm had sounded
and he had advised the Master to drop
his anchor and deal with the bilge
aarm. Inhisview thiswasthe only
way to explain the 15m distance
between the stern of Boa Force and the
position from which the anchor was
|ater recovered.

The Master's descriptionof eventsand
thetiming of the bilge alarm, together
with the Barge Master's written report
and subsequent interview would
suggest that Boa Forcein fact backed
over thewellhead. Evidencefromthe
salvageteam, relating to marks on the
vessal's hull running from about frame
15 to the breach in the hull, seemto
support the Master's view. The vessdl
was not holed at the extreme depth of
the hull and if the vessdl had driven
over bow firstitisamost certainthat it
would have holed in thefore part of
the hull rather than in the after part of
the vessdl in way of frame 18. The
probability is that the wellhead had
passed between the ked and the port
propdler shaft fairing, first making
contact at about frame 15 and scoring
the hull to the point a which the hull
was punctured at frame 20, about
15.5mforward of the stemraller.



The Inspector i s satisfied that Boa
Force backed over SdadinNo.3
wedlhead. The distance of the anchor
fromthe stern can be explained by
tenson on the anchor wire when it was
dropped from Boa Force, after hitting
the wellhead.

Flooding and Abandonment
of Boa Force

The engineroom gaff on Boa Force
were ableto bring 3 pumpsinto
operationtotry and hold the water.
Thefact that the dedicated ballast
pump was out of commission and had
been sent ashore, did not render the
vessd unseaworthy. Therewas more
than enough pumping capacity to meet
theflag State requirementsfor
emergency pump capacity.

Whether or not the ballast pump hed
been operationd, theinitial ingress of
water would have been in the region of
1 cubic metre a second, far in excess of

the capacity of all the pumps.

Under Det Norske Veritasclass
notation rules, BoaForce was required
to comply withintact and damage
stability requirementsequivaentto the
International Maritime Organization
Resolution A. 469(X 1), "Guidelines
for the Design and Construction of
Off-shore Supply Vessds', adopted on
19 November [981.

Under the terms of Resolution A.469,
the damage stability conditionsare
predicated on a transverseextent o
damage assumed to be 760mm,
measured inboard fromtheside d the
vessal and perpendicular to the centre
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line. Thereforeatransverse watertight
bulkhead extending inboard 760mrn
fromthe shell plating, joining a
longitudinal bulkhead may be
consdered to be awatertight bulkhead.
Thisassumptionis based on
penetration of the hull fromthe side,
such asin the case of collison, and
does not take into account stranding or
other contact with the vessdl's bottom.

As avessd declared under Section 8A
of the Navigation Act 1912, the
provisonsof the Act gpply to Boa
Force. Although builtin 1978, and
defined asan "' exigting vessd™, under
the provisonsd Marine Orders, Part
46 (Off-shore Supply Vess) the
orders applied to Boa Force. These
reflect the recommendationsof
Resolution A .469.

The engine room was protected by a
longitudinal sdetank about 1.3m in
width (in excess of the 0.760m
required by the Resolution). Double
bottom tanks extended over the bottom
o the vessa betweenframes12 and 61
and protected the engine room space,
except at the after end of the
machinery space, wherethere are
centre double bottom tanks and side
tanks, but asingle skin under the port
and starboard engine gear boxes.

The damage stability book for Boa
Force does not consder the possibility
of flooding of either the engine room
or the spacesforward and aft of it,
despitethesingleskinin way of the
engine sumps, either sde o the centre
tanks.

Theforward and after engineroom
bulkheads were designated
"watertight. But for the purposes of
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damage stability compliance, thedoors
in theforward and after bulkheads
were not required to be watertight, nor
were they required to be kept closed,

or closed as part of theemergency
procedures and they were habitually
left open for access. Neither of the
doorscould beclosed remotely. The
door to the spaceforward of theengine
room, athough not rated as watertight,
had six dogs (three on the hanging stile
and three on the shutting stile). In
addition theforward bulkhead was
pierced by avent trunking,
approximately 350mm square. The
door between the after store roomand
the engineroom was secured by two
dogs, at the top and bottom d the
shutting stile.

Further, both doors opened outward
from theengineroom, and in thiscase
the head of water would have tended to
force the doors open.

Accesstotheforecastle
accommodationfromthe main deck
was limited to a weether tight door on
the starboard side, which ledto a
""gore'" room and thenceto the
accommodation. Therewas no
equivalent access on the port Side.
With alist to starboard and themain
deck immersed, water was ableto enter
the accommodation area

However, in the absence of any
instructionsto the contrary and despite
thelack of watertight doors, it would,
in thelnspector's opinion, have been
sensibleto try and confinethe area of
flooding to the maximumextent
possibleand close the doorsat the
forward and after bulkheads. While
thereis no certainty that thiswould
have been effectivein preventingthe
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egress of water to the adjacent
compartments, it would have been
cons stent with good seamanshiptotry.
The Master could have ordered them
closed as soon as he becameaware of
theingress of water, providing he was
satisfied that the engineershad a means
of escapeto thedeck other than the
emergency escape through the after
storeroom. The Mate actualy went to
the engine room, but did not consider
closing the bulkhead doorsand the
Second Mate, although having limited
experiencein the off-shoreindustry,
wasin aposition to advise the Mager,
based on hisgenera seagoing
experience. Although the Engineer
Officers were busy with the pumpsand
exploring alternative means of
pumping water from the engineroom,
they also should have consdered
closing thedoors.

The engine room escapeis reached
from the engineroom through the after
storeroom and by way of a hatch on
the starboard sidein way of frame 14.
The Class Society advisesthat:

"As part of openingsexposed to
theseaitiskept closed at al|
times".

Although theengineroom was
ventilated by forced air ventilation,
giventheage df the vessel and thetime
spent by engineersand ratingsout of
the control room and in the machinery
Space, the adequacy of ventilation
(especidly for operationin hot
climates) wasinadequate. The
engineering saff stated that
temperaturesof 50 degreescentigrade
were not uncommon, and the escape
hatch was | eft open to dlow the hot air
some escape, unlesstherewas danger



of an anchor wirefouling the raised
hatchlid. In generd it wasleft open.
Whilethe Inspector understands the
reasonsfor leaving the hatch open,
there was no attempt to closeit before
the vessdl was abandoned. 1t does
seem however, that it was closed after
the vessdl had sunk.

The other possiblepoint of flooding on
the main (shelter) deck was the
westhertight door on the port side at
frame 29, whichled to the
accommodationand general forecastle
goace. It seemsthat this door was not
secured beforethe vessal was
abandoned.

At therequest of the Inspector, naval
architectsfromthe AMSA, assessed
the damage stability condition of

Boa Force based on four flooding
scenarios:
1. Engineroomonly,
2. EngineRoom and after
store,
3.  EngineRoom, after store
and forward work shop,
4. Engineroom, after store,
forward workshop and

steering gear flat.

In the absenceof alinesplanto
adequatdly definethe hull formand its
appendages, the direct calculation
method, usng asemi spreadsheet
approach, was adopted.

This concluded that with the four
spacesflooded the vessdl would have
retained positiveresidua stability,
initially up to about 25 degrees of hed,
provided the forecastle structure could
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be assumed to be watertight. The main
deck would have been under about
|00mm of water, but thelarge
forecastle structure would have
provided sufficient reserve buoyancy
to stop the vessal sinking. In the event,
thesill of the weathertight door on the
port side of the main deck at frame 29
would immerseat about 5 degreesd
hedl, and the vessdl was listed to
darboard. Thereforeto retainthe
positive buoyancy thisdoor would
have to have been closed and, while
westhertight, would have to have acted
as awatertight door.

It may be, that in this specificinstance,
the wellhead would have been put a
greater risk by apartialy buoyant
vessal. However, neither the Master
nor officers knew what effect the
flooding of the engine room space
would have on the stability of the
vessdl and they should have attempted
to limit theextent of progressve
flooding and possible down flooding
from the main deck.

It is apparent that the effects of
flooding and the possible ways of
limiting the spread of flooding were
not takeninto account in either Boa
Force's damage stability dataor
emergency plans. The Ingpector
regards such emergency plansas
essential on any ship, but particularly
wherevessalsare operating in shalow
water or servicing off-shore structures.

Job Safety Analysis

WAPET operates asafety regime that
involvesa"job safety andyss” of dl
operations. Itisconditional upon all
peopleworking under the Company's
genera umbrdlathat al contractors



MO3A NIVIN) MO3A ¥3ALTIHS
(wooua a103s eIA)

uoljepowiwiogoe 0} SSadoe adeosd
J00p Jybisyyeap wooJ auibuz 19110y

ONISYD

= b s

3H0LS dOHSHYEOM




and subcontractorscomply with the
practiceof conducting such an analysis
for each operation.

The general proceduresfor deploying
anchors are detailedin WAPET's
operating instructions. Therewas an
emphasis on safe operationin the
region of pipelinesand other
structures.

It is stated that the job safety analysis
meeting of 19 February, involving
representativesof, SubSea
International and the Magter of

Boa Force, discussed the presence and
issueof SaladinNo.3 wellhead.
WAPET representatives, dthough
present on the barge, statethat WAPET
was not represented at the meeting. |t
isdifficult, therefore, to understand, in
view of the ethos of safety and the
reguirement of job safety anays's, how
the meeting did not recognise that
SaladinNo.3 wellhead was not marked
by a buoy, asrequired by the contract,
and that it would have alittle more
than 4m of water coveringit at low
tide.

Each meeting was required to be
minuted in an approved format,
however the record of the meeting of
19 February could not be produced.

The Barge Master stated that on

19 February he thought that the
wellhead was marked. However, after
the meeting and between 19 and

24 February, he redised that there was
no buoy. He discussed the absenceof
the buoy with a representativefrom
WAPET and yet it seemsthat neither
SubSeal nternational nor WAPET
regarded it as necessary to mark the
wellhead, notwithstandingthe

agreement between the companies and
the job safety andysiswhereit was an
acknowledged and accepted hazard
which it wasimportant to avoid.

The job safety analysismeeting failled
to establishthat drawing 33765.210
was intended for use closeto Trap

Reef and it was used, by both SSI| |

and Boa Force, as the working drawing
when closeto Thevenard Idland,
between 20 and 24 February.

Thefailureto mark the wellhead,
together with the acceptanceof
drawing 33765.210, indicates a haste
to compl ete the operation, consistent
with afixed price contract, resultingin
incompatible goalsto the detriment of
aconddered safety analysis. This
should be seenin thelight of the very
high costsinvolved in the operation
and the conseguential monetary
penalty brought about by delay.

No account seemsto have been made
for any limitationsaof the support
vessdls, particularly when operating
closeto subseastructures, or operating
inwinds o various strengths. On 20
February, when the anchor was
repositioned, no thought was given to
the fact that the anchor was dropped
up-wind of Saladin No.3 wellhead and,
in any significant wind, Boa Force
would be blown down on to the hazard
leaving very little marginfor error.

Thismust be consderedin thelight
that, on adark and overcast night,
while actualy controlling his vessal
the Master of Boa Force did not know,
nor had he any realistic opportunity or
meansto check hispositionrelative to
the hazard with any accuracy and was
dependent upon accurateingtructions



from the parent vessel. Although

Boa Force was equipped with an echo
sounder, thiswould not have given
advance warning of an isolated pinacle
of rock or coral or thewellhead. An
echo sounder isahighly effective
navigation aid in showing shoaling
water and indicating the actual depth

of water below the keel. However,
echo soundersdo not provide any
pre-warning of isolated rocks or
obstructionsand in areas of uniform
depth do not indicate a vessel's
position. For want of a better anaogy,
Boa Force waslike an obedient,
sightlessdog on alead.
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Boa Force - 26 February 1994

Photograph shows Boa Force with SSIII in background. The gap between orange
"Norwegian" buoy and Boa Force shows the extent of clear water between
Saladin No.3 well-head and the Roller\Skate pipeline.
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Conclusions

Theseconclusionsidentify the
different factorscontributing to the
accident and should not beread as
apportioning blame or liability to any
particular organisation or individual.

Thesnking of BoaForcewas the
result of aseriesaf factorswhich
combined to causethe vessel to make
contact with Saladin No.3 welhead.
Theewere

1. Thefailureto temporarily mark the
location of Saladin No.3 wellhead
with an adequate buoy.

2. Thefallureto use adequate and
accurate charts, or drawings, or
plans to enabl e the anchor laying
operation closeto the south of
Thevenard Idand to be conducted
in safety.

3. Theprovisondf bathymetric data
which wasin error by about 1.6m.

4. Thefailureto supply adifferential
globa positioning system monitor
to Boa Forceto providethe Master
with adisplay of the operation
upon which known hazardscould
be plotted.

5. Thelack of appreciationon board
Support Station 111 of the problems
in manoeuvring an off-shore
anchor handlingvessd ina
relatively confined areafor a
prolonged period without an
effectivepoint of reference.

6. Thefaluredf thejob safety
analysisto properly takeinto
account the operational safety
issues of an unmarked subseawdll.

1. Thelack of local marineknowledge
and expert marine advicein the
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planning and operational stagesto
address the aboveissues.

8. Thefallureof the Master of Boa
Forceto check known depthson 20
February, following an apparent
bottom contact, particularly asit
was known that the vessdl would
have to operatein the sameareato
retrievethe anchor at alater time.

9. Theposshility of fatigue, resulting
from the operational program,
cannot beruled out

Other Conclusions

10. Boa Force met the requirementsof
the Navigation Act1912 and
subordinateregulations and orders.
All certificateswere vdid.

11. The provison of plansand
documentsin the Norwegian
languagedid not facilitatethe
effort by those on BoaForceto
control the emergency.

12. The Master, Deck Officersand
Engineer Officersshould have
congdered trying to restrict the
extent of theflooding by closngall
doors and hatches, consistent with
the safety of the engineersin the
engineroom. Any decison not to
close doors should have been based
on known effectsaof flooding of the
vess.

13. Thedamage stability characteristics
of thevessd met therelevant
criteriafor an offshoresupply
vessdl under the provisionsof
Marine Orders Part 46 and IMO
Resolution A. 469(X11), but the
criteriadid not allow for
penetration of the hull inboard of
theline o theinner bulkheads of
theside tanks.



Details of ship

Name

Flag

Call Sign

L loyd's Number
Owners
Managers
Operators

Classfication
Type

Year

Builder
Length
Breadth
Depth

Maximum Draught

Grosstonnage
Net tonnage
Deadweight
Engines

EnginePower
Propdlers

Bollard Pull
Crew

Attachment 1

BOA FORCE

ex Tiwaz, ex Scan Force, ex Tender Pull, ex Bob
Norway (MS)

LCKA3

7625990

K/SLeh IX A/S

Taubatkompaniet A/S, Trondheirn, Norway.

Tidewater Port Jackson Marine Pty Ltd,
Melbourne

Det Norske Veritas

Anchor handlinglsupply, off-shore support
1978

Stord Verlt M S, Stord, Norway
43.39m

12.25m

6.02m

4.961m

499

145

529 tonnes

2, Nohab Polar DieselsF216-D825 Vee Qil 4SA,
16 cylinder

5181kW

2, controllable pitch KaeMe-Wain 2800mm K ort
nozzles

Approximately 87 tonnes
11 (Australian)



Attachment 2

Offshore survey and positioning

Geodetic Parameters

Datum:

Spheroid:
Semi-mgjor Axis (a):
Semi-minor Axis (b):

Eccentricity Squared: (€2):

Hattening (I/f)

Datum

Spheroid
Semi-mgjor Axis (a):
Semi-minor Axis (b):

Eccentricity Squared: (€2):

Fattening (I/f)

Projection:

AMG Zone:

Central Meridian:
Scale Factor on CM:
False Eadting:

False Northing:

L atitudeaof Origin:
Unit of Measure:

Ausgtralian Geodetic Datum 1984
Augtralian National

6 378 160.00m
6 356 774.719m

0.006 694 542
298.25

WG4

WGS34

6 378 137.000m
6 356 752.3142m
0.006 694 380
298.257 223 563

Universal TransverseMer cator
50

117"East

0.9996

500 000m

10 000 000m

O° (Equator)

International Metre

GPS Datum Transformation = WGS 84 to AGD 84

The following seven parameter datum transformation values will be used to convert
WGS 84 co-ordinatesto AGD 84 co-ordinates:

Dx

Dy

Dz

RX

Ry

Rz

Scale (k)

+116.00m
+50.47M
-141.69m
+0.230"
+0.390"
+0.344
-0.0983 ppm





