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Preface

In May 2009 the Western Australian Minister for Mines and
Petroleum, the Hon Norman Moore MLC, decided to undertake
the final phase of the investigation into the pipeline ruptures and
fire which occurred at Varanus Island on 3 June 2008. He also
requested a consideration of the broad safety and regulatory
environment and recommendations, if necessary, to improve the
Western Australian regime.

Supported by a small team of experts and secretariat members,

we have reviewed documentation and information provided to us
through consultation with key Australian and international regulatory
agencies for offshore petroleum safety and integrity regulation and
a wide range of oil and gas companies in Australia and abroad. The
report is based on information generously shared with us by key
agencies.

We would like to acknowledge the contributions of Professor Rolf
Gubner, Chair of Corrosion at Curtin University of Technology in

WA for his expertise and consideration of the likely scenarios, and

Dr Richard Batt of the Australian Transport Safety Bureau for his
contribution on human and organisational factors. We would also like
to express our particular gratitude to members of our secretariat —
Juliet Lautenbach, Joanna Bunting, David Hope and Vince D’Angelo
— for their tireless efforts and hard work often extending into late
nights and weekends.

We sincerely hope that this report will not only shed light on the
causes of the 3 June 2008 incident, but even more importantly
contribute to improving safety and regulatory effectiveness in
Western Australia’s offshore oil and gas industry and beyond.

KYM BILLS DAVID AGOSTINI
Inspector Inspector
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Apache Energy Ltd

Australian Institute of Marine and Power Engineers
As low as reasonably practicable

Australian Maritime Safety Authority

Australian Pipeline Industry Association
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Australian Resources Research Centre

Australian Standard

American Society of Mechanical Engineers
Australian Transport Safety Bureau

Catenary anchor leg mooring

Civil Aviation Safety Authority

Commonwealth Director of Public Prosecutions
Chief Executive Officer

Code of Federal Regulations (US)

Common infrastructure corridor

Change management control

Council of Australian Governments

Cathodic Protection

Corrosion risk assessment

United States Safety and Hazard Investigation Board
Corrosion under insulation

Designated Authority

Dampier Bunbury Natural Gas Pipeline

Direct Current

Department of Education, Employment and Workplace Relations
Department of Industry, Tourism and Resources

Department of Infrastructure, Transport, Regional Development and
Local Government
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Department of Mineral and Petroleum Resources (WA)
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ESV Energy Safe Victoria

FAA Federal Aviation Administration (United States)

FOI Freedom of information
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FSA Formal safety assessment

FSO Floating storage and offloading tanker

FTE Full time equivalent (staffing)

GM General Manager

GVI General visual inspection

HAZID Hazard identification

HAZOP Hazard and operability

HDPE High density polyethylene

HJV Harriet Joint Venture (Varanus Island)

HRO High Reliability Organisation

HSE Health and Safety Executive (United Kingdom); or Health, Safety and
Environment

IADC International Association of Drilling Contractors

ICAO International Civil Aviation Organization

ILI In-line inspection (intelligent pigging)

IMCA International Marine Contractors Association

IMO International Maritime Organisation

IMR Inspection maintenance and repair

IP Intelligent pigging (In-line inspection)

IPPC Integrated Pollution and Prevention Control (directives)

IRT Independent Review Team

ISM International Safety Management

ISO International Standards Organisation

ISOM Isomerization (process unit)
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IWG Integrity Working Group

Kkm Kilometre

KPI Key performance indicator

LNG Liquefied natural gas

LPG Liquefied petroleum gas

LTIFR Lost Time Injury Frequency Rate

LTls Lost time injuries

MAEs Major accident events

MCMPR Ministerial Council on Mineral and Petroleum Resources

MFL Magnetic-flux-leakage

MHF Major hazard facility

MLA Member of the Legislative Assembly

MMS Minerals Management Service (US)

MODUs Mobile Offshore Drilling Units

MOSOF Commonwealth Petroleum (Submerged Lands) (Management of
Safety on Offshore Facilities) Regulations 1996

MOU Memorandum of Understanding

MUA Maritime Union of Australia

NACE National Association of Corrosion Engineers (US)

NDT Non destructive testing

NOPSA National Offshore Petroleum Safety Authority

NPD Norwegian Petroleum Directorate

NPRM Notice of proposed rulemaking

NTSB National Transportation Safety Board (US)

0Cs Offshore Constitutional Settlement (1979)

0CS Outer Continental Shelf (US)

OGP International Association of Oil and Gas Producers

OHS Occupational Health and Safety

OHSMI Occupational Health and Safety Maritime Industry Act

OPA Offshore Petroleum Act 2006

OPGGSA Offshore Petroleum and Greenhouse Gas Storage Act 2006

OPMP Operational Pipeline Management Plan

OSH Occupational Safety and Health (WA)

OSHA Occupational Safety and Health Administration (United States)

PC Productivity Commission

PHMSA Pipeline and Hazardous Materials Safety Authority (US)

PIMS Pipeline Integrity Management System

PIRSA Department of Primary Industries and Resources of South Australia
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PRS
PSA
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WA PGERA

WA PPA
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Pipeline Licence

Petroleum Legislation Amendment and Repeal Act 2005
Pipeline Management Plan

Production reporting system

Petroleum Safety Authority (Norway)

Commonwealth Petroleum (Submerged Lands) Act 1967
Pipeline Safety Management Plan

Quantitative risk assessment

Resources and Environment Division (WA)

Department of Resources, Energy and Tourism (Commonwealth)
Remotely operated vehicle

Resources Safety Division (WA)

Standards and recommended practices

Safety Case

Stress corrosion cracking

Safety Critical Items

Sales Gas Export (pipeline on Varanus Island)

Sales Gas Line (pipeline on Varanus Island)

Safety and Health Division (WA)

Safety, Health and Environment Division (WA)

Service level agreements

Safety Management System

State Supervision of Mines (Netherlands)

Side Scan Soner/Remotely Operated Vehicle/Diver
Territorial Sea Pipeline Licence

Transportation Safety Board of Canada

Commonwealth Transport Safety Investigation Act 2003
Ultrasonic testing

Varanus Island

Western Australian Management of Safety on Offshore Facilities
Regulations 2007

Western Australian Petroleum and Geothermal Energy Resources
Act 1967 (WA)

Western Australian Petroleum Pipelines Act 1969

Western Australian Petroleum (Submerged Lands) Act 1982
Woodside Energy Limited

Workplace Relations Ministers’ Council



Terms of reference

Background

The Minister for Mines and Petroleum has decided that he will
continue the Department’s investigation into the incident that
occurred on 3 June 2008 on Varanus Island (the Incident).

The original investigation:

e was requested by the then Department of Industry and
Resources (DolR) as the regulator;

* was initiated by the Director Petroleum and Royalties Division
on 4 June 2008;

* was to address: the pertinent sequence of events on Varanus
Island during the Incident: the likely cause(s) of the Incident;
any actions and omissions by the operator of the Varanus
Island facility, or its contractors, leading up to the Incident and
during the Incident that may have contributed to the cause of
the Incident; and the identification of any potential for injury
to persons arising directly from the fire and explosion(s) at the
time of the incident.

* was undertaken by both the National Offshore Petroleum Safety
Authority (NOPSA) and DOIR officers; and

* had a deliverable of providing a report to the Director, Petroleum
and Royalties Division.

The investigation team delivered what was termed the Final Report
of the findings of the Investigation into the Pipe Rupture and Fire
Incident on 3 June 2008 at the Facilities Operated by Apache
Energy Ltd on Varanus Island (Initial Report) on 7 October 2008,
but the findings in that report were limited because of the timeframe
for the report and the unavailability of critical evidence at the time
of the issue of the report. The Initial Report notes that ‘Delays were
experienced in accessing the reports arising from the examination
and testing of the pipeline samples removed from the incident

site.” and ‘These matters directly impacted on the ability of the
investigation team to develop its findings within the agreed time
period and resulted in aspects of some lines of the investigation not
being fully settled.’

The pipeline test reports referred to above are those commonly
described as ‘the PearlStreet reports’, on non destructive and
destructive testing of the pipe which exploded. An analysis of the
data in ‘the PearlStreet reports’ is essential for understanding the
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likely cause of the incident. The Initial Report also noted a gap in
‘Identification of specific technical details relating to the cathodic
protection of the 12” sales gas pipeline’.

Apache itself in response to the Initial Report was critical of the
investigation not establishing why the corrosion coating had failed
and in what timescale, and argued the need for a more considered
investigation report after all metallurgical testing results were
available.

As both of the PearlStreet reports are now available, DMP will
continue its original investigation into the incident, with a view to
being able to make significantly improved findings to the Executive
Director, Petroleum and Environment Division, and consequently to
the WA Minister for Mines and Petroleum. This investigation will be
termed the Final Phase of the Investigation into Pipeline Rupture and
Fire on Varanus Island.

DMP does not have available staff with the expertise required

to perform the continued investigation. At the time of the initial
investigation, NOPSA provided staff with this expertise, but NOPSA
withdrew from the service contract between NOPSA and DMP earlier
this year.

In order to expedite access to information and to Varanus Island,
if necessary, relevant members of the Investigation Team will be
appointed as Inspector(s) under the Petroleum Pipelines Act 1969
(‘the Act’). Expertise in petroleum Occupational Health and Safety
(OHS) and in major accident and incident investigation is essential
and knowledge of the Varanus Island incident is highly desirable.
Given the timescale, DMP proposes to obtain services from Mr Kym
Bills, Executive Director of the Australian Transport Safety Bureau
and Mr David Agostini, a senior oil and gas industry expert, who
will manage the investigation assisted by consultants to the DMP
including other technical and subject experts.

Purpose

The purpose of the investigation is to:

1. Continue the investigation that was initiated by the then
Director, Petroleum and Royalties Division of DOIR on 4 June
2008.

2. ldentify the facts and events relevant to the Incident.

Identify the likely cause(s) of the Incident.

4. lIdentify any necessary or desirable licence conditions made
under the Act having regard to legal advice and direction
provided by DMP.

w
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Scope
The investigation will address:

1.

2.
3.

5.

The pertinent sequence of events on Varanus Island during the
Incident.

The likely cause(s) of the Incident.
Any actions and omissions by the operator of the Varanus Island
facility, or its contractors, leading up to the Incident and during

the Incident that may have contributed to the cause of the
Incident.

The identification of any potential for injury to persons arising
directly from the fire and explosion(s) at the time of the
incident.

Any issues with respect to regulation under the Act.

The investigation will be conducted in the context of, and will have
regard to, good industry practice, the commitments made by the
operator in respect of its operation of the Varanus Island facilities
and in the context of the Act and regulations made under the Act
and licence requirements imposed under the Act.

The following additional tasks are required:

Assess the adequacy of the Act and regulations made under
the Act, having regard to their interaction with other legislation,
in regulating the construction, operation and maintenance

of pipelines for the conveyance of petroleum and purposes
connected therewith, including but not limited to occupational
health and safety issues related to such pipelines and integrity
of pipelines, with a focus on the Incident at Varanus Island.

Assess the adequacy of the Varanus Island Safety Case,
required by licence conditions imposed under the Act, for
the construction, operation and maintenance of pipelines,
especially the integrity of high pressure pipelines crossing the
beach and recommending improvements to the Safety Case.

Recommend improvements to the Act and regulations made
under the Act, having regard to their interaction with other
legislation.

Recommend improvements to the processes used by those
administering the Act to meet their regulatory obligations.

The scope of the Investigation Team will include but not be limited

to:

reviewing the Initial Report prepared by the previous
investigation team;

reviewing the PearlStreet reports and expert analysis of the
data;
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* reviewing the cathodic protection systems for the incident
pipelines;

e reviewing Apache’s internal root cause analysis of the incident;

e conducting any necessary interviews with relevant people;

e considering any relevant operator organisational and human
factors;

*  reviewing other relevant available information;

e highlighting any broader safety issues and lessons for the
future; and

* the preparation of a Final Investigation Report.

The draft Final Investigation Report will be completed by Wednesday
10 June 2009, or otherwise as mutually agreed by DMP and the
Investigation Team and dependent on Apache Energy providing
necessary information in a timely manner. A final report will be
provided to the Minister of Mines and Petroleum by 30 June 2009.

DMP obligations
DMP will provide executive secretariat support for the Investigation.

Given the extraordinary legal circumstances surrounding the
investigation, DMP will indemnify, hold harmless and defend each
member of the Investigation Team (‘the Member’) in relation to

any loss or liability arising as a consequence of any claim by a third
party against the member in connection with the conduct of the
Investigation provided that each member so indemnified acts in good
faith; within the scope of the member’s duties under these Terms of
Reference.
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Executive summary

In the early afternoon of 3 June 2008 a high pressure 12 inch
export sales gas pipeline (SGL), critically weakened by a region of
external corrosion, ruptured and exploded on the beach of Varanus
Island off the coast of Western Australia. Aimost immediately, a
parallel 12 inch high pressure inflow gas pipeline less than a foot
away also ruptured. Both pipelines directed intense fires towards
the main gas processing plant on the island and nearly an hour
later two other pipelines, the 16 inch sales gas pipeline and a

6 inch import gas line, ruptured closer to the plant. Fire and heat
caused two further 4 inch pipelines to rupture. Large rocks and
debris from the explosions penetrated about 50 metres into the
Harriet Joint Venture gas plant. There was approximately

A$60 million in damage to the plant. Plant closure led to up to
A$3 billion of losses to the WA economy which lost 30 per cent of
its gas supply for two months. By early October 2008 production
from Varanus Island was up to around two thirds of previous
production, however full restoration was still not achieved more
than a year later.

In a complex, high hazard industry such as offshore oil and gas,
society expects a robust regulatory regime in which operators
maintain safety to minimise the risk of a major accident event
and regulators provide assurance that this is being done. The
duty of care/safety case co-regulatory regime progressively
introduced in Australian waters since 1992 places the onus on
operators and provides them with flexibility in how best to manage
hazards and minimise risk. But regulatory competence, clarity and
scope covering all relevant offshore operations is a fundamental
requirement of the regime. However, on Varanus Island itself a full
safety case regime was not yet required under Western Australian
law per se but only as a PPA licence condition (PL12 licence).

Australia’s offshore industry has a good safety reputation. However,
in recent years a number of key safety indicators have plateaued
or worsened. In Australia, as overseas, not all operators have a
mature safety culture or seek to operate at best practice safety
levels. Regulators must deal with differences in motivation and
culture among operators by targeting scarce regulatory resources
towards higher risk operators, facilities and activities. Better
practice co-regulatory regimes require balance and integration
between prescriptive elements and cooperative elements and
genuine dialogue, goodwill and pro-activity among participants.
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Apache, a fully owned subsidiary of the US company Apache
Corporation, was the operator on Varanus Island and the majority
shareholder in both joint ventures on the island. Because the onus
for safety was with the operator, Apache Northwest Pty Ltd, we
have not considered any role by the minority joint venture partners.
We found that there was a range of Apache documentation that
should have alerted the operator to serious risks involving external
corrosion around the shore crossing of the 12 inch SGL, where it
ruptured. We believe that the risk of this occurring was not only
foreseeable but to some extent foreseen. Some Apache consultant
reports seemed to understate the risks involved, perhaps because
they had not reviewed prior consultancy reports which had already
identified corrosion vulnerabilities. Hazard mitigation measures
proposed in the safety case and Pipeline Safety Management

Plan for the Varanus Island hub pipelines were inadequate and did
not properly assess risks inherent in the pipeline system on the
island, especially in the vicinity of shore crossings. Overall, the lack
of robust corrosion data and prevention systems for the Varanus
Island shore crossing zone of the 12 inch SGL was not addressed
prior to the explosion.

While the hazard and risk of a major accident event from possible
external corrosion was clear in Apache’s documentation, Apache’s
understanding of the cathodic protection system on the 12 inch
SGL was confused and confusing. Worryingly, this seems to be so
even in relation to the CP system that was put in place after the
incident raising the possibility of a further incident. Professor Rolf
Gubner has outlined four scenarios for the external corrosion based
on well-known industry mechanisms. These include a pipeline anti-
corrosion coating failure due to: lack of adhesion during application
shielding the pipe from CP protection, interference from direct
current from adjacent pipes with different potentials, interference
from alternating current from other structures, and disbondment
due to CP over-protection. Irrespective of the mechanism,
Professor Gubner expects that corrosion would have progressed at
no more than about 2 mm a year so that the thinning of the

12 inch SGL to the point of rupture would have taken in the order
of five years. Annex 11 includes some even more rapid examples.

High reliability organisations (HROs) operate in environments where
it is not prudent to adopt a strategy of learning by mistakes and
this is particularly relevant to a major accident event (MEA) in the
offshore industry. HROs deploy sufficient people in the normal
course of events to be able to deal with abnormal situations when
they arise. Apache’s strategy to operate with low manning levels,
as identified in the Lloyd’s Register report, leads to vulnerability in
the event of abnormal operations.
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We also examined Apache’s safety culture and found that it

was probably best seen as in the middle rank within some well-
known hierarchies and was generally not at the level of being
proactive or generative. Organisations with conventional outlooks
and cultures tend to focus on successes rather than being ever
mindful of failure. When accidents occur, they see them as
‘fundamentally surprising’ events because they call into question
the organisation’s model of the risk they face and the effectiveness
of countermeasures employed. NASA's adoption of a policy of
‘better, faster, cheaper’ prior to the space shuttle accidents

may have parallels with Apache’s focus on cost and ‘a sense of
urgency’ and suggest that Apache needs to better consider human
and organisational factors and ‘resilience engineering’'.

While the primary technical and operational failings involved

the operator, our examination of the 3 June 2008 incident also
included consideration of the regulatory regime. We encountered
a confusing mishmash of jurisdictional, legal, process and
regulatory interfaces upon which was overlaid poor relationships
among regulators. In such an environment, even serious operator
shortcomings were far less likely to be found and addressed to
reduce the risk of a major accident event.

On 3 June 2008, the Varanus Island plant, including the area

in which all four pipelines ruptured, was regulated by the WA
Department of Industry and Resources (DOIR) and defined as a
‘pipeline’ under the WA Petroleum Pipelines Act 1969. Under this
Act, the increasingly complex Varanus Island hub activities were
licensed under pipeline licence PL12 which has gone through
17 variations since it was granted in 1985, most of which had
occurred since Apache took over in 1995. One variation in 1998
introduced a ‘safety case’ requirement but this was grafted into
a prescriptive licensing regime which had poor and inadequate
compliance penalties.

From its creation on 1 January 2005, the National Offshore
Petroleum Safety Authority (NOPSA) provided contracted regulatory
services to DOIR with respect to Varanus Island. In contrast, oil
and gas feeding into the Varanus Island plant from facilities in
Commonwealth waters had been covered by a comprehensive
duty of care/safety case regime under Commonwealth law since

at least 1996. From 27 March 2007 WA amended its Petroleum
(Submerged Lands) Act 1982 and regulations to mirror a safety
case type regime with a requirement for Pipeline Management
Plans in WA State waters. NOPSA had conferred power to consider
the safety element of these by 27 March 2008.
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The Safety Division in the WA Department of Consumer and
Employment Protection (DOCEP) was the OHS regulator for the
onshore petroleum and mining industries. From 2005, it provided
(unpaid) regulatory advisory services to the offshore regulator in
DOIR that were ultimately formalised in a MOU in late 2007. These
services included the mainland end of the 12 inch SGL from the
low water mark to the compressor station and main pipeline to
Perth over 30 km away. While seriously under-resourced, from

late 2006 DOCEP proactively drew Apache’s attention to the lack
of pipeline integrity data including for the condition and safety of
the 12 and 16 inch sales gas lines. Not satisfied with Apache’s
response, in April 2007 DOCEP formally suggested that DOIR write
a tough regulatory letter to Apache that included consideration of
in-line-inspection for corrosion (intelligent pigging).

The DOIR regulator did not send the letter drafted by DOCEP but
sent an amended and less demanding version. When an Apache
PMP that included the entire 12 inch SGL was received by DOIR in
March 2008, DOCEP’s advice on it was not sought before it was
approved. DOCEP considered that its advice was treated by DOIR
as coming from a contractor and could be accepted or rejected. In
hindsight it is clear that DOCEP was correct in its assessment of
the risks of the 12 inch SGL.

Under the PL12 licence, the Petroleum and Royalties Division

in the Department of Industry and Resources (DOIR) was the
regulator of the Varanus Island facilities including the sections of
the four main pipelines that ruptured. While most of the Varanus
Island plant is licensed as a ‘pipeline’, the 12 inch high pressure
gas import pipeline next to the 12 inch SGL, that ruptured first,
was not declared to be a pipeline or licensed by DOIR. Although
DOIR retained regulatory responsibility, in 2005 half of its technical
safety staff were recruited by the new NOPSA and almost all of
the rest went to DOCEP and to industry. DOIR either did not place
adequate priority on replacing such expertise or was unable to
replace them because of market conditions. The Petroleum and
Royalties Division in DOIR also faced a large range of other policy
and regulatory responsibilities including responsibility for resource
management (exploration and development approvals) that
overwhelmed the division resources and further reduced its focus
on safety.

DOIR audits of Apache prior to the creation of NOPSA uncovered
some serious issues including with change management,
maintenance and audit systems. In 2001, a lack of specialist
corrosion staffing was linked to a case of dangerous external
corrosion in offshore platform pipework that was only discovered
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by chance. In addition to many positive findings, NOPSA's audits
also found deficient systems and maintenance issues. From 2005
the DOIR regulator received audit and other reports and advice
from DOCEP and NOPSA but, with the one exception noted above,
it took no independent initiative to seek remedy to identified
shortcomings.

In mid 2006 just before the 21 year renewal of the PL12 licence
was due, DOIR decided to accept a validation exercise by Lloyd’s
Register which had been engaged by Apache, for the purpose of
supporting a licence renewal. DOIR’s safety regulatory attention
was cursory and it wrote to NOPSA seeking advice on whether
Apache’s provision of what amounted to Lloyd’s proposed scope
for future validation work, was itself sufficient to enable DOIR to
renew the PL12 licence for 21 years. NOPSA appropriately advised
that the validation work needed to be done. DOIR did not consult
NOPSA further on the matter.

DOIR states that on the basis of only a one page executive
summary to the final Lloyd’s 16-page validation summary report

in May 2007 it was supportive of a 21 year licence renewal.
Subsequent to the accident, Apache referred to this page as an
indication of Lloyd’s support for the integrity of the pipeline system.
We agree that this page and the similar concluding page give an
overly positive assessment but note that a reading of the detail,
including in the other 14 pages, places the proposed renewal in
perspective. Two recommendations by Lloyd’'s Register were stated
to be ‘required to be implemented’ to avoid DOIR cancelling the
PL12 licence and ‘numerous’ suggestions were made to help
Apache attain ‘best practice’. The detailed background was in
earlier Lloyd’s Register reports that DOIR did not receive or seek.

Using Commonwealth safety case regulatory and guidance material
to form a template, the DOIR regulator had accepted a safety
case for the Varanus Island hub on 22 July 2002 including the
Sales Gas Pipelines. During our investigation, documentation

was difficult to access and DOIR agreed that its files were often
extremely poor. Systems to monitor or follow up licence conditions
were incomplete and it was not clear how conditions added during
licence revisions applied to pre-existing plant and pipelines.
Apache’s 2007 revision of the safety case for the Varanus Island
hub included as a major accident hazard the possibility of external
corrosion causing a pipeline rupture and jet fire escalating to a
major accident event (MAE) with multiple lives lost. We found no
evidence that DOIR undertook analysis itself or that particular
advice was sought from NOPSA or DOCEP on hazards and MAEs
and their mitigation. The same was true a few months later with
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respect to the Varanus Island hub Pipeline Management Plan
(including the ruptured pipeline areas) and its safety elements at
shore crossings and onshore.

Overall, DOIR was an under-resourced and less than competent
safety regulator working in a difficult legislative and industry
environment in which safety case language was confusingly
grafted into an already inadequate licensing regime. We do not
believe DOIR regulation met any of the nine principles of offshore
regulation agreed in 2002 by the Ministerial Council on Mineral
and Petroleum Resources (MCMPR). It unconsciously hindered
robust regulation of Varanus Island: there was minimal oversight
and poor use of contracts and MOUs with NOPSA and DOCEP, and
personal relationships were unhealthy and detrimental to safety.

NOPSA provided audit services to DOIR on Varanus Island in
relation to later versions of the 2002 safety case from 2005 until
a five-yearly safety case revision was due in mid 2007. DOIR was
the Varanus Island regulator and its lack of engagement after
NOPSA submitted reports and advice, and the weaknesses in the
WA legislation and PL12 licence, no doubt constrained NOPSA's
pro-activity. However, we believe that NOPSA could, for example,
have recommended enforcement action when serious deficiencies
were found or were not addressed in a timely way.

On 31 October 2007, NOPSA accepted the revised Apache

Hub Safety Case in relation to NOPSA's legislated offshore
responsibilities and on 6 December 2007 DOIR accepted the
safety case in relation to its responsibilities including ‘production
facilities located on Varanus Island’. It did this late - NOPSA had
advised DOIR on 31 October that the onshore island elements
of the safety case were satisfactory and recommended DOIR
acceptance but DOIR had to be reminded through follow-up
correspondence.

With regard to the 2007 Varanus Island Hub Safety Case and the
March 2008 Apache Pipeline Management Plan, NOPSA accepted
the portions for which it had legislated responsibility only, but the
DOIR regulator considered that NOPSA had endorsed the broader
details. Regarding the Pipeline Safety Management Plan (PSMP)
NOPSA wrote to DOIR citing the regulations under which it provided
acceptance ‘in full’. A close look at the cited legislation would
show that these did not include the portions of the pipelines above
the low water mark on Varanus Island. However, the document
included the portions on the island and NOPSA's letter included
more general statements about the whole PSMP covering the
health or safety of persons at or near the pipeline.
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The NOPSA services contract with DOIR stated that NOPSA ‘will
be responsible to the project manager’ in DOIR for the duration of
the contract and ‘will provide advice and contractor services for the
contract areas’ including with respect to ‘evaluation of safety case
submissions’ and ‘recommendation to DOIR of acceptance’ and
‘review of safety aspects of Pipeline Management Plans’. NOPSA
was paid a $10,000 monthly fee for these services. The contract
was silent on whether NOPSA had to be asked first. NOPSA
submitted that it should have been asked but we note that it did
not require to be asked in certain contracted areas such audits
and inspections. Clearly, the jurisdictional complexity and complex
interfaces in this case clouded the critical issues and militated
against effective safety regulation. Given the ambiguities and
tensions surrounding service contracts, we do not support future
contract arrangements for regulatory services but rather a clear
conferral of powers from WA to NOPSA with respect to Varanus
Island and like facilities.

The legislative environment in WA was a contributing factor to
regulatory ineffectiveness and needs to be simplified as soon as
possible. We believe it is inappropriate to use a pipeline licence
under the Petroleum Pipelines Act 1969 to regulate Varanus
Island, particularly given the shortcomings of that legislation with
respect to safety cases and penalties. In our assessment, conferral
of powers to NOPSA to maximise integration of offshore petroleum
safety and integrity regulation and a properly resourced regulator
in an augmented safety case regime is the best option for future
safety.

We also strongly recommend the creation of a properly resourced
national independent no-blame offshore oil and gas and petroleum
pipeline investigation capacity that can investigate major accident
events and near misses in the future with appropriate powers so
that learning important safety lessons is not made hostage to legal
action.
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R1

R2

R3

R4

R5

R6

Recommendations

Recommendations

We recommend that Western Australia seeks the establishment of
a properly resourced independent national safety investigation body
to investigate serious offshore oil and gas and onshore petroleum
pipeline accidents and incidents. The body should be empowered
to compel documents and witnesses and be required to make
public a professional systemic no-blame investigation report that

is appropriately protected from legal action for the purpose of
improving future safety. (p 64)

We recommend that DMP ensure that there is clarity in its regulation
of safety across oil and gas and other high hazard industries in
terms of which standards are required to be applied under licences,
regulation and legjslation and that there is an obligation upon
operators to apply the most appropriate standard to reduce risk to
ALARP in accordance with good industry practice. (p 66)

We recommend that WA ensure, as a matter of urgency, that all

of its legislation and regulation mirrors Commonwealth offshore
legislation and regulation and enables and facilitates the exchange
of safety information between jurisdictions. In the interim, WA should
seek to amend existing licence and safety case requirements to
facilitate exchange of safety material. (p 100)

We recommend that where it has regulatory responsibility, DMP
develop and maintain a database of licence conditions and actively
monitor compliance of those conditions. Licences should be updated
to remove outdated conditions and clarify remaining applicability and
any agreement to remove requirements should be documented.

(p 102)

We recommend that pipeline licences should be used for significant
pipelines and not major offshore facilities like Varanus Island.
(p 102)

We recommend that if a validation report has been required to
support a regulatory approval, the regulator should ensure that the
complete report is received and considered as part of the approval
process. The regulator should also be able to speak directly to the
validation team to discussion further any issues raised within the
report. This may require amendment to legjslation to ensure that the
regulator can engage in confidential discussions with the validator
without the operator present. (p 104)
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R7

R8

R9

R 10

R11

R12

R 13

R 14

We recommend that WA support a full duty of care/safety case co-
regulatory regime for offshore oil and gas across Commonwealth
and State coastal and internal waters which minimises jurisdictional
and regulatory interfaces and ensures that a competent regulator is
appropriately resourced. (p 105)

We recommend that DMP develop a robust risk assessment matrix
for use in assessing and responding to the safety culture, motivation,
capacity and changing risk associated with each oil and gas and
major hazard operator and facility. (p 118)

We recommend that WA confer powers to enable NOPSA to regulate
all offshore safety and integrity including all facilities and pipelines in
the water and the WA islands (including Varanus Island) which export
gas by pipeline. NOPSA's authority should extend to the nearest
valve on the mainland above the shore crossing or other logjcal
system boundary. (p 119)

We recommend that following a decision to confer power to NOPSA
that includes Varanus Island, WA seek a mechanism for the
Commonwealth to enable NOPSA to provide short-term regulatory
services pending the conferral. This may involve the appointment of
NOPSA officers and supervisors as inspectors under WA legislation.
(p 119)

We recommend that the potential for conflict between safety
outcomes and environmental outcomes be recognised and openly
considered as part of project approvals. Moreover it is important that
a holistic view is taken of major facility hubs as new developments
are added to ensure risks are not being added that are unidentified
and not managed. This is an issue which would benefit from further,
targeted research. (p 121)

We recommend that DMP review and seek to minimise potential
conflicts of interest with respect to the offshore industry of its
administrative arrangements, delegations and functions for policy,
resource management, environmental regulation, safety regulation
and safety investigation. (p 122)

We recommend that as a condition of PL12 licence renewal WA
require a full assessment of corrosion protection systems on Varanus
Island, including the technical design and operation of cathodic
protection at shore crossings with multiple pipelines and possible
interference and stray current effects. (p 139)

We recommend that Western Australia facilitate establishment of a
formal technical committee which brings together corrosion expertise
from industry, professional associations, regulators and academia
with the purpose of promoting best practice in asset integrity
assurance. We also support the establishment of a certification
system for personnel carrying out cathodic protection services, along
the lines of the European or US (NACE) models. (p 139)
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Introduction

The Western Australian offshore oil and gas

industry

While small by international standards, Australia’s upstream oil and
gas industry is an important contributor to the Australian economy,
adding $15.3 billion (approximately 2 per cent) to GDP and
accounting for $5.5 billion in tax revenue in 2004-05. While a net
importer of oil, Australia is a significant exporter of gas, with exports
of LNG worth $5.2 billion and LPG worth $1 billion in 2006-07.
Because of the high cost of entry, the sector is dominated by large
multinationals. Companies operating in the Australian offshore
waters enjoy a low level of sovereign risk and the 15,000 employed
by the sector enjoy relatively high wages and a safe working
environment under State/Territory and Commonwealth legislation.
The lion’s share of the industry is based in Western Australia, which
accounts for 71 per cent of Australia’s gas production and 66 per
cent of its oil and condensate production. Petroleum exploration

in Western Australia and its adjacent Commonwealth waters were
worth $799 million in the first quarter of 2009.*

Australia’s gas production is sold through long term contracts
mostly for export but some, such as part of the gas production
from the Woodside-operated North West Shelf Venture and the
Apache-operated Varanus Island hub, is destined for domestic use
in Western Australia. Of more than 29,000 kilometres of pipeline in
Australia, over 21,000 kilometres is used to transport natural gas,
of which 5,700 kilometres is in Western Australia.? On an incident
per 1000 km basis, major pipeline incidents are rare in Australia
and, overall, Australian pipelines appear to be well managed. A
2004 study found that Australian pipelines have a much better
safety record than Europe and the US and commends the safety
performance of the Australian pipeline industry.®

WA Department of Mines and Petroleum, Petroleum in Western Australia 2009, April
2009.

<www.apia.net.au/industry/facts-and-figures.cfm> accessed on 9 May 2009.
Peter Tuft and Craig Bonar, Review of Pipeline Incident Data to 2004.



Figure 1: Australia’s major pipeline system
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Varanus Island

Varanus Island lies off the coast of Western Australia about 100 km
west of Karratha. The island is the site of a hub processing oil and
gas, imported via subsea pipelines, from production wells in the
vicinity. Crude oil is exported from the island by a pipeline to a tanker
vessel berth while sales gas is exported to the mainland by a 12 inch
and a 16 inch subsea gas pipeline. The sales pipelines connect with
the on-shore Dampier to Bunbury Natural Gas Pipeline (DBNGP) and
Goldfields Gas Transmission pipeline.

Apache operates the Varanus Island oil and gas processing and
distribution on behalf of other joint venture owners. Joint facilities are
also operated on the island under a cost-sharing agreement between
joint ventures.

The first joint venture based on Varanus Island was the Harriet Joint
Venture (HJV). Apache entered the venture in January 1995, and has
operated the joint venture since then. Apache owned 68.5 per cent
of HJV at the time of the Varanus Island incident. The other owners
of the HJV are Tap (Harriet) Pty Ltd and Kufpec Australia Pty Ltd. The
HJV is based on offshore platforms to the northeast of Varanus Island
that provide oil, gas and condensate to the island through a pipeline
corridor to the northeast of the island. Gas is processed on the island
and is then exported to the mainland through the 12 inch SGL that
leaves the island through the same pipeline corridor. This is the
pipeline that ruptured first.

The East Spar Joint Venture (ESJV) started production in 1996.
Apache operates the joint venture and owns 55 per cent of ESJV at
the time of writing the report, the other partner being Santos (BOL)
Pty Ltd. The joint venture is based on offshore facilities to the west

of Varanus Island. The joint venture ceased production in 2006.
Production facilities from the ESJV are presently being used for gas
from the John Brookes Joint Venture to the northwest of Varanus
Island which is operated by Apache with 55 per cent ownership. The
other owner of the John Brookes Joint Venture is Santos (BOL) Pty Ltd
with 45 per cent. The joint venture started production in 2005 and,
at the time of writing this report, was producing approximately double
the quantity of gas as the HJV. A separate pipeline transfers the gas
to Varanus Island. After the gas has been processed, it is normally
exported to the mainland through the 16 inch SGL which occupies the
northeast pipeline corridor.



Figure 2: Location of explosion on beach

Sinbad/Campbell

@219
b O Sales Gas
Pipeline explosion l\H“r"er Oil B762
—

Tanker Loading Line
@168
Harriet Gas

16"

[l el
SJaes—uas

Approx. plant
damaae area

Approx
100m radius

Storage Tank
(250.000bbls)




The Varanus Island incident

At around 1330 on 3 June 2008 the 12 inch sales gas line (SGL)
from Varanus Island to the mainland ruptured at the beach crossing
and the released gas exploded into flame. The rupture of the

12 inch SGL caused the near simultaneous failure of the adjacent

12 inch import gas line from the Campbell and Sinbad offshore
facilities located northeast of Varanus Island. The explosions created
an 8 m x 30 m crater on the beach to a depth of about 2 m, exposing
the buried pipelines and showered the NNE section of the plant with
limestone rocks, stones and pieces of concrete weight coating from
the ruptured pipelines®.

The Island control room operators immediately initiated the
‘Emergency Shut Down’ procedure and plant ‘blow-down’ was started.
By 1350, all 150 personnel on the island had mustered safely with
no injuries sustained®. The emergency response team assessed the
situation and deployed three water monitors to cool the plant adjacent
to the area of the fire. The control room staff initiated procedures to
reduce pressure in both the ruptured 12 inch SGL and the 16 inch
SGL as a precautionary measure.

The two crude oil pipelines remained intact. However, almost an hour
after the initial rupture and fire, the 16 inch SGL and the 6 inch gas
import line ruptured closer to the Harriet Joint Venture (HJV) plant
and also caught fire. Further action to isolate critical infrastructure
continued throughout the afternoon and, as a precaution, staff on the
offshore Apache structures were brought to the island. By 1550, the
isolations were complete, including isolating the 16 inch and 12 inch
export lines from the Dampier-Bunbury Natural Gas Pipeline (DBNGP).
A 4 inch Agincourt gas lift pipe located at the edge of the plant in an
overhead rack and a 4 inch condensate line pipe 25 metres in to the
plant also ruptured and fed the fire which directly destroyed structures
50 metres into the plant®. At 1710 evacuation of all non-essential
island personnel began. A monitoring crew of 14 remained overnight.
By 0700 on 4 June the fire had been extinguished. The flying rocks
and debris, and the intensifying fires had the potential to injure or
fatally injure personnel, particularly if the prevailing wind had been
onshore toward the HJV plant.

Prior to the pipeline rupture and explosions on Varanus Island on
3 June 2008, the Apache operated facilities contributed approximately
30 per cent or 350 terajoules (TJ) per day to the Western Australian

The largest rock fragment found within the confines of the plant weighed 17.5kg.

This conformed to the 20 minute muster standard in the revised 2007 Varanus Island
Hub Safety Case rather than the 10 minute standard in the original 2002 Varanus
Island hub safety case.

ALERT/Burgoynes report produced for Apache, 16 September 2008.



gas supply via the DBNGP and the Goldfields Gas Pipeline. Supply was
partially restored in August 2008 to 120 TJ and, as at May 2009, was
at just under

300 TJ per day. Woodside Energy Ltd has partially offset the lost
supply by increasing supply from its North West Shelf joint venture.
Apache gas is used for a mix of electricity generation, and industrial
and residential supply and over 560,000 residential and small
businesses were affected by the Varanus Island incident.”

It is reportedly costing Apache around A$60 million to repair the
pipelines and plant, and the company and its joint venture partners
have had to deal with the loss and delay in revenue stream. In
addition, the pipeline failure had a major impact on the Western
Australian economy, estimated by the Western Australian treasury as
being in the region of A$2.6 billion with other estimates around $3
billion. At the time of writing, the Varanus Island facilities are still not
fully operational 12 months after the incident.

Varanus Island incident investigations

After the explosion two NOPSA inspectors and one DOIR inspector
travelled to Varanus Island and documented the details of the
ruptures, explosions, fires and damage. The investigation continued
in Perth with the main NOPSA team comprising four inspectors and a
team leader with oversight by the Deputy CEO and CEO and the main
DOIR team comprising two inspectors and an administrative officer
with oversight from a branch head and the Director of the Petroleum
Division8. The final report dated 7 October 2008 was largely the work
of NOPSA under its contract with DOIR to provide technical services.

Given the tight timescale in which it was written, the issues noted
with operator cooperation, and its constrained terms of reference, we
believe that the 7 October 2008 report (Annex 1) formed a creditable
basis for a future prosecution and for a future safety investigation.

However, it is not without weaknesses.® In announcing the final phase
to this investigation on 8 May 2009, the Western Australian Minister
for Mines and Petroleum, the Hon Norman Moore MLC noted that
the 7 October 2008 report was unavoidably limited by its reporting
timeframe and the absence of critical evidence, including results from
testing of the pipeline which had since become available. Previous

Senate Standing Committee on Economics, Inquiry into matters relating to the gas
explosion at Varanus Island, Western Australia, December 2008.

The level of oversight and meetings between senior officials within NOPSA and DOIR
diminished as the investigation proceeded over some weeks.

See Annex 2



statements by the Minister and Premier had referred to the need to
assess any deficiencies in the regulatory regime.

The purpose of this report is to address these and other outstanding
issues from the initial report. Under the terms of reference we have
been given, we are also asked to look at the regulatory environment
covering the Varanus Island Hub and to consider wider human and
organisational factors which might have contributed to the cause of
the incident. This should enable the incident to be understood in a
systemic manner and provide lessons learned for future regulation
and licensing which may have broader relevance for the offshore
petroleum industry in Australia and the world.

Immediately following the 3 June 2008 incident, Apache contracted
two consultants who at short notice flew to Varanus Island from
Singapore and extensively documented the incident. There was some
extra detail contained in their report dated 16 September 2008
compared with the DOIR/NOPSA 7 October report, including the
rupture of the 4 inch Agincourt and 4 inch condensate pipes and on
the extent of fire damage approximately 50 metres into the Harriet
Joint Venture plant and the location and impact of rocks and other
material from the explosions?®.

Following the release of the DOIR/NOPSA report, a small team

of officers within DOIR (DMP from 1 January 2009) progressed
investigatory work towards a possible prosecution in relation to the
incident. This included requiring copies of relevant documents from
Apache and progressing metallurgical testing jointly with Apache
through the PearlStreet facilities in Perth (the documentation of this
is too voluminous to annex). DOIR/DMP also obtained reports on the
pipe metallurgy from an expert (see Townend Report, Annex 3) and on
corrosion from another expert (see Martin Report, Annex 4). Such a
prosecution had to be initiated within 12 months of the incident on
3 June. This timescale was met with a prosecution initiated on

27 May 2009.

Apache has repeatedly stated that it is separately working on a
comprehensive investigation into the root cause of the incident. Such
an investigation would, if completed in a thorough manner, be in
accordance with industry best practice so that safety lessons could
be learned for the future. However, while in the first quarter of 2009
Apache stated that this report was due to be completed ‘soon’, it

had still not been completed 12 months after the incident. Moreover,
when in late May 2009 we formally, under section 63 of the PPA,
compelled any drafts of the report to be produced, Apache responded
that it held no such documents and referred to this work being done

10  ALERT/Burgoynes report produced for Apache, 16 September 2008.



by an unidentified third party**. Subsequently, when we formally
sought to compel a copy of the service contract and emails between
Apache and the third party, Apache responded on 5 June that it did
not accept it was a proper request relating to a pipeline and in any
event said it did not have such documents in its custody.

We regard it as totally unsatisfactory that safety material relating

to a major petroleum pipeline incident on Varanus Island is not

made available by the operator to the regulator and, through our
investigation under the PPA, to the Minister. Our investigation under
the terms of reference at the beginning of this report was required to
be completed by 30 June 2009 so that the Minister for Mines and
Petroleum could initiate necessary essential regulatory reform without
undue delay.

Varanus Island facility history and

regulation

Varanus Island was first developed in the mid 1980s as a processing
plant servicing offshore oil and gas reserves. In 1987, the facility
started operation receiving oil and gas from the Harriet QOil Field
northeast of the island. Since that time other reserves have come on
stream, the production facilities on the island have expanded and new
pipelines have been built.

The Varanus Island oil and gas facility is a complex and sophisticated
production process. The site consists of a range of equipment
including storage tanks, flare stacks, fractionation, columns,
compressors, dehydration units, heaters and heat exchangers as
well as utilities such as generators, accommodation, drinking water
production and a heliport.

11

On 29 May 2009 the Apache response through its lawyers was that:

‘1 the matters the subject of that [comprehensive root cause] investigation report are
complex and must be completed properly;

2 there is no final report as yet;

3 my client does not have in its custody any drafts of that report; and

4 my client therefore has in its custody no documents which respond to this notice.

Documents provided to the independent expert for the purposes of producing that report are

the subject of a claim of legal professional privilege.’



Figure 2: Relevant legislative boundaries




Varanus Island is classified as within Western Australian internal
waters and, as such, falls under Western Australian State
jurisdiction.'? Western Australia chose to regulate the facility as a
‘pipeline’3 under the Western Australia Petroleum Pipelines Act 1969
(WA PPA), which allows the Minister to declare ‘a facility, or a facility of
a class, specified in the order to be a pipeline facility.*

WA chose to use a single Pipeline Licence (PL12) to cover most of
the facility down to the low water mark (PL29 and PL30 cover small
areas relating to another joint venture on the island) and then used
Directions to recognise and regulate issues such as safety. PL12 was
issued in May 1985 for a period of 21 years, subject to inspections
complying with the licence conditions. As new plant was added

or other factors arose that affected the conditions of the licence,
variations in the conditions were sought from the regulator. Over the
21 years of operation, some 17 variations were sought and granted.*®

Figure 3: Varanus hub pipeline licence
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Annex 1 provides an overview of the legislative framework for offshore and island
petroleum activities and discusses relevant legislative boundaries in detail.

The PPA definition of a pipeline is very broad: ‘Pipeline means a pipe or system of
pipes used or intended to be used for the conveyance of petroleum; and includes all
structures for protecting or supporting a pipeline and all loading terminals, works and
buildings and all fittings, pumps, tanks, storage tanks, appurtenances and appliances.’

WA PPA Section 5.
PL12 is discussed in detail in Annex 4 and in chapter 2 on WA regulation.
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In January 1995, Apache Northwest Pty Ltd took over the Varanus
Island facilities and associated pipelines as operator. In so doing, they
inherited the WA PPA directions as they applied to the PL12 pipeline
license and a number of other pipeline licences. In December 2005
Apache submitted an application to renew PL12. Once an application
for renewal is submitted, the existing licence remains valid until the
renewal is either approved or declined. As at June 2009 this renewal
has not yet been granted.

The introduction of the ‘safety case’

In November 1990 Lord Cullen, a senior Scottish judge, handed down
his findings and recommendations into the 1988 Piper Alpha disaster.
His recommendations led to a radical change in the way major hazard
industries, particularly offshore oil and gas, operated. A duty of care/
co-regulatory approach using a safety case was adopted in the UK
and Australia, progressively replacing previously prescriptive regulatory
approaches to safety.

In essence, a safety case is an enabling document through which

an operator assures the regulator that operations at a particular
facility will be carried out in such a way that it ensures that risks are
managed to a level that is as low as reasonably practicable (ALARP).
The safety case describes the facility, provides details on the hazards
associated with the facility and outlines the implemented risk controls,
and describes the safety management system that will be used to
minimise risk.

Under the duty of care/safety case regime, the operator is responsible
for safety on the facility while the regulator provides assurance that
the operator is managing risk. Under this regime, the safety case

is developed by the operator then assessed and accepted by the
regulator. The ongoing effectiveness of a safety case, the operator’s
compliance with it and the completeness of the operator’s validation
processes are all measured by the regulator through ongoing audits
and inspections. Unlike a prescriptive regime where regulatory
compliance is achieved through meeting a list of prescriptive
requirements, an efficient safety case regime requires a technically
sawy, highly competent regulator. Such a regulator uses a range of
management tools including formal risk assessments to ensure that
the risk associated with each operator and each facility is recognised
and managed. In addition, the duty of care regulator must tread a
middle ground recognising the risks of being ‘captured’ by industry
while still ensuring that the operator is given the advice and guidance
needed to ensure safety — while always ensuring that safety remains
the responsibility of the operator.

11



In Australia, the safety case approach was first given effect by a 1992
amendment to the Commonwealth Petroleum (Submerged Lands)
Act 1967 (PSLA) requiring employers to provide a safe work place,
equipment suppliers to provide equipment safe for purpose and the
workforce to work safely within set procedures. This was then given
effect through the Petroleum (Submerged Lands) (Management

of Safety on Offshore Facilities) Regulations 1996 (MOSOF) which
provide operators with detailed information relating to safety cases,
their contents and safety measures that shall be included, along

with information relating to safety case submission, acceptance

and revision. The amendment and regulations were subsequently
mirrored by other States and by the Northern Territory in their offshore
legislation.

The Western Australia mirroring legjslation, the Western Australian
Petroleum (Submerged Lands) Act 1982 (WA PSLA) applies to state
territorial waters out to three miles from the territorial sea baseline.
Facilities in the waters immediately surrounding Varanus Island,
including pipelines to and from the island, are located in inland waters
but are subject to the WA PSLA and its associated regulations as an
area where a subsisting Commonwealth permit applied®. On Varanus
Island the safety case was introduced as a condition of the PL12
licence in 1998. This is not the same as a safety case under the
Commonwealth or WA PSLA. While some key requirements as to the
contents of a safety case are outlined in the licence condition, this
does not give legal force to a safety case regime or provisions of the
WA PSLA that are not spelt out in the licence documentation.

The formation of a national safety authority

and its role on Varanus Island

In 1998 the Commonwealth committed to a review of the safety
case regime in light of the extensive hydrocarbon exploration and
exploitation on the North West Shelf, Bass Strait and off South
Australia. An independent review was commissioned in 1999 and
its initial report was issued in March 2000. The review identified a
surfeit of regulations with unclear boundaries and inconsistencies,

a lack of skills and capacity within the various regulators, and a lack
of Commonwealth resources and credibility to drive the necessary
changes. The final report, published in 2001, recommended a revision
of the current legjslation and the creation of a national petroleum
regulatory authority.

16  See Figure 2 and Annex 1 for more detail.
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In mid September 2002, the Ministerial Council on Mineral and
Petroleum Resources (MCMPR) agreed to the formation of a single
offshore safety authority covering both Commonwealth and State
coastal waters. In September 2003, enabling legislation in the
Petroleum (Submerged Lands) Amendment Act 2003 led to the
formation of the National Offshore Petroleum Authority (NOPSA).
NOPSA commenced operations on 1 January 2005, headquartered

in Perth with an office in Melbourne. NOPSA had responsibility for
Commonwealth waters, and was conferred powers in State and North
Territory waters after the NOPSA amendments were mirrored by each
jurisdiction.

WA was the last significant jurisdiction to mirror the enabling
legislation and, as a result, retained regulatory responsibility for
safety in offshore areas covered by the WA PSLA until March 2007.
In addition, the State retained responsibility for safety of offshore
facilities in internal waters, including on Varanus Island. Unfortunately,
basing NOPSA in Perth had the unintended consequence of making
it a highly attractive employer for WA-based regulatory staff and as a
result, NOPSA's creation led to an almost immediate migration of staff
from the Western Australian regulator in DOIR to NOPSA.

This left DOIR with legislative responsibility for safety and integrity
without sufficient technical staff to assure compliance with the
regulations. Based on WA’ intention to confer appropriate powers on
NOPSA'" the Western Australian Government entered into two ‘Service
Contracts’ which would enable NOPSA to supply technical and
auditing services to DOIR for an interim period from 1 January 2005
to 30 June 2005. In the continuing absence of enabling legislation,
the service contracts were extended, initially by three months, then by
12 months and latterly two years.

As a result, when the Varanus Island pipeline rupture and fires
occurred on 3 June 2008, regulatory responsibility for safety under
the PL12 licence rested with DOIR, with NOPSA providing technical
advice and contractor services including audits and inspections under
a service contract.

17

Directly in the case of the WA PSLA, and indirectly through contracts for internal waters.
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Responding to the Terms of Reference, we have divided the report into
four chapters:

Chapter 1: Apache’s practices, documentation and
foreseeability. This chapter investigates in detail what Apache
knew in the lead up to the incident and what was raised in
audits by the safety regulator, and how Apache responded to
this information.

Chapter 2: Better practice and the evolution of a safety culture.
This chapter considers available standards and industry better
practice regarding pipeline management with a specific focus
on shore crossings and cathodic protection. It also considers
information sharing and the availability of information which
would have enabled Apache to better manage the 12 inch SGL,
and considers Apache’s culture and the company’s approach to
safety issues.

Chapter 3: Regulation of Varanus Island and the 12 inch SGL.
This chapter considers the role of the main WA regulator, DOIR
and the roles of DOCEP and NOPSA in providing services to
DOIR, the regulatory environment relevant to the shore crossing
at Varanus Island, and overall integrity regulation in Australia.

Chapter 4: Causal Factors, Scenarios and Conclusions. This
final chapter reviews the technical causes for the explosions
on the basis of key factual material including testing results
and data obtained since the initial report of 7 October 2008,
considers the most likely corrosion scenarios and presents
conclusions in light of these and other factors from the
preceding chapters.

Although this investigation focuses on facilities and pipelines located
on Varanus Island that are licensed under the WA PPA, documents,
information and guidance or advice received relating to any of the
Varanus Island Hub operations (which includes facilities and pipelines
regulated under the WA PPA, WA PSLA and Commonwealth OPGGSA)
are relevant to this investigation due to the interconnected nature of
the operations.

14



1: Apache’s practices,
documentation and
foreseeability

Apache disagrees with any conclusions drawn at this time
about this unforeseeable event because they are premature
and misleading, said Tim Wall, Managing Director of Apache
Northwest Pty Ltd.

Apache media statement of 10 October 2008 in relation to the DOIR/
NOPSA Varanus Island investigation report

The explosion at Varanus Island was not reasonably
foreseeable, and was not within Apache’s reasonable control or
able to be reasonably prevented by Apache.

Apache formal response of 6 February 2009 to the DOIR/NOPSA
Varanus Island investigation report

Lloyd’s Register spent nearly 500 hours auditing Apache’s
procedures and 37 days on Varanus Island physically inspecting
Apache’s pipelines and facilities, which culminated in a formal
report validating the island’s plant and facilities as fit for
operation for the next 21 years.

Apache formal response of 6 February 2009 to the DOIR/NOPSA
Varanus Island investigation report

1.1 Any incident involving potential multiple fatalities or major loss of
integrity may entail a failure of safety critical management systems,
including integrity management, and a failure by the operator to
assure a safe working environment. When any such failure occurs
the immediate test of reasonableness should be applied: could
the incident have reasonably been foreseen or was it reasonably
foreseeable??! It is important to understand any systemic failures
that led to the incident, and we have considered these through our
examination of failure scenarios in chapter 4.

1 Turner, B. (1978) Man Made Disasters, London; Wykeham. The basic premise on which
this seminal text is based is ‘the failure of foresight’.
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1.2 We believe that the arguments put forward by Apache that the
explosion at Varanus Island was unforeseeable and Apache’s other
comments about lack of control (as indicated in the quotes above)
can be seen as symptomatic of a narrow and reactive approach to
safety based on fear of potential legal liability rather than seeking
to learn and share the lessons behind the incident. The company’s
focus on the technical root cause of the incident, is likely to be
similarly narrow and self-serving, perhaps emphasising a type of
rapid corrosion that could not have reasonably been detected in
time?. We have experienced the full armoury of legal argument and
obstacles in our own interactions with Apache. In short, Apache does
not appear willing to examine organisational or cathodic protection
issues that may have contributed to the explosion, with a view to
minimising the likelihood of the occurrence of a similar event at
Varanus Island or other similar facilities.

1.3 The following sections of this chapter document and analyse the
information available to Apache prior to the explosion at Varanus
Island that should have enabled the organisation to foresee an
event of this type. This includes documents produced by consultants
for Apache’s internal use, documents produced for regulatory
purposes such as safety cases, the Lloyd’s validation and the
pipeline management plan, and reports and recommendations from
regulatory audits. The potential contribution of organisational factors
to this incident is discussed in more detail in chapter 2.

Apache documentation demonstrating what

was available and known from 1995 to 2008

1.4 From 1995-2008 Apache sought and received ongoing business-
related information concerning all aspects of its Varanus Island
operations as a normal part of its business. It sought and received
safety-related information from discrete sources for specific
purposes, as well as safety information embedded in the general
information flow. Discrete pieces of information are not necessarily
relevant by themselves. However, when collated and analysed,
they provide the ‘ability to see the big picture’ necessary for the
effective safety management of complex processes. We argue that
information generated by/provided to Apache demonstrates the
company could reasonably have foreseen the increasing risk of an
integrity failure involving the 12 inch SGL and could have taken
steps which may have prevented this. This would have required
appropriately trained and competent professional staff with corporate

2 A detailed discussion of investigations, including the stop rule, and Apache’s response
to the initial technical investigation is at Annex 2.
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memory and time to assess trends and examine potential gaps, and
a longer term view on maintenance and integrity management.

The following section examines three key classes® of safety-related

information that were available to Apache to inform better decisions

about pipeline integrity:

* Internal documents and consultancy reports that raise potential
concerns since Apache took over the original Varanus Island
facilities in 1995 as operator;

e Documents prepared for the regulator, including:
- The July 2002 Varanus Island hub safety case;
- The July 2007 Varanus Island hub safety case revision;

- The 2006-2007 PL12 licence renewal Lloyd’s Register
validation process;

- The 2008 Pipeline Safety Management Plan; and

* Information from regulators’ safety audits, recommendations
and requests.

Apache’s internal documents and

consultancy reports

The Investigation team reviewed all of the relevant Apache
documents available to us in order to assess whether they
foreshadowed a possible external corrosion issue with the pipeline
in the area of the rupture, whether such a rupture’s potential as a
major accident event was documented and mitigated, and to assess
Apache’s systems more generally. Inevitably, what follows cannot
include the large volume of material on integrity and maintenance
across Apache’s total North West Shelf operations. We also did not
have access to Apache’s long promised comprehensive root cause
investigation report on the incident despite more than 12 months
having elapsed after the Varanus Island incident.

We believe that the following documents are most relevant to the
Investigation. Most were provided by Apache under compulsion
pursuant to section 63 of the WA PPA. There may be other relevant
documents held by Apache that we have not seen. The documents
are summarised in chronological order from 1995, when Apache
purchased and began operating the Varanus Island hub including the
12 inch SGL to the mainland that had been operated since 1992.

In addition to the externally available material available to Apache such as investigations
by the NTSB, TSB, CSB, DSB and ATSB, regulator websites, industry seminars and
conferences, standards development, safety culture material, etc which are canvassed
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An assessment of the relevance of these documents is made at the
end of this chapter.

March 1991 — JP Kenny — Harriet Gas Project
Technical Specification

The original technical specifications for the Harriet Project pipelines
was produced by JP Kenny in 1991 and were intended to be used to
inform the tendering process and to support regulatory submissions.
JP Kenny also installed the 12 inch SGL. Specifications for the
offshore section of the 12 inch SGL and for the shore crossing were
a design pressure of 14.6MPa and design temperature of 60°C with
a corrosion coating of FBE or asphalt enamel and a metal thickness
of at least 11.1mm. The specifications propose:

...the Sales Gas Line may from time to time be inspected by
an Intelligent Pig to monitor the internal condition of the line.
Provision will be made for launching and receiving such pigs.
... [However] A zero corrosion allowance is made in the Sales
Gas Pipeline, since this carries treated dry gas with no free
water.

The document presents most specifications in detail, except for the
CP system:

Design of the Cathodic Protection system for the offshore
pipeline will be in accordance with DNV ‘Recommended
Practice RP B401 for Cathodic Protection Design’ (1986).
Design of the Cathodic Protection system for the onshore
pipeline will be in accordance with AS2832 ‘Cathodic Protection
of Metals, Part 1, Pipes, Cables and Ducts’ (1985).4

1996 - Apache’s Sales Gas Pipeline Survey Report

The Apache Energy Sales Gas Pipeline Survey Report issued on

20 February 1995 and updated with photos on 7 January 1996 and
8 July 1996. The survey was conducted by an Apache technician
and a Wescor consultant from KPO at the mainland shore crossing
of the SGL to Compressor Station 130 km inland. CP readings were
also taken for the KPO support frame and for the offshore pipeline:

...the offshore pipe was -1.147V, confirming both full protection
at this end and isolation from the frame and onshore pipe
(-1.305V).

As noted in Annex 21 on Standards, there was a long-standing gap in the standards
which failed to recognise and cover the shore crossing section.
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For the onshore SGL mainland:

The survey results confirmed the pipe is fully protected for the
entire length with potentials typically ranging from -1.292V to
-1.458 (CP ON) ... Surface soil conditions were generally very
dry except the tidal flats section. The survey was conducted
approximately three weeks after heavy rains were reported in
the area.

Figure 4: 12 inch SGL and licenses
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1996 - Apache’s Statutory Inspection Manual

Apache’s ‘Statutory Inspection Manual’ was last revised on

11 September 1996.%5 Amongst other things, the manual covers
Apache’s periodic inspection requirements for the 12 inch SGL
from Varanus Island to the shore crossing on the mainland (licence
TPL8) and from that shore crossing to ‘compressor station 1’ on
the mainland (licence PL17). The manual makes no reference to
the inspection of the short section of the 12 inch SGL at the shore
crossing onto Varanus Island® covered by PL12 where the ruptures
and explosions occurred on 3 June 2008.

The Manual notes the general requirement for pipeline inspections
specified in AS2885:1987 and that this includes wall thickness
measurements and corrosion protection surveys. It states:

The Sales Gas Line (SGL) will require a detailed survey one
year after installation. ... The pipeline licence requirements
for PL/17 and TPL/8 are that an annual external survey be
carried out after the cyclone season. It is proposed that these
annual surveys be carried out in the second quarter of each
year. Furthermore the requirements of AS2885 state that

the pipelines be regularly inspected (ref ¢l 13.4.2) and that
potential surveys be carried out at intervals of not more than
one year (ref cl 6.9.3.3) for the onshore pipeline (PL/17).”

The Manual also stated that pipeline inspections could include
‘Internal inspections using an intelligent pig’® but this was not
then applied to the 12 inch SGL. The Manual was superseded
in mid 1997 by an ‘Underwater Pipeline Inspection Manual’ and
an ‘Onshore Pipeline Inspection Manual’ with the former itself
superseded in June 2003 by an ‘Underwater Inspection Manual'.

Prior to this, the Hadson (Hadson was the majority joint venture owner prior to Apache)
324mm Onshore Sales Gas Line (PL/17) Pipeline Inspection Detailed Report May 1993
was produced on 15/12/93. It states that ‘The onshore sales gas pipeline comprises of
30km offshore pipeline of 324mm diameter x 9.5mm wall thickness line ERW pipe, API
5L Gr X52 material coated with extruded HDPE corrosion protection coating. Cathodic
Protection is provided by stand off magnesium and zinc bar anodes. The pipeline runs
from the mainland shore crossing at KPO to SECWA compressor station CS1.’ It noted
that mandatory documents included the AS2885-1987 Pipeline Code.

Appendix Section Il referred to a 12 inch SGL survey by ROV from ‘Varanus-KPO'.

The same could have been said for the PL12 section of the 12 inch SGL that included
the shore crossing for which annual post-cyclone inspections were also a licence
condition.

An intelligent pig or in-line inspection (ILI) device is an instrumented device pumped
through the pipeline to assess any metal loss as a result of corrosion or other integrity
issues.
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1997 - Ferrum Technology — Cathodic Protection
Review

A Cathodic Protection Review by Ferrum Technology Pty Ltd is linked
to a ‘QCL International Review of Apache SGL Cathodic Protection

Survey Reports’ and was dated 23 January 1997. The report
abstract states with respect to the 12 inch SGL that:

The report reviews Westcor’s recent cathodic protection survey,
performed in December, 1997 on Apache SGL 324mm
pipeline. A preliminary design for a new parallel pipeline
onshore sales gas line is also included in this report. However,
full design details will require soil resistivity data to be supplied.

The main report states:

Based on Apache Energy Limited’s cathodic protection criterion
of -0.850V with respect to a saturated copper sulfate reference
electrode, the pipe-to-soil measurements obtained by Westcor
Engineering Pty Ltd during the 1997 cathodic protection survey
reveal that the pipe is fully protected. The maximum and
minimum pipe-to-soil potentials were -1.174V (KM1.95) and
-1.325V (KM 24.642) respectively. However, based on earlier
CP survey reports, it was noted that the current requirement for
the pipeline is very dependent upon the moisture content of the
soil.

The report states further that:

It is difficult to quantitatively determine the condition of the
extruded HDPE coating based solely on the data obtained from
the CP survey ... Since the current density has not increased
with time, it is reasonable to assume that the coating condition
has not significantly changed since 1993. ..: At this stage

a DCVG survey is not recommended. It would be more cost
effective to perform this survey when the new parallel pipeline
is installed. ... It is not possible to determine the need for an
intelligent pig inspection survey based on CP data. Normally,
after a certain period of time, it is mandatory to perform this
type of survey on sub-sea pipelines. In this particular case,

it would be prudent to continue the pigging survey over the
onshore section of the pipeline, especially if this type of data
has not been previously obtained.

In commenting on the design of a CP system for the new 16 inch
pipeline, it is stated:

Where possible, avoid any air-to-soil interfaces particularly
where the sub-sea pipeline connects to the onshore pipeline,
since this is a difficult location to access with inspection and
pipe recoating equipment.
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1997 — Apache’s Onshore Gas Pipeline Cathodic
Protection Survey

The Apache Energy Onshore Sales Gas Pipeline Cathodic Protection
Survey report was issued on 18 December 1997 and produced
jointly with Westcor Engineering Pty Ltd with whom the survey was
conducted during December 1997. It covers the section from KPO
to the metering station MLV 11 at Compressor Station 1 at the
Dampier-Bunbury Natural Gas Pipeline (DBNGP). The survey tested
the effectiveness of the installed cathodic protection system for
compliance with the original design criteria which required a pipe to
soil potential equal to or more negative than -0.85V measured with
respect to a copper/copper sulphate reference electrode. For the
KPO frame and offshore pipeline, potentials on the support frame
were typically -1.091V while:

The offshore pipe was -1.149V confirming both full protection
at this end and isolation from the frame and onshore pipe
(-1.178V). [For the onshore SGL] potentials typically ranged
from -1.178V to -1.325V (CP ON) ... Surface soil conditions
were very dry except the tidal flats section.

1998 - Stratex Pty Ltd — 12 and 16 inch Sales Gas
Lines offshore section — AS 2885 risk assessment

Stratex Pty Ltd’s 11 August 1998 report reviews the offshore
sections of Apache’s 12 inch SGL against the risk assessment
material incorporated in the then current Australian Standard AS
2885 prior to the installation of the 16 inch SGL in 1999. Apache
personnel, consultants and others conducted risk assessment
workshops in June and August 1998 that identified nine action
items. Action item three read: ‘External Corrosion — At the Varanus
Island shore crossing: Ensure the procedures cover the need for
inspections at the shore crossing on Varanus Island.” An Apache
employee is listed as ‘action nominee’ to meet an ‘action close-out
date’ of 30 September 1998.

A more detailed attachment noted that a ‘credible’ threat existed

at the mainland shore crossing section of the proposed 16 inch
SGL and listed a procedural measure of ‘Inspections at the water
level’. The same attachment also cited the ‘credible’ threats of
‘Stray current corrosion — lines close to each other. Debris in trench.
Possible breakdown of coating from abrasion where pipelines cross’
and ‘Failure of the concrete coating’.
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1998 - QCL International — Corrosion risk
assessment and inspection scheme report

This September 1998 corrosion risk assessment report
commissioned by Apache covered a number of facilities including
the entire 12 inch SGL. The report noted:

Pipelines are also at risk from external corrosion. All pipelines
under study in this report are protected by external coatings
and cathodic protection, which if maintained properly are highly
reliable. The variable nature of the external conditions means
that prediction of external corrosion rates is unreliable. ... It

is assumed that the cathodic protection system is properly
designed, and if functioning correctly will prevent significant
corrosion in the pipeline. Design review of the CP system is
outside the scope of this report. ... If CP tests show significant
unacceptable performance, physical pipe inspection will be
necessary.

In assessing hazards on the SGL, the QCL report stated that:

The pipeline contains high pressure hydrocarbon gas. A failure
in the bulk of the length of the pipeline would be far removed
from human activity, so would be an economic consequence
only. However, a failure in the immediate vicinity of Varanus
Island or on the mainland could endanger life.

The report stated that the 12 inch SGL faces a most significant risk
due to external corrosion in the coastal and onshore sections. The
focus was on the mainland shore crossing end of the pipeline where
mangroves are located, but some of the sea water conditions and
tidal effects mentioned which ‘mean that the coastal section is more
at risk of external failure than any other part of the pipeline’ are
potentially common to the Varanus Island shore crossing section of
the same pipeline.

The 1998 QCL report includes the heading ‘On-line Inspection’ and
states:

The requirement for intelligent pigging on this line is dictated
by the external corrosion hazard, particularly in the coastal
mangrove section of the line. The most serious risk to the
continuing integrity of the pipeline is where coating has
disbonded, creating a region of wet, bare metal shielded from
cathodic protection current. Corrosion may occur despite
adequate cathodic protection potentials. This is a risk on all
coated pipelines, but is most significant on onshore/inshore
lines, particularly under tape wraps and shrink-wrap type field-
weld coatings. The only methods of detecting such failures
are either to excavate all field joins, or to run an intelligent
pig. The economic and safety consequences of a failure of the
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Sales Gas pipeline, coupled with the difficulty of surveying the
coastal section, and the risk of a coating disbhondment failure
mean that regular intelligent pigging of the line is justified. To
save cost, this survey may be concentrated on the coastal and
onshore sections of line. The period is arbitrary — a figure of

5 years is suggested, meaning that an intelligent pig run will be
necessary next year. Further surveys will be required depending
upon the results.

2000 - Apache’s production facilities integrity
corrosion management strategy

On 24 February 2000, Apache issued a ‘Production Facilities
Integrity Corrosion Management Strategy’ which focussed on the
threat posed by corrosion including corrosion to pipelines and
corrosion under insulation (CUI). It listed a significant number of
management and technical staff and consultancy positions with
roles and responsibilities to address this threat. The document
states:

It is @ major objective of the corrosion management system

to ensure safe working and avoid environmental damage.

This will be achieved for offshore installations, onshore plant
and pipelines by meeting the statutory requirements in both
their current and emerging forms. The Corrosion Management
Process conforms to the requirements of the current legislation
as provided in the Petroleum (Submerged Lands) Acts®. It also
observes the requirements of the Australian Standards that

are expected to be applied by the legislation and by operating
licences and consents issued in accordance with the legislation.

The Apache document goes on to define the policy and practice of
Corrosion Risk Assessment (CRA) in terms of failure likelihood and
associated consequences. In discussing monitoring, the document
notes the various purposes of pigging pipelines using different types
of pigs, including for inspection:
‘Intelligent’ pigging of a new pipeline prior to operation will
provide an initial ‘signature’ of the conditions of the pipe
internal walls and wall thickness. Thereafter intelligent pigging
runs are scheduled to inspect the condition of the pipeline.

Although this investigation focuses on facilities and pipelines located on Varanus Island
that are licensed under the WA PPA, documents, information and guidance or advice
received by Apache relating to any of its Varanus Island Hub operations (which includes
facilities and pipelines regulated under the WA PPA, WA PSLA and Commonwealth
OPGGSA) are relevant to this investigation due to the interconnected nature of the
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Factors affecting the schedule and frequency that relate to
corrosion control are: ... increased corrosion rates indicated by
other monitoring devices.

Among other testing methods listed in the Apache document are
monitoring cathodic protection, use of corrosion coupons, sand
probes and non destructive testing (NDT) techniques which include
‘Visual Examination, UT (A Scan and B Scan), Radiography, MPI, Dye
Pen, pit depth gauging, boroscoping and ACM pitting depth surveys’.

2000 - JP Kenny — Pipeline Asset Inspection Strategy

JP Kenny produced for Apache a Pipeline Asset Inspection Strategy
issued for comment in April 2000. It included a table 2.1 ‘Summary
of Proposed Prescriptive Inspection Strategies’ stating for the

12 inch SGL that it had been operating since 1993, had a length

of 100.06 km, external survey was to be at two yearly intervals CVI
[comprehensive visual inspection] by diver/remotely operated vehicle
(ROV), internal survey was to be at five yearly intervals by ultrasonic
testing, and CP survey at four year intervals with CP measurements
by diver/ROV.%° Ultrasonic testing was referenced to AS 2885.3 and
the latter was stated to be:

Ultrasonic testing of pipewall using equipment mounted
externally on prepared areas of pipeline. Air divers required.
Note this operation requires pipeline coatings to be removed.

CP was linked to standards DNV RP B401-1993 and AS2832.1-
1985. The objective of external inspection was stated to be ‘stability’
of the pipeline, for internal inspection it was ‘establish integrity’

of the pipeline, and for CP it was ‘To ensure that the cathodic
protection system (sacrificial anodes) continues to protect the
pipeline and associated infrastructure from corrosion’.

An attachment to the JP Kenny report provided more detail on

each of the pipelines with the 12 inch SGL from Varanus Island

to Compressor Station 1 as supplying dry gas to the DBNGP over
100.060 km through 323.9 mm outside diameter pipe of steel
grade API 5LX60 with a minimum yield strength of 413, design
pressure of 14.5, design life of 25, nominal wall thickness of 11.1
(offshore), maximum inlet temperature of 80°C, external corrosion
protection of 4.5 mm Asphalt Enamel coating and sacrificial cathodic
protection, and ‘Treated dry gas so no internal corrosion expected'.
Another table of ‘Pipeline Licence Inspection Requirements’ noted

10

In the same table, the 1992 Campbell/Varanus Island Infield line of 31.15km differed
only with respect to internal survey being intelligent pigging at five year intervals instead
of ultrasonic testing. The 1999 16 inch SGL had the same internal testing proposed as
the 12 inch SGL.
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for the 12 inch SGL that external survey requirements were ‘Annual
post-cyclone’, internal survey requirements ‘In accordance with
approved plan (Code), CP survey requirements ‘Annual corrosion &
damage inspection of above ground pipeline (Code), and Pipeline
Code AS2885-1987. It was noted that:

Only licences pertaining to pipelines listed. This includes short
onshore sections where applicable, but not hydrocarbon
processing plant where piping is covered by ANSI B31.3.
Licences do not stipulate a particular revision of a code. The
latest at the time of pipeline construction has been assumed.
AS2885.3-1997 Clause 5.2.2 states: ‘The regularity of
assessment should be based on the past reliability of the
pipeline, current knowledge of its condition, the rate of
deterioration and statutory requirements’. ...in cases where
licence and code requirements differ fundamentally, both are
indicated.

The report also tabulates a summary of code requirements and for
AS2885-1987:

External Survey Requirements ... Pipeline route to be inspected
on an approved periodic basis or when damage may have
occurred. ... Coated Pipeline — external coating survey
whenever visible, interval not specified. ... Internal Survey
Requirements ... Otherwise by approved method, interval not
specified. ... CP Survey Requirements ... Review within 1 year
of installation. Monitoring at 5 year intervals (may be shortened
towards end of life).

A table with the JP Kenny recommended program included for the
12 inch SGL External Survey at two year intervals, Internal Survey
at five year intervals, and CP Survey at four year intervals. Finally,
the 12 inch SGL was listed among ‘Pipelines to be inspected

by ultrasonic testing at critical locations at five year intervals,’
‘ultrasonic testing at regular separations and identified ‘hot’ spots’,
and ‘necessary to confirm moisture control system’ to ensure dry
gas.

2000 - JP Kenny — Shallow Water Pipelines Span
Assessment

This report involved consultants JP Kenny performing a span
assessment of a number of Apache’s subsea pipelines based

on ROV inspection in April 2000 by Tamboritha Consultants. The
12 inch SGL was reportedly inspected from KP18.980 — 69.012
using the ROV underwater. Of 500 anomalous freespans across all
pipelines, approximately 60 per cent were eliminated by JP Kenny,
including all 71 on the 12 inch SGL.
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2000 - QCL International — Apache Asset Integrity
Management Audits

QCL International provided the then WA regulator!! with the following
four ‘Apache Asset Integrity Management Audits’ on 27 July 2000.

* A lLloyd’s Register validation requirements audit checklist sheet
dated 5 May 2000 states that the database has no trending
facility available for mechanical problems (re ‘PRDs’) but this
‘Was only a recommendation from Lloyd’s Register, not a
requirement’.

* A Corrosion Data Management Procedure Audit Checklist dated
5 May 2000 states that a ‘centralised corrosion database does
not exist at the moment’ and ‘asset lives are not calculated at
the moment’.

*  An audit of 24 May 2000 re Apache’s Pressure Vessels, PRDs
& Pipework Database states:

A lot of Lloyd’s Register validation requirements have already
been implemented. However, a lot of work is still required.

... It must be noted that a lot of Lloyd’s comments are

only recommendations and don’t necessarily require to be
implemented, if otherwise justifications exist.

*  An audit of 24 May 2000 re Corrosion Data Management
Procedure — East Spar Monthly Corrosion Reports states:

Only calculated Asset lives, based on measured corrosion rates,
must be added to the report. One concern raised by the audit
was the completeness of the reports. It was found that a lot

of information to be provided by ... [the corrosion technician]
was missing on a regular basis. In addition, it was not possible
to ascertain the accuracy/quality of the data collected on

the Island. It was found that QCL could not answer a lot of

the questions related to data gathering, and could not show
evidence of compliance with the procedure regarding frequency
of data gathering and accuracy of data.

2001 - Apache’s Corrosion Management System
Pipework Inspection Procedure

An Apache Corrosion Management System Pipework Inspection
Procedure was issued on 4 February 1999 and revised on

19 June 2001. The focus was on pipework rather than pipelines. It
stated that ‘Visual inspection should only take place by competent
inspection personnel as laid out in AS 4041:1998 Section 8.1.3,

11

At that time the Department of Mines and Energy.
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and AS 4481:1997 Section 4. When an anomaly is found, the
document states that:

A second tier of inspection is activated, consisting of detailed
recording of the anomaly and ‘checking’ for other anomalies.
The checks comprise further prompts for inspection to identify
the cause and/or other associated defects related to the original
anomaly.

A table of anomaly criteria included corrosion and weight coating.
For corrosion, the criteria for an anomaly was described as ‘pits
greater than 2 mm or leading to a wall thickness less than the
anomaly wall thickness.” A wall thickness anomaly was described as
‘less than 80 per cent of nominal wall thickness of pipework’.

2002 and 2003 - Auscor — Onshore Cathodic
Protection Survey

In June 2002 and July 2003, Auscor Pty Ltd undertook onshore CP
surveys for Apache on the 12 inch and 16 inch SGLs. The reports
provided to the investigation cover only the mainland end of the
pipelines. The June 2002 report refers to Australian standards
AS2832.1 and AS2885 and states that:

...the minimum protective potential for gas pipelines is -0.85V
with respect to copper sulphate reference electrode. This
criteria is increased to -0.95V for the tidal flat section where
there is a likely presence of sulphate reducing bacteria.

Further, it is stated that ‘both pipelines are fully protected with
potentials relatively consistent and ranging from -1.145 to -1.272V,
well above the minimum -0.85/-0.95V criteria.” After an extended
18 month dry season, the 12 inch SGL range was from -1.176V
with CP off to -1.272V with CP on. In July 2003, after ‘a period

of intermittent heavy rain which would have increased general soil
moist levels to pipe invert level’ the 12 inch range was from -1.085V
to -1.312V with CP off and from -1.242V to -1.404V with CP on.

2004 - QCL International Ltd — Review of Apache
Energy pipelines

Apache contracted QCL International to conduct a review of its
Varanus Hub pipelines and on 6 February 2004 the review team

delivered their report. Its summary of results included a section
‘Missing Data and Assumptions’ which included the finding that:

In general it was found that very little inspection data was
available for onshore pipeline sections on Varanus Island,
shore zone sections and subsea risers. The onshore pipelines
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on Varanus Island are monitored visually during standard
operations on the island and inspection data is therefore often
not documented. ... At present the shore zones do not seem to
be included in either of the standard inspection work scopes.

The report considered pipelines in separate zones, according to
operating environment changes, with the following five discrete
sections on the SGLs considered: Onshore pipeline Varanus Island;
Shore zone pipeline; Subsea pipeline; Shore zone pipeline mainland;
and Onshore pipeline mainland. The Varanus Island ‘shore zone’
section was described as being 0.32 km long beginning at the
isolation joint (KP69.76) and ending in the shallow water shore
zone (KP69.445).%2 The consequence of failure for each section
was assessed against four factors: personnel safety, asset damage,
production loss and environmental damage.

In relation to shore zones, QCL stated that:

...these sections are considered to be protected by the subsea
pipeline anodes. The probability of section failure due to
external corrosion is therefore assessed on the basis of CP
readings and anode wastage inspection data. The primary
indications of external corrosion are assumed to be sudden
changes in CP trends and high or low CP readings accompanied
by a very high or very low anode wastage rate.

The QCL report also stated that:

Alternatively no cathodic protection may be used on short
onshore pipeline sections with an external corrosion protection
coating. The availability of inspection data is again used

to provide a confidence factor for the assessment of each
system. ... The pipeline inspection history is then reviewed for
indications of damage to the external coating and the isolation
joint. ... No inspection data was available for the onshore
section on Varanus Island or the shore zones at Varanus Island
and the mainland. This has resulted in increased risk rankings
in these sections.

The appendices show that there was no data of any kind available to
QCL on the 12 inch SGL in these sections including from CP surveys
or physical inspections. All of these sections were assessed as of
‘medium’ risk of external corrosion with consequences being ‘critical’
and the overall risk level ‘high’.

12

The report did not address partial protection in that area of the beach crossing where
the pipelines were buried in shallow trenches and subject to a wet/dry regime through
seasonality and the diurnal rhythm of the tide. QCL (now iicor) submitted to us that it
assessed risk for this section as ‘high’ for the purpose of prioritising resources in areas

not ALARR
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The report recommended that a general visual inspection of the
pipeline be implemented as soon as possible and assessment rerun
for these sections.

2004 - Netlink Inspection Services — Varanus Island
ultra shallow water and onshore pipeline inspection —
12 inch Sales Gas Line

Apache contracted Netlink Inspection Services to undertake a visual
inspection of the 12 inch SGL from 16-18 October 2004 that
included the shore crossings. The report states that:

All items of corrosion noted on the Sales 12” Gas Export line
were on the western side of the Cyclone Protection Enclosure
[including] width 500mm length 300mm corrosion visible under
wrap. ... Close to the beach, and as the pipeline enters the
shore, there are two sectors of missing weight coat. As the 12”
Sales Gas Export line enters the sand dune at the end of the
North Eastern beach on Varanus Island there is also a minor
crack in the weight coat.’*3

2006 - Apache’s annual summary report of
inspection and corrosion management activities

This Apache report was drafted in May 2005 and issued on 4

January 2006. In relation to the 12 inch SGL, it summarises the
Netlink Services inspection of 16 October 2004. It also includes
extensive material on inspections, including intelligent pigging, of
other pipelines completed during 2003, 2004 and in May 2005.

2006 - Apache - Onshore Pipeline Inspection
Manual

In mid 1997, Apache issued its ‘Onshore Pipeline Inspection
Manual’ which was updated in 2003 and most recently reissued for
use on 22 March 2006. The Onshore Pipeline Inspection Manual
provided the overriding philosophy and expectations for onshore
pipeline inspection.

13

Prudent engineering practice would be to remove the wrapping and assess the
remaining wall thickness in the corroded section of the pipe. If the pipe wall thickness
was within tolerance, then the pipe would be re-wrapped and the inspection program
for the shore crossing section of the pipeline would be modified to reflect possible
higher localised corrosion rates. Any issues with the efficacy of operation of the cathodic
protection system should also have been considered.
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The manual preface stated:

This Onshore Pipeline Inspection Manual covers the inspection
of all the onshore sections of these pipelines, defined as

that part of the pipeline between the landfall to the pipeline
termination or pig launcher/receiver.

However, its description of coverage then becomes somewhat
confused. The ‘scope of manual’ section states that the SGL covers
licence TPL8 from Varanus Island to the mainland with no mention
of the extent of pipeline covered by PL12, which applied to all six
pipelines at the north east shore crossing on Varanus Island. It then
states:

...two SGLs ... transport processed dry gas from East Spar and
the Harriet Gas Gathering project on Varanus Island to the
Alinta Gas pipeline at compressor station CS1, 30.3 km of both
the pipelines is onshore and thus is covered by this manual.

It is unclear whether the 30.3 km includes the small section on
Varanus Island under PL12 or not. The Manual further stated that
pipeline inspection should include:

...an audit of corrosion control facilities to assess their
effectiveness. This includes cathodic protection systems,
pipeline coatings. ... The pipeline licence reinforces the
requirement of AS2885.3 ... [which] states that pipeline
surveillance and inspection shall be conducted at a frequency
based on the past reliability of the pipeline, historical records,
current knowledge of its condition, the rate of deterioration
and statutory requirements. ...this inspection frequency
approach introduced in 2001, AS2885.3-1997 gave inspection
frequency as annually. It is envisaged that no risk assessments
have been conducted, and annual frequency is to be applied
until these documents are in place.

The Manual provides direction for corrosion control procedures.
Above ground pipeline coatings should be addressed with particular
attention to crevice areas like pipe supports and the underside of the
pipeline, as well as areas of blistered or disbonded coating. It states
that assessment of below ground pipeline can only occur through
monitoring CP data or the use of special coating defect surveys such
as Pearson or DC pulsed or Voltage Gradient surveys, and visual
surveys where the pipeline is exposed at selected locations.

The manual also provides direction on assessments of CP. It states
that test results outside the range of 850 -1200mV are considered
‘anomalous’ and ‘shall be’ subject to detailed evaluation.
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2007 — ModuSpec Australia Pty Ltd — Review

of recommendations from 2004 pipeline risk
assessments; and 2007 — Gap Analysis: Comparison
of QCL review with the requirements of AS2885

and the Petroleum (Submerged Lands) Pipelines
Regulations 2001

ModuSpec Australia Pty Ltd produced these two reports, dated

10 April 2007, with reference to all Apache pipelines related to
Varanus Island. The Gap Analysis was undertaken as part of the work
towards a proposed Apache pipeline management plan. With respect
to the 12 inch SGL, the report notes that the pipeline:

...is 100 km long. The pipeline is constructed of carbon steel
and has an external corrosion coating of Asphalt Enamel from
Varanus Island to the Mainland and is coated by Extruded HDPE
on the onshore section of the Mainland. Cathodic protection

is achieved by the use of bracelet anodes. The pipeline was
designed to the AS2885-1987 standard and installed in 1992.

The report states that 20 recommendations had been made with
respect to the pipeline with three remaining open, including one
regarding external corrosion on the onshore mainland section.** The
report’s ‘summary of integrity’ table includes the four categories of
external corrosion, fatigue and instability, impact/accidental damage,
and internal corrosion; and lists five pipeline sections including
‘Onshore Pipeline Varanus Island’ and ‘Shore Zone Pipeline Varanus
Island’.

The 2004 ModuSpec Gap Analysis findings state with respect to
QCLs ‘risk identification’ in 2004 that while the threat posed by a
likelihood of failure as a result of external corrosion was assessed
against four consequence factors — personnel safety, asset damage,
production loss and environmental damage - threats not assessed
included ‘external interference, operations and maintenance, design
defects, material defects, and intentional damage’ and:

In addition, the threats were not categorised in accordance with
AS2885.1 (i.e. those which are not credible; those which are
controlled by external interference protection; those which are
controlled by design and/or operational procedures or residual
threats requiring further risk evaluation).

14

The 2004 inspection of the pipeline by Netlink was ‘reviewed in a April 2007 audit by
ModuSpec, with the comment that ‘CTC-2 CP survey deemed protected against external
corrosion under aerobic and anaerobic conditions’. It was deemed that this corrosion
issue had been closed in October 2004.
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1.57 In terms of regulations 25 to 27 of the Petroleum (Submerged
Lands) Pipelines Regulations 2001, ModuSpec concluded that:*®

Most of the information required for a description of the
Pipeline Management System is not provided. The following
aspects are omitted:

* Risk of significant pipeline events — This information
relates to the incomplete identification of threats and that
hazardous events have not been identified in accordance
with AS2885.1;

* The measures used to reduce risks to ALARP — These relate
to fact that the identified threats have not been categorised
in accordance with AS2885.1;

¢ The management arrangements — This omission relates to
the fact that risk management has not been carried out in
accordance with AS2885.1.

1.58 The 2007 ModuSpec Gap Analysis report notes under ‘Corrosion’
that:

The European Gas Pipeline Incident Data Group identifies
corrosion as the third highest cause of gas leakage. [Further,
while the QCL report had assessed external corrosion] the

QCL methodology states that probability of failure in this

area is based on the inspection data of anode wastage and

CP reading. AS2885.1 lists a number of causes of external
corrosion, the implication being that these causes should be
considered. There is no evidence that this has been carried out.

1.59 ModuSpec’s recommended way forward is to review threats,
reassess pipeline risks for each pipeline in accordance with AS2885
and produce a:

...Pipeline Management Plan for the whole network including:

* Risk of significant pipeline events and other risks to the
integrity of the pipeline;

* Measures to reduce risks to ALARP;
e Arrangements for monitoring, auditing and review;
* Review of the Forward Action Plan.

15  Although this investigation focuses on facilities and pipelines located on Varanus Island
that are licensed under the WA PPA, documents, information and guidance or advice
received by Apache relating to any of its Varanus Island Hub operations (which includes
facilities and pipelines regulated under the WA PPA, WA PSLA and Commonwealth
OPGGSA) are relevant to this investigation due to the interconnected nature of the
operations.
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2007 — Apache — Onshore pipeline inspection
workbook

A September 2007 Apache ‘Onshore Pipeline Inspection workbook’
lists the onshore pipeline survey history for the 12 inch SGL since
installed in 1993 (sic). The table below indicates that while some
basic checking was carried out in the majority of years, there were
no checks at all in 1995, 1998, 2002 and 2003.

Figure 5: Onshore pipeline survey history

Year Pipeline Corrosion Control
Surveillance Facilities Inspection

1993 X X

1994 X

1995

1996 X X

1997 X X

1998

1999 X X

2000 X X

2001 X X

2002

2003

2004 X X

2005 X

In addition, a section of the report assessing the visual assessment
of the pipeline stated that the onshore/offshore tie-in point, the
isolation flange and the pipeline coating were not seen as they
were completely buried, and that the buried section was weight-
coated, making the anti-corrosion coating inaccessible for visual
assessment.

2008 - Apache - Integrity management personnel
and competencies description

This Apache document was issued on 24 January 2008. It includes
an impressive list of roles and responsibilities related to integrity
management, including for pipelines. There is substantial similarity
between these and the 2000 ‘Production Facilities Integrity
Corrosion Management Strategy’ document cited above. The 2008
document also stresses the importance of contractor competency
and notes that ‘Inspection and NDT is a critical part of corrosion and
integrity management’.
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2008 - Auscor Pty Ltd — Apache Energy 12 & 16 inch
Sales Gas Lines onshore section cathodic protection
annual survey 2007

1.63 This March 2008 report by Auscor Pty Ltd only included the
mainland onshore 12 & 16 inch SGLs from KPO to KP31.3. It
stated that the pipelines are fully protected over all sections
with CP off potentials very uniform and averaging -1.050V. The
offshore pipelines at KPO are fully protected (average -1.12V)
with no significant change from previous levels. Since the majority
of sacrificial anodes were found to be depleted and hence
disconnected, an impressed current CP system located at the CS1
inlet station was proposed.

Safety cases and validations prepared for

the regulator

1.64 The initial requirement for a ‘safety case’ in relation to the Varanus
Island facility was for the 16 inch SGL under a PL12 licence variation
gazetted in September 1998.1¢ Apache developed an in house
safety case covering, amongst other things, the 12 inch and
16 inch SGLs in 1999, and later the first Varanus Island Hub safety
case which was formally accepted by DMPR (the WA regulating
Department pre-DOIR) on 22 July 2002 . This safety case addressed
the operation of the facilities on Varanus Island and the associated
offshore facilities. It included the complex processing plant on the
island and the pipelines, both onshore and subsea covered in the
licences held by Apache in relation to all Varanus Island operations.
The area critical to this incident was the beach crossing of six
pipelines (including the 12 inch and 16 inch SGLs), three import
pipelines and three export pipelines (two of which were import and
export oil lines) in the transitional zone between the land and sea
environment.

The July 2002 Varanus Island Hub Safety

Case

1.65 The Formal Safety Assessment (FSA) review for this safety case was
commenced in December 2001 and completed in February 2002.
The FSA included a section on the 12 and 16 inch SGLs dated
4 April 2001. This referenced the risk assessments carried out by

16  The requirement for a safety case in Commonwealth waters and under Commonwealth
regulation dated from 1996.
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Stratex in June 1998 conducted prior to the installation of the
16 inch SGL. Listed threats included corrosion. It also stated that:

The two SGLs only form a part of the total pipeline system
connected to VI. Therefore it is a conservative conclusion to
state that the SGLs contribute less than 0.25% of the overall
risk to personnel on VI.17

In relation to the offshore submerged SGLs, the document focus
was the 16 inch SGL and reference was made to external corrosion
being addressed by external corrosion coating and sacrificial anodes
‘inspected annually for offshore sections and every three years for
the onshore sections of the pipelines’. For the onshore pipelines
(from the pig launchers on Varanus Island to the submerged point of
pipelines) corrosion was not cited as a risk or hazard.

The FSA included an Apache document prepared by International
Risk Consultants dated 6 July 2001 and titled Varanus Island Formal
Safety Assessment Attached Report. This noted that while offshore
pipelines are considered only up to 500 m offshore Varanus Island,
‘the entire pipeline inventory is included to provide a more realistic
release model’, and that high pressure jet gas releases are likely to
be rapidly ignited. The Harriet gas import pipeline, Campbell/Sinbad
import pipeline®, and Sales Gas pipeline (sic) and header® were
each assessed with corrosion as having a potential to cause a jet
fire. The Sales Gas assessment noted that there could be fatality

on HJV plant and on ESJV plant if jet fire were oriented towards it.
For the first two pipelines it is noted that the ‘area around onshore
section of pipeline is not normally manned’ (ie the beach crossing)
and for the SGL ‘low manning levels and diversity of escape routes
from open plant’” was noted. All were screened as ‘A’ major accident
events with severity assessed as ‘major’, likelihood ‘unlikely’ and risk
‘marginal’. Issues with relatively close pipeline spacing potentially
contributing to an escalation of MAE were not cited. Corrosion
mitigation measures were also lacking in documentation in the 2002
safety case material we have been able to access.

17

18
19

At about the time of the 3 June 2008 incident we calculated that the two SGLs
contributed 1,540 tonnes of about 4,100 tonnes of hydrocarbons or about 37.5 per
cent of the hub’s hydrocarbon inventory.

Later in the document this pipeline was termed a ‘flowline’.

By 2002 both Sales Gas Pipelines, the 12 inch SGL and the 16 inch SGL, were
operating and hence both should have been listed and assessed with the plural used

36



1.68

1.69

1.70

1.71

The July 2007 revision of the Varanus
Island Hub Safety Case

The Varanus Island Hub Safety Case was subject to its first five-
yearly update in July 2007 and comprised three key sections:
facilities description, safety management system description and
formal safety assessment.° It was more than 2000 pages in
length. The safety case specifically states that ‘all facilities within
the Varanus Hub have gone through a robust validation process by
independent third parties’.

An overview to the document stated, inter alia, that:
Formal Safety Assessments have been performed which:

* dentify all hazards and associated credible accident events
concerned with the operation of the Varanus hub facilities;...

* demonstrate that the risks associated with major accident
events are appropriately managed and reduced to ALARR ...

* ensure compliance with the West Australian Petroleum
(Submerged Lands) (Management of Safety on
Offshore Facilities) (MoSOF) Regulations 2007 and the
Commonwealth Petroleum (Submerged Lands) (MoSOF)
Regulations 1996;

e ensure alignment with the National Offshore Petroleum
Safety Authority (NOPSA) Safety Case Guidelines ... [and]

* update ... the risk assessment models to include the latest
data sets.?!

In the safety management system (SMS) it was stated that:

This document describes how occupational health and safety
are managed by Apache Energy Limited (Apache) in a style
promoted by a philosophy of self-regulation and continuous
improvement.

The document structure in Apache’s SMS appears to place Apache’s
core values and mission statement in a hierarchy above all else.
Safety and health policy, environment policy and integrity policy are
at the next level in the hierarchy. External requirements, such as
laws and standards, are shown off to one side outside the document

20

21

The revised safety case was accepted by NOPSA in relation to the offshore elements on
31 October 2007 and by DOIR in relation to Varanus Island itself on 6 December 2007.

Although this investigation focuses on facilities and pipelines located on Varanus Island
that are licensed under the WA PPA, documents, information and guidance or advice
received by Apache relating to any of its Varanus Island Hub operations (which includes
facilities and pipelines regulated under the WA PPA, WA PSLA and Commonwealth
OPGGSA) are relevant to this investigation due to the interconnected nature of the
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structure hierarchy and therefore do not appear to have the same
status in terms of prioritisation as Apache’s internal policies. This
could suggest a lack of integration of external material into Apache
systems, and could imply the company treats the SMS in the same
compliance-focussed manner noted above as appearing on the
Apache website.

Major Accident Events (MAEs), defined as ‘any event arising from

a work activity involving death of two or more persons engaged in

a Varanus Hub operation’, were considered discretely in the FSA.
Forty-two MAEs were listed for Varanus Island including hydrocarbon
gas release from processing plant or pipelines. The total hydrocarbon
inventory associated with Varanus Island in the FSA was stated

as 4,100 tonnes, of which the connected offshore pipelines and
flowlines totalled 3,900 tonnes. The 12 inch SGL inventory was
stated as 560 tonnes. On Varanus Island, the total leak frequency
was quantified as 5.9 per year with an average ignition probability of
0.051 and a total ignited event frequency of 0.058 per year.

Identified hazards were screened for the credible risk of multiple
fatalities. Gas release from processing plant or pipelines was
identified as part of a credible MAE description. This was analysed
as having the potential for immediate fatalities with a large gas jet
fire,?2 a flash fire or an explosion. The consequences from a release
were said to have had the potential for escalation if atmospheric
conditions were suitable, including the spread of the event to
other hydrocarbon inventories. The consequences also had the
potential for escalation because of compromised escape or rescue
opportunities but: ‘Personnel who survive an initial fire/explosion
event are expected to escape safely prior to escalation, which

is conservatively estimated to occur after five minutes of jet fire
impingement’.?

22

23

The document stated that: Jet fires are high momentum burning jets of gas and/

or atomised liquid. They result from ignited gas and two-phase releases, with the
momentum provided by the pressure driving these releases. ... Jet fires are very
destructive over a large area as they produce high levels of thermal radiation.
Furthermore, their destructive consequences include considerable convective heating
and erosion when the flame impinges on equipment and structures. This can potentially
enable the fire to escalate to surrounding hydrocarbon inventories.’

A table of jet fire characteristics for significant Varanus Island process units assuming a
100 mm hole includes the 12 inch SGL with an initial flame length of 122 m and still
being 119 m after five minutes. The Sinbad/Campbell 12 inch line which ruptured next
on 3 June is assessed similarly (127 m/113 m), while unsurprisingly the 16 inch SGL
with higher pressure and more inventory is more (134 m/133 m) and the 6 inch Harriet
Gas Flow Line less (127 m initially and 37 m after five minutes).
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The FSA also identifies safety critical items (SCls) defined as:

Parts of an installation and such of its plant (including computer
programmes) or any part thereof, the failure of which could
cause or contribute substantially to; or a purpose of which is to
prevent or limit the effect of a major accident.

The SCI hierarchy is described as:

* inherent safety features that eliminate or minimise the potential
for a MAE, e.g. structural integrity;

*  preventative measures that prevent the occurrence of MAEs,
e.g. process hydrocarbon containment systems;

e detection and control systems that influence the scale, intensity
and duration of an initial event and limit escalation, e.g.
emergency shutdown (ESD); and

*  mitigation and evacuation systems to protect personnel from
both the initial and escalating events, e.g. escape routes.

Procedural-based safety critical systems were addressed by the
SMS in another part of the safety case. Each system had its own
performance standards, which were assured by defined regular
audits and reviews of the SMS. The safety critical systems included:

*  Competency management

* Integrity management

*  Operating procedures (including Permit to Work)
*  Emergency response.

Apache’s revised safety case identified the risk of a corrosion
initiated rupture of a SGL leading to a jet fire and escalating to
adjacent hydrocarbon inventories. Though assessed as ‘unlikely’
the sales gas headers and pipelines were considered as presenting
a ‘marginal’ but ‘credible’ risk of multiple fatalities. One of the
potential causes of a hazard event from the SGLs was corrosion.
The potential consequences identified included explosion from an
unconfined vapour cloud, gas ingress or migration to other areas of
the facilities, and a jet fire with ‘Fatality on HJV plant and on ESJV
plant if the jet fire were oriented towards it.” The summary of MAE
analysis also included:

Gas release from processing plant or pipelines. Potential for
large jet fire andjor flash fire explosion. Could result in local
immediate fatalities and has the potential for escalation if
atmospheric conditions are suitable. There is potential for
escalation to other hydrocarbon inventories. High pressure ...
would lead to a significant release in a short time period.

Both integrity management and corrosion monitoring were relevant
safety critical systems assessed as able to reduce the incident
potential. A consolidation of the safety critical systems was used
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to develop a hierarchy of safety critical items in the safety case, in
which hydrocarbon containment in pipelines and risers came third
in the critical hierarchy, with a safety goal expectation of ‘inherent
safety’.

The 2006-2007 PL12 licence renewal Lloyd’s
validation process

In 2006, Apache engaged Lloyd’s Register to independently validate
the whole plant and facilities of the Varanus Island operations
covered by Pipeline Licence PL12 and its variations. This validation
was required by the regulator for the purpose of the PL12 renewal.
The PL12 licence was originally issued in May 1985 and had a term
of 21 years. This included the small section of the 12 inch SGL
from the island HJV plant across the beach where the 3 June 2008
ruptures occurred.

Apache initially provided DOIR with a copy of what amounted to
Lloyd’s scoping plan for the proposed validation review and on this
basis, sought a 21 year extension of the PL12 licence covering most
of Varanus Island. Under its service contract, DOIR sought advice
from NOPSA. On 21 June 2006, NOPSA advised DOIR that the
renewal should not be granted at that time. NOPSA indicated that:

*  NOPSA recommended withholding the renewal pending
provision of the basis for that statement from the preliminary
review, or until the full validation report became available.

* The scope of the validation report encompassed in the report’s
terms of reference should be broadened to cover more safety-
critical areas.

* The pipeline licence had required a formal safety management
system since variation 4/94-5; and this requirement had
become a subset to a more broad ranging requirement for
safety cases since variation 9P/97-8. NOPSA advised that there
should be a demonstration that the safety case addressed all
the plant and equipment within the PL12 boundary.

On 7 July 2006, DOIR wrote to Apache providing comments on
their licence renewal application that reflected NOPSA's advice.

On 6 August 2006, Apache provided DOIR with an updated and
broadened validation scoping summary report. On 28 August
2006, Apache again wrote to DOIR with an updated validation plan
and details to support the expertise of their selected third party
validator (i.e. Lloyd’s Register). A timetable was included with the
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final validation report to be prepared in November 2006.%* Lloyd’s
undertook an extensive validation and verification process?® between
May 2006 and April 2007 which included document reviews,
interviews and inspections at both the Perth head office and at
Varanus Island, followed by a number of workshops.

The Stage 1 ‘Integrity Audit’ report was dated 31 May 20062%° and
for Stage 3 there were two ‘Process Integrity Review’ reports dated
30 June 2006 and 21 August 2006, both within the timetable.
Apache placed all three documents on its website with the latter
two marked ‘draft for comment’.?” There was also a third Stage 3
‘Process Integrity Review’ report from the period 28 September to
2 October 2006 dated 20 December 2006 and an ‘SMS Audit’
report undertaken from 6 September 2006 to 14 October 2006
dated 26 November 2006 that were not placed on Apache’s
website. Apache did place Lloyd’s ‘PL12 Validation Summary Report
May 2006-April 2007’ on its website. The date of this summary
report is 10 May 2007, well beyond the November 2006 timetable
anticipated in August.

Soon after it was completed, the 16 page ‘Validation Summary
Report” was provided by Apache to DOIR?8. This summary report
contained a one-page ‘Executive Summary’ which included a
statement that, on 5 January 2006 DOIR had advised Apache and
its joint venture (JV) partners that for renewal of the PL12 Varanus
Island Pipeline Licence, the Apache JV: ‘are required to demonstrate
how the whole facility complies with current standards and ‘Best
Practice’ and validate the whole plant and facilities of the Varanus

24

25

26

27

28

As at 8 August 2006 the Validation Plan included: 12-24 May 2006 Mechanical
Integrity Audit (Stage 1), 25-26 May 2006 Validation Plan Preparation (Stage 2),
29 May-30 September 2006 Detailed Process Integrity Review (Stage 3),

1-31 October 2006 SMS Assessment and IMS Validation (Stage 4), and

1-10 November 2006 Validation Report Preparation (Stage 5).

Lloyd’s Register states in its Apache Process Integrity Review’ report dated

20 December 2006 that: ‘Validation is the process of evaluating a system or
component to determine whether the products of a given development phase satisfy the
conditions imposed at the start of that phase. Verification involves completeness and
consistency checks and examining for technical correctness in other words confirmation
by examination and provision of objective evidence that specified requirements have
been fulfilled’.

On this Lloyd’s stated that ‘Based on a preliminary review from initial information
gathering and gap analysis, the operation was considered to be covered by a
comprehensive integrity management system, sufficient to validate operation for
approval for pipeline licence revalidation for the next 21 years’. Despite the caveats, the
inspectors’ view is that this appears to go beyond what the evidence can sustain.

Apache’s Australian website, including the Lloyd’s documents, was removed in April
2009.

The earlier Lloyd’s Register stage reports were not provided to DOIR or sought by them.
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Island covered by PL12 as fit for purpose for the next 21 years’. The
Lloyd’s Register Executive Summary therefore notes up-front the
onus that is on Apache and its JV partners. Lloyd’s Register further
states that:

...the purpose of this validation summary report is to outline the
process, key findings and recommendations to ensure safety

of the operational phase and technical integrity for ongoing
operations of the Varanus Island plant and facilities covered by
PL12 as fit for purpose for the next 21 years.

1.84 Lloyd’s Register’s Executive Summary then states that:
Key findings are summarised as follows:

* No impediment to continued safe operations or compliance
with PL12 requirements was identified.

* \Vessels under the PL12 licence which have exceeded their
design life or will expire during the revalidated operating
period require remaining life assessments.

* Provisions were found to be in place with continuous
improvement processes to ensure safety of the operational
phase and technical integrity for ongoing operations of the
Varanus Island whole plant and facilities covered by the
PL12 as fit for purpose for the next 21 years.

* The Safety Management System (SMS) is comprehensive
and integrated ... [but] Organisational changes and staffing
provisions may adversely impact on the ability to optimally
operate and maintain plant and facilities covered by PL12.

* A number of workshops were convened in March and April
2007 to review the recommendations and suggestions for
improvement identified during the validation exercise and a
Validation Action Plan developed to address requirements.

1.85 The body of the Validation Summary Report includes more detail on
the two Lloyd’s recommendations:

The following recommendations are required to be implemented
to ensure that the provisions of PL12 are not negated,
potentially resulting in the withdrawal of the current operating
permit by the DOIR.

* [t was noted that some of the vessels under the PL12
licence have exceeded their design life. Hence in order
to re-certify the vessels it is recommended that Apache
does remaining life assessments for all aging vessels
and vessels that will expire during the re-validated period
as recommended by AS3788 including the following
inspections/ testing as minimum to ensure suitability for
continuation of service...
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e |t was observed that manning levels, at Apache, in various
disciplines, are low with key competencies contracted out or
residing with specific individuals. In addition, due to aging
of the workforce and natural movement of personnel in the
industry, key critical knowledge areas may be significantly
impaired in the short term. Apache should perform studies
of tasks required to be done simultaneously and assess
adequacy, relative to the staffing and competency levels
likely to be present on the facility. Consideration should be
given to fatigue, workload, stress on the ability of the person
to identify and diagnose problems during management and
participation in emergency response.

The two recommendations were significant, especially if the vessel
ageing issue is taken to include pipelines involved in containment.?®
The report concludes that:

Numerous suggestions for improvement were also made

to assist in optimising integrity management practices and
furthering attainment of ‘best practice’. Non implementation
of suggestions should not affect the operating licence and are
listed in the Validation Action Plan.

The Validation Summary Report states that Stage 3 of the validation
included ‘Comprehensive facilities and equipment integrity review
all import and export pipelines, flowlines and onshore pipelines
within PL12’" including the 12 inch SGL and ‘Review of pipeline
management plans’. The report also clarifies that standards and
codes used in the initial PL12 design were used as the basis for
requirements and guidance and:

It is not good practice to use an indiscriminate mix of codes or
use a different code for a particular problem simply because
its requirements are less onerous. ... [but] Due to the age

of elements of the facility many of the initial design codes
were found to have been superseded and/or revised, in these
instances professional judgment was applied to considerations
of adequacy andj/or fitness for purpose.

There are some important safety suggestions among the Lloyd’s
reports that Apache had placed on its website. Suggestion 8
considered broadening the scope of the safety critical element list
to cover elements that were critical to production or environmental
conditions. Suggestions 9 to 11 considered the development of
performance standards of safety critical elements, their benefits

in setting the frequency of inspections and maintenance and

29

Appendix Ill to the 21 August 2006 Stage 3 report in which the recommendation is
made includes ‘Subsea Pipelines, Flowlines and Onshore Pipelines’ and the 12 inch
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implementing a process for timely reviews of inspection frequencies.
Suggestion 13 referred to ‘closing the loop’ by providing feedback

to the initiators of cancelled corrective work orders to ensure that

all potential risks were understood. Suggestion 16 referred to the
requirements for close-out of anomalies, who should be involved
and how. Suggestion 17 referred to arrangements for monitoring and
supervising contractors. Suggestion 18 referred to training of core
personnel with respect to contractor management.

Among the reports there is also some important technical
information potentially relevant to the 3 June 2008 incident and the
role of cathodic protection using sacrificial anodes to protect the
subsea pipeline and the shore crossing section.

Lloyd’s also cite AS2832.3 and state that:

It is required to maintain a potential on all parts of immersed
ferrous structures equal to, or more negative than, -800mV, but
not more negative than -1150mV with respect to a silver/silver
chloride reference electrode. A potential that is more negative
than -1150mV causes the structure to be over protected, which
in turn can cause accelerated disbondment of the coating.

The Lloyd’s 30 May 2006 report on the Apache website also noted
that KPI screens had been set up to highlight anomalies and were
monitored on a daily basis by specific personnel on Varanus Island
and at the field based laboratory on Stag.

One of the Lloyd’s reports that Apache did not place on its website,
the third and final Stage 3 ‘Process Integrity Review’ report dated
20 December 2006, an important validation finding referred to

the management of modifications and changes. It recognises

the importance of change management in organisational matters
and notes that the current Apache system does not meet this
requirement. The report stated that:

NOPSA suggests in their guidance on Safety Case Development
that historically, the Safety Case has taken an engineering
systems approach to safety. This perspective emphasises the
inter-linkages between various items of engineering hardware
and the management systems ... The facilities covered by PL12
are considered to be well managed at this level. A broader
system view includes consideration of the people collectively - in
terms of an organisation. ... The current change management
process operated by Apache while suitable for technical
change management does not address this broader business
management requirement.

This report also has an extensive Integrity Management Review
Checklist comprising 96 sub-elements with Apache assessed as
meeting 81 of them including:

44



1.94

1.95

1.96

defining measurable performance targets which Apache defines
as ‘Lowest possible cost, maximising production availability’;

documenting an integrity management strategy on which Lloyd’s
states ‘From an interview and review of documentation, the
integrity management strategy appears to be regulatory and
code compliance’; and

weighting risk assessment for integrity confidence where Lloyd’s
states ‘failure frequencies are generic industry specific and have
not been adjusted specifically to operational experience with
PL12 facilities... . In general integrity confidence appears to be
based on code compliance and operation of facilities within the
degradation tolerances of internationally recognised codes’.

Those not met include: not clearly stating what is within integrity
scope, including pipelines although the report notes ‘a verification
scheme is under development’; variable performance on integrity
reports including relevant data; and issues with roles and
responsibilities.

The body of the 20 December 2006 report states that:

Core manning on Varanus Island was identified to be at
minimum and no apparent redundancy or duplication of
function. This observation implies that specific skill sets are
only resident in specific individuals. ... Numerous previous
reports were identified from audits, inspections, tests and
studies with cumulative actions often hidden in the text of
reports. Numerous systems are in place to deal with these ...
[but] Demonstration of close-out, i.e. acceptance or corrective
action, was often difficult to identify. This may be due to critical
manning levels, reliance on individual competencies, movement
of personnel and/or competing priorities. Apache should
periodically extract the existing medium and long term integrity
management strategies from current maintenance management
system and action plans, perform a gap analysis and review
prioritisation and resource allocation vs strategic operation life
expectancy plan.

Lloyd’s Regjster issued a statement on 14 August 2008 in relation
to the gas explosion. The statement indciated that Lloyd’s had
conducted a limited verification of Apache’s operations and had:

...not contributed to any physical inspection or maintenance-
related services to the pipeline or the facility in question. The
scope of our report did not in any way guarantee the quality of
the ongoing maintenance and safety systems of the facility.
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The Lloyd’s Register statement appear inconsistent with the May
2007 Validation Summary Report.%° For example, the report records
many examples of physical examination of facilities on Varanus
Island when the Lloyd’s review team visited the island on at least
four occasions.

The 2008 Pipeline Management Plan and Pipeline
Safety Management Plan

During 2007, Apache developed a comprehensive Operational
Pipeline Management Plan (PMP), as required under the WA PSLA
(as well as the OPGGSA). This incorporated legislated requirements
for a Pipeline Safety Management Plan (PSMP). The PMP covered
all offshore pipelines operated by Apache as well as those pipelines
on Varanus Island.3! The PMP stated that for practical purposes, the
assessment terminated at the isolation valves at the end of each
pipeline. This meant that the PMP covered the 12 inch SGL for its
full length from onshore Varanus Island to CS1 on the mainland at
the DBNGP through multiple jurisdictional boundaries. The plan was
created to demonstrate integrity assurance, and the elimination or
reduction of risks to personnel, the public and the environment to
ALARP levels.

While the PMP (and PSMP) is not explicitly required under the PPA
or PL12 for Varanus Island, the licence condition pertaining to

the existence of a ‘safety case’ describes these characteristics in
comparable terms to the characteristics of the PSMPR In addition, the
integrated nature of the Varanus Hub operations were such that the
12 inch SGL could not easily be considered according to legislative
or regulatory boundaries as there was no isolation valve or equivalent
in place at these boundaries. In order to adequately consider

the safety and integrity of one part of the pipeline, therefore, it

is reasonable to consider those parts that are adjacent to the
jurisdictional boundary as well as other pipelines (and unlicensed
flowlines) in close proximity. Likewise, considerations of safety for a
pipeline under the PPA/PL12 relies on considerations of safety for
that pipeline under other legislation.

30

31

Lloyd’s Register appeared to draw and rely upon a significant difference between the
terms ‘examination’ and ‘inspection” and between ‘guarantee’ and ‘assurance’.

Although this investigation focuses on facilities and pipelines located on Varanus Island
that are licensed under the WA PPA, documents, information and guidance or advice
received by Apache relating to any of its Varanus Island Hub operations (which includes
facilities and pipelines regulated under the WA PPA, WA PSLA and Comonwealth
OPGGSA) are relevant to this investigation due to the interconnected nature of the

46



1.100

1.101

1.102

1.103

1.104

Apache’s safety policy, as stated in the PMP, included that:

AEL recognise that management has the ultimate responsibility
for ensuring that resources and systems are in place to ensure
safe and healthy practices ... Providing safety and health
leadership through the allocation of clear responsibilities with
the respective personnel held accountable; ... Pro-actively
managing all aspects of Safety and Health in all of AELs
activities; ... Being prepared to manage all foreseeable events
through contingency and emergency planning; and Continuous
improvement through regular audit and review.

The safety goals for the assessment were prioritised as:
*  Eliminate or minimise the hazards

*  Prevent realisation of the hazard

*  Prevent escalation of an accident event

*  Minimise exposure of personnel to hazards

*  Ensure personnel can reach safety in any credible accident
event.

The PMP Formal Safety Assessment and Risk Summary was
prepared for Apache by lonik Consulting with Apache’s active
input. The plan considered pipelines in defined onshore, shore
crossing and offshore sections and also considered risks to safety,
environment, reputation, and financial cost of repair (but not total
associated business cost or societal economic losses). A HAZID3?
workshop was conducted by lonik and Apache staff participated in
the assessment of hazards as a part of the PMP development.

The risk assessment for the 12 inch SGL for the shore crossings
considered the shore crossing for Varanus Island and the mainland
together, despite the different environments at the two shore
crossings. The failure of an adjacent pipeline at the beach approach
was recoghised and assessed as a risk. The initiating causes of a
major hazard considered were rupture of an adjacent pipeline and a
subsequent pool fire. A jet fire, such as ensued from the ruptured
12 inch SGL, was not contemplated although possible ‘escalation’
was noted.

The plan documented that a physical preventive factor was the
‘minimum separation’ between pipelines. The unburied 16 inch

SGL was designed to be 9 m from the 12 inch SGL on the beach
crossing and offshore. In fact, while it was close to 9 m from the

12 inch SGL at the beach crossing, it was only 6 m from the pipeline

32

A Hazard Identification Study or HAZID is a tool for hazard analysis, normally used early

in a project.
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immediately adjacent to it. The 12 inch SGL was only 226 mm32
from the Campbell/Sinbad/Linda 12 inch import pipeline immediately
adjacent to it.

The initial rupture and fire of the 12 inch SGL on 3 June 2008
caused the almost simultaneous rupture of the adjacent Campbell/
Sinbad/Linda 12 inch gas pipeline. The separation between the
pipelines did not provide a preventive barrier, and did not prevent

a pool or jet fire from impinging on an adjacent pipeline and
subsequently on the two other gas pipelines immediately adjacent to
the HJV plant.

Two procedural preventive factors were documented: inspection,
testing and monitoring of the adjacent pipeline to reduce the
likelihood of its rupture; and emergency shutdown of the ruptured
pipe to reduce the quantity of hydrocarbon released from the
rupture. Where the beach crossing is concerned, the latter is not a
valid preventative factor. The isolation valve is at the plant end of
the crossing and there is no means of isolating the beach crossing
from the total inventory of gas in the 200km pipeline. The 12 inch
SGL therefore released approximately 400 tonnes of gas from the
rupture. Similarly, although pressure in the 100km long 16 inch SGL
had been reduced by continued flow into the DBNGP, a significant
inventory of about 600 tonnes of gas was released and contributed
to the fires when the 16 inch SGL ruptured approximately an hour
after the 12 inch SGL rupture.

The plan assessed external corrosion as a risk for beach crossings
on the mainland and Varanus Island similarly. The potential causes
of rupture considered for shore crossings were the breakdown of
external corrosion coating and the failure of the CP system. The
physical preventive measures considered were the CP system and
the anti-corrosion coating. The plan did not recognise, however
that a CP system based on subsea sacrificial anodes would not
provide consistent protection for a shallow buried pipe in a shore
zone subject to variable wetting and drying in sandy soil should the
corrosion coating fail.

The procedural preventive measures were stated to include the
use of remotely operated submersible vehicles for inspection and
intelligent pigging of the pipe. But clearly submersible vehicles do
not work on a beach and no intelligent pigs were run along the
12 inch SGL prior to the 3 June 2008 incident.

33  This was measured from bare pipe to bare pipe or 167 mm measured between the
outer coatings and reported by DOIR/NOPSA in the 7 October 2008 investigation report.
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Overall, the formal safety assessment considered the risk as no
more than one to ten events per 100,000 years.®* This low risk level
was arrived at largely as a consequence of accepting preventative
and mitigating factors that were not applicable at the Varanus

Island shore crossing. This overly positive risk assessment failed to
recognise that:

* the spacing between pipes increased risk;
* there had been no intelligent pigging on some of the pipelines;

e cathodic protection at the shore crossing was an extension of
the subsea system and unlikely to provide effective protection in
the onshore wet/dry zone;

e disbonding of the anti-corrosion coating could occur or could
already be present; and

* isolation from pipeline gas inventory was based on a shut down
valvue that, given its location, could not do this.

When initially submitted in February 2008, Apache’s PMP was
not immediately accepted by NOPSA.35 NOPSA provided detailed
comments to Apache noting in particular that there was

...no comprehensive demonstration of the effectiveness of the
risk mitigation measures implemented to reduce the risks to
ALARR.. AEL should insert appropriate information in the PMP
to satisfy this requirement.

Apache’s response to this comment was to include a table listing all
safety risk reduction measures including anti-corrosion coating, and
the corresponding effectiveness assurance process for the pipelines
covered in the PMP This excluded intelligent pigging for the 12 inch
SGL.3%% Apache also noted in the PMP that:

...the corrosion management system is a ‘live’ process for all
pipelines, continually evolving as operating conditions change
and corrosion mitigation monitoring data is assessed. The
system is evaluated and managed in the production reporting
system, providing real-time performance review capability.
External corrosion of submersed and buried pipelines is
mitigated by high quality coating systems supplemented by
cathodic protection.

34 Even when applied correctly, Quantitative Risk Assessment — or QRA — such as this
is considered by other duty of care regulators only as a means to identify risk, not a
means to excuse a failure to reduce the risk further particularly if a standard industry
practice method of risk reduction is available.

35 NOPSA assessed those pipelines that were licensed under the WA PSLA where NOPSA
had conferred powers, which covered the offshore sections of 14 of the 41 lines
contained in the OPMP.

36  Apache also included a summary “bow-tie” style diagram for each licensed pipeline to
demonstrate barriers and mitigation measures in place to reduce risk items to ALARP.

49



1.112

1.113

1.114

1.115

1.116

The PMP/PSMP accepted by NOPSA and subsequently by DOIR in
March 2008 continued to assess the risk at the shore crossing as
‘low’. The HAZID process undertaken as part of the formal safety
assessment did not make it clear that serious pipeline hazards and
risks were not being properly managed and, as a result, the risks
were seriously underestimated and not reduced to ALARR

Regulator audits and recommendations

Safety audits of Varanus Island were conducted regularly by DOIR
until NOPSA's formation in 2005. NOPSA then conducted five
audits on Varanus Island between March 2005 and March 2008 in
accordance with its service contract with DOIR prior to the incident.
Findings of these audits were transmitted to Apache in the form of
draft close-out reports provided at the audit site before departing,
as well as the final report which was sent at a later date. While
there were many positive findings in these reports, they also include
consistent negative findings, deficiencies and non-conformities.
These include a lack of: performance standards and indicators,
documented procedures and audit or review associated with some
management systems, and also some systems becoming excessively
behind/backlogged.

DOIR audits

Of DOIR’s safety audits at Varanus Island, a February 2001 audit
found issues with lack of specialist corrosion staffing and that:

One repair of note concerns the replacement of a section of
pipework on Harriet Alpha. The pipe contained a welded joint
with external corrosion. The wall thickness had reduced from
approximately 5mm to 0.5mm. Importantly, the defective area,
which is normally inaccessible, was discovered by chance.

A March/April 2003 audit stated that the Apache audit protocol
failed to ensure that all SMS elements were audited over a period
of time and also that contractor management was deficient. A June
2003 audit found that the change management control did not
adequately assess for HSE risks and that operational procedures
were documented after commissioning. Consequently, DOIR
considered there was ‘a real level of concern about the systematic
management of the knowledge available to run the operation’.

The last DOIR audit of the Varanus Island operations under Apache’s
safety case was in May 2004. It included a number of positive
observations and found that progress on close-out of previous audit
items was ‘fair’ and that progress was still being made on issues
such as Change Management Control. However, ‘maintenance was
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identified as a major issue for improvement.’” Assets were beginning
to show their age and a specific concern included ‘the amount of
time spent on corrective rather than preventive maintenance ...
Maintenance has a critical role in providing integrity of equipment.’

NOPSA audits

1.117 From 2005, NOPSA's safety audits of the Hub Safety Case, including

Varanus Island, addressed key management systems including
maintenance management, change management, pipelines safety
and integrity management, MAE/alarm management, facility integrity
management, critical valve management, emergency shutdown/
blowdown management and programmed audit management. The
most significant recurring theme centred on deficiencies in Apache’s
auditing of its own systems.

e NOPSA's June 2005 (Varanus Hub Offshore) audit found:

- a ‘lack of evidence of comprehensive audits for the
maintenance system’; and

- ‘no record of audits of the permit to work system other than
on Harriet A.

*  The February 2006 (Varanus Hub Offshore) audit found:

- ‘no identified arrangements for the ongoing monitoring,
audit, and review of the pipeline maintenance and integrity
management system’; and

- ‘Apache does not have defined arrangements for monitoring,
auditing and review of the management of change system
(projects)’.

e  NOPSA's November 2006 (Varanus Hub Offshore) audit found
that:

- in relation to the facility integrity management system
that, whilst an extensive audit and review of the integrity
assurance system was currently being carried out by Lloyd’s
as part of PL12 renewal, no regular audits of the system
were being carried out and that the company had no
requirement for such audits);

- there was no evidence of the incident reporting and
investigation system/procedure being audited®’.

37

Although this investigation focuses on facilities and pipelines located on Varanus Island
that are licensed under the WA PPA, documents, information and guidance or advice
received by Apache relating to any of its Varanus Island Hub operations (which includes
facilities and pipelines regulated under the WA PPA, WA PSLA and Commonwealth
OPGGSA) are relevant to this investigation due to the interconnected nature of the
operations.

51



1.118

1.119

1.120

1.121

e Finally, in its May 2007 (Varanus Hub Onshore — service
contract) audit, NOPSA concluded with regards to Apache’s own
audit system that:

‘whilst [Apache’s] audit [system] contains some systems
and procedures there is no comprehensive audit system in
place that would ensure systematic audits of all relevant
systems and procedures’.

All these systems are safety-critical in upstream petroleum
operations. The fact that concerns were raised across the board
should have prompted Apache to identify systemic issues requiring
remedial action and timely and complete closing out of findings
and recommendations. With particular regard to auditing, NOPSA
required Apache ‘...to develop and implement a comprehensive
audit system’.

DOCEP and pipeline integrity reviews

From 1 July 2005, regulatory safety assurance covering the
mainland section of the 12 inch SGL was undertaken by the WA
Department of Consumer and Employment Protection (DOCEP)
under a service arrangement and then a MOU with DOIR. This
portion of the pipeline was regulated under the WA PPA Pipeline
Licence PL17. Condition 5(b) of variation 10P/97-8 of PL17 required
the pipeline operator to review the pipeline’s integrity two years after
the initial licence grant and every five years thereafter, and to provide
a report from that review to the regulator.

On 14 September 2006, DOCEP asked Apache to provide a report
on its compliance with PL17 and its safety case implementation,
and to provide a review and assessment of the onshore sections of
the 12 inch and 16 inch SGLs’ fitness for service, including the data,
information, and methodology that were used. DOCEP also reminded
Apache that an operational safety case needed to be submitted

and accepted pursuant to the conditions of the licence. However,

it advised that a report that covered more than PL17 would be
sufficient so long as it adequately covered everything in PL17.

On 1 May 2007, Apache was advised in writing that the requirement
for a recurring integrity review was now considerably overdue.
DOCEP formally required the provision of a plan for the review report
incorporating the report’s terms of reference, proposed methodology
and timeframe for the review. On 7 May 2007, Apache responded
by saying that the report was being developed and a copy would be
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sent to both DOCEP and DOIR by the end of the month. On 31 May
2007 Apache provided copies of the ‘Sales Gas Pipelines 5-Year
Integrity Review’ report that had been issued for use on 30 May
2007.

This review was undertaken for Apache by Subsea Developments
(Australasia) Pty Ltd®® and completed in May 2007. Its stated
purpose was ‘to provide a summary of the status of the SGLs with
respect to their current condition and the activities performed in
the ongoing integrity management over the period’ and ‘includes
inspection and corrosion activities performed during the period from
2000 through to December 2006’ for the 12 and 16 inch SGLs.
The Subsea report notes that ‘Apache is selectively using qualitative
risk assessments to help establish optimum survey intervals’. It cites
the 2004 QCL report and the two April 2007 ModuSpec reports
and states, based on the CP and other data reviewed, that ‘The
SGLs are generally in a good condition based on the monitoring and
inspection activities reviewed and summarised in this document’.

The Subsea report’s conclusion is:

There are no findings from the integrity management processes
performed for the Sales Gas Pipelines that provide any reason
for any changes to the ongoing IMR [Inspection Maintenance
and Repair] activities that are not already being addressed in
the current risk assessments and anomaly tracking and close
out practices. The AEL Pipeline Integrity Management process
is generally following the requirements of AS2885 and any
specifics included in the Pipeline License for the Sales Gas
Pipelines.

Subsea Developments note that planned Apache activities will
include ‘Inspection of onshore pipeline, To allow wall thickness
monitoring, Every three years, 2007 — UT Inspection’. There is also
a diagram that includes intelligent pigging linked to the onshore
integrity plan/schedule but it is not clear if this includes the Varanus
Island shore crossing or just the mainland.

38 Inspector Agostini declared his interest with Neptune (which owns Subsea) at the outset
of our investigation and took no part in the assessment of any material involving Subsea
which was left to Inspector Bills.
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Foreseeability: conclusions from the

documentary analysis

Apache internal documents prior to the 3 June 2008 incident raised
serious issues about a lack of inspection of the 12 inch SGL at the
onshore transitional zone. Some point to vulnerabilities in this area
with a possible rupture entailing potentially catastrophic MAE effects.
Some documents exhibit confusion as to whether the small section
of the 12 inch SGL on Varanus Island is covered in the particular
studies or assessments. There also seems to be variable technical
understanding of cathodic protection efficacy in the zone and any
possible interference from adjacent pipelines in a narrow corridor.2®

On balance, we believe that Apache was in possession of more
than enough material to indicate that a rupture due to external
corrosion in the Varanus Island onshore transitional zone was a
foreseeable real risk requiring attention. In some reports it was
foreseen as a particular hazard. Apache’s risk assessments and
internal management methodologies and systems, however, failed
to adequately consider the Varanus Island shore crossing zone as
having a higher risk profile than the subsea pipelines. The evidence
for these conclusions includes the following.

The 1996 Apache ‘Statutory Inspection Manual’ cited AS2885 in
terms of the need for regular inspections and at least yearly potential
surveys for onshore pipeline but did not appear to recognise the
portion of the 12 inch SGL under PL12 crossing the Varanus Island
shore zone.

The 1997 Ferrum Technology’ Cathodic Protection Review’ noted
that the current requirement for both the 12 inch SGL and the
proposed 16 inch SGL ‘is very dependent on the moisture content

of the soil’. It recognised difficulties and vulnerability associated with
where the subsea pipeline connects to the onshore pipeline and the
desirability of avoiding any air-to-soil interfaces. It stated that it was
not possible to determine the need for an intelligent pig based on CP
data and said it would be ‘prudent to conduct the pigging survey over
the onshore section of the pipeline, especially if this type of data has
not been previously obtained’. However, Apache did not act on this
recommendation before the explosions more than a decade later.

39

When the Inquiry asked Apache whether the pipelines were treated holistically for CP
treatment, Apache replied on 26 March 2009 ‘No’. An Apache schematic of the 12

inch SGL approved on 27/07/04 and last reviewed on 07/09/07 states that onshore
Varanus Island is covered by PL17 and onshore the mainland by PL12 (the reverse is

correct). It also states that the 70m onshore Varanus Island section starts at KP69.748

and is buried with no cathodic protection and the offshore section starts seaward of
KP69.748 and is concrete coated and has bracelet anode cathodic protection.
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The August 1998 Stratex report identified the importance of
inspections in relation to external corrosion at the Varanus Island
shore crossing for the 12 inch and soon to be commissioned

16 inch SGLs. The stray current effects and breakdown of coating
issues noted with respect to the new 16 inch SGL have more
general applicability (eg see Annex 10) and may involve adjacent
pipelines however, no reference covering stray current effect or
failure of the concrete coating was made regarding the 12 inch SGL
at the Varanus Island shore crossing.

The September 1998 QCL report noted the lack of baseline
intelligent pigging data for the 12 inch SGL but that this was not

a reason to avoid what it termed ‘necessary’ pigging in 1999.
Importantly, the QCL report identified that a pipeline failure on
Varanus Island near the plant or on the mainland could ‘endanger
life’.40

The February 2000 Apache ‘Production Facilities Corrosion
Management Strategy’ highlighted the threat posed to pipelines by
corrosion and noted the benefits of intelligent pigging.

The April 2000 J P Kenny ‘Pipeline Asset Inspection Strategy’
referred to the need for annual inspections, with ultrasonic wall
thickness testing at least five yearly and at hot spots, and an
external coating survey whenever the pipelines were visible.

The July 2000 QCL compilation of Apache’s ‘Asset Integrity
Management Audits’ was also provided to the WA Department and
noted that ‘a centralised corrosion database does not exist’ and
‘Asset lives are not calculated at the moment’. Recommendations
made by Lloyd’s Register to improve safety were downplayed, and
there were issues with missing CP data.

The Varanus Island Hub Safety Case approved by DOIR in July 2002
appears to understate the risk of corrosion at the Varanus Island
shore crossing and does not assess issues such as the relatively
close pipeline spacing over the shore zone.

In relation to the 2002 and 2003 Auscor CP surveys, there was no
discussion in the reports of any possible dangers of excessively high
voltage and no readings for the Varanus Island onshore section for
either the 12 or 16 inch pipelines. The Apache Energy ‘Onshore
Pipeline Inspection Manual’ most recently issued for use on

22 March 2006 (first issued mid-1997) states that test results
outside the range of -850mV to -1200mV are considered

40  The 1998 QCL report does not assess CP efficacy, such as where disbonding of the
anti-corrosion coating may have occurred shielding the pipe from protection, or where
CP is intermittent due to varying soil conductivity (e.g. due to tidal effects in sand), or
where stray currents or interference may be an issue.
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‘anomalous’ and ‘shall be’ subject to detailed evaluation.** The
Auscor mid 2002 and 2003 results include readings (up to
-1404mV) above the range stated in the 2006 Apache Manual as
‘anomalous’ and so ‘shall be’ subject to evaluation. We have seen
no evidence of such further evaluation.

While the 2004 QCL report did not highlight the problem of
inspections under concrete weight coating, it did identify gaps and
the absence of objective data relating to the pipelines at the shore
crossing and the ‘critical’ consequences linked to the ‘medium’
risk of external corrosion at the Varanus Island shore crossing and
onshore. Despite the QCL report, other than the Netlink work noted
below, little appears to have been done about the lack of data for
the shore crossing and onshore section at Varanus Island where, for
the rupture zone, the concrete coat and partial burial should have
negated the value of a general visual inspection. Unlike in 1998,
there was no reference by QCL to intelligent pigging.

The 2004 Netlink Inspection Services report on the 12 inch SGL
found a corroded section of pipe under the anti-corrosion coating
and also missing and cracked weight coating at the shore crossing
zone in the region where the 12 inch SGL ruptured. Based on the
April 2000 J P Kenny document, this exposed pipe and coating
should have been further checked for corrosion, properly repaired
and the risk of further corrosion assessed. This corrosion should
have led Apache to revisit its CP system and be more vigilant in
future inspections on Varanus Island.

The January 2006 annual summary report of inspection and
corrosion management activities includes details of intelligent
pigging undertaken. No intelligent pigging had been undertaken on
the 12 inch SGL.

The 2006 Apache ‘Onshore Pipeline Inspection Manual’ is confusing
in relation to coverage of the section of the 12 inch SGL that begins
at the pig launcher on Varanus Island under the PL12 licence and in
relation to the existence of the PL17 licence. However, it emphasises
the need for annual pipeline inspections pending more data enabling
risk assessments.

The 2007 ModuSpec report makes a serious criticism that there

is no evidence that the causes of external corrosion in the key
Australian Standard AS2885.1 had been considered by QCL. This
gap may be added to QCL's own 2004 concerns.

41  The 2006 Lloyd’s PL12 validation/verification reports cited below stated that potentials
more than 1150mV can lead to disbondment of the anti-corrosion coating. Such
disbondment can then enable a corrosion cell to be created which can rapidly corrode a

pipe.
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Despite some basic pipeline surveillance and/or corrosion control
facilities inspection noted in nine years out of 13 in Apache’s
‘Onshore pipeline inspection workbook’ the 2007 Subsea
Developments report does not highlight the concerns raised
previously by the QCL reports and ModuSpec reports and does not
raise the continuing lack of adequate data on the 12 inch SGL at
the Varanus Island shore crossing. Its conclusions on the integrity
management of the SGLs seem therefore overly positive.

The revised Varanus Island hub safety case of July 2007 was more
complete than the 2002 document and assessed the 12 and

16 inch SGLs as presenting a ‘marginal’ but ‘credible’ risk of multiple
fatalities based on hazards such as corrosion leading to explosion
and jet fire. However, some issues involving pipeline risks were again
not documented. Despite identifying that the 12 inch SGL presented
an MAE risk potentially involving fatalities and escalation , Apache
did not ensure that there was effective integrity management and
corrosion control on the section of pipe that ruptured or act to more
fully mitigate the risk of escalation from adjacent pipes.

We consider that the 10 May 2007 Lloyd’s Register one page
Executive Summary of its ‘Validation Summary Report’ if considered
alone may appear overly positive to a casual reader. However, in
the context of the 16 page Validation Summary Report and the
more detailed Stage reports, it seems much more reasonable.
Lloyd’s Register recommendations focus on ageing hydrocarbon
containment integrity and issues with low levels of staffing and
consultancy. Lloyd’s does not appear to have reviewed some of the
key consultancy reports cited earlier that could have led to even
stronger advice to Apache.

The 2007-2008 Pipeline Management Plan included substantial
sections on hazards and risks prepared with Apache staff by lonik
Consulting. These identified many of the core issues associated with
the rupture and its escalation but by not reflecting the reality on

the ground and by considering mitigation measures that were not
applicable, the PMP seriously underestimated the risk of a credible
MAE hazard associated with the SGLs, and what was probably the
last opportunity to address this risk properly was lost.
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Conclusion

1.145 We found many aspects of Apache’s operations and documentation
to be commendable. However, statements like those quoted under
the chapter heading, the legalistic, self-serving and argumentative
tenor of its extended critique of the DOIR/NOPSA Varanus Island
investigation report and its similar approach to our inquiries, all
suggest that Apache’s main concern is one of minimising potential
liability. While we understand Apache’s concern, this approach is
an impediment to addressing the regulatory and operational safety
issues relevant not only to Apache, but to the oil and gas and other
high hazard industries generally.

1.146 In his review of the information available to Apache for the purposes
of this investigation, Professor Rolf Gubner, Chair of Corrosion at
Curtin University of Technology in Western Australia, concluded
that there were two underlying problems in respect to the integrity
management of the pipelines by Apache on Varanus Island:*?

1. It can be noted that there seems to be no or little effective
communication between the field corrosion technician and
the management. Reports produced by either Apache’s
own technician or hired consultants do not result in any
satisfactory reaction to mediate or mitigate corrosion
damages. If a trained CP specialist had been asked to
analyse the data from Varanus Island, he would have
demanded additional data to verify the function of the CP
system. Warning flags have been raised since the first CP
reports in 1995. It seems like Apache reacted to each
report by commissioning another study or to implement new
guidelines and procedures on how and what to inspect, but
the prescribed work was not performed adequately. The
ultra shallow water report by Netlink (2004) had all the
indications documented that the CP-system for the shore
crossing was not working as planned. If acted upon, the
incident could have been avoided.

2. The qualification of the contractors and staff on Varanus
Island can be questioned. The principles of Cathodic
Protection do not seem to be understood by the personnel
performing the tests and submitting the reports.

42 Professor Gubner’s full report is at Annex 5 and other key aspects are highlighted in
chapter 4.
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Overall, the history of Apache documentation and response indicates
that the operator had substantial information that could have
enabled it to reduce the risk of rupture of the 12 inch SGL at the
Varanus Island shore crossing to ALARP levels through a range of
good oilfield practice measures including intelligent pigging. That

it chose not to do so may reflect a trade-off between production
efficiency on the one hand, and thoroughness in its approach to
safety management on the other.

The documentation indicates that the risk of a major accident

event at the beach crossing because of external corrosion to a high
pressure gas pipeline was not only foreseeable, but foreseen in a
range of documentation. A lack of data and willingness to proactively
address the organisational and other issues uncovered through the
audits and the Lloyds Register validation, led Apache to miss critical
signs that the 12 inch SGL under the PL12 licence issued pursuant
to the PPA presented a high and increasing risk which was not being
mitigated or managed. Actions and omissions by Apache and some
of its contractors increased risk of the incident occurring.
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2.1

: Better practice and the
evolution of a safety
culture

In any beach environment the risk rating must be high since
the environment is not stable - wetting/drying, movement and
potential salt and corrosion and protection interference [can all
contribute to external corrosion].

Oil and Gas Pipeline Integrity Conference, Amsterdam, February 2009

Taking inappropriate risks, not following procedures and a
belief that ‘productivity is the most important thing in our
business’ are all indicators of a weak safety culture which
invariably negates the benefits that good engineering practices,
procedures, training and management systems provide.

US Center for Chemical Process Safety, 200743

From interview and review of documentation the [Apache]
integrity management strategy appears to be regulatory and
code compliance.

Lloyd’s Register Process Integrity Review Report for PL12, 2006

The information available to Apache through internal and
consultants’ reports, regulatory documents, and interactions with
the regulator made up only part of the information available to
Apache to assist it to determine its practices for the safe operation
of the 12 inch SGL. Information contained in accident/incident
reports,** regulators’ expertise, standards and expert literature, and
thorough industry practices and information sharing is commonly

43

44

Crowl D (ed.), Human Factors Methods for Improving Performance in the Process
Industries, Centre for Chemical Process Safety, Wiley-Interscience, 2007, p125.

This includes incident/accident reports related to other industries, not just oil and gas.
Cf annexes 11, 16 and 17.
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used by high reliability organisations (HROs),*® regulators and
industry associations to determine better practice. The industry and
expert information regarding pipeline corrosion and good practice in
pipeline operations is also an important consideration in determining
whether this incident could have been avoided. This chapter will
discuss those broader influences that could also have alerted
Apache — or indeed the regulators — to the potential for this incident.

Apache’s response to the numerous reports and advice provided

to it by experts and regulators, and its receptiveness to information
available in the industry is critically important in assessing

the operator’s ability to prevent a serious safety incident. The
determining factors for Apache’s receptiveness to these sources of
information are reliant on its organisational mindfulness of safety
issues, its organisational technical capability and, more generally,
its safety culture. These factors are also considered in this chapter,
while the regulators’ roles, understanding and responsiveness to the
information available is then considered in chapter 3.

Accident and incident reports relevant to

the petroleum industry

The dangers of corrosion to pipeline integrity are well known in both
the pipeline and oil and gas industries. In the US, for instance, there
has reportedly been an average of 52 significant corrosion incidents
annually with more than three quarters of onshore incidents

being due to external corrosion. Accidents involving corrosion and
pipeline explosions with multiple fatalities have been independently
investigated by the US National Transportation Safety Board (NTSB)
and the Transportation Safety Board (TSB) of Canada, and the
results of these investigations are publicly available.*® In addition,
these bodies are well represented in various public and industry
forums, thus helping to ensure that lessons learned are effectively
communicated to the industry.

A Canadian incident and investigation in 1997 provides a particularly
pertinent example. On 2 December 1997 a rupture and fire occurred
at an area of general external corrosion on the TransCanada

914 mm outside diameter natural gas pipeline near Cabri,
Saskatchewan. There were six parallel pipelines in the vicinity. About

45

46

A high reliability organisation is one which has avoided MAEs in an industry where
accidents can be expected due to risk factors and complexity. Oil and gas operators
should always aim to be high reliability organisations (HROs) as they operate in settings
where the potential for error and disaster is ever present and hence the organisation
must function reliably.

<http://ntsb.gov and http://www.tsb.gc.ca/en/> respectively (see Annex 11).
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70 per cent of the wall thickness had been corroded after the pipe
coating of asphalt enamel, felt wrap, kraft wrap and an outer wrap
had either been damaged or become disbanded. The TSB stated
that even a brief interruption in cathodic protection would have
allowed corrosion at uncoated locations. Further:

since the soil conditions at the rupture site alternated between
wet and dry, depending on the season, sections of the pipe
that were poorly coated would have experienced variations

in corrosion rates and the amount of current required for
adequate protection.

Many MAEs in the petroleum and chemical industries cannot be
explained by the mechanics of the incident alone and organisational
factors and safety culture must be considered when seeking a
systematic understanding and root causes. Good examples are the
US Chemical Safety and Hazard Investigation Board (CSB) report

on the 2005 multiple-fatality explosion at the BP Texas City refinery
(Annex 11) and the Australian Transport Safety Bureau (ATSB) report
on avgas contamination in Mobil’'s Melbourne refinery that grounded
thousands of aircraft across eastern Australia at the beginning

of 2000 (Annex 17). There are many other similarly excellent
investigations freely available on the web. For such an investigation
to be successful it must generally be both independent, to avoid any
potential conflict of interest, and ‘no-blame’ to ensure that the ‘stop
rule’#” does not prevent complete analysis of all possible contributing
factors.

Organisational and regulatory factors are also highlighted in major
judicial inquiries into accidents such as Lord Cullen’s reports

and recommendations following the Piper Alpha disaster and
Ladbroke Grove collision, and by Justice Mclnerney’s reports and
recommendations into the Glenbrook and Waterfall rail accidents in
NSW (see Annex 16). There is also a substantial amount of literature
on the role of organisational culture in major accidents, including by
Professor Andrew Hopkins, who has focussed on oil and gas industry
MAEs such as at the ExxonMobil Longford gas plant in 1997 and at
the BP Texas City refinery in 2005 (Annex 16).

In addition to this best practice, the major difficulties we have
experienced in our inquiries and investigations since January
2009 because of a lack of appropriate investigation powers and
protections, underlines the need for legislative change.

47

See discussion of investigations at Annex 2.
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We recommend that Western Australia seeks the establishment
of a properly resourced independent national safety investigation
body to investigate serious offshore oil and gas and onshore
petroleum pipeline accidents and incidents. The body should be
empowered to compel documents and witnesses and be required
to make public a professional systemic no-blame investigation
report that is appropriately protected from legal action for the
purpose of improving future safety.

Regulator and technical expertise relating
to pipeline and pipeline corrosion at shore

crossing areas

International Regulators’ websites hold a large amount of useful
information on general matters as well as pipeline corrosion
concerns. For example, the US onshore regulator, the Department
of Transportation, Pipeline and Hazardous Materials Safety
Administration (PHMSA) has an expert but easily understood paper
summarising the basics of corrosion science and pipeline integrity
threats and protection (Annex 10). The Irish Government also has
valuable information available on the internet, including a safety
review of a proposed gas pipeline that includes discussion of specific
corrosion control concerns at a shore crossing section (Annex 23).

The UK HSE produces a range of publications specific to pipelines.
For example, on 19 February 2008 the Gas and Pipelines Unit
released ‘Use of pipeline standards and good practice guidance’ that
dealt with the:

...many well established standards, covering design, operations
and maintenance of UK sector major accident hazard pipelines,
both onshore and offshore, which can be used to demonstrate
that risks are ALARR

This publication notes that other standards may be acceptable
‘provided they can show that they achieve equivalent levels of safety’
and recommends a gap analysis to confirm this.*® Further, it notes
that:

...verification requirements impose a network of interrelated
duties. The major accident prevention document required ...
may contribute to arguments in the safety case, and where
appropriate should be referenced ...For the purposes of the
safety case, the ... Regulations deem any part of a pipeline
connected to the installation, and associated apparatus or
works, located within 500 metres of the installation, to be part
of the installation.

48

HSE, Assessment Principles for Offshore Safety Cases, March 2006.
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Similarly, the American document US Code of Regulations for
Transportation has a range of natural gas pipeline requirements for
corrosion control and integrity management and provide guidance for
implementation of an integrity management program.+°

Standards on pipeline management

In Australia, NOPSA has indicated that it recognises the Australian
Standard AS 2885: Pipelines — Gas and Liquid Petroleum as an
appropriate standard for pipelines (see Annex 21). The Standard
outlines, inter alia, a risk assessment process for managing the
safety and integrity of a pipeline over its lifetime, including design,
construction, operation and maintenance. Apache references this
standard in both its Varanus Island Hub Safety Case and Pipeline
Management Plan.

AS 2885 is largely written with onshore pipelines in mind, with the
exception of Part 4 which is specific to offshore (subsea) pipelines.
Part 4 of the Standard defines the limits of ‘offshore submarine
pipeline systems’ as up to the extreme high water mark, and then
disapplies AS 2885 for offshore sections of a pipeline, referring the
reader to Norwegian Standard DNV 0S-F101.5° The superseded
2000 version of DNV 0S-F101 specifically excluded the shore
crossing area landwards from the low water mark in its section on
corrosion protection measures. In this instance, as per the Australian
Standard, the exclusion prompted the re-application of AS 2885 for
corrosion protection measures for this shore crossing area. However,
AS 2885 was not written with the shore crossing area in mind,

and the corrosion protection measures mentioned in the Standard
may not be ideal for this section of a pipeline route. Fortunately

the scope of the current 2007 version of DNV 0S-F101 has been
expanded to include corrosion protection measures across the entire
scope of the Standard,>* including the shore-crossing area of a
pipeline.

It is common for pipelines to be designed and built according to
Standards which are revised multiple times during that pipelines
design life. Where such revisions occur, it is not expected that

49

50

51

US, Code of Regulations 49, Parts 186 to 199, Revised as of October 1, 2007,
Transportation.

It states: ‘All requirements for offshore submarine pipeline systems with respect to
safety, design, materials, fabrication, installation, testing, commissioning, operation,
maintenance, requalification and abandonment shall be in accordance with the latest
edition of DNV OS-F101. The requirements of AS 2885.1, AS 2885.2, AS 2885.3 and
AS 2885.5 are not applicable.’

Standards Australia has advised that a revised AS 2885.4 to be released in the near
future will be consistent with the DNV Standard.

65



R2

2.15

2.16

companies would necessarily outlay significant expense in an effort
to comply with each variation from the previous version of the
Standard. However, it is industry better practice, and expected by
regulators (indeed required under the OPGGSA) that companies
revise their practices where a Standard has changed such that the
superseded version no longer represents good practice or ALARR
While it appears there has been some inconsistencies in the past
relating to coverage of shore crossing areas, keeping abreast of the
latest updates of National and International Standards should ensure
that industry and regulators remain aware of better practice as it is
at that time.

We recommend that DMP ensure that there is clarity in its
regulation of safety across oil and gas and other high hazard
industries in terms of which standards are required to be applied
under licences, regulation and legislation and that there is an
obligation upon operators to apply the most appropriate standard
to reduce risk to ALARP in accordance with good industry
practice.

Information and standards on cathodic

protection

CP is an important corrosion mitigation measure for pipelines®?

but is a tight specialist niche in terms of industry and regulator
knowledge. Several specialist CP companies told us that operators
and regulators can both lack expertise in CP systems and that simply
listing it as being in place is enough for both without consideration
(or understanding) of issues such as whether the proposed CP
system treats pipes holistically or might face interference from CP
systems in adjacent pipes, powerlines or equipment and whether it
will be appropriately managed over time.

The same CP specialists also noted that some companies do not
provide technical specifications when they tender for a CP system
instead relying on the contractors responding to the tender to design
the CP system leading to a lowest cost, but not always optimum,
solution. Operators without the technical capability to assess

the corrosion risk and to specify the CP system are dependent

52

The Det Norske Veritas (DNV) Recommended Practice DNV-RP-B401 Cathodic
Protection Design issued in hardcopy in January 2005 and amended as at April 2008
states (p7) that CP can be defined as ‘electrochemical protection by decreasing the
corrosion potential to a level at which the corrosion rate of the metal is significantly
reduced’ (ISO 8044) or ‘a technique to reduce corrosion of a metal surface by making
that surface the cathode of an electrochemical cell’ (NACE RPO176). DNV states that
CP ‘has a corrosion reducing effect on surfaces intermittently wetted by seawater’.
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on the pipeline specialist contractor bidding for the job. In these
circumstances, due to commercial pressure, these companies risk
ending up with a low cost inadequate or sub-optimal CP system.

This would appear to be consistent with the specification documents
covering the original Varanus Island development where, as we
noted in the previous chapter, most issues were specified in detail
but the CP systems were covered off with simple statements that
CP systems would be installed on both the onshore and offshore
sections. In this case it was Apache’s predecessor, Hadson, which
tendered for the CP system. It is also consistent with Apache’s
lack of review of the technical basis of the 12 inch SGL CP system
installed and the ongoing monitoring and maintenance of the

CP systems, where anomalous readings were apparently neither
recognised nor investigated.

There are many excellent texts on CP% and much can be learned
from reviews and investigations around the world. While operators
and regulators should be able to rely on contracted expertise
relating to CP, there needs to be a realisation that it is not enough to
simply ‘tick the box’ that CP has been taken care of or take current
readings without understanding the implications of anomalies.

Better practice maintenance of pipelines in

a shore crossing zone

In our discussions with various international and national regulators,
there were differences of opinion as to the precise risk rating that
should be attributed to shore crossings. The MAE potential of the
wet/dry splash zones of a pipeline riser®* is typically recognised and
regulated more carefully by offshore safety and integrity regulators
than a shore crossing for two reasons:

*  The wet/dry zone of a riser is situated directly under a platform
with obvious MAE escalation potential; and

* A prevailing assumption that any pipeline crossing a beach
would be deeply buried.®

53
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55

For example, see M. Parker & E. Peattie, Pipeline Corrosion and Cathodic Protection,
3rd edn, Gulf Professional Publishing, 1988; W. Von Baeckmann, Handbook of Cathodic
Corrosion Protection, 3rd edn, Gulf Professional Publishing, 1997; and J. Riskin,
Electrocorrosion and Protection of Metals, Elsevier Science, 2008.

le the section of a pipeline which is above the extreme low tide level and the point at
which it connects an offshore platform.

Apache’s design for its Devil Creek (near Dampier, WA) development shows the pipeline
deeply buried at the shore crossing zone.
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We spoke at some length with regulators and pipeline experts
about any requirements for regular testing of pipelines and what
this entailed within their jurisdictions. While regulators were
generally unwilling to impose a fixed testing regime, corrosion and
pipeline specialists gave figures between one and five years as
representing good industry practice in relation to intelligent pigging.
This is consistent with the advice provided to Apache by external
consultants noted in the previous chapter. Both regulators and
pipeline specialists advised that pigging frequency should be based
on consideration of a wide range of risk factors such as:

° age;

*  proximity to people and/or other facilities;

e gas inventory;

e previous incidents involving the pipeline;

e findings from previously gathered information;
* recent events such as excavation near the line;

* the substance to be run through the pipe (e.g. water, carbon
dioxide, and hydrogen sulphide content);

e the protective coating, including its current condition;

e CP performance including anomalous CP readings and quicker
than expected depletion of sacrificial anodes;

e corrosive environments associated with wet/dry zones, salt,
acidic soils and bacteria; and

e potential for the line to become uncovered or damaged
externally.

Apache’s documentation and public statements assert that there
was no foreseeable risk of corrosion on the 12 inch SGL due to that
fact it carries sweet, dry gas and because it has an anti-corrosion
coating and is protected by CR

In terms of minimising the risk inherent in any pipeline, regulators
supported the idea of treating bundles of pipes through a single risk
assessment process rather than assessing them separately. This
enables consideration of the risks not only related to each pipeline,
but also of the interactions between pipelines in the bundle,
including CP and potential damage associated with excavation,
maintenance etc of adjacent lines.

We also sought information from other offshore petroleum operators
and from other information sources such as those noted above to
establish whether Apache’s actions in relation to maintenance of
the 12 inch SGL were in line with good industry practice. We found
that corrosion in wet/dry zones such as the shore crossing and CP
failure where pipelines are in close proximity are common and well-
known risks. Key international industry bodies such as NACE and
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OGP considered that a shore crossing with exposed pipes should be
an area of particular concern and that concrete casing of pipelines
such as that which covered much of the 12 inch SGL at the Varanus
shore crossing is not good practice due to the problem of then
visually inspecting the pipeline.

Industry operators in Australia generally use in-line inspection
techniques on a regular, risk-assessed, basis. Apache had done so
in some cases where it identified an internal corrosion risk® but had
not intelligently pigged the 12 inch SGL despite information from
standards, industry better practice and the recommendations to do
S0.

Integrity management and information

sharing

Inspection tests and frequencies are an important part of an
organisation’s integrity management system and it is the operator’s
responsibility to assess risk to determine inspection tests and
frequencies. Integrity management can be defined as:

...the identification of hazards to cause failure of a system,
and the mitigation measures that may be employed to reduce
the probability of failure by gathering and analysing operational
parameters.5”

An integrity management system needs to demonstrate
organisational, information and technical integrity while forming part
of a company-wide management system. Companies also need to
develop in-house documentation that is relevant and accessible,
drawing on, but not relying on, more generalised standards. A
company’s practices and management systems should be developed
through information sharing with industry and regulators but it is
important to recognise legislation, regulation and standards as the
baseline requirement.

The success of an integrity management system relies on
knowledge of the system and its day to day implementation by
staff and contractors. Embedding integrity management skills and
expectations in staff induction and training processes are critical
issues in maintaining a safety culture given the oil and gas industry
has experienced skills shortages over the past decade and has a
high level of contractor employment. Staff retention, duplication

of roles, contractor management and change management are

56
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eg the Sinbad/Campbell 12 inch import line was intelligently pigged in 2003.
Oil and Gas Pipeline Integrity Forum, Amsterdam in February 2009.
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therefore important considerations in an operator’s integrity
management processes.

Apache has, in part, recognised the importance of contractor
management by seeking to address this issue through inclusion of
‘Contract management and bridging’ as an element in its Safety
Management System (SMS) in its Varanus Island Hub safety case
and pipeline management plan. The SMS notes that:

All contractors work in accordance with the Apache SMS except
for Stand-alone Contractors who may use their own SMS
provided that it is bridged to the Apache SMS and has similar
objectives and standards of content.

The number of consultants’ reports prepared for Apache on safety-
critical issues, and the diversity of companies used to provide these
reports, however, is of concern. The outsourcing to such an extent
for areas requiring ongoing technical expertise or, at a minimum,
understanding, is potentially at a serious detriment to operational
safety — particularly where key recommendations or findings are
not adequately addressed and when it would appear that critical
information may not always be provided to a new consultancy firm.
The document trail shows a tendency to engage new consultancies
to reassess the need for potentially expensive intervention when
faced with a report recommending the need to do so.

Equally important is to have good integrity, resource and contract
management systems, a good practice operator also needs a
robust process for investigating its own incidents, auditing its own
processes and implementing the lessons learned from both. This
could involve a relatively independent and properly resourced
internal investigation team which would investigate incidents and
process safety to identify general trends that may impact on safety
and integrity of operations.®® Such a team can help to ensure that
the root cause of all incidents is understood and communicated
throughout the organisation.

Perhaps the most important aspect of ensuring safety and
implementing lessons learned is through information-sharing. For
instance, information sharing with the regulatory agencies can
support development of a robust safety case and facilitate audit
processes. Regulators in Victoria and South Australia, as well as
onshore petroleum regulators in Western Australia, all regularly
participate in HAZID and HAZOP workshops during the safety case
development and revision phase. Ongoing interaction between the
regulator and the operator to follow up on actions arising from audits
is equally important and regular meetings to discuss actions arising
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Shell has such a team.
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are beneficial as they allow management and technical specialists to
work with the regulator to amend any practices as required.

Foreseeability, organisational accidents and

organisational mindfulness

As noted, there is a large amount of information and expertise
relating to pipeline corrosion and particularly corrosion in the shore
crossing area available to Apache and the regulators that could have
assisted Apache to evaluate the risks of pipeline rupture due to
corrosion at the shore crossing. This is in addition to the significant
body of documentation available to Apache in the form of internal
and consultant reports and regulatory documents noted in the
previous chapter.

Accident and incident reports in the petroleum and gas industry
worldwide indicate that it should be foreseeable that pipeline
explosions due to external corrosion and loss of pipeline integrity
are credible threats that require diligent management. Information
available on regulatory websites, awareness and consideration of
developments in standards and active interaction with regulators,
industry conferences and seminars should also have alerted Apache
to the need to concentrate on its integrity management and other
safety-critical practices.

The question of foreseeability, however, is not resolved from
knowledge of what information was available to Apache prior to the
3 June 2008 incident. While the events of 3 June 2008 are known,
and likely scenarios as to their cause are considered in chapter

4, these scenarios also highlight the complexities and number of
factors, systems and processes that lie behind an incident of this
type — an organisational incident. Investigations into accidents in the
oil and gas industries often show organisational factors to be a very
significant influence, if not the root cause (see Annexes 11 and 16).
In our view, the evidence suggests that this was also a significant
factor in relation to the explosion on Varanus Island.

In general, contemporary thinking about how accidents happen in
complex, high hazard industries hinges on the fundamental premise
that accidents in such industries are complex, organisational
events. Organisational events refer to Professor James Reason’s
three approaches to safety management: the person, engineering,
and organisational models®®. The organizational model emphasises
the need for a proactive approach based on measures of ‘safety
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J. Reason, Human Error, CUR, 1990; J. Reason, Managing the Risks of Organizational
Accidents, Ashgate, 1997.
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health’. A basic tenet is that accidents happen to organisations, not
to people. Accidents are seen as an emergent property of complex
systems.®°

The engineering model focuses on formal safety assessments as
part of safety cases, involving techniques such as hazard operability
studies (HAZOPS), probabilistic risk assessment (PRA), human
reliability assessment (HRA), and so forth.6?

In contrast, the person model is the traditional approach that
focuses on the mistakes made by individuals at ‘the sharp end’.
This is the standard occupational health and safety approach,
with an emphasis on ‘lost-time injury frequency’ (LTIF), and similar
measures. Consistent with our assessment of Apache, discussed
in more detail below, the safety page on its website focuses on
individual competency and uses a reduction in LTIF to support the
company’s progress on safety management:

Apache has implemented a management system that, among
other things, provides for ongoing training and the selection

of workers with the necessary knowledge and experience to

do their job safely. Apache’s efforts have produced positive
effects over the years, as evidenced by the improvement in the
frequency of injuries to employees.®?

The problem, however, is that in high-reliability industries such

as oil and gas production there is no direct correlation between
metrics such as LTIF and the occurrence of major disasters with their
consequent loss of life and/or large economic costs.

Safety is a process, not a state. The organisational approach to
safety in HROs relies on two essential elements: engineering safety
resilience, and managing the unexpected.

For safety assurance, it is not sufficient for an organisation to have
reliable systems in place, with a failure probability below a certain
stipulated threshold. An organisation’s systems must also be able to
deal with the irregular variations, disruptions and the degradation of
expected working conditions that will inevitably occur in any system.
Safety resilience must be engineered into the system:®2

A resilient system has three main qualities: It can respond to

regular and irregular threats in a robust, yet flexible, manner.
It can flexibly monitor what is going on, including its own
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E. Hollnagel, Barriers and Accident Prevention, Ashgate, 2004.
J. Reason, Managing the Risks of Organizational Accidents, Ashgate, 1997.
<http://www.apachecorp.com/Stewardship/EHS/Safety.aspx> accessed 6 June 2009.

A checklist for assessing institutional resilience, based on work by James Reason, is
given in Annex 26.
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performance. And it can anticipate disruptions, pressures, and
their consequences.®*

The emphasis of resilience engineering is on a proactive stance that
enables an organisation to develop robust and flexible processes,
and to monitor and revise their risk models. Such an organisation

is adept at anticipating, monitoring, and responding to the potential
risks that they face. This approach has been described as ‘readiness
based on foresight’.%® The concept of managing the unexpected is
best described by Weick and Sutcliffe:

Unexpected events often audit our resilience. They affect
how much we stretch without breaking and then how well we
recover,%®

It is expected, then, that unexpected events will sometimes occur
and pose a threat to the safety of an organisation’s operations. How
can an organisation prepare for that? The answer may in part lie
simply in the need to be mindful and the concept of ‘organisational
mindfulness’ has been developed to help understand the successful
operation of high reliability organisations.®”

High reliability organisations operate in an environment where

it is not prudent to adopt a strategy of learning from mistakes.

The essence of organisational mindfulness is the idea that no
system can guarantee safety forever. Rather, it is necessary for

an organisation to cultivate a state of continuous mindfulness, or
unease, and always be alert to the possibility of system failure. The
preoccupation of high reliability organisations with possible failure
means that they are willing to accept redundancy. They will deploy
more people than is necessary in the normal course of events so
that there are extra resources to deal with abnormal situations
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E. Hollnagel, Resilience Engineering: Why, What, and How, 2007, p1.
<http://tinyurl.com/Erik-Hollnagel-pdf> accessed 2 June 2009.

E. Hollnagel, D. Woods, and N Leveson, Resilience Engineering: Concepts and Precepts,
Ashgate, 2006.

K.E. Weick and K.M. Sutcliffe, Managing the unexpected: Resilient performance in an
age of uncertainty. Second edition, Jossey-Bass, 2007, p1.

Similar safety concepts have been described as ‘chronic unease’ (Reason, 1997) and
‘requisite imagination’ (Westrum, 1993).
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when they arise. This means that staff are not routinely placed in
situations of overload that may adversely affect their performance.®®

While HROs are preoccupied with failure, more conventional
organisations focus on their successes. They use success to

justify the elimination of what is seen as unnecessary effort and
redundancy, and they interpret the absence of failure as evidence
of the competence and skilfulness of their managers. This focus on
success breeds confidence that all is well, and leads to a tendency
for management and staff to drift into complacency.

As a result, accidents are seen by more conventional organisations
as ‘fundamentally surprising’ events because they call into question
the organisation’s model of the risks they face and the effectiveness
of countermeasures employed®. David Woods argues that the shift

required after an accident is a reframing process.™
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The concept of organisation mindfulness is described in detail in Weick and Sutcliffe
(2007). Weick, Sutcliffe, and Obstfeld (1999) outlines five processes that characterise
organisational mindfulness:

* A preoccupation with failure - recognising that failures, no matter how minor, provide
the opportunity to learn about potential disasters. Mindful organisations see ‘the
reality of danger in a near miss’.

* Reluctance to simplify interpretations - using complex systems to manage their
complex environment and by encouraging diverse views and approaches to
operations.

* Sensitivity to operations - ensuring that someone in the organisation has a clear
understanding of the ‘big picture’ of operations at all times.

* Commitment to resilience - a commitment to ensuring that the organisation can
cope with unexpected dangers.

* Underspecification of structures - they do not rely on hierarchical structures,
particularly in problem solving, when experience and expertise become more
important than rank in the management hierarchy.

Weick KE and Sutcliffe KM (2007). Managing the unexpected: Resilient performance

in an age of uncertainty. Second edition. San Francisco, CA: Jossey-Bass; Weick

KE, Sutcliffe KM, and Obstfeld D (1999). Organizing for high reliability: Processes of

collective mindfulness. Research in Organizational Behavior, 21:81-123.

E. Hollnagel, D. Woods, and N Leveson, Resilience Engineering: Concepts and Precepts,
Ashgate, 2006, p24.

Ibid.
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Safety culture

The term ‘safety culture’ refers to the enduring characteristic of an
organisation that encompasses ‘the attitudes, beliefs, perceptions
and values that employees share in relation to safety.’”* In simple
terms, safety culture can be described as ‘the way we do things
around here’.

A widely accepted formal definition of safety culture is that produced
by the UK Advisory Committee on the Safety of Nuclear Installations
(ACSNI):™

...the product of individual and group values, attitudes,
perceptions, competencies, and patterns of behaviour that
determine commitment to, and the style and proficiency of, an
organization’s health and safety management.

One key aspect, as the ACSNI outlines, is that:

Organizations with a positive safety culture are characterized
by communications founded on mutual trust, by shared
perceptions of the importance of safety and by the efficacy of
preventative measures.™

The concept of safety culture gained prominence after the Chernobyl
nuclear power disaster focussed attention on the influence of
organisational and human factors on the safety of operations in
complex systems.™ A number of significant accident investigation
reports have highlighted the importance of safety culture — the
1990 Cullen Report on Piper Alpha oil-platform explosion, the 1988
Fennel Report on the Kings Cross underground station fire, and the
1987 Sheen report on the sinking of the Herald of Free Enterprise
passenger ferry.

Westrum has characterised three possible types of safety culture
that an organisation may have as pathologijcal, bureaucratic and
generative.™

*  Organisations with a pathological safety culture are
characterised by a closed-minded approach. Either intentionally
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S. Cox and T. Cox, The structure of employee attitudes to safety: A European example.
Work and Stress, v5, pp93-106, 1991.

ACSNI (1993). Advisory Committee on the Safety of Nuclear Installations. Human
factors study group third report: Organization for safety. Sheffield, UK: HSE Books.

Ibid.

The operators of the Chernobyl nuclear reactor were an experienced team who had

just won an award for keeping the Chernobyl reactor on the grid for long periods of
uninterrupted service (Dorner, 1996).

R. Westrum, Cultures with requisite imagination. In J.A. Wise, V.D. Hopkin and P. Stager

(Eds), Verification and validation of complex systems: Human factors issues, Springer-
Verlag, 1992.
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or unintentionally, they actively discourage activities, such as

open reporting, that can enhance safety. When errors are made,
they focus on disciplining the individuals concerned, rather than
viewing the errors as indicative of underlying systemic problems.

Organisations with a bureaucratic safety culture have a better
approach, but they tend to rely far too heavily on procedures
and rules alone to ensure safety. Safety management tends

to be carried out at a local level, rather than focussing on
organisation-wide reforms. While the reporting of safety-related
information is not necessarily discouraged per se, it is often not
acting upon in a concerted, timely, and system-wide manner.
Organisations with a generative safety culture are characterised
by deep learning. They encourage individuals to observe,
inquire, analyse, and report safety-related information.

One simple way to summarise these three organisational cultures
is to look at how they treat ‘messengers’ - that is, individuals
who report safety-related information, even when it might involve
mistakes that they have made,

pathological organisations ‘shoot the messenger’;

bureaucratic organisations tolerate the messenger, but the
message often gets lost; but

generative organisations train the messenger.

Professor Patrick Hudson, in an article relating to the aviation
industry in 2001, depicted these organisational safety cultures as a
progression:’®

Figure 6: It’s a long way to the top: The evolution of a safety culture

GENERATIVE
Safety s how we do
business round here.

PROACTIVE
We work on the problems
that we can find.

REACTIVE
is important, we do a ot

Safety M
every time we have an accident Increaslng
Trust

PATHOLOGICAL
Who cares '

as long as we're
not caught.
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2.53 In the oil and gas industry, the HSE Offshore regulator in the UK
promotes the Kiel Centre’s Safety Culture Maturity Model as well as
a range of other helpful human factors material (see bibliography).
The Model can be seen as complementary to Hudson’s model
depicted above.

2.54 The London-based International Association of Oil and Gas Producers
(OGP) ran a workshop in 2000 which drew on the Kiel Centre’s
Safety Culture Maturity Model. OGP also released a booklet in 2005
for the oil and gas industry which argues that achieving a step-
change in safety requires moving beyond engineering and current
health, safety and environmental management systems (HSEMS) to
properly incorporate human factors. OGP’s ‘HSE Culture’ ladder (see
below) comprises five rungs similar to the Hudson diagram depicted
above.™

Figure 7: Safety culture maturity model
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77 OGP, Human Factors: a means of improving HSE performance, Report No. 368, London,
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Apache’s safety culture

Clues as to where Apache may fit in the safety culture hierarchy can
be found in its values and declared safety policies. The company
culture is said to have evolved from the company’s founder and
recently retired Chairman Raymond Plank, at a moment of impasse
when he said, ‘Shall we do this definitely, clearly, sincerely, and
above all immediately, or shall we continue to drift, talk, bicker and
then do it?’ The present incarnation of this approach comes from
the incumbent Chairman and CEO, Steve Farris, who considers
that, ‘If it’s worth doing, it’s worth doing now.” One of several
rotating corporate statements on the company’s website is ‘Apache
Corporation ... A Sense of Urgency’.”® This sense of urgency does
not necessarily indicate a deficient safety culture — it merely
increases the risk of this being the case through misunderstanding
of the organisation’s priorities.

NASA's adoption of a policy of ‘faster, better, cheaper’ preceded
a number of serious accidents and events and was accompanied
by cost cutting and insufficient time to reflect on unintended
consequences of day-to-day decisions leading to an increasingly
brittle system. Not all of the policy was bad but the changes
modified the vulnerabilities or paths toward failure and exacerbated
fragmentation. The tension between acute production goals and
chronic safety risks is seen dramatically in the Columbia space
shuttle accident.”™ The parallels with Varanus Island may suggest
the need for Apache to consider serious reframing and ‘resilience
engineering’.

Apache’s safety policies

The parent company of the Perth-based Apache Energy Pty Ltd and
Apache Northwest Pty Ltd is Apache Corporation, based in Houston,
Texas. Apache has operations in the US, Canada, Egypt, the North
Sea (UK), Argentina and Australia. Apache Corporation’s home base,
the United States of America, has a prescriptive regulatory regime,
and while Apache operates profitably in duty of care regimes, the
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While, as Mr Farris and other senior Apache executives have stated, this is capable
of being understood in a manner that is not in conflict with safety, it could also be
misinterpreted and encourage some employees and consultants to get the balance
wrong between safety and revenue operations.

E. Hollnagel, D. Woods, and N. Leveson, Resilience Engineering: Concepts and
Precepts, Ashgate, 2006, pp24-30.
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company appears to us most comfortable operating in a prescriptive
environment.&°

Apache has a clearly defined safety policy and won an award

for safety excellence from the US regulator, the MMS, in 2008.
Apache’s North Sea facilities also featured as an example of good
practice in pipeline integrity management in an lonik Consulting
report in 2008. Its internal safety policy incorporates the following
laudable stated requirements:

To meet these commitments, Apache and its contractors shall:

* Recognize that no business objective is so important that it
will be pursued at the sacrifice of safety.

* Recognize that each of us has the responsibility to make the
safety of our co-workers and ourselves a primary concern.

e Comply with all federal, state, local and industry safety and
health regulations and laws.

¢ |dentify and eliminate potential hazards. Control and safely
manage those hazards that cannot be eliminated.

* Set quantifiable safety objectives and targets that result
in continual improvement. Regularly monitor and report
performance against those targets.

* Hold employees, supervisors, management and contractors
accountable for their safety and the safety of personnel in
their charge.

We note that a 20 December 2006 Lloyd’s Register Integrity Review
report stated:

From interview and review of documentation the [Apache]
integrity management strategy appears to be regulatory and
code compliance.

While compliance is important, a true duty of care/safety case
co-regulatory regime requires much more operator pro-activity.

The information above and from previous chapters indicates that
Apache may not view safety ‘as how we do business around here’
as a generative organisation would. Instead, we would suggest that
its safety culture is either calculative (as defined by Hudson)8* —
that Apache’s safety culture could be described by the phrase ‘we
have systems in place to manage all hazards’ — or bureaucratic (as
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The US has started to embrace an outcome-based regulatory approach, incorporating
the use of goal-based safety management. This change has enabled the regulator to
better accommodate the reality of rapid changes in complex processes that are inherent
in the upstream petroleum industry.

Hudson, B, Safety Culture: The ultimate goal, Flight Safety Australia, September-October
2001.
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defined by Westrum)®2 — that Apache ‘tolerates the messenger, but
the message often gets lost.” Apache does go beyond compliance
but its failure to be more proactive and generative seem to place it
in the middle of the Westrum and Hudson safety culture hierarchies.

Apache’s values, mission and strategy

Apache clearly defined values have helped it to prosper. It aims to
‘Grow, succeed, innovate — and do it faster than the guys down the
street.” Apache’s core values are defined as:

e Conduct business with honesty and integrity,
* Respect and invest in our greatest asset: our people,

* Conduct business with respect for people, cultures and
traditions,

* Foster an entrepreneurial spirit; expect and reward
innovation and creativity, and

* Drive to succeed with a sense of urgency.%?

The last point has the potential to conflict with longer term safety
and integrity goals.

In the previous chapter we considered a wide range of documents
which, if acted on, could have prevented the Varanus Island rupture.
It is impossible to quantify the dollars Apache would have spent in
implementing a more rigorous integrity management system over
the 13 years since it became operator of the facilities in 1995.
Indeed, given industry sources suggested a US$1-2 million costs to
intelligently pig the 12 inch SGL, it may well be that such a system
could have cost more over that period than the A$60m it is costing
to repair the facility. An organisational focus on integrity, however,
coupled with a strong safety culture could have enabled Apache to
avoid the potential liability and the damage to its reputation with
staff, regulators, downstream purchasers and other oil and gas
companies which has resulted from the 3 June incident.

Instead the company failed to heed clear warning signs and advice,
both from regulators and consultants, that there was a potential
integrity problem, and chose to ignore the warning signs or to

have the capacity to interpret them in the short term in the hope
that all would be well in the long term. In line with the discussion
above, Apache is a conventional organisation which focuses on
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R. Westrum, Cultures with requisite imagination. In J.A. Wise, V.D. Hopkin and P. Stager
(Eds), Verification and validation of complex systems: Human factors issues, Springer-

<http://www.apachecorp.com/About_Apache/Values.aspx> accessed 6 June 2009.
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its (financial) successes and interprets the absence of failure as
evidence of the competence and skilfulness of its managers.

As discussed earlier in this chapter, there is a wide range of
information that Apache could have drawn on in improving its safety
culture. One publication by the US Center for Chemical Process
Safety which highlights the importance of safety culture and human
factors as significant elements in improving operational performance:

...seen as critical to improving performance due to the findings
from investigations into major disasters in the process industries
(e.g. Flixborough and Piper Alpha), other industries such as
nuclear power (e.g. Three Mile Island and Chernobyl) and
transportation (Exxon Valdez and Space Shuttle). ... Taking
inappropriate risks, not following procedures and a belief that
‘productivity is the most important thing in our business’ are all
indicators of a weak safety culture which invariably negates the
benefits that good engineering practices, procedures, training
and management systems provide.8

These snapshots of information demonstrate that the oil and gas
industry as a whole has been aware of and seeking to address
human factor and safety culture problems within the industry for
some years now. It is reasonable to expect that companies such as
Apache would be aware of this trend and would seek to incorporate
some of the better practice suggestions and learnings into its own
processes and systems.

Foreseeability: Conclusions based on the

information available to Apache

In general, information of the type that was available to Apache
regarding pipeline corrosion and integrity management would enable
most operators to consider whether their own in-house systems and
processes would have identified and prevented such occurrences
before they happened. A prerequisite for this approach, however,

is for an operator to maintain its own state of ‘organisational
mindfulness’ and demonstrate a generative safety culture in which it
is actively seeking to identify risks to its operations in the future.

Literature and evolving better practice in relation to safety culture in
the oil and gas industry would likewise enable most operators to look

84

Dan Crowl (ed), Human Factors Methods for Improving Performance in the Process
Industries, Center for Chemical Process Safety, Wiley-Interscience, 2007, p125.

The Center also cites a definition of safety culture by Uttal in 1983 involving shared
organisational values (what is important) and beliefs (how things work) which interact
with an organization’s structure and control systems to produce behavioural norms (the
way we do things around here).
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at their own systems and determine whether changes need to be
made. Publications by offshore regulators such as the HSE in the UK
even provide guidance in the form of a booklet on the issue. Such
reviews allow operators to review their own methods to reduce the
probability of a similar incident in their facilities.

HROs, such as some operating in the oil and gas industry, do not
hide behind a cloak of ‘unforseeability’. In contrast, they are acutely
aware that continued safe operations should not Iull them into a
false sense of security that failure will not occur. HROs revise their
beliefs about the hazards they face more readily and more often
than other organisations. The evidence suggests that Apache did not
always act in this way. In addition, the Apache culture of urgency —
‘If it’s worth doing, it's worth doing now’ — and its corporate focus
on cost cutting may also have militated against the organisation
continually reassessing what unexpected events it should guard
against.

People and systems are two of the most important safety defences.
No organisation has unlimited resources, and safety and business
are not necessarily diametrically opposed; however resource
allocation needs to be mindful of safety critical areas. Organisational
mindfulness advocates that there be a certain amount of
redundancy in the system. If key resources, particularly those that
can impinge of safety, are routinely kept at the lowest possible level
in safety critical functions, then when the unexpected happens there
will be a reduced capacity for the system to quickly compensate.

Maintaining corporate knowledge can be crucial to safety. Staff
turnover and/or extensive use of outside contractors can lead
to a situation where corporate knowledge ebbs away or is never
developed.

As documented in the preceding chapter, Apache undertook or
commissioned many studies related to the safety of their operations.
The July 2007 revision of the Varanus Island Hub Safety Case alone
runs to over 2,000 pages in length. In addition, there was a plethora
of key industry better practice information available to Apache

that could have further highlighted potential areas of concern,

from specific corrosion issues to integrity management and even
developing and maintaining an effective safety culture. The question
arises as to how can so many studies and reports produce such

a mass of information, and yet a clear and foreseeable threat not
be sufficiently identified and mitigated? The answer may lie in the
realisation that process is not an end in itself, but rather a means

to achieve a practical outcome, in this case reducing hazards to
ALARP Fundamental to any safety assurance system are physical
actions such as inspection of plant, and routine and exceptional
maintenance. No amount of process driven documentation can
paper over that fact.
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While Apache’s overlooking of issues raised by many consultants
was presumably not deliberate (and no doubt overlooking the
potential consequences was not deliberate), it seems likely that
low staffing, lack of corporate memory and inadequate systems to
track issues raised by many of consultants are not unimportant in
seeking an explanation. There is also a question of safety culture
given Apache’s excessive compliance emphasis and focus on
‘lowest possible cost maximising production availability’ in a duty of
care/safety case regime. Safety is best assured not just by simply
following regulations and mandatory standards, which by their very
nature are broadly generic and not necessarily well attuned to the
individual circumstances of a particular operation.

Whether Apache could have improved its safety culture relies in part
on its awareness of the theory discussed above, self-awareness,
motivation and capability to change. The theoretical information

on the concept of a safety culture was not the only source of
information on this topic available to Apache. The oil and gas
industry in general has considered issues relating to safety culture,
making key information on better practice safety management and
culture available to HROs.

These serious conclusions raise the question of any issues with
respect to regulation under the PPA and what the relevant regulators
knew, or should have known, of this material and what they did, or
should have done, in response. This is considered in the following
chapter.
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3: Regulation of Varanus
Island and the 12 inch
SGL

Prior to its [NOPSA's[ formation, Western Australia, as a
State with significant offshore petroleum resources, had a
well resourced regulatory agency with experienced technical
personnel.

DMB February 2009

...major hazard OHS regulation in WA is an accident waiting to
happen...
Senior WA Official, February 2009

The complex interface issues facing some projects in offshore
waters across Commonwealth waters, coastal waters, State and
Territory internal waters and islands in terms of occupational
health and safety is confusing and adds to the risk of poor
regulation of safety and potentially adds to unnecessary
regulatory burdens.

Productivity Commission, April 2009

3.1 Western Australia is the only State with significant offshore
petroleum resources with Island production hubs in its offshore
coastal and internal waters. The oil and gas industry is regulated in
WA under the following Acts:

e The Western Australian Petroleum and Geothermal Energy
Resources Act 1967 (WA PGERA);

*  The Western Australian Petroleum Pipelines Act 1969 (WA PPA);

e The Western Australian Petroleum (Submerged Lands) Act 1982
(WA PSLA); and

*  The Commonwealth Offshore Petroleum and Greenhouse Gas
Storage Act 2006 (OPGGSA).
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Currently DMP is responsible for regulating activity in 215 State and
Commonwealth exploration permits, 55 State and Commonwealth
production licences, 20 major pipelines, 50 facilities and 10 drilling
rigs. These include licences in Commonwealth offshore areas that
are regulated by Western Australia under joint authority. NOPSA

has responsibility for safety regulation in Commonwealth offshore
areas through the OPGGSA and since 2007 in WA State designated
coastal waters through conferral of powers under the WA PSLA.
Further detail on the jurisdictional boundaries and legislation and its
history is at Annexes 6, 7 and 8.

The impact on industry of the multiplicity of legislation and
jurisdictions is significant. The Productivity Commission commented
on this in its Report issued in April 2009:

...duplication and overlap, and inconsistent administration

of the 22 petroleum and pipeline laws and more than 150
statutes governing upstream petroleum activities impose
significant unnecessary burdens on the upstream sector. Project
approvals are taking longer ... potentially diminishing the
present value of petroleum resource extraction in Australia by
billions of dollars each year.5

The Commission found that:

The often cross-jurisdictional nature of pipelines means they are
typically subject to particularly complex licensing and approval
processes... .58

Industry and operators are seeking clarity, efficiency and
simplification of existing arrangements. In a submission to the
Productivity Commission APPEA stated:

While the development of the individual approval requirements
may have been appropriate at the time, the compounding result
is that proponents are frequently now required to navigate

their way through hundreds of decision points and approvals
required. In the eyes of investors, this translates into hundreds
of opportunities for regulatory failure.

This regulatory burden on industry, potential confusion, and
potential inconsistencies in responsibilities for different jurisdictions
demonstrate the necessity to employ the same type of regulatory
regime across a system.

The situation on Varanus Island clearly reflects these concerns and
has created serious issues with regards to the Varanus Island hub
safety case. Those parts of the Varanus Island hub which a regulated
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Productivity Commission, Review of the Regulatory Burden on the Upstream Petroleum
(Oil and Gas) Sector, 2009, pxx.

Ibid, PC Finding 8.2, p210.
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under the OPGGSA duty of care/safety case co-regulatory regime,
the onus is squarely on Apache to ensure risks are reduced to
ALARP The regulatory regime on Varanus Island and more broadly
for the 12 inch SGL, however, was not a pure duty-of-care/safety
case co-regulatory regime. The legislation and jurisdictions relevant
to Varanus Island at the time of the pipeline rupture and explosion
highlight the complexity of the legislative environment with regards to
safety at the time of the incident.

*  Facilities on Varanus Island were licenced under the WA PPA.
The Safety Case for the facilities was required as a condition
attached to the PL12 licence. Regulatory responsibility for
safety rested with DOIR which contracted NOPSA to provide
technical advice and services including auditing on the island
for an agreed monthly fee.

e Safety issues relevant to the pipelines from the Varanus Island
low water mark to the mainland low water mark were, from
March 2007, regulated by NOPSA through conferred powers
under the WA PSLA following a 12 month transition period to
March 2008.

*  The mainland section of the 12 inch SGL was licensed and
regulated by DOIR under the WA PGERA using DOCEP technical
resources for advice.

e Safety on the offshore facilities connected to Varanus Island
but located in Commonwealth waters was regulated by NOPSA
under the OPGGSA 2006.

Under these arrangements, on Varanus Island itself, NOPSA mostly
applied the same methods and philosophies of regulation as it would
under the OPGGSA, but was considerably constrained in its actions
by the fact that Varanus Island was licenced as a pipeline (PL12)
under the WA PPA.

This regulatory muddle complicates our examination of who should
have known what and who should have done what in relation to
ensuring appropriate safety measures are applied to Varanus Island
and the 12 inch SGL. We have already discussed the information
available to Apache regarding the 12 inch SGL and we consider that
Apache had information available to it which would have allowed it
to foresee an incident like that which occurred on 3 June 2008. The
involvement of the three government agencies — DOIR, DOCEP and
NOPSA - in regulation of the pipeline requires consideration of what
these agencies may have known, what they should have known, and
what they could or should have shared regarding the 12 inch SGL in
order to enable them to also foresee the risk posed by the pipelines
on the Varanus Island shore crossing.
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Evolution of offshore safety regulation in WA

There has been significant and fundamental change to the
arrangements for regulating the offshore and onshore petroleum
industry in the last five years. Prior to 2005 DOIR was, according to
DMP, a well resourced petroleum regulatory agency with experienced
technical personnel regulating onshore and offshore petroleum
safety and integrity.8” DMP described its predecessor as a ‘one stop
shop’ for all safety, environment, titles and resource management
matters offshore and onshore.® Procedures in place were said

to be of a high standard with audit reports revealing a detailed
understanding of facility and safety procedures in keeping with the
broad industry experience and technical skills of the safety team.
Follow-up on previous audit findings was reportedly a key facet of
ongoing audits. Many of the processes in place were consistent
with better practice regulation around the world. For instance, DOIR
had implemented in 2001 a QMS (ISO 9000) procedures map

for incident responses, prosecutions, safety case assessment and
maintenance overview reporting. Training was stated to have been a
priority and, for example, key technical staff undertook safety case
training in the UK in the late 1990s.

We were told that the DOIR team was severely stretched. The
petroleum industry was growing in the years leading up to the
creation of NOPSA and DOIR staff struggled to keep up with this.
Their range of duties not only included assessments and auditing,®°
but presentations, input to publications, industry workshops and
reviewing the legislation being drafted by the Commonwealth to
create NOPSA. Most staff were reportedly working 12 hour days
and at weekends and there was limited support from the DOIR
executive to enable them to recruit additional resources. One inter-
office memo in July 2000 seeking an additional pipeline full time
equivalent position (FTE) stated that:

Under the commercial pressures, fierce competition and
low profit margins, pipeline operators are increasingly
downsizing. This is certainly the case with the main players
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Other advice suggests that, consistent with other jurisdictions, DOIR suffered resource
constraints and difficulties in attracting and retaining staff experienced in the petroleum
industry. This issue is covered in detail later in the chapter.

DOIR was not the only WA agency involved in approval of petroleum developments

— for instance, the EPA and the Environment Minister had a role under the relevant
environment protection legislation. DOIR, however, provided a first point of contact for
companies seeking approvals.

The team had time for visits between one and four days on a facility, but we were told
that the team struggled to meet planned audit schedules which required auditing each
facility twice a year.
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such as ... Apache... . The only strategy available to me
[because persuasion was unsuccessful] is to use the power of
demonstration: more vigilant reviews, audits etc... . Failing this,
we would not be able to be proactive as we will be waiting for
the next major accident to happen.

DMP’s endorsement of the quality of DOIR’s pre-NOPSA safety team
should, however, be viewed in the light of other factors. For example,
there appears to have been no effective database or other system
that consolidated licence conditions and provided alerts when
information from the licensee was due or could be sought. DOIR
was also slow to respond to changes. For instance, a safety case
had been a requirement for offshore facilities and pipelines under
the Commonwealth PSLA (now the OPGGSA), including parts of the
Varanus hub, since 1996. It was not until 30 September 1998 that
DOIR gazetted a variation in the PL12 licence to require a safety
case® under the PL12 licence pursuant to the WA PPA and it was
almost four more years before the formal safety case for the Varanus
Island hub was approved by DOIR in July 2002.

We were told that resource difficulties faced by DOIR also impacted
on record keeping.®* With an increasing level of activity occurring
in the petroleum industry, DOIR was handling a similarly increasing
volume of correspondence and regulatory documents. We have
also found current DMP ability to access information from the pre-
NOPSA filing system used by DOIR to be so poor that it has taken
some months to locate a version of this 2002 safety case or its
assessment — despite DMP still having regulatory responsibility for
safety on the island. Finally a 2003 version of the safety case in
which most elements remained as at July 2002, was found among
safety files on a stand-alone
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The licence condition relating to safety management for PL12 describes the contents
of the safety case: A safety case is a document containing information relevant to

the identification, assessment, management and monitoring of matters, and other
information, relevant to safety in the licence area. ... The safety case must demonstrate
that a facility description; a formal safety assessment, a safety management system,
have been appropriately developed and implemented... the licensee shall demonstrate
... his plan for the implementation, performance monitoring and continuous
improvement of the Safety Case.

The WA Auditor-General’s report Improving Resource Project Approvals of October 2008
had similar findings: ‘We found that agencies used manual filing systems to record
progress and actions during the assessment process and relied heavily on knowledge
held by individual staff for conducting assessments. Information about a single project
could be placed on several files.” The agencies examined included DOIR.
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hard drive. Overall, problems identified with the DOIR Petroleum
Division’s files include:

e critical records not being on file;

e letters sent to DOIR ‘logged’ by the document management
system being subsequently mislaid;

*  covering letter referring to attached reports being filed, without
the reports actually being on file; and

e documents not located on actual file where document is
registered as being filed.

We note that record keeping is a critical issue which must be
addressed by any competent offshore petroleum regulator. This
was an issue highlighted in the 1996 Barrell Review. We have been
advised that DMP is now working to improve its record keeping with
an upgraded electronic document storage system including training
for all staff.

Creation of NOPSA

The creation of NOPSA on 1 January 2005 was a significant legal
and administrative change to move and augment responsibility

for safety regulation of the offshore petroleum industry from DOIR

to NOPSA. Considerable effort was put into the planning process
supporting the creation of NOPSA. The 2003 NOPSA Transitional
Plan by the Offshore Safety Steering Committee details the range

of tasks that had to be undertaken to ensure NOPSA was operating
on 1 January 2005. No such effort and consideration is evident,
however, in relation to the functions that would continue to be
regulated by WA. While DMP assures us that a change management
process was in place, we have found little evidence of prior
understanding of the impact of all the changes at the WA State level
and no change management processes applied. As a result WA
regulatory staff were left to deal with issues as they arose.

DOIR was heavily involved in the discussions, negotiations and
legislative drafting prior to the creation of a single national safety
regulator. Nevertheless there was evident confusion regarding what
exactly was to be transferred. For instance, in the case of conferral
of powers, the Ministerial Council on Mineral and Petroleum
Resources (MCMPR) decision to create NOPSA on 13 September
2002 recorded:

Ministers endorsed the way forward for the formation of an
independent national offshore safety authority. The national
offshore safety authority will be a single agency covering
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both Commonwealth and State coastal waters and will be
accountable to the Commonwealth, State and NT Ministers.%?

The record of meeting states:

WA was prepared to agree to the authority regulating its State
waters on a contractual fee for service basis and reporting
back to the State Minister. WA would like to retain an option for
withdrawal from regulation over State waters.%

The understanding of the Commonwealth and WA over time
regarding what was actually agreed is discussed in detail at

Annex 7. NOPSA has had conferred powers in WA designated coastal
waters covered by the WA PSLA since March 2007 and for pipelines
in internal waters, but has no legal authority on Varanus, Airlie and
Thevenard Islands or over internal waters generally. Safety in these
areas continued to be the responsibility of DOIR.

Managing safety regulation through services
contracts and MOUs

As noted above, being able to attract and retain technical expertise
has been an issue for the regulation of the offshore oil and gas
industry for some time (see Annex 19). Part of the rationale for the
creation of NOPSA was to assist in addressing this problem because
an independent statutory agency can have more flexibility to offer
competitive remuneration packages than a traditional public service
department.

Prior to commencing operations, NOPSA had recruited about half
(eight) of DOIR’s offshore petroleum technical expertise base. Two
others moved to industry at about that time and, to compound these
changes, from 1 July 2005 the WA Government decided to transfer
all but one of the remaining safety related technical resources
residing in DOIR to DOCEPR. However no corresponding changes were
made to legal responsibilities, which remained delegated to DOIR.
In effect DOIR was left with the regulatory oversight responsibilities
for petroleum activities that had not been transferred to NOPSA

or DOCEP with totally inadequate technical resources or skills to
support those responsibilities. This included regulatory responsibility
for safety in internal waters and in designated coastal waters until
this latter responsibility was finally conferred on NOPSA from March
2007. DMP advised us that from 1 July 2005 DOIR was reduced

to one FTE overall handling safety regulatory requirements, being
the sum of part time activities of a number of people. To manage
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MCMPR Communiqué, 13 September 2002.

See Annex 2.
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this issue DOIR sought access to the relevant technical skills which
resided in NOPSA and DOCER

With NOPSA they entered service contracts in relation to the
regulation of safety and health for WA designated coastal waters
and for internal waters and pipeline licences on Varanus, Thevenard
and Airlie Islands. The State paid NOPSA a monthly ‘retainer’ fee

of $10,000 for a range of services described in the contracts. The
contract in force at the time of the 3 June 2008 incident read stated
that:

NOPSA will provide technical advice and contractor services to
DOIR for the contract areas with respect to:

1. Assessment
- Evaluation of Safety Case submissions

- Recommendation to DOIR of acceptance of a Safety
Case or Safety Case revisions (for construction,
operation, decommissioning and/or Bridging Documents)

- Review of safety aspects of Pipeline Management Plans
(and revisions) and provision of recommendations on
acceptance to DOIR

- Recommendation to DOIR on approval and scopes of
validation for facilities...

2. Audits and Inspections

- Performances of audits against the Safety Cases, Pipeline
Management Plans, Diving SMS or Project Plans

3. Investigations
- Performance of investigations of safety incidents
4. Provision of Advice

- Provision of advice to DOIR regarding safety matters
relating to facilities or covered under this contract, or
relevant safety/issues matters

5. Resolution of Issues

- Endeavours to resolve safety issues with operators (or
other parties) and/or provide advice and support to DOIR
in resolving these issues

6. Enforcement, Prosecutions and Appeals

- Provision of recommendations to DOIR regarding the
issuing of improvement or prohibition notices

- Preparation of prosecutions in cooperation with DOIR and
the State Solicitor’s Office (WA)

92



3.20

3.21

3.22

7. Consultation

- Consultation with operators and provision of appropriate
guidance during the development of Safety Cases and
project operations

8. Any other services

- Maintenance of safety records, diving records and safety
databases.®*

The original contract in 2005 was for three months, envisaged as
a short term measure while WA drafted legislation to confer powers
in designated coastal waters to NOPSA. As WA took considerably
longer mirroring the legislation required to confer powers than
originally estimated, subsequent contracts were signed with longer
durations.

The practical application of these services contracts between NOPSA
and DOIR have suffered from a key misunderstanding. NOPSA has
informed us that it could not perform its duties under this contract
unless explicitly asked to do so by DOIR. It is true that on several
occasions, DOIR formally requested advice and services under these
contracts in relation to Varanus Island - these included DOIR’s
request that NOPSA provide advice relating to the PL12 renewal

and that NOPSA provide advice relating to the Varanus Island Hub
Safety Case. Our interactions with DMP, however, indicate that the
WA Department considered that the services contracts with NOPSA
enabled the Authority to act without such requests, as appropriate
to safety on Varanus Island. This included assessment and

auditing of the Varanus Island Hub Safety Case and Pipeline Safety
Management Plan.

The terms of the contract as quoted above did not indicate that
DOIR was obliged to explicitly request these services from NOPSA
during the course of the contract, although it was not precluded
from doing so. NOPSA's view that they needed to be ‘asked’ to
provide services under this contract is not explicit in the terms of the
contract. NOPSA's view is also contradicted by its actions - as will

be discussed later in this chapter, NOPSA conducted five audits on
Varanus Island without explicit direction from DOIR to do so. It would
therefore seem not unreasonable for DOIR to expect NOPSA to act
under the contract as appropriate to ensure safety.
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Excerpt from Services Contract between NOPSA and the State of WA through DOIR For
Services Covered by Petroleum Act 1967 (WA) and Petroleum Pipelines Act 1969 (WA),
dated July 2007 (the contract in force at the time of the 3 June 2008 Varanus Island
incident, its commencement and cessation were listed as 1 July 2007 and 30 June
2008 respectively).
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We note that confusion and contradiction regarding NOPSA's actions
under the services contracts with DOIR may have adversely impacted
on safety regulation of facilities on Varanus Island.

In addition to the services contracts, NOPSA and the State of
WA also entered into a MOU. The aim of this MOU was to build
a productive partnership between the State and NOPSA for

the effective and efficient administration of offshore petroleum
safety. The MOU includes a Schedule which sets out the division
of petroleum regulation duties between the State Designated
Authorities and NOPSA under the WA PSLA following 1 January
2005.

Relationships between DOIR and DOCEP were initially managed
informally as the relevant DOCEP staff remained co-located with the
DOIR Petroleum Division until 2007. The relationship became more
formal over time, for instance requiring correspondence between
DOCEP and DOIR over particular actions. After some delayed and
drawn out negotiations, a MOU between DOIR and DOCEP was
signed on 24 December 2007. Under this MOU, DOCEP provided
technical advice and guidance to DOIR in relation to the regulation
of safety and health for which DOIR retained responsibility but for
which DOIR was not obtaining technical advice from NOPSA.% In
effect DOCEP provided technical safety advice to DOIR in relation to
onshore (mainland) petroleum operations such as the 12 inch SGL
above the low water mark to compressor station one.

The DOCEP/DOIR MOU did not require DOIR to pay for the services
it received from DOCEPR. DOCEP was expected to provide assistance
to DOIR as well as attend to its substantial other duties. DOCEP
has suffered from severe under-resourcing for many years with
consequent major limitations on its capacity to effectively regulate
health and safety under the Mines Safety and Inspection Act 1998
and the Dangerous Goods Safety Act 2004 as well as advise DOIR.
It formally sought more resources on a number of occasions and
on one occasion had obtained agreement for an additional budget
of $10m per annum but had only seen around $1.9m of that in
conjunction with the addition of new functions. The under-resourcing
problem was described by a senior WA official as being ‘a disaster
waiting to happen’.
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Varanus Island is noted as one of the facilities for which DOCEP is not expected to
provide technical advice.
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Integrity

From its inception, NOPSA oversaw integrity issues that had

an impact or a potential to impact on health and safety under
Commonwealth legjslation. Because a major accident event had
significant potential to impact on people, many aspects of facility
integrity were therefore analysed and regulated by NOPSA. However
where a potential integrity issue was considered unlikely to impact
on people, such as where it involved an isolated section of pipeline
like the portion of the 12 inch SGL which ruptured on 3 June 2008,
NOPSA had no regulatory authority and therefore did not undertake
an oversight role.

During the processes leading up to the creation of NOPSA, WA
became concerned that, while NOPSA would have responsibility
for occupational health and safety matters, it would not have
responsibility for overall facility integrity. There was much discussion
and variation in views on this issue. However it was not until after
NOPSA's enabling legislation was drafted and NOPSA itself was in
operation that senior officers in DOIR became aware that NOPSA
was not going to have responsibility for facility integrity where
integrity did not impact on health and safety. This was a significant
concern for WA®® particularly as the resources and capability that
could have been utilised to undertake this responsibility were

lost to NOPSA and subsequently DOCER®” DOIR first raised the
issue of integrity at a national level at the Upstream Petroleum
Subcommittee of the MCMPR of 18-19 August 2005.

The outcome of all the changes in 2005 was that DOIR had
continued accountability for regulation in State coastal and internal
waters and had the regulatory role for integrity issues and minimal
resources or skills with which to fulfil that responsibility. Senior
management at DOIR was briefed on the issue as was the Minister.
To try to deal with this the WA Minister wrote to the Chairman of the
NOPSA advisory Board on 30 July 2005 saying:

Insofar as WA is concerned a particular problem has arisen

in that NOPSA's mandate for occupational health and safety
restricts its ability to provide advice on issues relating to the
physical integrity of facilities. The integrity of facilities is of
concern to Government in terms of public safety, environmental
protection and security of supply. These functions were
previously undertaken by the State’s petroleum safety technical
branches and which in respect to offshore have been disbanded

96
97

This concern was not shared by other States.
WA raised this issue in Commonwealth/State forums on a number of occasions. A

Commonwealth/State Integrity Working Group was established to address the issue, the

outcomes of which are further discussed later in this chapter.
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(mainly taken up into NOPSA) leaving the State with no
technical capacity in this regard. In that an examination of a
safety case would usually require an assessment of the physical
aspects of a facility NOPSA would appear to be well placed to
provide integrity advice. In that this circumstance is somewhat
a casualty of the NOPSA system it may be appropriate for the
Board to take this into consideration when evaluating NOPSA's
role.

The Chairman of the NOPSA advisory Board subsequently responded
indicating that the Board “...felt it did not have a mandate or
resources to deal with facility integrity issues.’

The WA Minister for State Development wrote again in December
2005 to the Chairman of the NOPSA advisory Board saying:

...As you are aware, from Western Australia’s viewpoint, a
particular problem which has arisen with NOPSA's legislative
‘safety only’ mandate is its ability to provide advice on physical
integrity of facilities, particularly pipelines. This continues

to be a problem for Western Australia. The function was
previously conducted by the State’s Petroleum Safety and
Technical Branch, which has been disbanded with most of the
staff transferring to NOPSA and the department of Consumer
and Employment Protection. The result has been a delay in
approvals as other alternatives are pursued. It may therefore
be useful for the Board to take this into consideration when
evaluating NOPSA's role.

In a letter to the WA Minister in April 2006 the Chairman of the
NOPSA advisory Board included the following:

The regulation of the technical integrity of pipelines is

currently a Designated Authority (DA) responsibility, under the
Commonwealth P(SL) Pipeline Regulations. For various reasons
all the DAs now feel it would be more appropriate for such
responsibility to be passed to NOPSA, (which currently only
regulates for the occupational health and safety aspects of
pipelines, and provides comments to the DAs). | am informed
that this matter is currently being examined by the Upstream
Petroleum Sub-Committee and that the Sub-Committee intends
to report to the Ministerial Council on Mineral and Petroleum
Resources in due course. | look forward to the outcome.

In a further letter to the WA Minister of 28 May 2006 the Chairman
of the NOPSA advisory Board reported the following:

The Board noted that the number of gas releases increased
again, and while some of this might be attributed to improved
reporting the situation is not clear. The CEO has put into place
a Facility Integrity National Program to improve performance in
this area.
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This appears to have given DOIR some confidence that their
Minister’s requests were being accommodated by NOPSA.
Nevertheless the formal and legal position remained that NOPSA
only accepted a responsibility for facility integrity to the extent it
impacted on health and safety under its legislation and WA retained
formal responsibility for overall integrity despite the fact the DOIR
had no resources to exercise that responsibility. There was little
evidence found that DOIR had sought additional resources from
the WA Government to cover the integrity ‘gap’ and regulation of
integrity per se was not undertaken effectively by DOIR. Further, the
service contract between NOPSA and DOIR as late as June 2008 did
not include integrity on Varanus Island among specific matters for
NOPSA to provide services.

WA's correspondence on this issue was with the NOPSA advisory
Board. We are surprised that WA did not also raise it with those
better placed to address the issue. In particular, it is not clear why
the WA Minister did not write in similar terms to the Commonwealth
Minister or at least to the NOPSA CEO or Departmental Secretary.
The WA Minister might also have formalised a request to the NOPSA
advisory Board for advice.

The outcome of the work of the Commonwealth/State/NT Integrity
Working Group under the UPGS was a decision in 2007 to amend
the legislation to give NOPSA responsibility for pipeline integrity
issues. When done, this would remove the integrity ‘gap’ with
minimal resource impacts on NOPSA. While legislative drafting is
currently underway at the Commonwealth level (which would need
to be mirrored by the States and NT), at the time of this report the
drafting of the necessary legjslation had not been completed and
introduced into the Commonwealth Parliament.

We note that Commonwealth legislative drafting is underway to
include overall facility integrity in NOPSA's responsibilities and
suggest that WA begin to prepare to mirror this legislation to enable
NOPSA to regulate facility integrity in designated coastal waters once
the Commonwealth legislation is passed.

Enforcement and emerging issues

Given the limited scope of the WA PPA, we asked whether DOIR
had an appropriate range of enforcement penalties available

for enforcement on Varanus Island licensed under PL12. DMP
advised that its range of enforcement tools included directions,
orders, infringement notices, stop work orders and prosecutions
depending on the particular legislation that was involved. Actions
against an operator’s licence were also possible. However, more
recently DMP has told the inspectors that taking legal action under
the PPA 1969 is very difficult. This accords with the August 2004
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second Reading Speech cited in Annex 7. Having the Varanus Island
safety case as a condition of a prescriptive regime licence is quite
alien to a safety case regime per se.®® Despite evidence of audit
recommendations not being followed up in a thorough and timely
manner by the operator, there was little evidence in recent years of
any enforcement tools being utilised by DOIR, or of being proposed
for use by NOPSA or DOCEPR®®

The WA PPA has also proved inadequate in allowing for appropriate
information sharing between regulatory agencies responsible for
the entire length of the 12 inch SGL. Information gathered by DMP
under the WA PPA for the purposes of that act, for instance, may
not be able to share this key information with NOPSA or DOCEP,
unless those officers are appointed inspectors under the act and/
or are acting directly for the purposes of the act. These potential
restrictions on information sharing (including between the DA and
JA) are unacceptable when dealing with complex cross-jurisdictional
systems such as the Varanus Island Hub where safety issues at one
end of the 12 inch SGL are equally relevant for another.

All matters associated with WA legislative change in relation to
offshore petroleum safety and integrity regulation have so far
proceeded slowly. The State has enacted the Petroleum Legislation
Amendment and Repeal Act 2005 which was assented to on

1 September 2005. The Act had three essential parts, containing
amendments to the (then) Petroleum Act 1967, the WA PPA and the
WA PSLA. These incorporated updated safety and health provisions
for each of those Acts and repealed the Petroleum Safety Act

1999 (which had never come into operation). Of the three, only

the amendments to the WA PSLA have been given effect. These
provisions mirror the OPGGSA and confer powers on NOPSA to
regulate facilities including submerged pipelines. The other two parts
have not to date been given effect. WA advises that this is because
of delays in drafting the necessary supporting regulations and notes
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In this case, the September 1998 variation was in relation to the new 16 inch SGL.
However, in practice Apache acted as if the condition applied to all pipelines and plant
under PL12 in producing its Varanus Island Hub Safety Case. A December 1998 PI12
variation for the two parallel 8 inch pipelines from the Wonnich platform also included a
safety case condition. Variation 9P/00-01 indicated that a safety case was required for
the whole of PL12.

The extreme impact of some of the suite of enforcement tools render them practically
ineffective. Removal of licence would, for example, close down an entire facility — with
major consequences not just for the operator but the economy as a whole. Only in the
most extreme circumstances could this tool be used. Similar concerns might arise from
use of a stop work order. Graduated enforcement tools are discussed in detail in the
next chapter. NOPSA stated that it was up to DOIR to consider any enforcement action
after receiving its audit reports.
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that five sets of regulations covering the safety case and OHS
requirements are currently being drafted.

3.40 Recently, Apache challenged DMP’s provision of documents,
acquired pursuant to Section 63 of the WA PPA, to an independent
State/Commonwealth inquiry into offshore petroleum safety
regulation following the Varanus Island incident. Justice McKerracher,
the presiding judge in the case, noted:

* the argument that a pipeline is part of a wider system;

e that pragmatism indicated that WA may need to draw upon
expertise from, for instance, a body such as NOPSA;

e the Inquiry’s argument that ‘one should not narrowly construe
the purposes of the [WA PPA] Act and the Regulations in light
of the significance of the [overarching safety] legislative regime
(with which he agreed); but also that

* the purposes of Inquiry — specifically those parts of the Inquiry
‘dealing with upstream operations generally, ships and releasing
reports to the Commonwealth Minister and the MCMPR’ —
included, but went beyond, the purposes of the [WA PPA] Act.1%°

3.41 His honour concluded that while:

There is undoubtedly a high desirability of achieving safety,
security and reliability in relation to gas and petroleum pipelines
... [and] ...The action of the State in releasing the s63
information to the [Inquiry] Panel was a pragmatic, convenient
and sensible means of briefing the Panel ...it cannot be said
that the disclosure by officers of the State to the Panel for

the purposes of the 2009 Inquiry by the Panel of documents
provided ... pursuant to s63 of the 1969 State Act and the
Regulations ...was for the purposes of the 1969 State Act and
the Regulations...1%*

3.42 While the case was specific to provision of documents to a joint
Commonwealth/WA Inquiry, it raises the issue that it may not be
possible to share safety information between jurisdictions to enable
the creation and assessment of, and auditing against a single
Varanus Island Hub Safety Case. The Piper Alpha incident showed
that the actions and activity on one facility can have a severe and
catastrophic impact on another facility to which it is linked by a

100 Apache Northwest Pty Ltd vs Agostini [2009] FCA 534, 22 May 2009, paragraphs 88,
90, 106, 110 and 112.

101 Ibid, paras 127, 128 and 131.
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pipeline.*? If information cannot flow freely between regulators
responsible for safety on facilities regulated under the WA PPA and
those regulated under other Acts, then it is difficult to understand
how MAE risks on, for instance, the John Brookes platform (in
Commonwealth waters with safety regulation under the OPGGSA/
NOPSA) can be considered in the same safety case at the facilities
on Varanus Island as is currently the case. Varanus Island appears
to be the only hub which may be impacted by this issue as the
Island facilities on Airlie and Thevenard do not have facilities in
Commonwealth waters.

We note that the continual delays in drafting and passing legislation
and regulation in WA creates uncertainty for industry and regulators
alike. It also creates legislative inconsistencies across jurisdictional
boundaries, imposing unnecessary costs on industry as operators
have to meet multiple regulatory requirements.

We recommend that WA ensure, as a matter of urgency, that
all of its legislation and regulation mirrors Commonwealth
offshore legislation and regulation and enables and facilitates
the exchange of safety information between jurisdictions. In the
interim, WA should seek to amend existing licence and safety
case requirements to facilitate exchange of safety material.

Regulation of the 12 inch SGL

Licensing — PL12

Licences and titles authorising the various petroleum pipelines and
facilities are created and amended over a considerable period of
time. For example the PL12 licence covering the majority of facilities
on Varanus Island*®® was first issued under the WA PPA in May 1985
for a 21 year period due for renewal in 2006. We believe that the
WA PPA is inadequate to licence a major hazard facility such as the
facility on Varanus Island but WA has continued to use it as the
overarching legislation for regulation on Varanus Island. Updated
requirements, such as the introduction of a safety case requirement,

102 The initial fire and explosion on the Piper Alpha platform was fuelled by gas and oil from

103

the connected Tartan and Claymore platforms as their operations crews did not believe
they had the authority to shut off production, even though they had visual confirmation
that Piper Alpha was burning.

PL12 covers production facilities on Varanus Island and both SGLs to the mean low
water mark but was only one of the licences that existed on Varanus. PL29 and PL30
covered later developments that were well away from the accident site and were
much smaller areas. Other pipelines that connected to the Varanus Island facility were
covered by separate subsea pipeline licences or were unlicensed.
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were achieved through variations to the licence. Multiple variations
to PL12 have been approved over time as changes to the facility
have been made and the range of activities performed on the island
have expanded. There were 17 separate variations to PL12 after
1985.

Since 1985 the approach to issuing licences and the style of

the licence variations has evolved. Earlier approvals were fairly
prescriptive in nature due to the nature of the overarching regulatory
environment. During the 1990s, safety management systems and
safety cases were introduced and incorporated in variations to the
licence. However, because the WA PPA did not evolve along the
same lines as, for instance, the Commonwealth and WA PSLAs, the
PL12 licence conditions continued to include specific requirements
such as regular inspection, testing and maintenance of facilities. The
current PL12 licence file comprises more than 130 pages.

In reviewing the PL12 licence it is not always clear whether a
requirement incorporated in a licence condition is intended to apply
to the facilities covered by the condition only or to the whole Varanus
Island facility. Sometimes Apache applied any new requirements

to the whole facility while at other times they did not.*°* When WA
required a SMS and then a safety case through licence conditions,
Apache produced a series of safety cases and ultimately a
consolidated Varanus Hub Safety Case approved in July 2002.

Unfortunately this process has left the status of particular
requirements in licence variations unclear. In particular, as there is
no documentation specifically removing older, prescriptive licence
conditions, such as the annual post-cyclone survey of the 12 inch
SGL,%® it is unclear whether these requirements should still be
complied with or whether they have been overtaken. We have found
no evidence on file of these issues being directly addressed and
discussed with operators but it is very clear that certain aspects of
the PL12 licence were not met by Apache and were not followed up
by the regulator. Either the regulator was unaware or unconcerned at
the lack of compliance, or there had been a verbal, undocumented
agreement to let such requirements lapse. For instance, Apache
undertook irregular post-cyclone season surveys but there is no
evidence the results were ever sent to the Department and senior

104
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Apache chose to apply other aspects of new conditions more broadly. As noted, the
September 1998 licence variation concerning a safety case was applied in the context
of the new 16 inch SGL but Apache applied it to the whole Varanus Island Hub and
associated pipelines.

The original PL12 licence signed in May 1985 contained, amongst others, the following
requirement: ‘The licensee shall carry out an annual external survey of the pipeline after
the cyclone season and the results of the survey shall be submitted to the Director of
the Petroleum Division in writing.’
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long serving officers of DOIR had no knowledge of ever sighting

such documents. Unfortunately, whether this requirement was not
observed through oversight or through a verbal agreement cannot be
determined from the official records.

As a result of the process of adding variations to the original licence
rather than updating the whole licence it has become unclear
whether all requirements and conditions included in the licence were
applicable or, if not, which ones were no longer relevant. This leads
to confusion for both the operator and the regulator, and leaves
them potentially open to the accusation of not actively meeting or
monitoring licence conditions. The Department advised us that its
management system to ensure regulatory compliance of the Varanus
facility ceased with the establishment of the NOPSA service contract
in 2005, although the service contract does not indicate that NOPSA
was expected to undertake this activity. We were also unable to find
evidence of any effective comprehensive management system prior
to 2005 that incorporated PL12 licence conditions.

We recommend that where it has regulatory responsibility, DMP
develop and maintain a database of licence conditions and
actively monitor compliance of those conditions. Licences should
be updated to remove outdated conditions and clarify remaining
applicability and any agreement to remove requirements should
be documented.

We recommend that pipeline licences should be used for
significant pipelines including flowlines and not major offshore
facilities like Varanus Island.

PL12 licence renewal

Licences are issued for a specified period in accordance with their
governing legislation. As noted, the Varanus Island license, PL12,
was issued in May 1985 under the WA PPA for a period of 21 years.
As a result the PL12 license was due for renewal in May 2006 with
an application required to be submitted at least six months earlier.

Apache submitted an application to renew the licence on

22 December 2005, five and a half months before the expiry date.
Once an application is submitted the existing licence remains valid
until the renewal is either approved or declined. On 5 January
2006, DOIR responded, acknowledging receipt of the application,
and stating a list of requirements for the licence renewal. The
requirements included:

e A submission comprising a detailed description of the whole
current plant, facilities and operational activities including
maps, technical drawings and information that demonstrates
how the whole facility complied with current standards and
‘Best Practice’.
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* The proposed terms of reference for the validation, which would
comment on whether the plant and facilities covered by the
PL12 licence would be fit for purpose for the next 21 years.

* An Environmental Management Plan for the whole licence
area that would maintain a satisfactory environmental status
throughout the life of the renewed licence.

DOIR, after acting on advice from NOPSA, subsequently approved
the terms of reference for the validation and Lloyd’s Regijster was
engaged by Apache to undertake the validation exercise. DOIR’s
consideration of what amounted to an initial scoping document from
Lloyd’s in relation to validation work it was yet to perform for Apache
was so cursory that DOIR actually sought advice from NOPSA on
whether it should approve a 21 year extension of the licence on

the basis of this initial scoping document alone. NOPSA gave clear
advice that this should not happen. On 6 August 2007 Apache
submitted to DOIR a copy of the Lloyd’s Register Validation Summary
Report for PL12, dated 10 May 2007. The 16 page summary refers
to five other reportst® which were produced as part of the validation
exercise but which were not provided to DOIR or sought by it. Key
findings were summarised in the Validation Summary Report as
follows:

*  No impediment to continued safe operations or compliance with
PL12 requirements was identified.

e Vessels under the PL12 Licence which have exceeded their
design life or will expire during the revalidated operating period
require remaining life assessments.

*  Provisions were found to be in place with continuous
improvement processes to ensure safety of the operational
phase and technical integrity for ongoing operations of the
Varanus Island whole plant and facilities covered by PL12 as fit
for purpose for the next 21 years.

* The SMS is comprehensive and integrated and covers all
activities on the facility as defined by the Facility Description;
has the appropriate structure and processes to foster continual
improvement on safety performance; and is linked to the Formal
Safety Assessment in that management of critical risk control
measures are given the appropriate priority.

106 These five reports were: Integrity Audit Report : 12 to 19 May 2006 (Perth); Process

Integrity Review: 12 to 14 June 2006 (VI); Process Integrity Review: 3 to 7 August
2006 (varanus Island); Process Integrity Review: 28 September to 2 October 2006
(VI); and SMS Audit Report: 6 September 2006 to 14 October 2006 (Perth & Varanus
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e Organisation changes and staffing provisions may adversely
impact on the ability to optimally operate and maintain plant
and facilities covered by PL12.

Senior DOIR officials indicated they placed considerable faith in this
summary report as indicating the Varanus Island facility was in good
condition and suitable for operations for the next 21 years. However,
the issue of the renewal of PL12 was not progressed as DOIR was
awaiting the submission of Apache’s Environment Management
Plan.°” The Environment Management Plan was submitted to DOIR
by Apache in late March 2009. While this was the last requirement
for acceptance of the renewal, DMP has delayed acceptance on the
basis that the risk assessment in the PMP should be reassessed in
light of recent events and in all the circumstances.

Overall, we consider that Lloyd’s Register Asia produced a document
which responded to the requirements of its agreement with Apache.
We are concerned, however, that DOIR did not obtain the associated
Stage reports to support the renewal of PL12 despite NOPSA's
earlier advice. Nor did DOIR ask that a copy be provided to NOPSA or
DOCEP to seek their technical advice. Had either regulator read the
full Stage reports (see chapter 1), they may have raised additional
questions regarding Apache’s safety systems and processes.

We recommend that if a validation report has been required

to support a regulatory approval, the regulator should ensure
that the complete report is received and considered as part

of the approval process. The regulator should also be able to
speak directly to the validation team to discussion further any
issues raised within the report. This may require amendment to
legislation to ensure that the regulator can engage in confidential
discussions with the validator without the operator present.

The 2002 Varanus Island Safety Case

The 2002 Apache Varanus Island hub safety case was assessed

by DOIR (then DMPR) which stated that it primarily used the
Commonwealth’s Guidelines for the Preparation and Submission of
Facility Safety Cases, 2nd Edition, August 2000. As noted previously,
this safety case was a requirement under the PL12 licence, which

is a licence under the WA PPA. In this licence, a ‘Safety Case’ is
defined as:

107

In making the point that they believed DOIR’s Perth office was understaffed, Apache’s
submission to the Productivity Commission mentioned the Varanus Island licence
renewal: Apache has a Pipeline License which expired in 2005 for which we have
sought approval but DOIR has not yet renewed it.” Apache did not refer to the three
year delay in submission of the Environmental Management Plan originally requested in
January 2006.
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...a document containing information relevant to the
identification, assessment, management and monitoring of
matters, and other information, relevant to safety in the Licence
area.

The Safety Case must demonstrate that a Facility Description, a
Formal Safety Assessment, and a Safety Management System,
have been appropriately developed and implemented in line
with the guidelines issued from time to time by the Director...

Senior WA officials have indicated their belief that they introduced a
‘safety case regime’ early with respect to other Australian states and
Territories. However, as the WA PPA does not include the necessary
provisions to consider regulation under the Act to be considered

a duty of care/safety case regime and the PL12 requirement

for a safety case for individual pipelines did not constitute a full
safety case regime. The nomenclature and required content

of the document clearly imply that it should be developed and
implemented in line with a safety case regime. However, without
appropriate legislation to support this requirement, it was not subject
to the same conditions of enforceability as a safety case under the
OPGGSA or the PSLA (and WA PSLA after 2007).

We recommend that WA support a full duty of care/safety
case co-regulatory regime for offshore oil and gas across
Commonwealth and State coastal and internal waters which
minimises jurisdictional and regulatory interfaces and ensures
that a competent regulator is appropriately resourced.

The FSA review commenced in December 2001 and was completed
in February 2002 with FSA issues to be resolved by Apache by
March 2002. On 22 July 2002 the Department wrote to Apache
stating:
I am pleased to advise that the Varanus Island Hub Safety
Case, incorporating the facilities listed below, has been
accepted: 1. Varanus Island ... 7. Sales Gas Pipelines ... This
acceptance is not an advice that the use of listed facilities in
accordance with the Varanus Hub Safety Case will in fact be
safe. Whilst health and safety are matters considered in making
this decision, the responsibility for safe operation of these
facilities remains at all times with Apache Energy Ltd. Please
note that the continued acceptance of the Varanus Island Hub
Safety Case will be contingent upon:

e timely implementation of the Risk Reduction Measures;
* ongoing satisfactory maintenance of the Safety Case; and

e auditing of the Safety Management System in accordance
with a mutually agreed schedule.
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The FSA included a section on the 12 and 16 inch Sales Gas
Pipelines dated 4 April 2001. This referenced the risk assessments
carried out by Stratex in June 1998 conducted prior to the
installation of the 16 inch SGL. Listed threats included corrosion. It
was stated that:

The two SGLs only form a part of the total pipeline system
connected to VI. Therefore it is a conservative conclusion to
state that the SGLs contribute less than 0.25 per cent of the
overall risk to personnel on VI.1%8

In relation to the offshore (submerged) SGLs, the document focus
was the 16 inch SGL and reference was made to external corrosion
being addressed by external corrosion coating and sacrificial anodes
‘inspected annually for offshore sections and every three years for
the onshore sections of the pipelines’. For pipeline onshore (from
the pig launchers on Varanus Island to the submerged point of
pipelines) corrosion was not cited as a risk or hazard.

The safety case FSA document included an Apache document
prepared by International Risk Consultants dated 6 July 2001 and
titled Varanus Island Formal Safety Assessment Attached Report.
This noted that while offshore pipelines are considered only up to
500 m offshore Varanus Island, ‘the entire pipeline inventory is
included to provide a more realistic release model’, and that high
pressure jet gas releases are likely to be rapidly ignited. The Harriet
gas import pipeline, Campbell/Sinbad import pipeline®, and Sales
Gas pipeline and header (sic)'1° were each assessed with corrosion
a potential cause of jet fire in each case. The Sales Gas assessment
noted that there could be fatality on HJV plant and on ESJV plant if
jet fire were oriented towards it. For the first two pipelines it is hoted
that the ‘area around onshore section of pipeline is not normally
manned’ (ie the beach crossing) and for the SGL ‘low manning levels
and diversity of escape routes from open plant’ was noted. All were
screened as ‘A’ major accident events with severity assessed as
‘major’, likelihood ‘unlikely’” and risk ‘marginal’.

As noted in chapter 1, issues with relatively close pipeline spacing
potentially contributing to an escalation of a MAE were not cited.
Corrosion mitigation measures were also lacking in documentation in
the 2002 safety case material we have been able to access. Overall,
hazards and risk appear to have been significantly understated by
Apache but not identified as a concern by the WA regulator.
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At about the time of the 3 June 2008 incident we calculated that the two SGLs
contributed 1,540 tonnes of about 4,100 tonnes of hydrocarbons or about 37.5%.

Later in the document this pipeline was termed a ‘flowline’.

By this time both the 12 inch SGL and 16 inch SGL were had been operating for years
and so the safety case should have used the plural and assessed both.
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The last DOIR audit of the Varanus Island operations under Apache’s
safety case was from 4-7 May 2004. It included a number of
positive observations and found that progress on close-out of
previous audit items was ‘fair’ and that progress was still being
made on issues such as Change Management Control. However,
‘maintenance was identified as a major issue for improvement.’
Assets were beginning to show their age and a specific concern
included ‘the amount of time spent on corrective rather than
preventive maintenance ... Maintenance has a critical role in
providing integrity of equipment.’

While we were given assurances that DOIR was an effective regulator
prior to the creation of NOPSA, what we see from the files is at best
a regulator that had competent and well-motivated staff but was
seriously under-resourced and only meeting the bare necessities of
its regulatory role. It was unable to identify higher levels of operator
risk in WA waters and had not introduced a full safety case regime
and its records and systems were inadequate.

NOPSA's role: 2007 Varanus Island Hub Safety Case
and 2008 Varanus Island Hub Pipeline Management
Plan (PMP)

NOPSA's direct involvement in assessing the Varanus Hub Safety
Case began in 2007, when the original safety case was due for its
five-yearly revision under the MOSOF regulations for the offshore
sections and the WA PPA PL12 licence conditions onshore.*! In the
interim, NOPSA had audited against the earlier safety case in its own
jurisdiction under Commonwealth legislation and as a contracted
service provider to DOIR on Varanus Island and for pipelines. The
revised safety case was submitted and accepted by NOPSA for the
offshore portion on 31 October 2007. NOPSA also considered the
onshore island portion under its services contract with DOIR and
recommended on 31 October that DOIR accept it. After a reminder
from NOPSA, DOIR, as the regulator for Varanus Island, formally
wrote a letter to Apache accepting it on 6 December 2007.

During development of this safety case, NOPSA did not participate
in any of Apache’s HAZID/HAZOP workshops which contributed to
the determinations in the safety case’s FSA. NOPSA was, in its very
early days, involved in sitting in on some operators’ HAZID/HAZOP

111 Although this investigation focuses on facilities and pipelines located on Varanus Island

that are licensed under the WA PPA, documents, information and guidance or advice
relating to any of Apache’s Varanus Island Hub operations (which includes facilities
and pipelines regulated under the WA PPA, WA PSLA and Commonwealth OPGGSA) are
relevant to this investigation due to the interconnected nature of the operations.
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workshops (which contribute to developing the FSA). NOPSA has
since determined, however, that this could compromise the function
of the regulator and has developed a specific policy controlling
NOPSA's interactions with operators.'*? Although this policy gives a
general approach to dealing with operators most of the document
relates to:

...attendance by NOPSA OHS inspectors at formal project
hazard identification and risk assessment meetings, such

as HAZID/HAZOP meetings and the possible impact such
attendance may have on stakeholders perception of NOPSA's
independence and its ability to provide assurance that risks are
properly controlled in Australia’s offshore safety regime.

NOPSA states that:

...although there are potential benefits of attending [HAZID/
HAZOP] meetings as noted above (process guidance and
regulatory understanding), these benefits can be realised by
other means, for example by a careful assessment of the safety
case and supporting documents.

The outcome of the policy was that general attendance of NOPSA
OHS inspectors at operator project hazard identification and risk
assessment sessions should not take place with attendance

only as an exception on the basis of ‘observation only’ status.

It is understandable for NOPSA to not want to compromise its
assurance and enforcement functions. However, we consider that
attendance at these workshops with observer status could be crucial
for NOPSA to assure itself that the operator is indeed conducting

a robust process and to enable it to witness potentially valuable
cultural information about an operator which may not be gained
from reviewing documents. We believe NOPSA would have been in
a better position to discover weaknesses in the 2007 Safety Case
with regards to corrosion protection measures on the shore crossing
of Varanus Island discussed in chapter 1 could have been better
identified had NOPSA been involved in these workshops.

In its assessment of the safety case according to its normal
practices, NOPSA selected two MAESs: ship collision and hydrocarbon
explosion. The latter covers most of the 42 MAEs for Varanus Island,
however it is not clear to us, given that this MAE was generic across
all onshore and offshore facilities, whether hydrocarbon explosion
from a pipeline was specifically reviewed. Within the FSA the key
safeguard (control) measures for corrosion were identified as
‘corrosion monitoring’ and the Apache document ‘Integrity Corrosion

112 NOPSA Relationship Management Liaison with Operators Policy, Rev O , PL202,

4 March 2005.
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Management Strategy’, which was not seen by NOPSA. NOPSA
noted in its safety case assessment sheet the generic nature of the
FSA and also that there was a degree of a lack of specificity to the
FSA.

NOPSA's assessment of the Varanus Island hub safety case did not
appear to specifically review the controls required to manage the
MAE hazard from the SGLs. NOPSA has informed the Investigation
that as one part of the safety case consideration, the MAE
assessment looks at systems and processes rather than going into
detail, and that assessment of the MAE hazard from the pipelines
may not have prevented the incident on Varanus Island. While this is
true, for the Varanus Island Hub Safety Case, which covers a number
and variety of ageing facilities onshore and offshore and systems, we
feel the selection of two MAEs appears inadequate. While assessing
two MAEs may be adequate for a simpler safety case, the Varanus
Island Hub Safety Case covered several wells, platforms, pipelines,
as well as the facilities on the island itself. In light of this, more
MAEs should have been subject to assessment by NOPSA.

When WA amended the WA PSLA to mirror the Commonwealth
legislation in 2007, the requirement for a Pipeline Management
Plan (PMP) and Pipeline Safety Management Plan (PSMP) came
into force for designated coastal and internal waters (including
those State waters between Varanus Island and mainland WA, see
the Annex 6 Figure). Operators subject to regulation under this act
were given 12 months in which to develop a PMP and PSMP, if
they had not done so already. As Safety Authority, NOPSA's role in
these designated waters was to accept the PSMP and advise the
designated authority, in this case DOIR, of its decision. The decision
to accept the overall PMP then lay with DOIR.

NOPSA accepted the Varanus Island Hub PSMP in March 2008 for
the subsea segment of the licensed pipelines, including the

12 inch SGL, from the mean low water mark on Varanus Island to
the mean low water mark on the WA mainland as that was NOPSA's
regulatory responsibility under the conferred powers.*'3 Consistent
with its legislated functions, NOPSA's focus was the health and
safety of persons at or near the pipeline up to these low water
marks. NOPSA's PSMP assessment report also makes the general
statement ‘that Apache have in place a robust system for ensuring
hydrocarbon containment is maintained’.***

113 Letter of 27 March 2008 from NOPSA to DOIR.
114 NOPSA PSMP Assessment Report, 26 March 2008, Doc N-04400 version 0.7.
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NOPSA's PSMP acceptance did not include any unlicensed
flowlines,*> which carry significant inventory. These flowlines would
not usually be assessed individually since they are not within the
scope of the document. However, we believe that they should have
been part of the PSMP assessment to the extent that they could
impact on the safety and integrity of licensed pipelines in their
immediate vicinity and could cause or contribute to the escalation of
a MAE.

Furthermore, consistent with our comments above regarding
NOPSA's involvement in the HAZID/HAZOP process for the Varanus
hub safety case, we note that similar workshops were held for

the purposes of the PMP and that NOPSA did not attend these
workshops. In chapter 1 we discuss the weaknesses in the PMP’s
FSA relating to corrosion mitigation at the shore crossing of Varanus
Island. Again, we believe the benefits in attending these workshops
and interacting with the operator (and its contractors) outweigh

any perceived risk to the robustness of the workshops and related
regulatory process. Had a member of NOPSA attended these
workshops, NOPSA may have been in a better position to understand
the relative risk posed by different sections of the pipeline and risk
mitigation process. It must be noted that a DOIR representative
attended the first HAZID/HAZOP workshop for this process, but this
person did not attend subsequent workshops where the risk profiles
for the pipelines were firmly established.

It is important to note that NOPSA's acceptance of the PSMP did not
explicitly include the portion of the 12 inch SGL on Varanus Island.
The WA PPA and associated regulations, which are in force on
Varanus Island and under which NOPSA acted (on behalf of DOIR as
the regulator) on the island, make no reference to a PMP, PSMP, or
safety case. It is a licence condition to have a safety case for PL12,
but this licence makes no mention of a PMP/PSMP. NOPSA therefore
considers that the Varanus hub PMP and PSMP could only be legally
recognised for those areas of pipelines that were under the OPGGSA
or the WA PSLA. NOPSA believes that the PMP/PSMP do not apply
and are not relevant for Varanus Island.

We consider NOPSA's position to be overly narrow and legalistic, to
the potential detriment of safety regulation on Varanus, Thevenard
and Airlie Islands. The integrated nature of the Varanus Island
operations in particular makes it imperative to consider the system
as a whole, and recognise the impact of safety/integrity issues on
one part of the 12 inch SGL to others.

115 Which include the 12 inch Campbell/Sinbad line, which is adjacent to the 12 inch SGL

on Varanus Island.
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Furthermore, we consider that NOPSA could have provided comment
in relation to the onshore Varanus Island section of the Varanus
Island Hub PSMP. NOPSA also claims that, regardless of whether
the PMP/PSMP could be considered for Varanus Island, they were
not asked to do so by DOIR. Conversely, the Director of Petroleum
and Environment Division at DMP has indicated that at the time

of PMP approval, DOIR believed that NOPSA's PSMP acceptance
encompassed the portion of the 12 inch SGL on Varanus Island.
This apparent misunderstanding stems from DOIR’s belief that it did
not need to specifically ask NOPSA for advice under the services
contract including advice on PSMP. NOPSA had a contrary view.

Auditing and enforcement on Varanus Island from
2005 to 2008

NOPSA conducted five audits between March 2005 and March
2008 on Varanus Island in accordance with a service contract
between DOIR and NOPSA. The inspection criteria included
consideration of the WA PSLA, the WA PPA, relevant State schedules
and guidelines, and good oilfield practice. NOPSA would provide a
draft close-out report to Apache at the audit site before departing,
to be followed up with a final report in about a week, having
discussed the report at Apache’s head office in Perth. Under the
service contract, NOPSA would complete an audit inspection report
and pass it to DOIR, the organisation with regulatory responsibility
for safety. DOIR then formally sent the audit reports to the relevant
operator for attention. NOPSA also drafted the covering letter for
DOIR which DOIR invariably signed and sent.

NOPSA's audit findings in relation to Varanus Island are described

in some detail in chapter 1. In this chapter, we noted in particular

a trend in adverse findings relating to Apache’s auditing systems,
culminating in NOPSA directing Apache, in 2007, to ‘develop and
implement a comprehensive audit system.’ Evidence provided by
NOPSA indicates that while this recommendation was noted ‘closed’
by December 2007, NOPSA still considered that Apache’s audit
systems were lacking into early 2009.

In relation to these findings, we considered why no enforcement
actions were pursued regarding Apache’s auditing practices. The
Apache SMS within the Safety Case has an element specifically
for Audit, Performance Review and Improvement, which includes a
number of commitments including:

* arolling four year program to audit all elements of the SMS;
* an annual plan;

* audits of other management systems including adherence
process procedures and controls; and
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* audits of the application of facility safety cases.

The safety, health and environmental protocol which outlines the
audit team membership and the procedures to be followed are also
referenced. Failure to meet these commitments breaches safety
case conditions and could have provided a basis for some form of
enforcement action using the safety case as a basis.

According to NOPSA, enforcement was not pursued in this case
as the findings were made on Varanus Island, where DOIR was the
regulator. This is not a valid argument, however, as the Services
Contract between DOIR and NOPSA states that:

NOPSA will provide technical advice and contractor services to
DOIR for the contract areas with respect to ... Enforcement,
Prosecution and Appeals

— Provision of recommendations to DOIR regarding the issuing
of improvement or prohibition notices (where applicable).

— Preparation of prosecutions in cooperation with DOIR and
the State Solicitor’s Office (WA).

NOPSA did not recommend any enforcement action and has
indicated that it is of the view that it could not do so unless
requested by DOIR, while DOIR assumed that NOPSA would be
forthcoming with enforcement recommendations as appropriate. This
further emphasises the confusion illustrated above regarding what
NOPSA would and would not do under the services contract. NOPSA
was in essence acting as a contractor in undertaking inspections
for the regulator on Varanus Island, following up on progress and
agreeing close-outs. However, NOPSA had no conferred powers

on Varanus Island and thus did not have the regulatory power to
undertake any enforcement action on Apache independently.

NOPSA has further indicated that WA legislation does not give the
same level of power to the safety case under the licence as the
MOSOF regulations, and that enforcement under WA legislation
would be a challenge. While this may be true, it does not excuse
either party from taking action, or attempting to take action, where
enforcement may have been necessary in the interests of the safety
and integrity of a facility. NOPSA may not have recommended
enforcement action to DOIR, but we found no evidence of follow-up
discussion regarding the potential for enforcement actions initiated
by DOIR either. Communication between these agencies was not
working effectively. We found no evidence that NOPSA had made
any attempt to work with WA to deal with the issues posed by the
PPA legislation. However, we note that DOIR may not have welcomed
discussions on NOPSA's findings and potential enforcement actions
because of DOIR’s serious resourcing issues.
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Regulation of PL17 on the mainland

The relationship between DOIR and DOCEP with regard to pipelines
on the mainland was similar to that between NOPSA and DOIR in
that DOCEP provided technical advice which DOIR usually followed.
Like NOPSA, DOCEP would provide its opinion on regulation of
these pipelines, and even enclose draft correspondence for DOIR to
transmit to the operator. There was only one instance noted in the
files where DOIR did not forward this drafted correspondence to the
operator. Interestingly, this instance involved the Apache Varanus
Island pipelines.

In late 2006 DOCEP initiated discussions with Apache on the issue
of pipeline integrity relating to PL17, which is the portion of the

12 inch SGL on the WA mainland. In December 2006 DOCEP met
with representatives of Apache to discuss, amongst other things,
the preparation of a pipeline integrity report. DOCEP followed up on
the status of the commitments made at that meeting in February
2007 and again in April 2007 by email. The second of these emails
warned that the matter would be raised with Apache management if
a response was not forthcoming.

On 18 April 2007 DOCEP wrote to DOIR recommending that they
formally write to the Managing Director of Apache, and providing
a draft letter for consideration. This draft drew attention to the
fact that the 16 inch SGL had been in operation for almost 8
years and the 12 inch SGL for around 15 years. It refers to the
December meeting and the discussions on the pipeline’s integrity/
fitness for service and the adequacy and effectiveness of the safety
management system in place. The draft letter requests Apache’s
advice on the status of a range of matters including ‘...the need
and the timing when the line need to be surveyed by an on-line
intelligent survey tool’ (ie an intelligent pig).

DOIR redrafted the letter and sent it to the Managing Director of
Apache on 1 May 2007. The letter notes the discussion on the
continuing integrity of the Varanus Island gas export pipeline system
and that:

...It is a requirement of the TPL/13 and PL17 licences® that
there is a review of the continued integrity and fitness for
purpose at not more than 5 yearly intervals and that a report of
the review’s findings be provided to the Director. This required
review is now considerably overdue... | hereby require Apache
Energy Ltd, as the operator of the pipelines, to provide to me a
plan for the required integrity review incorporating its proposed

116 TPL13 covers the 16 inch SGL from PL12 subsea to the mainland where it joins PL17.

TPL8 covers the 12 inch SGL subsea from PL12 to the mainland where it joins PL17.
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methodology and terms of reference for the review and the time
frame in which the review will be undertaken.

The letter drew a prompt response from the Managing Director of
Apache who responded on 7 May 2007 indicating that work was
progressing on the integrity review report and that the report would
be completed by the end of May 2007. On 31 May 2007 Apache
forwarded the ‘Sales Gas Pipeline Integrity Review’ to DOCEP (but
not to DOIR). The 19 page document was on Apache letterhead
with an Apache document number. It appears, however, to have
been produced for Apache by Perth-based company Subsea
Developments (Australasia) Pty Ltd.

The Integrity Review report describes Apache’s pipeline management
system, the physical characteristics of the 12 inch and 16 inch
SGLs, summarises the inspection and maintenance activities
completed (over 5 years to December 2006) and provides an
assessment of the condition of the SGLs. The report’s conclusion is:

There are no findings from the integrity management processes
performed for the Sales Gas Pipelines that provide any reason
for any changes to the ongoing IMR [Inspection Maintenance
and Repair] activities that are not already being addressed in
the current risk assessments and anomaly tracking and close
out practices. The AEL Pipeline Integrity Management process
is generally following the requirements of AS2885 and any
specifics included in the Pipeline License for the Sales Gas
Pipelines.*”

In response to this report DOCEP wrote to DOIR on 5 July 200718

recommending that they write again to the Managing Director of

Apache. In the proposed draft letter to Apache DOCEP indicates:
...the 5 Year Integrity Review Report provided does not meet ...

the intent nor the requirements of the requested plan. Also, the
5 Year Integrity Review Report does not objectively demonstrate

117

118

SGLs 5 year Integrity Review, Apache, May 2007. The summary of inspection/
maintenance activity records 15 workpack activities since 2000 (nothing recorded for
2001) covering 20 separate actions, mostly annual CP surveys. The only inspection
programs reported (other than some span assessments and post cyclone surveys) are

a 2003 Shallow Water Inspection Program and a 2004 VI Ultra Shallow Water and
Onshore pipeline inspection. In relation to the onshore section of pipelines the report
notes: ‘The onshore inspection of the 12 inch pipeline was carried out in October 2004
from the shore crossing to the flange immediately before the pig receiver. Whilst there
were no anomalies recorded during the onshore survey, there were some areas of minor
damage and corrosion noted. Subsoil pipe repair was done in 2004, as was the blasting
and coating of the flanges.” On CP (generally) it is reported: ‘The CP readings taken
suggest that the pipeline is adequately protected.’

The DOCEP letter of 5 July 2007 became public after the 3 June 2008 gas explosion
following an FOI request.
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that the subject pipeline complies with the conditions of
pipeline licence...

The draft letter goes on to suggest a range of matters that should be
addressed in the requested plan and included the following:

In conjunction with the above, the necessity, manner (including
the type of tool to be used) and the proposed timing when both
of the lines are to be surveyed by an on-line intelligent survey
tool. It should be noted that the first and second of the dual
line have been in operation since 1991 and 1998 respectively.
In view of the period of time that the line has been in operation,
it would be considered prudent and in line with good industry
practice for the line to be surveyed...

Unfortunately, this is a rare instance where DOIR did not accept
DOCEP’s advice as DOIR decided to not require of Apache the
measures recommended in DOCEP’s draft letter (including possible
intelligent pigging) apparently due to concerns that the measures
suggested by DOCEP were more prescriptive than could be enforced
and that the upcoming PMP covering all pipelines would cover
DOCEP’s advice to request that Apache submit a ‘plan’. There is no
record of DOIR raising the DOCEP concerns with Apache or NOPSA.

In briefings prepared after the public release of DOCEP’s draft letter,
DOIR indicated that they sought to address the issue of the integrity
of the pipeline through review of the integrity review documentation,
a pipeline management plan and the safety case for the facilities.
Apache submitted a PMP*° for all of their pipelines in January
2008. The safety elements of this PMP were accepted by NOPSA
and DOIR (based on advice from NOPSA) in March 2008. However,
the PMP was not referred to DOCEP for advice and does not appear
to address the issues of concern to DOCER The Varanus Hub Safety
Case was submitted for review and acceptance in August 2007 and,
following receipt of technical advice from NOPSA, was accepted

by DOIR in December 2007. It also does not deal with the DOCEP
concerns.

Subsequent to the rupture and explosion, DOIR requested that
DOCEP undertake a review of Apache’s Operational Pipeline
Management Plan (PMP).*2° DOCEP reported to DOIR on this in a
letter of 28 August 2008. Significant findings included:

119 As required under the Petroleum (Submerged Lands) (Pipelines) Regulations which WA

had mirrored with effect from March 2007 phased in to March 2008.

120 This is another unclear change in language — previous correspondence refers only to the

PMP It is not clear in what way the OPMP is different from the originally submitted PMP.
It is possible that it is the PMP minus the PSMP, or just another term for the PMP.
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The risk analysis in the Formal Safety Assessment is non-
compliant with the requirements of AS 2885 and appears to
underestimate risks. ... Key controls identified in the Formal
Safety assessment are not described nor demonstrated to be
adequate in other parts of the PMR ... Integrity management is
not demonstrated to be adequate (as a minimum considered
to be meeting licence and standard requirements) through the
PMR

The results of this review were passed to Apache by DOIR in a letter
dated 21 October 2008 with the recommendation for consultations
to implement improvements and revisions in the PMP To our
knowledge the PMP is yet to be reviewed. However, WA has not yet
renewed the PL12 licence.

DOIR knowledge and foreseeability

Regulation of Varanus Island and the 12 inch SGL on Varanus
Island has always been, and remains, the responsibility of the WA
Government and currently resides within DMP (formerly DOIR). The
information available to DOIR as regulator included its own records
from the pre-NOPSA period as well as access to audit reports,
findings and other documentary information regarding Varanus Island
between 2005 and 2008. As regulator, DOIR was also in a position
to request most of the documents relating to pipeline integrity and
safety which are referenced in Annex 1 and those we canvass in
chapter 1. DOIR also, like Apache, had access to the breadth of
industry and regulator expertise outlined in chapter 2 of this report.

Noting DOIR’s resourcing issues and serious lack of internal
expertise relating to any form of safety regulation, let alone
regulation of pipelines, it is unclear as to what it would have done
with this information. At the very least, DOIR knowledge with
respect to Apache’s operations on Varanus Island, and in particular
the information provided to it by DOCEP from 2006, should have
indicated that Apache was an operator that warranted close
attention.

We have found, however, that neither DOIR nor NOPSA utilised any
formal risk assessment matrix or risk-based ranking to assist in
prioritising its attention and resources in performing their regulatory
functions. There is a wide variation in safety culture of operators

in the offshore industry and in high hazard industries and in the
hazards and risk that they manage. It is important that regulators
assess these factors in a systematic manner and direct regulatory
resources to areas of greatest risk. A formal risk assessment matrix
represents global better practice offshore petroleum regulation.

We have reviewed risk matrices used in offshore petroleum and
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determined they are used to compare the risk associated with a
particular operating company against the risk inherent in a particular
facility. The risks associated with the company related to the quality
of risk management systems they had in place, information from
auditing staff regarding the safety culture and understanding, the
company’s safety record and the company’s historic compliance
levels (including any prior prosecutions for safety/compliance
breaches). The risk associated with the facility was related to age,
condition, location, nature, output, culture, compliance history,
complaints, any financial issues and staffing levels and competence.
Such a matrix then enables the regulator to tailor its approach to
monitoring and compliance by highlighting which operators present a
higher risk.

In Apache’s operations in Australia, there were several indicators
that the operator may represent a higher risk. These include a
successful prosecution of Apache, noted in DOIR’s 2002—03 Annual
Report:

DOIR successfully prosecuted an operator (Apache Energy Ltd)
in relation to an incident involving a flashback from a flare that
occurred in November 2001. Apache pleaded guilty in Karratha
Magistrates Court in April 2003 in regard to the prosecution.
Apache was fined $20,000 plus costs.*?

In addition, DOIR records indicate that Apache was routinely slow in
responding to requests for assurance of integrity on its pipelines and
in addressing some negative audit findings.

As a regulator with scarce resources, we believe DOIR would have
benefitted from use of a risk matrix to assist in targeting these
resources where they would be most effective for appropriate

safety regulation. In Australia and overseas, regulators have formal
methodologies to identify and measure risk developed over time. The
Petroleum and Geothermal Group in PIRSA uses a ten factor matrix
as a guide to determine surveillance of operators and regulatory
decision-making. The factors are surveillance status (low supervision,
low but unproven or high supervision), ground disturbance, public
safety consequence, worker safety consequence, security of supply
consequence, environmental consequence, routine/non-routine
activity, stakeholder scrutiny, track record, and political scrutiny.
Similarly, WorkSafe Victoria’s Major Hazards team have developed a
risk matrix to better target enforcement. Factors considered included
compliance history, incidents, complaints and potential response to
the tougher economic conditions.

121 This was DOIR’s sole successful prosecution during that year.
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We recommend that DMP develop a robust risk assessment
matrix for use in assessing and responding to the safety culture,
motivation, capacity and changing risk associated with each oil
and gas and major hazard operator and facility.

Regulatory confusion

Under the processes set up following the creation of NOPSA, we
consider DOIR operated as a ‘post office’ as they did not have the
staff resources or technical expertise to review the advice provided.
They accepted NOPSA work at face value and often did not even
read the documents (safety case analysis or audit reports) other
than the proposed draft letter. No examples were found, and DOIR
officers could not recall any example, where NOPSA advice had not
been followed. The same was the case for DOCEP advice, other
than the advice relating to the integrity of the two SGLs covered
above. There was no ‘value add’ from DOIR’s involvement, despite
its role as the agency with the Minister’'s delegated responsibility.

In practice, DOIR acted as an extraneous interface in the process,
adding to confusion and perceived diffusion about responsibility and
accountability.

There was also significant confusion in DOIR, NOPSA and industry
as to the regulatory boundaries within and between these agencies.
Senior WA officials expressed confidence that they were clear on
the dividing line between the various responsibilities, jurisdictions
and licences covering the 12 inch SGL. This clarity, however, was
not consistent between individuals and organisations. For example
some were clear that the mean low watermark on Varanus and on
the mainland was the point at which jurisdictional responsibilities
changed while others thought the nearest valve above the mean low
water marked the boundary. Others felt that the jurisdictional change
occurred at the limit of the Varanus Island lease about 100 metres
from the shore line. While these may not, at first, appear to be
major inconsistencies, the existence of any doubt or uncertainty at
sensitive interfaces is a cause for concern.

Industry became similarly confused with this muddle of regulatory
oversight. When safety cases or requests for regulatory approval
were submitted by operators to DOIR they were passed to NOPSA or
DOCER, depending on the facility location, for technical advice. Over
time, files and interview information indicated that some operators
began to send documents direct to NOPSA or DOCEP, not always
directly providing a copy to DOIR. This highlighted the operator’s
confusion about who had actual regulatory responsibility. As
‘delegation’ is normally understood to transfer responsibility to the
delegate, there would appear to be some confusion as to whether
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Apache thought that NOPSA had regulatory responsibility for safety
over facilities which remained under the regulatory authority of DOIR
under the PL12 licence issued pursuant to the PPA.

We note that outsourcing provision of services including auditing and
technical advice without conferring powers has created a situation
where the regulatory authority has neither the time nor the technical
skills required to assess the technical requirements of its regulatory
role. DOIR’s role and the use of service contracts have created
confusion within industry as to which agency holds regulatory
authority and has badly affected the regulation of safety for oil and
gas facilities. While organisationally combining DOCEP resources with
the DOIR regulatory responsibilities has at least provided immediate
access to broader technical safety skills within DMP, we do not think
that this resolves the situation. Safety of facilities in WA offshore
areas, including islands other than Barrow, not currently covered by
NOPSA continue to be poorly regulated and require legislative and
administrative change and appropriate resourcing.??

Our view is that NOPSA represents the future direction for offshore
petroleum safety regulation and that efforts must be made to further
consolidate and improve the regime. As a result, we make the
following recommendations.

We recommend that WA confer powers to enable NOPSA to
regulate all offshore safety and integrity including all facilities
and pipelines in the water and the WA islands (including Varanus
Island) which export gas by pipeline. NOPSA’s authority should
extend to the nearest valve on the mainland above the shore
crossing or other logical system boundary.

We recommend that following a decision to confer power to
NOPSA that includes Varanus Island, WA seek a mechanism
for the Commonwealth to enable NOPSA to provide short-term
regulatory services pending the conferral. This may involve the
appointment of NOPSA officers and supervisors as inspectors
under WA legislation.

122 DMP has informed us that it has prepared and implemented a program of regulatory
activity for WA offshore areas to address the withdrawal of NOPSA from providing these

services.
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Conflict between safety and environment

3.105 The six pipelines on the shore crossing at Varanus Island are located
in a narrow corridor in close proximity to each other. The smallest
separation, being between the outer coating of the 12 inch SGL and
the 12 inch Campbell/Sinbad line, is only 167 mm.*23 This proximity
increases the risk of an integrity failure in any one of the pipelines in
the corridor impacting on other pipelines and escalating the impact.
This is exactly what happened following the original failure of the 12
inch SGL.*2*

3.106 We were told on a number of occasions that the close proximity
of the pipes was due to environmental restrictions. Historical
information gathered by Apache indicates that at the time of
construction there were considerable environmental concerns related
to marine corals and unique indigenous animals on Varanus Island.
We also heard considerable criticism that the various approval
authorities did not, and still do not, treat environmental requirements
holistically with safety and that safety could be a casualty if an
environmental matter was a last hurdle delaying a major project.
Anecdotal evidence provided to the investigation suggests this is still
an issue, with examples including the location of a flare within the
proposed Gorgon plant and the location of a proposed major LNG
plant at Onslow (which is particularly susceptible to cyclones and
storm tides) instead of at a less tidal/cyclone affected area.

3.107 It was very difficult to obtain definitive information on what
environmental restrictions had been placed on the Varanus Island
facility in the staged development of the facility over a twenty four
year period. The environmental restrictions we could trace were very
general in nature and their precise impact on the shore crossing
area of Varanus Island difficult to determine. For example the
approval for the East Spar offshore gas field development issued by
the WA Minister for the Environment in September 1995 contained,
amongst others, the following conditions: ‘The proponent shall
protect flora, fauna, landforms and groundwater on Varanus Island’

123 The 167 mm is the separation between the outer coatings of the pipelines, while the
pipelines themselves had a 226 mm separation with both measurements taken from
the DOIR/NOPSA investigation report released on 10 October 2008. The standard
applicable at the time of construction, AS 2885-1987, indicates: ‘Where a pipeline
is to be laid parallel or is to cross an underground structure, service, or pipeline, the
clearance should, where practicable, be not less than 300 mm. Where a clearance of
300 mm is not obtainable, the pipeline shall be protected from damage that might be
caused by the other structure or pipeline and separated to prevent electrical contact.’
There is also the issue of possible interference from pipes crossing both near the shore
and up the beach towards the HJV plant.

124  There is also the possibility of one pipeline becoming the sacrificial anode for another or
of other CP interference or stray current effects.
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and ‘The pipeline will come ashore at a site within the existing
Harriet Joint Venture Pipeline Licence area in a manner which
minimises environmental impact.’

We could not locate any written evidence of a specific condition that
required new pipelines on Varanus Island to be contained within the
corridor approved for the original pipeline. Nevertheless that is what
has occurred, and logically so from an environmental point of view
as utilising the existing approved corridor would not only minimise
environmental impacts but also make obtaining environmental
approvals easier. A senior Apache official'?® stated that using the
existing corridor had been required by the WA environmental agency
and that, in order to conform with this requirement, Apache had
reconsidered the planned route of several pipelines and had to use
‘angles that were not ideal’ in order to access the corridor. We were
told that the Hadson construction of the 12 inch SGL was required
by environmental authorities to restore an access road on the
mainland to its original native condition. This meant an emergency
shutdown device could not be installed at the shore as it could not
be maintained.

There is no sign that the cumulative effect of putting more

pipelines in close proximity to each other to meet an environmental
requirement was considered by the various WA approval authorities.
As a result, the desire to minimise environmental impacts facilitated
an increased and unidentified risk that the proximity of pipelines
could initiate and/or exacerbate the impact of any integrity failure.

We recommend that the potential for conflict between safety
outcomes and environmental outcomes be recognised and
openly considered as part of project approvals. Moreover it is
important that a holistic view is taken of major facility hubs as
new developments are added to ensure risks are not being added
that are unidentified and not managed. This is an issue which
would benefit from further, targeted research.

Competing priorities and internal conflicts

In Western Australia, the potential for conflict between safety and
environmental outcomes has been further exacerbated by internal
conflicts and competing priorities within DOIR. The Director of the
Petroleum and Environment Division had responsibility for policy

advice, resource management, licensing, safety regulation, titles,
approvals, royalties and investigations. While some of these roles
are complementary, others present substantial conflicts. A recent

125 Meeting with Apache Houston, 11 February 2009.
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Victorian report*?® concluded that the Department of Primary
Industry’s:

...role in occupational health and safety is seen as
fundamentally compromised and conflicted because of its
location within an industry-based government department
with a range of diverse and often conflicting roles and
responsibilities.

The report recommended that occupational health and safety
responsibilities be separated from DPI and given to another Victorian
agency (WorkSafe). The same concerns and considerations that
apply in Victoria and overseas in countries like Norway are applicable
to DMP in WA.*?7

We note that the split between policy, resource management,
environmental regulation, safety regulation and effectively
investigating major incidents and near misses is handled in different
ways by different jurisdictions, but we have concluded that where
practicable, the best way to ensure that each receives its due
weight without conflict of interest is to split the functions into
different organisations. However, whatever arrangement is applied
requires a holistic consideration of interests, should include good
communication and relationships, and must result in a proper
balancing of safety and environmental priorities.

We note that occupational health and safety accountabilities

and responsibilities should be removed from the Division in DMP
responsible for resource management. If they are not conferred

on NOPSA as we believe is required, they should be administered
by the Resources Safety Division (RSD) within DMP separate from
the Petroleum and Environment Division (PED) and be properly
resourced. If RSD is now perhaps under-resourced by $15 million
per annum on the mainland for its petroleum and mining roles,
taking on all non-Commonwealth offshore regulation would take this
deficit to a much higher figure.

We recommend that DMP review and seek to minimise potential
conflicts of interest with respect to the offshore industry of its
administrative arrangements, delegations and functions for
policy, resource management, environmental regulation, safety
regulation and safety investigation.

126 Pope, N; Report into the Regulation of Occupational Health and Safety in Victoria’s
Earth Resources Industries, May 2006.

127 We were told that the ‘Ritter’ report to the WA Government in relation to mine safety
had a similar theme.
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Conclusions

Regulation of Varanus Island and the 12 inch SGL on Varanus
Island, as we have seen, involves agencies other than DOIR,
although DOIR retained legislated responsibility for regulation.
DOCEPR while under resourced, was operating relatively effectively
as a regulator in the petroleum sector and was active in seeking
additional resources and highlighting issues associated with the lack
of resourcing to Ministers. DOCEP advice that we have accessed
showed technical knowledge of the issues and an ability to think
laterally through to the potential impacts of, for instance, Apache’s
inadequate management of pipeline integrity.

While NOPSA was better resourced than DOCERP, it tended to keep
an arm’s length in acting for DOIR on Varanus Island. NOPSA stated
that it could not act under the services contract without being asked
to in many areas and could not consider the PSMP in relation to
Varanus Island because it was not under the PSLA. Furthermore,
NOPSA did not participate in the development of the Safety Case or
Pipeline Management Plan, believing this would be to the detriment
of effective safety regulation for the industry.

DOIR’s performance as an offshore oil and gas industry regulator for
Varanus Island can be considered in relation to the MCMPR nine
principles for offshore industry regulation that were agreed on

4 March 2002:

1. An enhanced and continuing improvement of safety
outcomes in the Australian offshore petroleum industry is a
priority for Governments, industry and the workforce.

2. A consistent national approach to offshore safety regulation
in both Commonwealth and State/NT waters is essential for
the most cost-effective delivery of safety outcomes in the
offshore petroleum industry.

3. The safety case approach is the most appropriate form of
regulation for the offshore petroleum industry to deliver
world-class safety.

4. The legislative framework must be clear and enforceable to
ensure safety regulation motivates operators to discharge
their responsibilities for safety.

5. The regulator must demonstrate an independent approach
in implementing its legislative responsibilities and in its
dealings with industry. The structure and governance
of the regulatory agency must promote independence,
transparency and openness.

6. The regulator must employ competent and experienced
personnel to guarantee effective regulation of the offshore
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petroleum industry’s activities and operations.

7. The administration of the safety regulator must deliver
effective safety outcomes at efficient cost to industry.

8. Under the safety case regime, the industry and its workforce
must be empowered to identify and report potential hazards
and to implement appropriate control measures.

9. Approval processes in safety, titles, environment and
resource management must be streamlined and dovetailed
to ensure no undue delay to project development in the
offshore petroleum industry.

We consider that DOIR fails to meet most of these principles to

an acceptable level. There has been no enhanced and continuing
improvement of safety outcomes. There is no consistent national
approach to safety regulation in WA internal waters and on Varanus,
Airlie and Thevenard Islands, and no duty of care safety case regime
on the islands under the WA PPA.

Furthermore, the legislative framework under the WA PPA is not
clear and is difficult to enforce (see Annex 7). In addition, the
structure and governance of DOIR did not promote independence,
transparency and openness and indeed there are serious internal
compromises and conflicts of interest. The Department did not
employ competent and experienced personnel to meet its regulatory
responsibilities, and did not deliver effective safety outcomes. Finally,
approval processes through DOIR were frequently delayed and not
dovetailed.

Many DOIR organisational deficiencies predate the creation of
NOPSA. For example, weaknesses in the 2002 Varanus Island Hub
Safety Case in underestimating risk of pipeline corrosion at the shore
crossing were not uncovered. Prior to 1 January 2005, DOIR was
functioning at a basic level with no clear organisational capacity for
effective, best practice regulation. In our assessment, in more recent
years DOIR’s safety regulatory role did not meet basic requirements.

DOIR appeared to lack strategic focus with regard to regulation of
safety and integrity. The relevant division lacked the technical ability
to manage its regulatory responsibilities yet we saw little evidence
of this being raised at the appropriate level and insufficient fight to
gain additional resources. Lord Cullen stated in relation to a deficient
UK regulator seeking an excuse of being ‘overwhelmed with work’
that they should ‘have pressed for more resources’ (see Annex 16).
Even when DOIR divisional management did raise issues — such

as regulation of integrity — it was raised with the wrong people —
noting that DOIR’s Minister corresponded with the NOPSA advisory
Board on this issue, but did not then take the issue up with the
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Commonwealth Minister, who could logically have had a stronger role
in driving a reform agenda for NOPSA and legislative change.

We also saw no evidence that the Department, or even the
Petroleum Division, undertook any sort of evaluation of its role

in managing safety and integrity which would have led to the
reallocation of its scarce resources to provide at least a basic ability
to meet its regulatory responsibilities, albeit at the expense of other
functions. It is noted that some petroleum approvals were also
being criticised for delay (see Annex 12). There was little planning
or change management strategy in place to respond to DOIR’s
changing role following the creation of NOPSA and several years
later, DOIR appeared to be still complaining about similar issues.

Overall, we believe DOIR became incapable of properly managing
safety regulation in WA. By acting as a post box, the division
confused industry and obscured safety enforcement without
providing any value add.
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Scenarios, causal
factors and conclusions
in relation to the
Varanus Island incident

Pipeline explosions are rare and it typically takes months to
determine the cause. Everything must be examined, from the
manufacture and design of the pipe to its installation and
numerous environmental factors. ... All told, the pipeline was
the subject of more than 50 inspections, audits or reviews
conducted by top international consultants and regulators —
with no warnings that the pipeline had a corrosion problem or
other issues that could lead to its failure.

Apache’s media statement in response to the investigation report on
10 October 2008

Apache remains focused on determining the complex and
precise cause of the explosion, which was highly unusual

and not reasonably foreseeable. ... Apache is conducting an
extensive, technical, complex, and methodological scientific-
based investigation to determine the complex and precise
cause of the explosion. It is premature to reach any conclusions
before that investigation is completed. Apache has sought

to cooperate with DolR to identify the root cause(s) of the
explosion and to try to ensure that this type of incident does not
occur in the future. ... the [investigation] report fails to include
a critique of the numerous DolR and NOPSA inspections and of
their oversight responsibility

Apache’s formal response on 6 February 2009 to the 10 October
investigation report

In fact, Varanus is one of those matters where blame is actually
irrelevant because it is in everyone’s interest to understand
what happened and make sure it never happens again with
possibly more damaging consequences.

Slugcatcher: the truth behind the Varanus Island fire,
petroleumnews.net, 25 May 2009
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We engaged Dr Rolf Gubner, the Professor of Corrosion from Curtin
University of Technology in Western Australia to assist us with the
detailed technical issues. In his report dated 8 June 2009

(Annex 5), he summarises that:

A number of investigations into the incident have been
performed by several consultants and experts in the field. There
is no doubt that the incident was caused by severe external
corrosion of the 12” Sales Gas Pipeline, where a long section
of the pipe thinned sufficiently not to withstand the operating
pressure at the time of incident. The resulting fracture has
most likely caused the gas escaping to ignite, resulting in a fire
that directly impacted on the close by 12” Sindbad/Campbell
gas pipeline (ca 226 mm distance between the pipes), which
resulted in a series of further ruptures of other pipelines. The
timeline of the incident and series of events has been well
established and is not subject to further discussion in this
report.

The October 2008 DOIR/NOPSA investigation into the pipeline
rupture and consequential fires on Varanus Island identified three
main causal factors considered pertinent to the incident:

1. Ineffective anti-corrosion coating at the beach crossing
section of the 12” sales gas pipeline, due to damage and/or
disbondment from the pipeline.

2. Ineffective cathodic protection of the wet-dry transition zone
of the beach crossing section of the 12” sales gas pipeline
on Varanus Island.

3. Ineffective inspection and monitoring by Apache of the
beach crossing and shallow water section of the 12” sales
gas pipeline on Varanus Island.

The Executive Summary to that report also highlighted that:

There are aspects of some lines of investigation that have not
been settled, principally due to delays by Apache in providing

information and delays in forensic testing of pipe samples. In

particular:

* Completion and full analysis of the forensic testing of pipe
samples;

» Statements from key Apache personnel (Apache on behalf of
its key personnel declined requests for interview);

* [dentification of specific technical details relating to the
cathodic protection of the 12” sales gas pipeline.
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4.4 We broadly agree with the main causal factors listed and the caveats
(see further below). However, while the terms of reference were
reasonably broad, the focus of the DOIR/NOPSA investigation was
on regulatory compliance, particularly to assess whether Apache had
committed any offences. The investigation specifically did not look at
any potential regulatory weaknesses and it would have been difficult
for the main regulators to objectively do so. It also was unable, in
the time available, to assess some important material underlying the
causal factors identified.

4.5 In an email dated 3 October 2008, DOIR requested that NOPSA
amend the title of the investigation report from ‘Working Document’
to ‘Final Report’ as follows:

Could you please consider the proposed corrections below,
incorporate them and provide the revised report including
conclusions ... as early as you can next week? Could you also
formally transmit the report with a cover letter? ... this will then
be a final report.

NOPSA agreed to this in an email three days later:

I note your reference to the Working Document as a [final]
report and will adjust the title of the document accordingly,
unless you advise otherwise.

The correspondence provided to us does not indicate that DOIR
advised otherwise.

4.6 Apache reacted very quickly to criticise this report*?® on a range of
bases including the expertise of the investigators, the incomplete
testing results, a purported lack of objectivity and a failure to
appreciate the inspection regime for the 12 inch SGL (see also
Annex 2). Apache noted in this criticism that it considered the
rupture was ‘not reasonably foreseeable’. For the reasons given
in chapter 1, we do not agree with this view. In addition, after the
high pressure pipeline ruptured, it was entirely foreseeable that
intense pool and jet fires would impinge on other gas pipelines in
close proximity and that the HJV plant itself would be at risk. These
matters are have been examined in chapters 1 and 3 as part of
our review of Safety Case and Pipeline Safety Management Plan
documentation associated with the PL12 licence onshore Varanus
Island. Potential root causes linked to organisational and human
factors and safety culture are also examined in chapter 3.

128 Apache publicly released its first critique on 10 October 2008 and subsequently, a more
formal document was sent to DMP on 6 February 2009.
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Incident causality

4.7 The initial rupture of the 12 inch sales gas export pipeline and
almost immediate rupture of the adjacent 12 inch Campbell/Sinbad
import pipeline on 3 June 2008 occurred at the north east beach
crossing onto Varanus Island in an area between the low and high
tides. By 6 June 2008 the large crater formed by the associated
explosion had mostly been filled in by sand from the incoming
tides?°,

4.8 In this area, the 12 inch SGL (and the 12 inch Campbell/Sinbad line)
was covered by the same 4.5 mm asphalt enamel anti-corrosion
coating and 25 mm concrete outer weight coating as the 70 km
subsea section of the 12 inch SGL. It was not deeply buried and
more or less of it was covered by sand and sandy soil as it emerged
from the water depending on previous tidal and cyclone events. This
meant that in a harsh saltwater environment subject to high daily
land temperatures, pipelines carrying large hydrocarbon inventories
were unable to be readily inspected for external corrosion. Even
when exposed by the tides, the concrete outer coat prevented visual
inspection of the anti-corrosion coating and any corrosion of the
steel pipeline within. At one point by 2004, sections of the concrete
coating had fallen away and exposed the corroded 12 inch SGL pipe
beneath it. This indicated that there was inadequate protection from
the anti-corrosion coating and the CP system. Apache’s response to
this was clearly unsatisfactory (see chapter 1).

4.9 In our discussions with regulators and industry in Australia and
overseas, the shore crossing region was generally regarded as a
region of particular vulnerability (see chapter 2). That said, there
were a variety of views expressed on how best to address the
vulnerability. Pipeline and corrosion experts also suggested that
in their experience there are occasions when operators of major
petroleum facilities failed to give proper focus to this issue. When
this occurred there was a risk that the accepted design of the
corrosion protection system would be more influenced by the
cost than by robust design and optimum levels of protection. We
also found a gap with Australian Standard AS2885 in relation to
the shore crossing zone. We consider that the understanding of
regulators associated with the 12 inch SGL at Varanus Island also
appeared to be inadequate (see chapter 3).

4.10 Apache’s documentation on the CP systems applying to the
12 inch SGL was confused and confusing (see chapter 1). Almost
a year after the incident and after the damaged pipelines had
been replaced and were again operational, we made a formal legal

129 ALERT/Burgoynes report, photograph taken 6 June 2008, 16 September 2008, p53.
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request under s63 of the PPA for details of the CP systems both
before and after the incident. These had, as noted above, been
highlighted as a central issue in the 7 October 2008 DOIR/NOPSA
investigation report. Apache responded that it was conducting

a search for relevant documents in relation to the CP systems
before the incident and that this would take some time. Some
initial documents were provided in early June with others still to

be identified. Even more surprising, as at 10 June Apache had still
been unable to provide us with documentation in relation to the CP
systems put in place after the incident. Our understanding is that
these are the same as before the incident despite the manifest
failure of those systems to prevent the corrosion. It is difficult to
understand why it was rebuilt to the same design if the failure was,
as claimed, unforeseeable.

Based on the conflicting CP design information, the following
scenarios are possible. No allowance having been made for the
varying wetting and drying and resistivity of the sand and soil as the
pipe came onshore would lead to intermittent CP of this section of
the pipeline. Some documentation suggested the possibility of a
further isolation joint near the low water mark which would have left
the shore section between isolation joints without any CP system.
Still further material suggested additional anodes on the shore near
the plant.

Professor Rolf Gubner, summarises that:

For cathodic protection to work, the section to be protected
needs to be immersed in an electrolyte (or buried in wet

soil of a low electrical resistivity). The pipelines crossing the
Beach of Varanus Island are only buried in shallow sand (fast
draining, high resistivity above water line) and the level/degree
of coverage with sand is changing with the seasons. Therefore,
the CP system for the shore crossing was not reliable and extra
care should have been taken to ensure the integrity of the
coating system (visual inspections, excavations andj/or intelligent
pigging). To rely on CP measurements to verify that the
pipelines are protected against corrosion for the section where
the incident took place shows a lack of understanding of CR

Professor Gubner also notes that if extra magnesium anodes have
been installed near the HJV plant and are above the waterline, they
will have little to no effect because of the good draining properties of
the sand. Documentation for the original CP design was undertaken
for the then operator, Hadson, by J P Kenny. The documentation
provided by Apache in early June 2009 suggests that the design

did not consider other pipelines in close proximity to the 12 inch
SGL. However, while Apache may have inherited an initially poorly
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designed anti-corrosion system, it had numerous opportunities to
address this in the ensuing 14 years.

In addition to the design of the 12 inch SGL and its anti-corrosion
protection systems, the pipeline came onshore through a relatively
narrow cut through the island reef alongside five other pipelines of
varying size and age. The oldest, dating from 1986, was the 30 inch
crude oil export pipeline and the newest was the 16 inch sales gas
pipeline dating from 1999. The 12 inch export SGL and adjacent

12 inch Campbell-Sinbad import line dated from 1992. Some of the
pipelines crossed each other in the water and others crossed near
the HJV plant on the water side of the isolation joint. The widest gap
between pipelines was 6 m and the narrowest (between the two

12 inch pipelines) less than 0.3m. This compares with a common
industry standard of a minimum of seven meters of separation to
avoid the risk of stray current interference.

As noted in chapters 1 and 3, direct and implied environmental
requirements appear to have influenced the manner in which

the pipelines were routed through the reef and onto the shore of
Varanus Island. The close proximity of the pipelines increased the
risk of multiple explosion and the scale of an incident if any one pipe
ruptured.

Our understanding that CP for the pipelines was designed and
implemented on an individual pipeline basis rather than as a holistic
system, raised the possibility of interference effects between the
pipelines. There was also the possibility of interference from other
CP systems on Varanus Island such as the large crude storage tank
and from stray currents from systems and equipment on the island.
Professor Gubner advised us on this:

To my knowledge, no efforts have been made to investigate
the risk for interference between the multitude of pipelines
and installed equipment on Varanus Island. In the area of the
incident are six pipelines installed next to each other over a
width less than 10 meters. The pipelines are crossing each
other closer to the processing facility and the offshore section
the sales gas line is crossed by two pipelines (at KP67.665 and
KP66.17). AS 2885.1-2007, Appendix C Threat Identification,
states that Threat Identification consists of all threats to the
pipeline. External interference and corrosion are explicitly
named. Any pipeline that follows AS 2832.1 (Cathodic
Protection) needs to take into account the risk for stray current
corrosion and interference from other steel structures in close
proximity of the pipeline. Even leaving the standards to the
side, the high risk of interference from nearby CP systems is
mentioned in nearly every CP design book and books that deal
with pipeline corrosion, e.g., Peabody’s Control of Pipeline
Corrosion, first published in 1967 by NACE International.
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Corrosion science

Corrosion science has a long history**°. Corrosion is a well
understood electrochemical process involving the transfer of
electrons from one material (the anode) to another (the cathode)
in what amounts to an electric current. In the oil and gas and
petrochemical pipeline industries, internal corrosion mainly
results from unprocessed hydrocarbons containing acidic and
other contaminants, while external corrosion mainly results from
environmental factors such as salt and acidic soils and bacteria.
Both types of corrosion can be accelerated by temperature and
other factors!3t, Because corrosion is an electrochemical process,
it is possible to use various types of direct and ‘sacrificial anode’
currents to protect pipelines and metal structures from corrosion
by effectively reversing flows of ions and neutralising a corrosion
process. This is termed cathodic protection (CP). Just as CP currents
can be used to reduce corrosion, stray currents from plant, pipelines
and machinery near a pipeline or metal structure can accelerate
corrosion. The dependence of corrosion on differences in electrical
potential and movement of ions is fundamental.

We note that for many decades the oil and gas industry has been
very conscious of the risks created by corrosion to the integrity

of pressure containing systems and to the containment of
hydrocarbons under high pressure and potential for this to lead to
a major incident with loss of life'32. Cathodic protection of pipelines
was applied in the US from 1928 and included the concept that a
protective potential of -0.85V against a saturated copper/copper
sulfate electrode provided sufficient protection against corrosion.

It has also been found over time that most failures result not from
uniform corrosion but from localised pitting corrosion33,
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The works of Plato (427-347 BC) contained the first known written description.
Corrosion protection using bitumen coatings dates back to antiquity. A description of the
corrosion process deriving from the Latin corrodere (to eat away, destroy) first appeared
in 1667. Also, according to von Baekmann: ‘The active and passive electrochemical
processes on which the present-day corrosion protection is based were already known
in the 19th century, but reliable protection for pipelines only developed at the turn of
the 20th century’. W. Von Baeckmann, Handbook of Cathodic Corrosion Protection, 3rd
edn, 1997, ppl-2.

According to Riskin, the factors defining the corrosion rate of metals in seawater, in
the absence of stray currents, are divided into chemical, physical and biological, and
J. Riskin, Electrocorrosion and Protection of Metals: general approach with particular
consideration to electrochemical plants, Elsevier Science, 2008, p25.

See for example, texts such as M. Parker & E. Peattie, Pipeline Corrosion and Cathodic
Protection, 3rd edn, Gulf Professional Publishing, 1988; W. Von Baeckmann, Handbook
of Cathodic Corrosion Protection, 3rd edn, Gulf Professional Publishing, 1997; and

J. Riskin, Electrocorrosion and Protection of Metals: general approach with particular
consideration to electrochemical plants, Elsevier Science, 2008.

W. Von Baeckmann, Handbook of Cathodic Corrosion Protection, 3rd edn, Gulf
Professional Publishing, 1997, ppl16, 29.
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Metals can be susceptible to attack by ‘stray’ electric currents

that can then lead to corrosion. This corrosion under the attack of
external currents is termed ‘electrocorrosion’. According to a recent
text by Joseph Riskin:

Electrocorrosion and the protection of metals under the
conditions of attack by the external currents named stray
currents on underground pipelines and constructions, have
been thoroughly studied. A vast amount of scientific knowledge
and practical experience has accumulated in this field. ... Soil is
the most widespread environment for attack on metals by stray
currents. ... Spreading in the ground, currents create electric
fields at distances of tens of kilometres from their source.*3*

Riskin continues:

For underground constructions, general non-uniform corrosion
is typical. In the absence of an external current, its average
rate is nearly 0.2 — 0.4 mm/year.*3®... The most widespread
means of protection are anticorrosive coatings and cathodic
protection. These can be applied separately or in combination
... Factors of aggressiveness, such as acidity, the presence

of oxidizers or activators and temperature, are considered
when choosing materials and ways of protection, as these
characteristics are usually known in advance. In contrast,
attack by stray currents on the metal structure is not always
expected, and consequently, it is not always taken into
account. ... As stray currents are one of the most dangerous
factors causing corrosion damage to metals, methods for their
detection and control, as well as a means of protection of
constructions from their attack, are usually standardised and
regulated.*3... Methods of current detection on pipelines and
other underground metallic structures, to a significant extent,
are based on measurements of voltage difference between
the structure and the ground. The potential of the metal is
measured with respect to a copper-copper sulfate reference
electrode®’,

It is common for pipelines on land and near land to be buried below
water tables to create a moist and relatively stable environment
for CR Many steel pipelines are covered with an anti-corrosion
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Corrosion Series, New York, 2000.

Ibid, pp25-6.
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4.23

protective coating that allows CP to operate in areas where the
coating has been damaged during transport or burial of the pipeline.
Such coatings form a primary barrier to corrosion but inevitably break
down over time (on the basics of pipeline corrosion more generally
see Fessler in Annex 10). There are specialist university courses in
corrosion engineering and well established professional bodies such
as NACE in the US that specialise in corrosion science and practical
operational standards. We were pleased to be advised that a number
of Australian regulators led by Victoria are meeting regularly to
discuss and share information about interference and stray current
effects on corrosion.

Corrosion scenarios

As a result of the other detailed investigation and technical reports
available and annexed to this report, we have chosen to deal with
external corrosion causality and scenarios at a higher level in an
endeavour to clarify some of the main issues involved. We did not
have access to Apache’s root cause analysis and some of its CP
material included in our terms of reference and had to complete this
report based on what was available.

At our request, Professor Gubner in Annex 5 reviewed and

draws on the material from the original investigation (Annex

1), our assessment of documentation from Apache (chapter 1)

the extensive PearlStreet metallurgical analysis, the Townend
metallurgical review (Annex 3) and the Martin corrosion assessment
(Annex 4). Professor Gubner outlines four scenarios that could
explain the corrosion based on well-known mechanisms. In doing
S0, he notes that in addition to the lack of historical CP data from
Apache, there was an incomplete analysis of the corrosion products
on sections of the 12 inch SGL less affected by fire*8. The four
scenarios are:

138 On this, Professor Gubner states: ‘The reports that have been contracted to investigate

the 12" Sales Gas Line samples concentrated on the extent of corrosion, the fracture,
the microstructure and mechanical properties of the pipeline material and to some
extend on the composition of the corrosion products (elemental analysis). Little data
appears to have been collected about the type of coating, the thickness, the adhesion
of the coating at locations on the pipeline unaffected by the heat of the fire. Little data
was obtained about the condition of the pipelines across the entire length of the shore
crossing. This data would have been extremely helpful to reconstruct the corrosion
rates, the efficiency of the CP system, etc. Without this information, any attempt

to construct the corrosion failure mechanism is based on assumptions and similar
cases. The lack of such potentially significant data may be indicative of a superficial
investigation by the operator despite liaison with regulators and more than 12 months
having elapsed since the 3 June incident.’
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Coating failure due to lack of adhesion during application
This corrosion scenario has been developed by Martin (Annex
4) and the primary cause for the corrosion failure is attributed
to a possible lack of adhesion when the coating was applied, or
a loss of adhesion early in the life of the pipeline. His argument
is that a typical corrosion rate under disbonded coating would
be in the order of 0.5 mm per year, thus the loss of adhesion
would have taken place early in the life to achieve the loss of
10 mm material. Professor Gubner believes that while this is a
plausible explanation, normally coating application is subject to
inspection and a poor adhesion should have been noticed at
the time of installation.

Coating Failure due to interference with other structures -
Direct Current

Professor Gubner states that since the six pipelines at the
shore crossing are of different age it is likely that the pipelines
have different potentials. This could result in a current flowing
between pipes at the first point of sufficient soil conductivity
which would be in the tidal zone. The area where the current
leaves the pipeline is the area where the steel dissolves. This
corrosion mechanism still needs the coating to fail first or
initiate at a defect in the coating due to stone chipping or other
mechanical damage during installation. Relatively high corrosion
rates of 0.7 mm/year could be explained through direct current
corrosion. It is also possible that the installation of the 16”
sales gas pipeline in 1999 could have caused the interference
to occur (e.g., disrupted adequate grounding), and the induced
direct voltage and current was sufficiently high to lead to the
adhesion failure of the coating (cathodic disbondment) and
subsequent relatively high corrosion rates of about 1 mm per
year could be responsible for the failure. Alternatively, the

8 inch Harriet crude oil pipeline may also have acted as a
current collector and sink leading to its good condition vis a vis
the 12 inch SGL.

Coating Failure due to interference with other structures -
Alternating Current

Professor Gubner notes that there is no evidence of any
measurements being made to evaluate the risk for AC-corrosion
(although named in AS2885 and AS2331 as possible threats
for pipelines). In a similar scenario as described above, but this
time a faulty grounding inside the facility has induced an AC
voltage into the pipe system. AC-corrosion is often very localised
and induced at small coating defects. While it is unlikely that
AC corrosion would cause the coating disbondment on such a
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large scale as observed on the 12” Sales Gas Pipe Line, AC-
currents can pass through a damaged coating with greater ease
(depending on the frequency) than direct currents. Taking a loss
of adhesion of the coating system as given, an AC-voltage of
30V could have resulted in sufficiently high corrosion rates to
cause this failure within a period of 10 years (dependent on the
soil/sand resistivity at the location), a higher AC Voltage would
have accelerated the corrosion rates, to perhaps 2 mm per
year. The area where the rupture of the pipeline took place (and
the main corrosion on the sales gas pipeline was observed)
might have been, looking from the facility, the first point where
the beach sand was sufficiently wet at regular intervals for the
AC current to exit the pipeline into the ground.

4. Coating failure and cathodic disbondment due to CP over
protection
According to Professor Gubner, the installation of magnesium
anodes close to the processing plant results in a high potential
and at potentials of greater magnitude than -1.24V (vs Copper/
Copper sulphate electrode), hydrogen evolution is possible at
the steel surface underneath the coating. The hydrogen gas
can lift off the coating from the surface, resulting in a loss of
adhesion and a water and gas filled bubble which will eventually
rupture and expose the steel to the environment. Corrosion
is possible inside the bubble, as the CP current cannot pass
through the intact bubble at sufficient rates to protect the pipe.
Even if the bubble ruptures, the CP current will not be able to
protect the pipe inside the crevice between the pipe and the
delaminated coating. However, Professor Gubner argues that
since the CP system obviously did not work in areas where the
coating has disbonded at field joints, as shown in the Netlink
report from 2004, this scenario is unlikely. Nevertheless,
cathodic disbhondment could have taken place from other
intermittent interference (e.g., inadequate earthing during
welding work), resulting in damage to the coating, and the
poor CP performance resulted in corrosion rates as stated in
the sections above. Apache’s documentation and consultancy
reports warned of the danger of such disbondment but there
was no evidence of follow-up evaluation in instances of
potential exceedences.

Some international investigation reports of ruptures, explosions
and fires resulting from pipeline corrosion suggest that even more
rapid corrosion is possible (see Annex 11). Professor Gubner has
examined these also. However, these are all publicly documented
and reinforce the need for good operator systems and operator
vigilance.
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4.25 In summary, Professor Gubner states:

There are four corrosion scenarios resulting in different
corrosion rates. All four are plausible, but little data is evident
to prove or disprove the one or other. Corrosion product
analysis performed by PearlStreet Metlab (8A5/MET) showed
high levels of carbon and oxygen to be present in several
samples. This is indicative that carbonates have formed,
which is further supported by the visual description of the
corrosion products sampled. The presence of carbonates is
an indication of high levels of cathodic activity; either due to
stray currents or cathodic protection current, the latter could
only be intermittently present when the waterline was above
the pipeline. However, even at extremely high corrosion rates
(2 mm/y) the corrosion should have been picked up during
the annual visual inspections and CP-surveys, but latest in
2004 since it was explicitly shown in the Netlink report that
the pipeline showed significant corrosion. The quality of the
CP surveys did not take into account the poor conductivity of
beach sand. Measuring the CP potentials is, therefore, close
to meaningless, if not compensated for the soil resistance at
the location of the measurement. Correct monitoring of the
CP-current over a long period of time, e.g, over several high
tide/spring tide cycles, could have revealed that the current
necessary to protect the pipeline would have been well above
design specifications at high water levels.

4.26 Further he highlights that:

...Standard practices in industry, documented by NACE
International, ISO, ASTM and other bodies, point out the
extra risk of external corrosion of pipelines at landfalls and
that special precaution should be taken. Furthermore, it is
today standard practice that personnel working with cathodic
protection should be certified for the type of work they carry out
on pipelines

4.27 We therefore share Professor Gubner’s compelling conclusion that:

The incident at Varanus Island on June 3rd 2008 could have
been avoided if attention was paid to the inspection reports
provided. Apache has continuously been working on the
integrity management but the physical work of inspecting the
pipelines on the beach crossing of Varanus Island has not been
performed accordingly to the routines prescribed by Apache
and its consultants. Reading through the different reports and
procedures for inspections, it becomes clear that there was
no or little effective communication on the subject of pipeline
integrity and corrosion protection between the management
and the operation. This raises questions about Apache’s
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R 13

4.29

R 14

competence to maintain the SGL pipeline. It is also noted
that the regulators have not taken notice on the discrepancy
between inspection prescribed and inspection that has actually
been performed. Last but not least, it is worth pointing out
that several contracted inspections and reviews performed

by consultants resulted in reports that did not raise a strong
concern about the condition of the 12” SGL pipeline at the
beach crossing of Varanus Island. It would require a corrosion
engineer to pick up on some of the issues raised, but on the
other hand, a consultant would expect an expert to read the
reports.

Future safety

In many ways, the precise mechanism for corrosion of the 12 inch
SGL is not as important as the need to guard and test against any
of these known mechanisms. Given the lack of CP competence and
uncertainties noted in this chapter and in chapter 3 we believe that
a full expert assessment of corrosion protection systems on Varanus
Island needs to be undertaken as a condition of PPA licence PL12.

We recommend that as a condition of PL12 licence renewal WA
require a full assessment of corrosion protection systems on
Varanus Island, including the technical design and operation of
cathodic protection at shore crossings with multiple pipelines and
possible interference and stray current effects.

We are also generally supportive of the other recommendations
made by Professor Gubner at the end of Annex 5.

We recommend that Western Australia facilitate establishment
of a formal technical committee which brings together corrosion
expertise from industry, professional associations, regulators

and academia with the purpose of promoting best practice in
asset integrity assurance. We also support the establishment

of a certification system for personnel carrying out cathodic
protection services, along the lines of the European or US (NACE)
models.
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Conclusions

Technical factors

The technical data available to us was insufficient to determine the
precise causality of the external corrosion on the 12 inch SGL. The
four possible scenarios outlined above build on the factors noted in
the 7 October 2008 investigation report and key technical factors
leading to the 3 June 2008 pipeline ruptures and explosion as a
result of external corrosion were:

* Ineffective anti-corrosion coating at the beach crossing section
of the 12 inch SGL,

e |neffective cathodic protection of the wet-dry transition zone of
the beach crossing section of the 12 inch SGL, and

e Lack of consideration of potential sources of current that could
accelerate corrosion through other pipelines, equipment and
structures.

These scenarios involved mechanisms that were well known in the
industry and should have been addressed with an appropriate anti-
corrosion system and safety and integrity checking. While there were
conflicting opinions within industry about shore crossings and CP
efficacy, some initial deficiencies with the 12 inch SGL CP system
installed by Hadson, and a gap in the AS2885 standard, these were
not substantial in the context of the wide range of material available
to Apache over a 14 year period leading up to the 3 June 2008
incident.

Organisational factors

We covered in chapter 1 the information we felt that Apache could
— and should — have assessed in order to ensure the company was
engaged in better practice safety management. We also discussed
the organisational factors which we consider contributed to Apache’s
failure to recognise the risks associated with the shore crossing.
No doubt, Apache was genuinely surprised by the events of 3 June
2009. Yet despite numerous warning signs and opportunities to
recognise the risk associated with the shore crossing area the
company failed to act upon the potential risk of corrosion and
rupture in this area and therefore failed to investigate and mitigate
that risk.
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We consider that key contributing Apache organisational factors to
the pipeline ruptures and explosions of 3 June 2008 included:

* Insufficient assessment and inspection of the Varanus Island
shore crossing zone and the dangers posed by multiple high
pressure gas pipelines in a harsh environment,

* Insufficient attention to duty of care obligations which are
fundamental to an operator’s responsibility in a safety case
regime.

*  Minimum levels of in-house manning in safety technical
functions which, combined with heavy reliance on contractors,
resulted in a degraded ability to recognise, follow-up, and
respond adequately to specialist reports and risk warnings.

Apache’s failure to recognise the potential for both it and the
industry to learn from the events of 3 June 2008 suggests that the
company continues to focus on minimising legal liability instead of
using the lessons learned to reduce future risk.

Regulatory factors

Apache’s technical and organisational failings are primary. However,
regulators also failed to provide an appropriate level of assurance
with respect to the risk posed by the shore crossing. Key regulatory
factors that reduced safety assurance with respect to the gas
pipeline ruptures and explosions of 3 June 2008 were:

* The existence of a confusing mishmash of jurisdictional, legal,
process and regulatory interfaces upon which was overlaid poor
relationships among regulators,

*  The regulation of Varanus Island under WA legislation (PPA) and
a licence (PL12) that was inappropriate for the facilities, and
was not consistent with a full duty-of-care/safety case regime,

* Alack of staffing and technical competence within DOIR as the
primary regulator and a narrow interpretation of its services role
on Varanus Island by NOPSA.

We have found through our investigation that the regulators could
have, and indeed should have, better recoghised the risk associated
with the Varanus island pipeline shore crossing and Apache’s failure
to properly manage these risks.

Of the three regulatory agencies involved DOCEP was the only
one to provide timely warnings of the increased risk posed by
Apache’s failure to provide assurance regarding the 12 inch SGL.
NOPSA failed to provide safety assurance on Varanus Island due
to its perceived limitations under the services contract and its own
restrictions on its legal role.
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On the positive side, NOPSA's recognition of basic flaws, like
Apache’s submission of a scoping paper in place of a complete
validation and its ongoing recognition of poor maintenance and audit
practices by Apache was commendable.

DOIR had the legislated responsibility for safety on Varanus and
bears the major share of the failure to recognise and act on the
warning signs that Apache’s safety management was increasing the
risk associated with the facilities. The Department’s assessment of
the 2002 Vananus Island Hub Safety Case was not strong and failed
to recognise its deficiencies in respect of hazards from both sales
gas pipelines and the shore crossing more generally

Overall, we believe DOIR became incapable of properly managing
safety regulation in WA. By acting as a post box, the division
confused industry and obscured safety enforcement without
providing any value add. DOIR was unaware of key documents which
could have provided clues that pipeline integrity and safety were

not being managed effectively on Varanus Island and there was no
organisational awareness evident that DOIR understood that some
operators required more regulatory oversight than others.

Both NOPSA and DOIR were hampered in their safety roles by the
legislative and licensing framework under the WA PPA which lacked
clarity and was difficult to enforce. Continued use of the PPA to
licence the major and complex manned facility on Varanus Island
was and continues to be inappropriate.

It is our earnest hope that safety action based on our
recommendations in this report and the others we have made in
other contexts, will lead to significant improvement in the safety
of the offshore industry in Western Australia and more broadly. We
believe that many operators can learn both technical and safety
culture lessons from this incident. There is also much that can be
done to fully implement and augment a seamless offshore safety
case regulatory regime that minimises unnecessary interfaces and
maximises regulatory effectiveness.
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Annex 1:
Initial October

2008 DOIR/NOPSA
investigation report

Final report of the findings of the investigation into the pipe

rupture and fire incident on 3 June 2008 at the facilities

operated by Apache Energy Ltd on Varanus Island
Iq— "E
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Executive summary

Varanus Island is situated approximately 100 km west of Karratha.
Located on the island are oil and gas production facilities operated
by Apache Energy Ltd. A number of facilities are located offshore in
the waters surrounding Varanus Island and are connected by subsea
pipelines to the production facilities on Varanus Island. Collectively,
this complex is operated by Apache Energy Ltd, such that
hydrocarbons are fed to the Varanus Island facilities and processed
prior to export either via two sales gas pipelines to the mainland, or
via a crude oil export line to transit tanker vessels.

On the afternoon of the 3 June 2008, at approximately 13:30,
a series of explosions followed by fires occurred at the Apache
operated facility on Varanus Island.

At the time of the event, there were 150 personnel at the Apache
facility on Varanus Island and a further 16 on adjacent offshore
platforms.

There were no reported injuries or fatalities as a result of the
explosions and fires.

The explosions and fires were concentrated in an area adjacent to
the Harriet Joint Venture (HJV) gas plant, on the NNE beach pipeline
corridor, where 6 pipelines in close proximity to each other cross the
beach.

The plant was shutdown, isolated and vented. All personnel at

the Apache Varanus Island onshore facility were mustered and
accounted for. By the evening of 3 June 2008 all personnel were
evacuated except a skeleton crew of 14 persons who stayed on the
island for monitoring purposes.

The fires were extinguished in the early hours of the 5 June 2008.

Apache oil and gas production related activities on the island are
regulated under the Western Australian Petroleum Pipelines Act
1969 (PPAG9), which is administered by the Western Australian
Department of Industry and Resources (WA DolR). The WA DolR
initiated an investigation into the events of the 3 June 2008.

The National Offshore Petroleum Safety Authority (NOPSA) was
requested by the DolR to assist in the conduct of its investigation of
the incident and documented terms of reference for the investigation
were prepared.

The investigation found that:

1. The activities on the island prior to the incident can be
described as routine. The Apache production plant was being
operated as normal, with only routine work being carried out.
Some project construction work was being undertaken within

145



the plant area. There is no evidence that this project work
activity had any impact on, or contributed to the incident.

2. There was no evidence of any contemporaneous extrinsic
activity contributing to the cause of the incident.

3. Evidence indicates that the immediate cause of the incident
was the rupture of the 12" sales gas pipeline at the NNE beach
crossing and that the gas released from the ruptured pipeline
ignited very soon after the rupture.

4. Evidence to date indicates that the pipe was being operated
at a pressure within its design envelope. The rupture occurred
due to thinning of the pipe wall due to corrosion of the external
surface of the pipe resulting in excessive stresses in the pipe
wall.

Evidence indicates that as a consequence of the initial 12” sales
gas pipeline rupture and ignition of the gas released, the adjacent
Campbell / Sinbad to Varanus Island 12" infield gas pipeline also
ruptured and released gas which contributed to the fire. As a result
of direct or radiant heat impact from the initial ruptures and fires on
the beach, the 16” sales gas pipeline and the 6” Harriet Gas Line
also ruptured at the boundary of the HJV plant. In addition, part of
the HJV plant was damaged.

Evidence gathered to date indicates that the main causal factors in
the incident were:

1. Ineffective anti-corrosion coating at the beach crossing section
of the 12" sales gas pipeline, due to damage and/or dis-
bondment from the pipeline.

2. Ineffective cathodic protection of the wet-dry transition zone
of the beach crossing section of the 12" sales gas pipeline on
Varanus Island.

3. Ineffective inspection and monitoring by Apache of the beach
crossing and shallow water section of the 12" sales gas pipeline
on Varanus Island.

There are aspects of some lines of investigation that have not been

settled, principally due to delays by Apache in providing information

and delays in forensic testing of pipe samples. In particular:

e Completion and full analysis of the forensic testing of pipe
samples;

e Statements from key Apache personnel (Apache on behalf of its
key personnel declined requests for interview);

* |dentification of specific technical details relating to the cathodic
protection of the 12” sales gas pipeline.
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These matters may be resolved in due course. However, such
resolution is unlikely to significantly change the nature of the
findings of the investigation and hence this Report is considered
to adequately address the terms of reference of the investigation.
It is understood that DolR will review this Report with a view to
considering further action.

The investigation identified that Apache Northwest Pty Ltd and its co-
licensees may have committed offences under:

1. Petroleum Pipelines Act 1969, Sections 36A & 38(b)
2. Petroleum Pipelines Regulations 1970, Regulation 10.

Some findings of the investigation may also constitute non-
compliance with pipeline licence conditions.
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3. Abbreviations

AEL Apache Energy Ltd

ALERT Organisation contracted to AEL to investigate the incident on their
behalf

CP Cathodic protection

CS1 Compressor station 1 located on the mainland

DBNGP Dampier to Bunbury Natural Gas Pipeline

DolR The Western Australian Department of Industry and Resources

ERT Emergency response team

ESD Emergency Shut Down

ESIV East Spar Joint Venture

GGT Goldfields Gas Transmission

HAT High Astrological Tide

HJV Harriet Joint Venture

IMMR Inspection Maintenance and Monitoring Regime

LAT Low Astrological Tide

m metre

mm millimetre

NNE North-North East

NOPSA National Offshore Petroleum Safety Authority

OHS Occupational health and safety

P&ID Process and Instrumentation Diagram

PL Pipeline Licence

PMP Pipeline Management Plan

POB Persons on board

PPAG9 Petroleum Pipelines Act 1969 (WA)

PRD Petroleum and Royalties Division of DolR

P(SL)A 82 Petroleum Submerged Lands Act 1982 (WA)

PSMP Pipeline Safety Management Plan

PTW Permit to Work

ROV Remotely Operated Vehicle

SDV Shutdown valve

WST Western standard time
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Introduction

DolR requested NOPSA to provide investigation services under the
WA DolR’s direction, in order to investigate a pipe rupture and fire
that occurred on 3 June 2008 at the Varanus Island gas processing
plant operated by Apache Energy Limited.

The request was made in accordance with the Service Contract in
place between NOPSA and the State of WA through the Department
of Industry and Resources dated June 2007.

The investigation team comprising a DolR inspector and two NOPSA
inspectors travelled to Varanus Island on 4 June 2008. Upon

arrival on the island at 17:30 the investigation team was unable to
proceed directly to the incident site as Apache advised that it would
be unsafe to do so since small fires were still burning. Apache also
advised that it was anticipated that, by the following morning of

5 June 2008, the fires would be extinguished and it would be safe to
access the incident site.

The investigation team gained access to the incident site on the
5 June 2008, and commenced the investigation. The investigation
team left Varanus Island on 7 June 2008.

The investigation was conducted as per the terms of reference
agreed between DolR and NOPSA (see Attachment 1 for details).

The investigation and its attendant findings were delayed by
difficulties experienced in sourcing information and accessing
personnel. These matters are further discussed in section 6.3.

In accordance with the terms of reference, the focus of the
investigation was to identify:

*  Facts and events relevant to the incident

e The likely causes of the incident

* Any actions and omissions by the operator of the Varanus Island
facility, or its contractors, leading up to the Incident and during
the Incident that may have contributed to the cause of the
Incident

*  Any potential for injury to persons arising directly from the fire
and explosion(s) at the time of the incident

The terms of reference for the investigation did not include:

e assessment of the extent of the damage to the plant, except
where directly relevant to the main focus of the investigation

* events that occurred after the incident, except where they were
directly relevant to the main focus of the investigation

e actions or omissions by any regulator, in particular the DolR,
regarding assessment of the appropriateness of the DolR
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5.1

consents and approvals issued to the pipeline licensee with
respect to the Varanus Island plant and associated licensed
pipelines.

Background

Location

The incident occurred at the Apache facilities on Varanus Island
which is part of the Lowendal group of islands located to the east of
the northern end of Barrow Island (approximately 100 km west of
Karratha).

Map 1 - Location of Apache Varanus Island facilities
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Apache Energy Ltd operates oil and gas production facilities on and
around Varanus Island. Hydrocarbons are piped to the island for
processing. After processing, the hydrocarbon products are exported
as either gas to the mainland via two subsea pipelines (12” and 16”
sales gas pipelines, approximately 100 km long), or as crude oil by
tankers from the terminal at the island.

Apache’s gas production from its facilities on Varanus Island
accounts for approximately 30 per cent of WA gas consumption.
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5.2

Applicable Legislation, Codes and Standards

The WA Petroleum Pipeline Act 1969 (PPAG9)

This Act regulates the processing and conveyance of petroleum
within WA and is applicable to the Apache Varanus Island plant.
Pipeline licences were issued by DolR under this Act to Apache and
its co-venturers for the oil and gas production facilities on the island.
The relevant licences are:

e PL12 and variations, for the Harriet Joint Venture facilities and
associated pipelines onshore Varanus Island including the 12”
sales gas pipeline.

e PL 29, PL30 for the East Spar Joint Venture facilities and
associated pipelines onshore Varanus Island.

Pipeline licence PL12, held jointly by Apache Northwest Pty Ltd and
two other entities, covers the area of the Varanus Island facility
affected by the incident. Licence PL12 was granted in May 1985
with 21 years vailidity. An application for renewal of the licence was
submitted to DolR by Apache in December 2005 and has not yet
been accepted. In the interim, the PPAGO stipulates that the existing
licence remains valid.

Licence PL12 contains a number of specifications and conditions
one of which is the requirement for a Safety Case, accepted by the
Director of Petroleum and Royalties Division, DolR, to be in place.
The current Apache Energy Ltd Safety Case for the PL12 plant was
accepted by the Director, PRD of the DOIR in December 2007.

The Safety Case requirement was first introduced in September
1998, in PL 12 Variation No. 9P/97-8. A safety case is described
as ‘A document containing information relevant to the identification,
assessment, management and monitoring of matters, and other
information, relevant to safety in the Licence area’.

The WA Petroleum Pipelines Act 1969, as it applies on Varanus
Island, is administered by DolR. NOPSA has provided, on request,
technical advice on occupational health and safety matters to DolR
under a contract between NOPSA and DolR.

The WA Petroleum Submerged Lands Act 1982 (P(SL)A 82)

The section of the 12” sales gas pipeline directly affected by the
incident is located above the low water mark and is outside the
jurisdiction of the P(SL)A82. However, the P(SL)A 82 does apply
to those sections of the Apache Varanus Island pipelines seaward
of the low water mark, and under the WA Petroleum (Submerged
Lands) (Pipelines) Regulations 2007, consent is required to
construct and operate such pipelines. The Regulations require that
a person must not undertake construction activities relating to a
pipeline unless the WA Minister has consented to the construction
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and a pipeline licensee must not operate a pipeline under the
licence unless the WA Minister has granted consent to operate the
pipeline.

Specifically, pipeline licences were issued by the DolR under this Act,
to Apache Northwest Pty Ltd. and its co-licensees for the offshore
sections of certain pipelines. Of the 6 pipelines crossing the NNE
beach of Varanus Island, 5 were licensed under this legislation.

The relevant licences are:

e TPL1 for the 8” Harriet crude oil line
e TPL2 for the 30” crude export line

e TPL5 for the 6” Harriet gas line

e TPL8 for the 12" sales gas pipeline
e TPL13 for the 16” sales gas pipeline

The Apache 12" Infield gas pipeline from the Campbell and Sinbad
offshore facilities to onshore Varanus Island is not licensed under
this legislation. The reason for this is not known to the investigators.

Under the P(SL)A 82 and its regulations, Apache is required to have
a Safety Case in force for offshore facilities in these waters. Prior to
March 2007, DolR was the sole regulator of this Act. Subsequently,
powers were conferred on NOPSA such that the Safety Case for
these offshore facilities must be accepted by NOPSA. In general, the
P(SL)A 82 regulating the offshore facilities around Varanus Island
continues to be administered by DolR, with NOPSA administering the
regulation of health and safety matters.

The Apache Energy Ltd Varanus Hub Safety Case is currently a
combined Safety Case document, encompassing the offshore
facilities and the onshore process plant. The Safety Case addresses
the requirements of both the P(SL)A 82 and its regulations, and
the requirements of the onshore pipeline licences issued under the
PPAG9 (PL 12, 29 and 30) relating to the onshore process plant.
The current Safety Case was accepted in October and December
2007 by NOPSA and the DolR respectively, each according to the
jurisdictions outlined in this paragraph.

Further, effective March 2008, the WA P(SL)Act 1982 and its
regulations, requires a licensee of licensed pipelines to have a
Pipeline Management Plan (PMP) in force. The PMP must contain
information pertaining to the matters described in Part 4 Division
2 of the WA Petroleum (Submerged Lands) (Pipeline) Regulations
2007. The PMP must be accepted by the WA Minister. A Pipeline
Safety Management Plan (PSMP), defined as the components of
a PMP that provide for the safety and health of persons at or near
the pipeline, must be assessed and accepted by NOPSA. The WA
Minister may not accept a PMP without NOPSA having first notified
the Minister that the PSMP is acceptable.
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The Apache Energy Ltd Operational PMP, currently in force for
all pipelines operated by Apache on the North West Shelf, was
accepted by DolR under its delegated powers, in March 2008.

Applicable Codes and Standards

The applicable standards for the design, operation and maintenance

of pipelines are typically specified in the pipeline licences. For the

Apache 12" sales gas pipeline, the licences (PL12 for the Varanus

Island section, TPL8 for the subsea section, and PL17 for the

onshore mainland section) state that AS2885 — 1987 Pipelines

— Gas and Liquid Petroleum (the SAA code), is the applicable

standard. Section 13 of this standard deals with operation and

maintenance.

This standard was later superseded by AS2885.1-1997, AS2885.2-

1995, and AS2885.3-1997. The current versions of AS2885 are:

e AS2885.1 - 2007 Pipelines-Gas and Liquid Petroleum-Design
and

e Construction.

e AS2885.2 — 2007 Pipelines-Gas and Liquid Petroleum-Welding.

e AS2885.3 — 2001 Pipelines-Gas and Liquid Petroleum-
Operation and

*  Maintenance.

e AS2885.4 — 2003 Pipelines-Gas and Liquid Petroleum-Offshore
submarine

*  pipeline systems.

e AS/NZS2885.5: 2002 Pipelines-Gas and Liquid Petroleum-Field
pressure testing.

AS2885.4 — 2003 refers the reader directly to Det Norske Veritas

offshore standard DNV-0S-F101 Submarine Pipeline Systems, and

disapplies AS2885.1, 2, 3 and 5.

Section 10 of DNV-0S-F101 deals with the operation, inspection

and repair of submarine pipeline systems.

The basis of design for the 12" sales gas pipeline, cites the following

standards related to the cathodic protection system applied to the

pipeline:

* AS/NZS 2832.1: 1986 Cathodic Protection of Metals Part 1
Pipes and Cables and Ducts 1985.

*  DNV-RP-B401 Recommended practice for Cathodic Protection
Design 1986
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6.1

Investigation activities

Activities at the Apache operated facilities on
Varanus Island

The investigation team arrived at the Apache operated facilities on
Varanus Island at 17:30 WST on Wednesday 4 June 2008. The

investigation team left the island at 12:15 WST on Saturday 7 June
2008.

During the period spent investigating the incident at the island, the
investigation team carried out the following tasks and activities:

Held a meeting with Apache’s management and an ALERT
representative (an investigator contracted by Apache) to explain
the purpose and process of the investigation.

Viewed a sample of Apache’s incident photographs to develop a
perspective on the nature of the incident.

Inspected the incident site, took photographs, made sketches
(see Attachment 5 & 6)

Interviewed and took formal statements from nine people who
were witness to the events of the 3 June 2008 and from one
person with information relevant to the investigation (listed in
Attachment 7). The personnel interviewed provided information
about:

- General conditions and activities at the Apache facilities on
the island prior to the incident

- Their own activities and location within the Apache facilities
prior to the incident

- The sequence of events of the incident
- Post incident events

- Their own actions

- Actions taken by Apache

Requested and obtained information from Apache (drawings,
reports, photographs) Attachment 2, Table 2, identifies
documentation received from Apache at site.

Discussed the manner of removal, transport and testing of
samples from selected pipes from the incident site.

A process by which the integrity of the testing to be carried out
by Apache and its contractors could be assured was agreed
between DolR and Apache. This process entailed:

- Arrangement for the pipe samples to be transported and
tested in a manner that would ensure the continuity of
evidence. This involved acceptance by DolR of the transport
protocol.
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6.2

- Verification of pipe samples arriving at the PearlStreet
testing laboratory, Welshpool WA, which involved one of
the investigators witnessing the unpacking of pipe sample
containers.

- Acceptance by DolR of the non-destructive and destructive
test protocol.

- Arranging access to the test results and report.

- DolR agreement for the destructive tests to proceed

after being satisfied that non-destructive tests have been
satisfactorily completed.

Activities subsequent to site visit of the Apache
facilities on Varanus Island

The investigators identified a number of areas as relevant or
potentially relevant, within the scope of the investigation. These

formed the basis of the lines of investigation developed and (see
Attachment 2 Table 1 for details), they are summarised below:

1.
2.

3.

o

10.

11.

Confirmation of the location of the incident site.

Examination of the incident site including external examination
of the damaged pipes.

Reviewing extent of plant damage.

Establishing the number and distribution of personnel at the
Apache facilities on Varanus Island.

Identifying activities taking place at the Apache facilities on the
island prior to the incident.

Establishing the operating parameters and status of the Apache
production plant and the affected Apache pipelines.

Establishing the sequence of events.

Examining potential personnel exposure.

Identifying post incident events and their relevance to the

incident, including:

e Actions taken by individuals, in particular Apache process
operators and supervisors,

* Immediate response to the incident (personnel musters,
incident monitoring and personnel evacuation).

Identifying the failure mode of the pipelines, which included

review of the pipe sample test results and independent experts

reports, so far as available.

Identification of applicable legislation, including subsidiary

regulatory approvals relating to the Apache pipelines and

facilities.
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12.
13.

14.

15.

16.
17.

Review the relevant pipelines design and protection systems.
Examining the adequacy of Apache’s pipeline inspection,
maintenance and monitoring regime, including past inspection,
maintenance and monitoring records for selected pipelines.
Identifying pipeline inspection, monitoring and maintenance
requirements as stipulated in relevant licences, codes and
standards.

Resources and structure of Apache’s pipeline inspection and
maintenance group.

Identifying causes of the incident.

Identifying possible breaches of legislation.

The following sources of information were used during the
investigation (for details see Attachment 2 Table 1 & 2):

Site visits

Witness statements taken from Apache staff and its contractor
staff

Pipe inspections and sample test results

Independent specialist opinions

Legislation, licences, codes and standards

DolR records

Apache documentation (drawings, procedures, manuals,
reports, data).

Over 250 documents, principally Apache documents, (see
Attachment 2 Table 2), including several reports and manuals, were
examined by the investigating team. This information was provided
by Apache after some delay and following reinforcement of DolR
requests. Review of these documents, conducted for the purpose of
extracting relevant information, was carried out in parallel with, and
informed, the other investigation activities which included:

Developing the lines of investigation

Arranging and conducting interviews (16 persons in total were
interviewed — Attachment 7)

Managing information (requesting, receiving and monitoring)
Liaising with Apache on testing of pipe samples

Arranging for the engagement of two independent specialists:
- A metallurgist ; and

- A pipeline corrosion expert

Analysing data

Report writing.
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6.3

The investigators also reviewed reports (Attachment 2, Table 2,
reference item 259) relating to testing of samples of pipelines
removed from the incident site. In total, 11 pipe samples were
removed from the incident site. Of the 11 samples, four were
considered to be of primary importance to the investigation. These
were the samples removed from either side of the rupture point on
the 12” sales gas pipeline, and from either side of the rupture point
on the 12” Campbell/Sinbad pipeline.

As discussed in section 6.1, a testing protocol was agreed by DolR
and Apache, detailing the tests that would be undertaken. These
tests were both non destructive and destructive in nature. The tests
proposed included:

*  Visual examination

e Dimensional assessment

e Surface deposit sampling and analysis
¢ Ultrasonic examination

* Radiographic examination

e Examination of fracture surfaces

e Crack testing

e Examination of the Metallurgy

*  Mechanical testing

e Chemical analysis

At this time, no testing has been undertaken that would permanently
alter the pipe samples from their ‘as removed’ condition. Findings
from the test results received to date are discussed in section 7.8.

Impediments to the Investigation

Early in the investigation, the investigation team identified the need
to interview key Apache personnel about, for example, matters
pertaining to the pipeline inspection, monitoring, maintenance, and
repair regime.

Requests for interview were declined by Apache.

Apache subsequently agreed to respond to written question

sets developed and submitted by the investigation team to the
individuals concerned. Apache then advised the DolR investigator
that no responses to written questions would be provided within
the investigation time scale. Consequently, the investigators were
unable to question the Apache personnel listed below who were
considered to have knowledge of matters pertaining to the incident,
and potentially able to provide verification of the investigators’
understanding of the events leading to the incident:
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*  Production Manager

e Senior Integrity Engineer (current and previous occupier of the
position)

*  Corrosion Technician

e Person in Charge of Harriet A platform

It is noted that the investigation team was provided with a document
entitled ‘Corporate Response by Apache Northwest Pty Ltd to the
Questions posed by the DolR for the Production Manager, Ivor
Alexander’ on 8 September 2008; over seven weeks after these
written questions were issued to Apache.

Delays were also experienced in accessing the reports arising from
the examination and testing of the pipeline samples removed from
the incident site. The initial indication was that all non-destructive
and destructive tests arranged through Apache would be completed
within eight weeks from the date of the incident. The non-destructive
test results were provided to the investigators 11 weeks after the
incident. The destructive testing phase, and some elements of

the non destructive testing that involve physically altering the pipe
samples, have not yet been carried out. At the time of writing, it is
estimated that reports on these aspects of the testing will not be
available until mid November 2008.

These matters directly impacted on the ability of the investigation
team to develop its findings within the agreed time period and
resulted in aspects of some lines of the investigation not being fully
settled. However, it is considered that resolution of these matters
is unlikely to significantly change the nature of the findings of the
investigation.
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F1.

7.1
F2.

7.2

F3.

F4.

F5.

F6.

F7.

Findings

Notwithstanding the difficulties encountered by the investigation
team in sourcing information, the following findings have been
produced following analysis of the available information.

Each finding is marked with the letter F and a number. Attachment
2, Table 1, provides cross reference between the individual finding
and the information source on which the finding is based.

The incident resulted in the shut down of all Apache operated
Varanus Island production facilities and connected platforms,
including gas export to the mainland.

Environmental conditions

The environmental conditions on the island on the day of the
incident were as follows:

e Wind: East/South East, 10 knots with 12 knots gusts
e  Waves: 0.9 m (significant height)
*  Visibility: Good

Sequence of events

7.2.1 Events leading up to the incident

In the hours leading up to the incident the activities at the Apache
facilities on the island could be best described as normal and
routine. There were no notable production process upsets in the
days leading to the incident or immediately prior to the incident on
3 June 2008.

The production plant operated as normal, with no major work outside
of routine maintenance activities, being conducted on the day.

Contractors were undertaking project works within the plant areas.
New (Mars) compressor installation activities, mainly civil works,
were being carried out by Apache contractor personnel approximately
130 metres from the incident site. Tie in pipe spools were being
fabricated in advance of a planned shutdown. Appropriate work
permits were in place for these works.

At the time of the incident there were 150 personnel on the island
and 16 personnel offshore on the Apache Harriet A and Gibson
platforms (166 in total).

7.2.2 Sequence of incident events

On the basis of personnel interviews and information provided, the
investigation team believes the sequence of events on the 3 June
2008, was as follows:
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3 June 08

Harriet Joint venture plant in steady state operation, 12" sales gas pipeline
operating at 11100kPa, 16" sales gas pipeline operating at 13200kPa.

13:30

12" initial explosion heard (12" gas sales line ruptures followed by 12" Campbell/
Sinbad pipeline).

ESD initiated in the control room. Plant blow-down commenced.

13:50

Muster of personnel completed at two locations (control building and main
camp). Large fires observed to north side of Apache HJV plant.

13:55

ERT deployed to assess (from a distance) the incident site. ERT deploys 3 water
monitors to cool equipment adjacent to the incident site and returns to the main
camp.

14:00

DBNGP Control Room contacted. Request was made to remotely shut in
Compressor Station no 1 (CS1). Following further discussions it was agreed that
DBNGP would continue to take gas from Apache to reduce pressure in the 12”
and 16" sales gas lines.

14:18

BK helicopter and an Apache service boat (Loligo) sent to observe the incident
from a distance, take photographs, observe the nature of the incident and
damage, and report to the Apache Field Superintendent.

14:27

16" sales gas line and 6” Harriet gas line rupture.

14:27

Apache control room personnel evacuated to the main camp. Second muster of
all personnel completed.

14:30

Helicopter departs for the mainland (CS1) to confirm and if necessary isolate the
12” and 16" sales lines (the concern was that the contents of the 16” line could
feed through the inter-connector valve to the 12" sales gas line).

Boat (Loligo) departs the incident site to pick up personnel from Apache Harriet A
and Gibson platforms

Two operators went to the ‘A’ crude storage tank and closed the inlet valve, to
prevent the crude from feeding the fire if the crude export line was damaged /
ruptured. The remaining tanks (‘B’ and ‘C’) were inactive and isolated prior to the
incident.

15:00

Meter station at CS1 shut in automatically due to decreased pressure in 12” and
16" sales gas lines — gas flow into DBNGP stopped.

15:15

Boat (Loligo) evacuated all 16 personnel from Apache Harriet A and Gibson
platforms to the Apache facility muster area at Varanus Island.

15:26

Apache personnel sent by Helicopter to CS1 reported that 16” and 12" lines had
been isolated manually at CS1.

15:50

GGT Control Room contacted by Apache. GGT flow control valves closed.

16:02

BK helicopter arrives at Barrow Island (from CS 1).

Boat (Loligo) moves towards the incident site to observe the fires from a safe
distance.

17:10

BK helicopter returned to Varanus Island, evacuation of non-essential personnel
commenced.

18:00

Boat (Loligo) returned to Varanus Island.

18:35

ERT sent to fight small brush fires (returned 19:35).

19:41

Last helicopter evacuation flight from Varanus Island, 14 person skeleton crew
stayed overnight on the island.

4 June 08

07:00

ERT team deployed to site. Main fires out. ERT extinguish small brush fires.
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7.3
F8.

Fo.

F10.

7.4
F11.

F12.

Potential for injury

In general, personnel visits to the NNE beach are discouraged due to
environmental concerns. The beach has little recreational utility. The
operational visits are infrequent and short, mainly for the purpose of:

* Inspecting the pipelines crossing the beach, and

e Setting up a suck back pump on the 30” crude export line
every time the oil is loaded to the visiting tanker (usually once a
month).

After the incident Apache introduced formal instructions preventing
unauthorised access to the NNE beach.

Although there were no reported injuries or fatalities, the incident
had the potential to result in casualties. The lack of casualties was
mainly due to the following factors:

* no personnel were on the NNE beach on the day of the
incident,

* no personnel were working in the northern corner of the HJV
gas plant adjacent to the incident site. Four people nearest the
incident site were working in the HJV gas plant (approximately
110-130 meters away from the point of rupture on the beach);
and

* no personnel were using the road on the embankment between
the HJV gas plant and the beach when the first explosion
occurred.

Incident location and layout

The incident occurred on the pipeline beach crossing (NNE beach)
behind the Apache Harriet Joint Venture (HJV) gas plant.

A corridor containing 6 pipelines in close proximity to each other
traverses the NNE beach (see Attachment 5, Photos 4a) & 4b).
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Looking from the beach towards the gas plant, from left to right, the

pipelines are:
Pipe Pipe details Date installed Surface/
(Licence) buried at

rupture site.

16" sales gas

75 mm Concrete

pipeline weight coating
1999,
variation 9P/97-8 4 mm Asphalt enamel 20 year design Surface
to PL12, TPL13, & | corrosion coating (sub- life
variation 10P/97-8 sea section)
to PL17
6" Harriet to o
Varanus Island Stab|lls.at|on by
Gas line trenching and
mattresses offshore-
variation 1/91-2 to no concrett.e weight 201988{:'89I Buried
PL12 & TPL5 coating yeTi;e esign urie
0.4 mm fusion bonded
€poxy corrosion
coating
30" crude oil 65 mm concrete
export line weight coating 1086,
20 year design Surface/
PL12 & TPL2 0.4mm fusion bonded y life partial buried
€poxy corrosion
coating
12" sales gas 25mm concrete weight
pipeline coating
1992,
Variation 1/91-2 to 4.5mm Asphalt 25 year design Buried
PL12, TPLS, PL17 enamel corrosion life
coating (sub-sea
section)
Campbell/Sinbad
to Varanus Island 25mm concrete weight
12" infield pipeline coating. 1992,
15 year design Buried
Variation 1/91-2 to | 4mm Asphalt enamel life
PL12 corrosion coating
8" Harriet to Stabilisation by
Varanus Island oil trenching offshore
line, 10 year design )
0.4mm fusion bonded life Buried

(PL12, TPL1)

epoxy corrosion
coating
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7.5

F13.

F14.

The six pipelines are unequally spaced.

The smallest separation gap of 167 mm — as measured on 6 June
2008 — was between the 12" sales gas line, the first pipeline to
rupture, and the adjacent 12” Campbell/Sinbad line, the second
pipeline to rupture (see Attachment 6, Sketch 1).

This separation distance is a contributory factor in the consequential
rupture of the Campbell Sinbad infield 12" gas pipeline, following the
initial rupture of the 12” sales gas pipeline.

Review of the formal safety assessment section of the Pipeline
Management Plan for the pipelines indicated that Apache had
recognised this as a potential threat. The document identifies the
threat as ‘failure of an adjacent pipeline’. Control measures were
identified as being ‘minimum separation between pipelines’, and
‘inspection testing and monitoring of the adjacent pipeline’. The
investigators found no information indicating what the minimum
separation distance should be. See discussion in section 7.9 with
respect to pipeline IMMR activities.

The Incident

There is no evidence that there were any specific events (e.g.
process upsets) immediately prior to the incident, which may have
triggered or contributed to the incident.

Four Apache pipelines ruptured during the incident:
e The 12" sales gas pipe line (ruptured on the beach)

e The Campbell/Sinbad to Varanus Island 12" infield gas pipeline
(ruptured on the beach)

e The 16" sales gas pipe line (ruptured at the top of the seawall
banking)

* The 6” Harriet gas line (ruptured on bend adjacent to 16” SDV
3041L).
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F15.

F16.

F17.

Prior to the incident, the pipelines which ruptured were being
operated by Apache within their design operating pressures and
temperatures as shown below.

Pipe Carried Operating Pressure Operating
substance (kPa) Temperature
(°C)
Maximum Maximum
Allowable | 28! | Aliowable | ACt@!
12" sales gas Dry sales
pipeline to y 14500 | 11100 80 59
. gas
mainland
Campbell/Sinbad
to Varanus Wet gas and
Island 12" infield produced 9700 5160 80 n/a
pipeline water
16" sales gas Drv sales
pipeline to y 20160 13200 70 50
) gas
mainland
6" Harriet to Wet gas and
Varanus Island produced 9900 3570 65 34
Gas line water

The composition of the fluids conveyed in the pipelines on the day
of the incident was generally within the range quoted in the PMP;
the one exception being the carbon dioxide (CO2) level for the 12"
and 16” sales gas lines, which was between 3.2 and 3.6 mol%,
above the 3.0 mol% quoted in the PMP and 3.1 mol% stated in the
TPLS licence. Although CO2 is known for its corrosive properties, the
increased level of CO2 is not seen as a factor contributing to this
incident in view of the identified failure modes of the pipelines.

The first line to rupture was the 12" sales gas line. This finding is
based on the following:

Witness statements taken from control room operators and the

investigators’ review of control room data provide evidence that

immediately following the initial rupture, the pressure reading

in the control room on the 12" sales gas pipeline dropped from

11100 kPa to 0. There was no pressure drop indicated on other
lines at that time.

Investigators on-site visual examination and subsequent
forensic testing by PearlStreet testing laboratory, Welshpool WA
of the 12” sales gas line revealed extensive external corrosion
(pitting) and thinning of the pipe wall (from approx 11 mm down
to approximately 1.5 mm in a section of the rupture area). The
corrosion was observed along the full length of the ruptured
section of the pipe, between 2 o’clock and 8 o’clock.
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F18.

F19.

F20.

F21.

F22.

The second line to rupture was the Campbell/Sinbad to Varanus
Island 12" infield gas pipeline. This is based on the following;:

¢ Witness statements indicating two explosions were heard
initially.
e  The close proximity of this line to the 12” sales gas line.

e The investigators’ review of the Varanus Island facility control
room data provided by Apache is inconclusive in indicating the
time of this second rupture, but does indicate that this line was
intact prior to the rupture of the 12” sales gas line.

e The investigators’ visual examination and subsequent forensic
testing by PearlStreet, of the Campbell / Sinbad to Varanus
Island 12" infield gas pipeline, adjacent to the 12" sales gas
line, revealed similar but smaller areas of external corrosion.
No other pipes in the vicinity showed similar levels of external
corrosion.

The initial explosions occurred on the beach. The nearest elements
of the Apache HJV gas plant are located approximately 75m away,
but are approximately 5m above the level of the pipelines on the
beach. Because of this, the jet fires from the ruptured ends of the
127 pipelines were deflected by the embankment up into the air, and
did not impinge directly into the plant areas (Attachment 5, Photos 2
and 3).

The ruptures created a crater on the beach approximately 8m wide x
2m deep x 30m long which exposed the buried pipes (Attachment 5
Photo 5).

No obvious remote source of ignition has been identified. There was
no hot work being undertaken near the rupture site at the time,

i.e. there was no work, involving for example burning, welding or
grinding, directly capable of providing an ignition source.

Potential sources of ignition of the hydrocarbon release include:

*  Pieces of ruptured pipes sparking when hitting each other or
other objects,

e Stones, pieces of concrete and other debris hitting the HJV gas
plant (structure, electrical equipment and cabling) and causing
sparks.

As a result of the ruptures, the surrounding areas, including the
NNE part of the Apache HJV gas plant, were showered with rocks,
smaller stones, gravel, and pieces of concrete stability coating
thrown from the pipelines Attachment 5 photo 12 shows the largest
rock (17.5kg) found within the Apache HJV plant area. Persons
interviewed indicated this rock and other debris, were not present
within the plant area prior to the incident.
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F23.

F24.

F25.

F26.

F27.

F28.

F29.

Based on a review of tests conducted to date by PearlStreet testing
laboratory, Welshpool WA on the ruptured pipe samples indicate
that:

e The 12" sales gas line ruptured due to a mechanical failure

e  The Campbell/Sinbad to Varanus Island 12" infield gas pipeline
failed due to the combination of mechanical and heat impact
from the 12" sales gas line rupture, explosion and fire

* The 16" sales gas line failed due to heat impact/radiation from
earlier fires and explosion

* The 6” Harriet gas line failed due to heat radiation/impact

The 16" sales gas line, failed high on the embankment close to the
16” Shut Down Valve (Attachment 5 Photo 10). Discharge from this
line (jet fire) was away from the plant, towards the beach.

The 167 sales gas line SDV valve position indicator in the Apache
Varanus Island facility control room showed that the valve was ‘in
transit’, suggesting that it did not close properly on activation at

the time of the incident. Subsequent examination by Score Pacific
concluded that the valve did move to the closed position following
the ESD initiation (see Attachment 5 Photo 16). The most likely
cause of the ‘in transit’ indication in the control room was a faulty or
misaligned valve position indicator.

Following the initial ruptures and fire, three water monitors were
activated by the Apache Emergency Response Team (ERT) to create
a protective water cooling curtain between the fires and the plant
(Attachment 5, Photo 2). This action appears to have been effective
in preventing more widespread damage to the Apache HJV gas plant
from radiant heat.

At the time of the incident, the prevailing wind was blowing across
the pipelines, pushing the flames across the face of the HJV gas
plant, not towards it (see Attachment 4 Drawing 2).

The metering station at the mainland compressor station (CS1)
shut in automatically due to pressure drop in both 12” and 16”
lines. Later, the lines were also isolated manually at this location by
Apache personnel sent by helicopter.

The Apache production facilities on the island were isolated and
blown down through the elevated flares.
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7.6 Post Incident Events

F30. All personnel were accounted for within approximately 20 minutes
after the incident, and initial muster alarm.
F31. Out of 166 personnel on Varanus Island:

e 152 were evacuated off the island. Of those:

- 145 were evacuated by helicopters to Barrow Island where
they were provided with temporary accommodation. This
required 13 helicopter flights by five helicopters (one BK
helicopter, two S76s and two Super Pumas).

- Seven were evacuated by boat to Dampier.

e 14 personnel remained on the island overnight to monitor the

situation.
7.7 Damage
Four pipelines ruptured during the event (see F14 for details).
F32. There was substantial damage due to fire and heat radiation to the

Northern corner section of the Apache HJV gas plant, including the
Hot Oil unit, and piping around the pipeline Pig launchers/receivers.
This included physical destruction of, or damage to, pipe racks,
structures, electrical equipment, vessels, valves and piping (see
Drawing 2 in Attachment 4 & photos in Attachment 5).

There was also some damage to the adjacent Apache HJV and ESJV
plants from flying debris and heat radiation.

Detailed assessment of the plant damage has not been carried out
as part of this investigation as this matter is outside the investigation
Terms of Reference (see Attachment 1 for details).

7.8 Failure mechanism of the 12” Sales Gas Pipeline at
Varanus Island NNE Beach Crossing

The following explanation of the 12” sales gas pipeline failure
mechanism is based on the information available to date, which
did not include final results and analysis of forensic tests of pipe
samples;

Pipe sample examination and testing

At the time of writing, no testing that would permanently alter

the pipe samples from their ‘as removed’ condition, has been
undertaken. The testing conducted to date indicates the following:

e 127 sales gas pipeline

The pipe samples removed from both sides of the rupture point
exhibit extensive pitting due to corrosion of the external surface
along the entire length of the samples. Pipe wall thickness
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assessments are continuing, however the results to date
indicate that over a significant area, the wall thickness has been
reduced from a nominal 11.1mm down to approximately 3mm
to 4mm in areas, with some areas immediately adjacent to the
rupture point significantly less than that.

The pipe samples removed from both sides of the rupture
point are devoid of corrosion coating. It should be noted that
the sample removed from the south side of the rupture point
was largely exposed by the explosion and was exposed to the
subsequent jet fire and heat following ignition of the released
gas. The sample removed from the north side of the rupture
remained largely buried following the explosion and ignition of
released gas and was therefore shielded from the effects of
the fire. It is therefore concluded that the corrosion coating
originally applied to this pipe section had deteriorated and
become dis-bonded prior to the incident occurring, and had not
simply burned away.

e 12" Campbell / Sinbad pipeline

The pipe samples removed from both sides of the rupture point
exhibit areas of localised pitting due to corrosion of the external
surface. Pipe wall thickness assessments are continuing,
however the results to date indicate that, in general, the pipe
wall thickness has been maintained.

Despite being exposed to fire and radiant heat, the pipe sample
removed from the south side of the rupture point exhibits what
is thought to be corrosion coating residue over intermittent
areas of the pipe sample along its full length. This residue is
flaking away from the pipe surface. Pitting of the external pipe
surface is evident beneath this residue.

The pipe sample removed from the north side of the rupture
point shows no signs of pitting to the external surface, and is
devoid of corrosion coating residue. It should be noted that
this section of pipe was closest to the adjacent 12"sales gas
pipeline and the heat effects from the ignited gas flowing from
the ruptured end of that pipe.

Pipeline corrosion

12" sales gas pipeline

In order for corrosion of the external surface of the 12" sales gas
pipeline to take place, the corrosion coating must have failed. This
coating failure may have been due to incorrect application, damage
to the coating either prior to, during, or after installation, or loss of
adhesion of the coating during operation. The evidence available to
date is insufficient to determine why the corrosion coating may have
failed.
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The extent and depth of corrosion indicates it is likely that the
corrosion occurred over a significant period.

The evidence also suggests that the cathodic protection system was
ineffective in providing an adequate level of protection to the section
of pipe in the environment where sea water either saturates or
drains away from the beach sand (refer photos 14 &15 Attachment
5, and section 7.10).

As a result, due to ongoing external corrosion, the pipeline wall
thickness was progressively reduced in a section of the rupture area
from the original nominal 11.1 mm down to 1.5 mm (this includes
thickness reduction / necking due to material yield).

Although pre-yield wall thickness measurements are not available,
the evidence indicates that on the day of the incident the pipe wall
was subject to a stress level beyond its minimum yield strength.
Progressive metal yield and increase in the pipe diameter raised
stresses beyond the ultimate tensile strength of the metal resulting
in the catastrophic failure of the pipeline. This occurred under
normal process operating conditions (see F. 15)

There is no evidence to indicate that the localised external pitting
and resulting loss of wall thickness evident on the pipe samples
removed from the beach crossing section of the 12” Campbell /
Sinbad pipeline was a factor in this incident.

Apache pipelines IMMR (Inspection Maintenance and Monitoring
Regime)

Apache safety case and pipeline management plan

As discussed in section 5.2, the pipeline licence PL12 held by
Apache NorthWest Pty Ltd and its co-licensees, in conjunction

with the P(SL)A82 and its regulations, require that a Safety Case
(SC) be in force for Varanus Island and for the offshore facilities
around Varanus Island. Apache has a single safety case document
addressing the management of the onshore Varanus Island plant
and all of the offshore facilities connected to Varanus Island. This
document is known as the Varanus Hub Safety Case. A component
part of the Varanus Hub Safety Case is the Safety Management
System description (SMS), which describes how safety is managed
on these Apache facilities. The safety management system provides
for all activities envisaged to be undertaken on these facilities, with
a focus on:

e The identification of hazards and assessment of risks to the
health and safety of people associated with undertaking those
activities;

e The implementation of control measures to reduce the risk to
personnel to a level as low as reasonably practicable;
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* The ongoing inspection, monitoring and maintenance of control
measures associated with these risks.

One of the key elements of the Apache Safety Management System
(SMS) is Element 7 ‘Integrity Management'. This SMS element

sets out in general terms, Apache arrangements for inspection,
maintenance and monitoring of process facilities, wells and pipelines
throughout their lifespan. Apache has an Integrity Policy which sits
alongside its Occupational Health and Safety Policy. In order to meet
the commitments of these policies, management systems have been
developed. These are:

*  The Maintenance Management System
*  The Corrosion and Inspection Management System
* The Maintenance strategy for safety critical equipment.

In addition to the safety case requirement, the P(SL)A 82 and its
regulations require that a Pipeline Management Plan (PMP) be

in force for facilities that are pipelines. A component part of the
PMP is the description of the management system, which sets out
arrangements for managing all pipelines operated by Apache on the
North West Shelf. Its primary aim is to ensure that the integrity of
the pipelines is maintained throughout their operational life cycle
while safeguarding personnel and the environment.

The Apache SC and PMP management systems are supported

by a suite of Apache policies, systems, manuals and procedures
pertaining to integrity management. Two documents, in particular,
set out the specifics of the current framework for inspection,
monitoring, maintenance, and repair (IMMR) activities relative to
pipelines. These documents are:

*  Onshore Pipeline Inspection Manual (AEL Document OP-14-
MG-001) and

*  Underwater Inspection Manual (AEL Document AE-00-MG-006).

The Onshore Pipeline Inspection Manual is stated to be applicable
to the ‘onshore’ section of the 12” sales gas pipeline. Onshore is
defined as being that part of the pipeline between landfall and the
pipeline termination or Pig launcher/receiver. The term “Landfall” is
not defined; however it is reasonable to conclude that this document
is applicable to the section of pipeline on the beach at the Apache
facility on Varanus Island at which the rupture occurred, since this
area is readily accessible on foot. The cover sheet for this document
indicates it was developed in 1997. The most recent revision is
Revision 4, issued for use on the 22/3/06. At the time of writing,
and on the basis of the information provided by Apache, it is unclear
what document was in place and applicable to the onshore section
of the 12" sales gas pipeline prior to the creation of the Onshore
Pipeline Inspection Manual.
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The Apache Onshore Pipeline Inspection Manual states that the
philosophy for inspection shall be consistent with that described in
the applicable pipeline standard, AS2885.3-2001. The standard
states that pipeline surveillance and inspection frequencies shall
be based on the past reliability of the pipeline, historical records,
current knowledge of its condition, the rate of deterioration of the
pipeline and statutory requirements. In lieu of this approach, the
Onshore Pipeline Inspection Manual cites that an annual frequency
is to be applied. The document describes a typical inspection
programme for onshore pipelines:

e  Annual topographical survey in surf zone/beach area

e Annual visual inspection of unburied pipework to determine the
condition of the coating, general corrosion and physical damage

e Annual cathodic protection (CP) survey to ensure an adequate
level of cathodic protection is being maintained at each test
post

e Annual line walk checking condition of CP and other marker
posts, including the use of gas detector to identify any leaks

* Annual checks on surge protection systems and static earth
system.

The Underwater Inspection Manual describes the means by which
Apache manages and performs underwater inspection activities on
all of its offshore assets. It includes the subsea sections of pipelines.
The document describes four different levels of pipeline survey:

* Level | surveys are undertaken using side scan sonar and
Remotely Operated Vehicle (ROV). Should a level | survey
indicate that damage has occurred, then a level Il survey is
undertaken.

e Level Il surveys are carried out using ROV and comprise a
visual and cathodic protection survey. Should significant
structural damage be detected then a level lll survey should be
undertaken.

e Level lll surveys are undertaken using ROV or divers to examine
specific characteristics of anomalies identified during the level Il
survey. Any significant damage detected during a level Il survey
would become the basis for initiating a level IV survey.

e Level IV surveys consist of underwater non-destructive testing
of areas based on the results of level Il surveys. In addition to
this, Intelligent Pigging of the pipeline may be considered to
assess the inside condition of the pipeline, and particularly any
loss of wall thickness that may have occurred.

The document states that level 1 surveys shall be conducted at least
every three years, level |l surveys at least every three years, level llI
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surveys after the discovery of suspected defect areas, and level IV
surveys as required.

There is no prescribed frequency for undertaking intelligent pig
surveys in either the onshore or under-water portions of the
pipelines.

Codes and standards

The pipeline licence PL 12 variation 1/91-2 held by Apache
NorthWest Pty Ltd and its co-licensees, as applicable to the section
of the 12" sales gas pipeline located onshore Varanus Island,
states that the pipeline will be designed, constructed, operated and
maintained in accordance with Australian Standard AS2885-1987
Pipelines-Gas and Liquid Petroleum (the SAA Pipeline Code). This
standard was in force in 1992 when the 12” sales gas pipeline was
designed, constructed, installed and commenced operation. This
standard has evolved since 1987 such that the current version now
comprises 5 parts, each dealing with a specific area. Australian
Standard AS2885.3-2001 Pipelines-Gas and Liquid Petroleum Part
3, discusses the requirements for the Operation and Maintenance
of pipelines. The requirements of the earlier version and the current
version are slightly different.

AS2885-1987 is prescriptive in that it determines the frequency of
inspection of the CP system for a pipeline. The standard requires
that:

e Surveys of cathodic protection potential shall be made at
intervals of not more than 12 months, or where cathodic
protection potentials may be affected by stray DC currents,
survey intervals of cathodic protection potentials shall be
approved. Galvanic anode cathodic protection installations
shall be monitored at intervals of not more than 12 months to
ensure their operation.

e the efficacy of a galvanic anode cathodic protection installation
shall be established within a period of not more than 12
months of its installation. The installation shall be monitored at
intervals of not more than five years to ensure operation, but
intervals may be shortened during the approach of the end of
the design life.

AS2885.3-2001 does not include any prescriptive requirements
that dictate the frequency of inspections or surveys for operating
pipelines. The standard states that pipeline surveillance and
inspection frequencies shall be based on the past reliability of the
pipeline, historical records, current knowledge of its condition, the
rate of deterioration of the pipe and statutory requirements.

Apache references this later version of the standard in its Onshore
Pipeline Inspection Manual.
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Pipeline licence

Apache is also required to comply with the prescriptive requirements
for pipeline inspection, maintenance, monitoring and reporting set
out in the relevant pipeline licences. For the section of the 12” sales
gas pipeline located onshore Varanus Island, the relevant licence is
PL12 variation 1/91-2.

PL 12 variation 1/91-2 states that:

e The licensee shall be responsible for installing and monitoring
the cathodic protection test points.

* The licensee shall, when required, submit to the Director a
report in writing outlining the results of the corrosion surveys
and the details of any resulting action by the licensee.

* The licensee shall carry out an annual external survey of the
pipeline after the cyclone season and the results of the survey
shall be submitted to the director in writing.

There are no other prescriptive requirements relevant to pipeline
inspection or surveys within this licence variation.

7.9.1 Apache resources and organisation

Element 1 in the SMS section of the Apache Energy Ltd. SC and
PMP outlines the personnel responsibilities and organisational
arrangements within Apache.

Whilst the Apache Managing Director has the overall responsibility
for Apache operations on Varanus Island, the Apache Production
Manager has the responsibility for the implementation of Apache’s
integrity policy, including the implementation of the pipeline
inspection and corrosion management measures.

Based on a review of Apache documents, two senior engineers
report to the Production Manager. These are:

e The Senior Integrity Engineer; principally responsible for the
identification, implementation and maintenance of the facilities
(including pipelines) corrosion and inspection activities,
condition monitoring and recommendation of remedial actions.
Key responsibilities include:

- Corrosion Risk Assessment
- Development and maintenance of the inspection plans
- Scheduling and planning of intelligent Pigging activities

- Development of procedures and instructions relating to
corrosion and inspection activities

- Analysis of results, assessment of anomalies and
recommendation of corrective actions.
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*  The Senior Corrosion Engineer; principally works in coordination
with the Senior Integrity Engineer in areas of corrosion
monitoring, coating and materials selection. Notable
responsibilities include:

- Development of corrosion monitoring obligations based on
all known hazards

- Recommendation regarding materials selection for repairs,
replacement and additions to facilities,

- Management of coatings, including selection of systems,
monitoring and repair.

Other personnel in the integrity management group include:
e Subsea Engineer

*  Field Superintendent and

e Support personnel and contractors.

The organisational structure applied to facility integrity management
is shown in detail on page 8 of the Apache Integrity Management
and Competencies Description Doc No AE-91-10-001, Rev 0O, issued
January 2008. The investigators were unable to establish, on the
basis of the information provided by Apache, whether:

* There are present incumbents of all positions and

*  Which positions are held by Apache employees and which by
contractor company employees.

On the basis of the available information, the investigators were
unable to determine whether the level of resources (historically
and at the time of the incident) provided by Apache was adequate,
and whether it was a factor which contributed to this incident. In
particular, no information was produced by Apache or found by
the investigators that demonstrated the adequacy of the provided
resources (personnel, finance and material) and how the required
level of resources was maintained over time.

The investigators noted, however, that the Lloyd’'s Register report
titled ‘Apache Energy Limited, PL12 Validation Summary Report May
2006 — April 2007’ dated 10 May 2007, states on page 14:

It was observed that manning levels, at Apache, in various
disciplines, are low with key competencies contracted out and /
or residing with specific individuals.

Apache’s management of personnel resources and organisational
responsibilities for pipeline integrity management may have been a
contributory factor in the incident.

7.9.2 Apache’s use of contractors
Apache makes use of large and small contractor companies
including individual consultants to fulfil resource needs in areas

175



where its in-house expertise is limited or unavailable. The use of
contractors extends to pipelines (installation, inspection, monitoring
and assessment) and involves:

e Corrosion monitoring, chemical and cathodic protection
contractors;

*  Pigging contractors;

* Integrity and pipeline engineers;

e Corrosion experts and coating contractors
e  Diving contractors

e ROV and side scan survey contractors

* Inspection contractors and Certifying Authorities (e.g. Lloyd’s,
ABS or DNV).

Apache has a number of systems and procedures for the
management of contractors. These include:

e ‘Assurance of contractor safety management’ (Doc. No. AE-00-
ZF-037)

e ‘Procedure for preparation and approval of contractors for
service’ (Doc. No. AE-91-1Q-030 Rev C)

*  ‘Procedure for mobilising contractors to site’ (Doc. No. AE-00-
ZF-012).
Since the commencement of Apache operations at its Varanus
Island facilities a number of specialist companies have been
contracted by Apache to carry out inspections, surveys and
assessments, relating to the integrity, including inspection and
maintenance arrangements, of the Apache operated pipelines at or
connected to the Apache facilities at Varanus Island.

Whilst the reports issued by Apache’s contractors have often
contained recommendations for improvement, their general
conclusions with respect to the condition of equipment (i.e. the
pipeline) and how its integrity is managed are positive. Some
example comments from such reports are:

e Sales Gas line 5 year integrity review SP-14-RL-067, May 2007,
by Subsea Developments:

There are no findings from the integrity management
processes performed for the sales gas pipelines that provide
any reason for any changes to the ongoing IMR activities
that are not already being addressed in the current risk
assessments and anomaly tracking and close out practices

The AEL Pipeline Integrity Management process is generally
following the requirements of AS2885 and any specifics
included in the pipeline license for the Sales Gas Pipelines.
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* Lloyd’s Report titled ‘Apache Energy Limited, PL12 Validation
Summary Report May 2006 — April 2007’ dated 10 May 2007
states on page 2:

Provisions were found to be in place with continuous
improvement process to ensure safety of the operational
phase and technical integrity for ongoing operations of the
Varanus Island whole plant and facilities covered by PL12 as
fit for purpose for the next 21 years

and on page 7:

based on preliminary review from initial information
Zathering and gap analysis, the operation was considered
to be covered by a comprehensive integrity management
system, sufficient to validate operation for approval for
pipeline licence revalidation for the next 21 years.

Broad statements such as these may have been based on limited
information, and not on a comprehensive physical inspection of
equipment, or a review of all aspects of its operation, inspection,
maintenance and repair.

This is particularly relevant to the 12” sales gas pipeline, with one
documented inspection by a contractor of the Varanus Island shore
crossing section carried out since its construction in 1992.

In general this investigation found that the link between source data
and conclusions in the reports were unclear. Apache apparently used
these reports as a basis to plan the inspection, maintenance and
repair activities of its pipelines and to assure itself and the regulator
that the pipelines were safe to operate.

7.9.3 Apache 127" sale gas pipeline IMMR

The investigation team requested from Apache all records

of inspection, monitoring, maintenance and repair activity
documentation related to the 12" sales gas pipeline, since the
commencement of operations in 1992.

Following a review of the documentation provided, the investigation
team compiled an IMMR summary table detailing the activities
undertaken, when they were undertaken, and importantly, to what
part of the 12" sales gas pipeline the activity applied. This chart is
included as Attachment 8 Table 1.

This was then compared against those activities that Apache

was required to undertake, either by their own documentation,
relevant standards, or by conditions in the applicable pipeline
licences held by Apache NorthWest Pty Ltd. and its co-licensees.
These requirements are summarised in a similar table included as
Attachment 8 Table 2.
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The investigation team found that:

Variation 1/91-2 to PL 12 (the pipeline licence applicable to the
onshore Varanus Island section of the Apache 12” sales gas
pipeline) states that the licensee shall carry out an annual external
survey of the pipeline after the cyclone season and the results of the
survey shall be submitted to the Director in writing.

From the information provided, regular annual external surveys of
the section of the pipeline onshore Varanus Island did not occur.

It is recognised that surveys of subsea and mainland sections of

the pipeline have occurred. However, in the period 1992 to 2008,
there were two documented visual inspections of the section of the
pipeline onshore Varanus Island. It is unclear whether the results of
these reports were provided to the Director, PRD of DolR as required.
These surveys are detailed in the following documentation:

e Varanus Island Ultra shallow water and onshore pipeline
inspection, OP-14-RU-002, performed in October 2004.

e 2007 Onshore Pipeline Inspection workbook, Sept 2007.

The ultra shallow water and onshore pipeline inspection in 2004 was
undertaken by a contractor to Apache, Netlink Inspection Services.
The report highlights 10 anomalies, one of which pertains to the

12" sales gas pipeline. This anomaly related to an area of missing
weight coating at pipeline location KP69.703. Apache has provided
no information indicating what action was proposed or taken to
rectify this anomaly. Shortly after the incident on 3 June 2008,

it was noted that this anomaly was still present and apparently
degenerated since 2004.

The 2004 report also indicates that there were areas of corrosion
and damage on the onshore section of the pipeline however

these were apparently not significant enough to be categorised as
anomalies in the report. No cathodic protection readings for the 12”
sales gas pipeline were taken during this inspection.

The 2007 Onshore Pipeline Inspection Workbook is a record of
Apache inspections as required by the Apache Onshore Pipeline
Inspection Manual for a number of pipelines located onshore
Varanus Island, including the 12" sales gas pipeline. The workbook
includes a completed, pipeline general visual inspection record
sheet for the Apache 12” sales gas pipeline. A single CP reading

is provided. No anomalies are recorded. However, it is noted that
a significant proportion of this onshore section is buried, and
hence inaccessible for external visual inspection unless excavated.
Excavation of the Agincourt pipeline appears to have been
undertaken in 2007 according to the Onshore Pipeline Inspection
Workbook for that year. It is not clear from the inspection report
whether this excavation was for inspection purposes or for remedial
WOrks.
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A review commissioned by Apache in 2004 highlighted the lack of
pipeline inspection data from the shore crossing zones on Varanus
Island.

Review of Apache Energy Pipelines 2004, SP-14-RF-003.01/03, by
QCL International cites:

In general it was found that very little inspection data was
available for onshore pipeline sections on Varanus Island, shore
sections and subsea risers.

The onshore pipelines on Varanus Island are monitored visually
during standard operations on the island and inspection data is
therefore often not documented. It is also recommended that
the inspection procedures for offshore and onshore inspections
should be modified to ensure that the offshore section is
inspected during HAT, and the onshore section is inspected
during LAT, ensuring sufficient overlap

At present the shore zones do not seem to be included in either
of the standard inspection work scopes

Variation 1/91-2 to PL 12 (the pipeline licence applicable to the
onshore Varanus Island section of the 12" sales gas pipeline)
states that the licensee shall be responsible for installing and
monitoring the cathodic protection test points. The licensee shall,
when required, submit to the Director a report in writing outlining
the results of the corrosion surveys and the details of any resulting
action by the licensee.

From the information provided, monitoring of the cathodic protection
system onshore Varanus Island occurred in 2004, 2006, 2007 and
2008. Records of these inspections are detailed in:

Offshore pipelines-onshore section cathodic protection survey
August 2004, OP-14-RU-003

VI Offshore pipework monitoring 18/6/06

VI Offshore pipework monitoring 18/6/07

2007 Onshore pipeline Inspection workbook, Sept 2007
VI Offshore pipework monitoring MCC building 2008.

The investigation team were unable to find any evidence of the
Director, PRD of DolR requiring any reports outlining the results of
the surveys.

The Apache Onshore Pipeline Inspection Manual is applicable to
the section of the 12” sales gas pipeline located onshore Varanus
Island.

This document indicates that a typical inspection programme for
onshore pipelines comprises:

Annual topographical survey in surf zone / beach area
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e Annual visual inspection of unburied pipework to determine the
condition of the coating, general corrosion and physical damage

e Annual cathodic protection (CP) survey to ensure an adequate
level of cathodic protection is being maintained at each test
post

* Annual line walk checking condition of CP and other marker
posts, including the use of gas detector to identify any leaks

* Annual checks on surge protection systems and static earth
system.

From the evidence provided to the investigators by Apache, no
annual topographical surveys of the pipeline in the surf/beach zone
area were undertaken. As discussed above, visual inspections of the
pipeline were undertaken on two occasions, 2004 and 2007. Also
as discussed above, cathodic protection readings from the 12” sales
gas pipeline in the beach crossing area were taken in 2004, 2006,
2007, and 2008.

From the information provided by Apache, it appears that Apache
did not undertake any maintenance or repair activities on the section
of the 12” sales gas pipeline onshore Varanus Island since its
installation in 1992.

On the basis of the information provided by Apache, an appropriate
documented regime for pipeline inspection, maintenance,
monitoring and repair is in place, and this regime is consistent with
that required by the relevant standards and the requirements of
the pipeline licence. However, the available evidence indicates that
some aspects of these systems and processes may not have been
rigorously implemented since the pipeline was installed in 1992.
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Apache 12” sales gas pipeline and cathodic
protection system design

The 127 sales gas pipeline was designed and constructed in
accordance with AS2885-1987. The following table summarises key
design parameters for the 12" sales gas pipeline.

Pipeline
Outside diameter 324 mm
Maximum allowable working pressure 14500 kPa

Wall thickness 11.1 mm
Design temperature 10-80° C
Material API — 5L X60
Minimum yield strength 413 MPa

Corrosion coating
Corrosion allowance
Weight coating

Substance to be conveyed

4.5 mm Asphalt Enamel
3 mm
25 mm

Natural gas (as specified in
the PL12 and TPL8)

Design Code AS 2885

Year installed 1992

Design life 25 Years
CP System

Design Code AS2832

Bracelet anodes —
offshore section only

The Apache Pipeline Management Plan, document SP-90-RL-002,
is applicable to the full length of the 12” sales gas pipeline. The
PMP provides a detailed description of the 12" sales gas pipeline.
All significant pipeline accident events for the pipeline are identified
and assessed. Mitigation measures are identified to reduce the risk
of significant pipeline accident events to a level that is as low as
reasonably practicable.

The formal safety assessment section of the PMP identifies external
corrosion as a hazard to the 12” sales gas pipeline in the subsea,
shore crossing and onshore sections of the pipeline. For the onshore
section, external corrosion is assessed as being of medium risk.

At the shore crossing and subsea sections, external corrosion is
assessed as being of low risk.
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For each hazard, physical and procedural preventative or mitigation
measures, are identified as follows:

Protection measure Onshore Shore crossing Subsea
section section section

Physical protection
measure - Anti corrosion Applicable Applicable Applicable
coating

Physical protection
measure - Cathodic Applicable Applicable
Protection system

Procedural protection
measure -Inspection
testing and monitoring,
including IP survey

Applicable

Procedural protection
measure-Inspection testing
and monitoring, including
ROV/IP survey

Applicable Applicable

From the above it can be seen that Apache has identified two
physical barriers against external corrosion of the pipeline for the
shore crossing and subsea sections of the pipeline.

However, only one physical protection measure is identified for the
onshore section, this being the anti corrosion coating. Inspection
testing and monitoring is cited as a procedural barrier. The drawings
included in the PMP indicate that the onshore Varanus Island section
of the 12" sales gas pipeline is not considered to be protected by a
cathodic protection system.

In practice however, based on the nature of CP readings being
taken and other factors, it appears that Apache considered that
the cathodic protection system in place and active on the subsea
and shore crossing sections of the 12” sales gas pipeline, carries
over onto the Varanus Island onshore section and provides some
protection against corrosion.

In order for corrosion to take place, the anti-corrosion coating
must fail, either due to mechanical damage or loss of adhesion.
The evidence available to date is insufficient to determine why the
corrosion coating may have failed.

Based on examination of samples of the ruptured pipelines by
PearlStreet Testing Laboratory, Welshpool WA and the investigators,
the anti-corrosion coating at the beach crossing was ineffective due
to mechanical damage or loss of adhesion resulting in dis-bondment
from the pipe.
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The CP system’s role is to prevent corrosion if the first barrier, the
corrosion coating, has failed.

The key elements of the system are sacrificial anodes attached to
the pipeline. In this configuration the generated currents flow from
the anodes through the sea water (electrolyte) to the pipeline. Areas
which the current leaves are corroded (sacrificial anodes). Areas
where the current enters (pipeline) are protected.

The effectiveness of the CP system is dependent on the ability

of the current to flow between the anode and the pipe. Subsea,
current will flow freely through the seawater medium. However,

at the beach crossing section the ability of the current to flow is
affected by the environmental conditions. At the beach crossing
section the pipeline was buried in sand which was either saturated
with, or drained of, sea water, dependent on tidal movements. This
results in fluctuations in sand resistivity, with drained sand having
higher resistivity affecting the CP current flow. To counter this effect,
more negative CP potentials are needed. Such potentials were not
available for the beach crossing section from the offshore bracelet
anodes. There were no other (onshore) anodes installed to provide
cover for this section of the pipe.

On the basis of the available evidence, no aspects of the design of
the 12" sales gas pipeline have been identified (excluding the CP
system), which contributed to this incident.

The available evidence indicates that the design of the CP system
for the offshore section of the 12” sales gas pipeline, would not
offer sufficiently negative potentials to protect the wet / dry transition
section of the beach crossing of the Apache 12” sales gas pipeline
located on Varanus Island.
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8.2

Conclusions

The following conclusions are drawn by the investigation team based
on the evidence available to date.

The information gathered during the investigation was examined
using the TapRoot® root cause analysis technique. The event
analysis chart developed by the investigation team (Attachment
9) shows the sequence of events, existing conditions and causal
factors.

Immediate cause of the incident

The immediate cause of the incident was the rupture of the Apache
12" sales gas pipeline due to excessive stresses in the pipe wall.

Thinning of the pipe wall as a consequence of extensive external
corrosion of the pipe resulted in excessive stresses culminating in
rupture of the pipe at the beach crossing at the Apache facility on
Varanus Island.

Main causal factors
The main causal factors of the incident were:

1. Ineffective anti-corrosion coating at the beach crossing section
of the Apache 12" sales gas pipeline, due to damage and/or
dis-bondment from the pipeline.

2. Ineffective cathodic protection of the wet / dry transition zone of
the beach crossing section of the Apache 12” sales gas pipeline
on Varanus Island.

This is because:

a) Sufficiently negative cathodic protection potentials required
to provide effective cathodic protection in sandy environment
were not available from the existing offshore bracelet
anodes,

b) No onshore anodes were installed on the onshore/beach
section of the pipeline.

3. Ineffective inspection and monitoring by Apache of the beach
crossing and shallow water section of the Apache 12” sales gas
pipeline on Varanus Island.

This is because:

a) The external corrosion problem was not detected and
addressed at this location, although the available evidence
indicates that the corrosion progressively affected the pipe
over a period of 15 years or more until the pipeline failed.

184



b) The technique used to take cathodic protection readings
to monitor the operation of pipeline protection was
inappropriate for the environment in which the readings were
taken as it did not allow for the effect of changing resistivity
in the wet and dry sandy environment. The limited cathodic
potential measurements taken suggested to Apache
personnel that the pipeline was adequately protected, which
was not the case.

c) Although the Apache 12" sales gas pipeline was built in
1992, there is a lack of historical documentary inspection
data related to the Varanus Island onshore section of the
12" sales gas pipeline, with evidence limited to:

* One ultra shallow water and onshore pipeline inspection
undertaken in 2004. This inspection covered the onshore
beach section of the pipeline but did not comment on
the buried sections of pipeline.

* One documented general pipeline inspection undertaken
in 2007. This inspection covered the onshore beach
section of the pipeline but did not comment on the
buried section of pipeline.

d) The Apache inspection regime did not specifically address
the transition section between the subsea and shore
crossing sections of the pipeline, by for example undertaking
inspections at both HAT and LAT to ensure full inspection
coverage in this area.

8.3 Other factors
The following factors were also found to be relevant to the incident:

1.

No Intelligent Pig inspection of the 12" sales gas pipeline

was carried out since the pipeline was constructed in 1992.
Although this is not a prescribed requirement, such an
inspection could have led to the prevention of the incident
occurring as it would have detected the pipeline wall thickness
metal loss at the Varanus Island beach crossing.

In response to specific questions from the investigators on

this matter, Apache stated in a letter (‘Corporate Response by

Apache Northwest Pty Ltd to the Questions posed by the DolR

for the Production Manager, Ivor Alexander’) dated

8 September 2008 that:
In 1998, there was some discussion by a consultant of
whether pigging might be done on the 12” line, with a focus
on the mangrove area of the mainland side of the line. The
suggestion was not adopted.
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This statement may be referring to the Apache commissioned
QCL International Corrosion risk assessment of certain pipelines
and plant equipment, undertaken in 1997/8. The resulting
report, LTS, Sinbad, Campbell and Compressor Station 1
Corrosion Risk Assessment and Inspection Scheme, HE-00-
MN-003 Rev 1 issued Sept 1998, considered the risks of
internal and external corrosion to the 12” sales gas pipeline.

The report states that that the risk to the pipeline from internal
corrosion is minimal.

The report also states that the pipeline is protected from the
risks from external corrosion in the subsea section, as long as
the mitigation measures in place, i.e. the corrosion coating and
cathodic protection system, are monitored, maintained and
inspected.

However, the report does recognise that there is a significant
risk to the pipeline due to external corrosion in the coastal and
onshore sections. Section 7.5 of the report states:

The onshore section, particularly in the coastal mangrove
areas, is less certain. Variation in local soil conditions
means that the current requirement for full protection
varies considerably. The location and conditions mean that
close interval potential surveys are difficult, and so detailed
checks for adequate potential in all areas are not currently
performed.

Coastal mangrove waters are more aggressive towards
coatings and require higher polarising currents than open,
deep cold seawater. The combination of warmer conditions,
biological activity and tidal effects, mean that the coastal
section is more at risk of external failure than any other
part of the pipeline. Therefore it is important that cathodic
protection surveys be carried out.

The report discusses the intelligent pigging option:

The requirement for intelligent pigging on this line is
dictated by the external corrosion hazard, particularly in
the coastal mangrove section of the line. The most serious
risk to the continuing integrity of the pipeline is where the
coating has disbonded, creating a region of wet, bare metal
shielded from corrosion protection current. Corrosion may
occur despite adequate cathodic protection potentials.
This is a risk on all coated pipelines, but is most significant
on onshore/inshore lines, particularly under tube wraps
and shrink type field weld coatings. The only methods of
detecting such failures are either to excavate all field joins,
or to run an intelligent pig.
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The report concludes:

The economic and safety consequences of a failure of the
sales gas pipeline, coupled with the difficulty of surveying
the coastal section, and the risk of coating disbondment
failure mean that regular intelligent pigging of the line is
justified. To save cost, this survey may be concentrated on
the coastal and onshore sections of the line. The period is
arbitrary — a figure of 5 years is suggested, meaning that
an intelligent pig run will be necessary next year. Further
surveys will be required depending on the results.

Whilst the report does not specifically mention the Varanus
Island beach crossing section it is clear that Apache was made
aware of significant external corrosion risks to the coastal and
onshore sections of the pipeline.

Apache provided no explanation as to why the recommendation
to conduct Intelligent Pigging to survey / monitor the pipeline for
external corrosion, was not followed.

It is noted that an Intelligent Pig inspection of the 12” sales gas
line was scheduled to be conducted subsequent to the repair
works carried out as a result of the incident on 3 June 2008.

Close proximity of the pipelines to each other in the beach
crossing zone on Varanus Island was a factor in the escalation
of the event.
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Possible breaches of legislation

The investigation identified the following sections of legislation within
the Petroleum Pipeline Act 1969 where possible breaches may have
occurred:

Section 36A: Work Practices

A licensee shall operate the pipeline specified in the licence of
which he is the registered holder in a proper and workmanlike
manner and shall secure the safety, health and welfare of
persons engaged in operations in connection with the pipeline
Section 38b: Marking of Pipeline and maintenance etc. of
property

A licensee-

(b) shall maintain the pipeline in good condition and repair; and

The investigation also identified the following section of
legislation within the Petroleum Pipelines Regulations 1970
where possible breaches may have occurred:

Regulation 10: Pipeline Construction and operation
requirements

The construction and operation of a pipeline shall be carried
out-

(a) in a proper and workmanlike manner;

(b) in accordance with good pipeline construction and operation
practice; and

(c) in such manner as to ensure the safety health and welfare
of persons engaged in the construction or operation

Some findings contained in this document may also constitute
non-compliance with pipeline licence conditions.
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Attachment 1

Investigation into pipeline rupture and fire on Varanus Island which
occurred on Tuesday, 3 June 2008

TERMS OF REFERENCE

Investigation to be undertaken by DolR /NOPSA Investigation
Team - 9 July 2008 (revised)

BACKGROUND

Western Australia’s Department of Industry and Resources is
assessing the damage at the Apache Varanus Island facilities, which
are licensed under the Petroleum Pipelines Act 1969 (PPA1969) as
PL12 and/or the Petroleum (Submerged Lands) Act 1982 as TPL 8.

The Department of Industry and Resources is responsible for
regulating the safety and integrity of facilities on Varanus Island
under the Petroleum Pipelines Act.

The Department has been administering these responsibilities with
input from the National Offshore Petroleum Safety Authority (NOPSA)
under a service level agreement and other sources.

The Department has authorized an investigation into the incident
which is currently being undertaken by a team consisting of two
NOPSA representatives and one departmental inspector appointed
under the Petroleum Pipelines Act.

The “Incident” means the failure of pipelines on the NNE beach
approach and the resultant explosions and fire.

PURPOSE
The purpose of the investigation is to:

1. Fulfil the request from the Director, PRD of DolR on 4 June
2008 to assist in the conduct of an investigation under the
terms of the Service Contract dated 6 July 2007 between WA
DolR and NOPSA.

2. Gather information and interview people in a manner that does
not compromise potential legal action. (This to be achieved
through the direction of the WA DolR representative on the
investigation team).

3. Identify the facts and events relevant to the Incident.
Identify the likely cause(s) of the Incident.

5. Identify potential breaches of legislation based on the legal
advice and direction provided by DolR.

6. Formally gather evidence consistent with the requirements of
DolR as advised by the investigation team DolR Inspector.

E

190



SCOPE
The investigation will endeavour to address:

1. The pertinent sequence of events on Varanus Island during the
Incident.

2. The likely cause(s) of the Incident.

3. Any actions and omissions by the operator of the Varanus Island
facility, or its contractors, leading up to the Incident and during
the Incident that may have contributed to the cause of the
Incident.

4. The identification of any potential for injury to persons arising
directly from the fire and explosion(s) at the time of the
incident.

The investigation will be conducted in the context of, and will have
regard to, good industry practice, the commitments made by the
operator in respect of its operation of the Varanus Island facilities
and in the context of the applicable laws and licence requirements
as detailed to the investigation team by DolR.

The investigation will not address:

*  Events that occurred after the incident except where they are
directly relevant to items 1-4 of the scope detailed above.

* Assessment of the damage to facilities on the island except
where directly relevant to the scope detailed above.

e Adequacy of the arrangements for repair and re-instatement of
damaged plant and equipment.

REQUIREMENTS
DolR may need to require or provide for certain matters pertaining to
the investigation. These include:

1. Obtaining information from the Operator and other parties that
is considered by the investigation team to be required to assist
the investigation.

2. Exercise of powers under the WA Petroleum Pipelines Act 1969.

3. Engagement of independent experts relating to, for example,
metallurgy and corrosion mechanisms.

DELIVERABLE
On completion of the investigation, the team will provide a Report to
the Director, PRD of DolR detailing the findings of the investigation.

FURTHER SUPPORT

Officers of NOPSA will work with the Director, PRD to review the
Report and provide assistance in the consideration of potential
enforcement action or prosecution, meeting with the SSO as
appropriate.
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Attachment 2

Table 1 - Lines of investigation

metallurgical expert reports
Witness statements

No. Area covered Information source Report finding Table 2
or section Information Log
(Ref. No.) (ltem. No.)
1 | Incident location * Site visit by investigators
F11, F12, F18,
PL 12, TPL 8 F10, F21 F23. 5,5563,5574,
¢ Apache documents (maps F24 ’
and drawings)
2 Personnel, number and ¢ Apache documents (POB
distribution, on Varanus records for VI and offshore 14,5, 8, 38,
Island and adjacent platforms) 40-44, 54, 46,
offshore platforms on  Apache active work orders F5, F6, F10 62,63, 64, 68,
3 June 2008. and permits (PTW 69, 71,72, 75,
114, 231
¢ Witness statements
3 Plant operation on * Apache control room data 1-4, 38, 40-42,
Varanus Island on « Apache P&IDs 47-50, 68, 69,
3 June 2008 prior to . Wi F3, F4, F5, F21 71,72,75, 81-
the incident (shut down itness statements 83, 114,
sections). 198-206
4 | Operating parameters * Apache control room data
for pipelines on the NNE e PL12 & TPLS
beach on 3 June 2008,
prior to the incident * PMP F13, F 15, F16 262 31284270560
(pressures temperatures, * Witness statements ’
composition of carried
fluids)
5 | Activities/jobs carried out ¢ Apache active work orders 14,7, 8, 38,
on Varanus Island prior to and permits (PTW) F3, F5, F10, 40-42, 62, 63,
the incident « Witness statements F13, F21 68,69, 71,72,
75,114
6 | Environmental conditions ¢ Apache document (weather 1-4. 38, 40-42
on 3 June 2008 forecast) F2. F21, F23 52 61, 63, 68
* Witness statements F27 69, 71,72, 75,
114
7 | Sequence of events on ¢ Apache control room data
3 June 2008 * Helicopters movement log
¢ Pipelines non-destructive 1-4, 38, 40-42,
and destructive test results F1,F7, F14, 47-50, 55, 59,
o . . F17, F18, F24, 62, 63, 65, 68,
o P|pe|.|nels inspection and F25, F 26, F28, 69, 71, 72, 75
monitoring records F30 83,93 113-117,
* Pipeline corrosion and 198-209
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No. Area covered Information source Report finding Table 2
or section Information Log
(Ref. No.) (Item. No.)
8 Personnel visits to the NNE | ¢ Witness statements 1-4, 38, 40-42,
beach F8, F9, F10 63, 68, 69, 71,
72,75,114
9 | Apache procedures/ * Apache documents 1-4. 38. 40-42
standing orders regulating | . wijtness statements Fo 63, 68, 69, 71,
access to the NNE beach 72 75 114. 119
10 | Use of the road on the e Apache documents 1.4, 38,4042,
e?sbalg:Ts:; (t?]eetvgzzzht)he * Witness statements F10 63, 68, 69, 71,
gas p 72,75, 11, 119
by personnel
11 | Personnel exposure during | ¢ Apache documents
incident (personnel distribution 1-4, 5, 8, 38, 40-
records, emergency 42 53 54 57
response, VI drawings) F10, F19 63, 6869, 71,
 Site visit by investigators 72,75, 114,
* Witness statements
12 | Tanker offloading . A_pgche documents (tanker F8. F10 90
frequency visits log)
13 | Setting up up/testing of ¢ Apache documents
crude export line suck (procedures, work orders) F8 86-89
back pump
14 | Damage to plant  Site visit by investigators F1, F14, F19, 1-4, 6, 38, 40-42,
« Withess statements F21, F26, F32, 63, 68, 69, 71,
F33 72,75,114
15 | Functioning of pipelines ¢ Apache control room data 1-4, 38, 40-42,
ESD equipment (ESD « SDV test results 51, 62, 63, 59,
valves) ) F24 68,69, 71,72,
* Witness statements 75. 81.83, 114
226
16 | Incident response on * Apache individual personnel
Varanus Island: incident response records
¢ Personnel muster and ¢ Apache control and radio
evacuation room data
e Shutting down/staring * Helicopter logs 1-4, 38, 40-42,
up plant (including « Apache documentation 45, 53, 55, 56,
actions near the i ing 62-64, 65, 68
including: , 09, 65,
incident site and the inland CS1 P&ID II::2259 FF23% ?3? 69, 71,72, 75,
mainland compressor - mainian S ’ ’ 92,93, 113,
station CS1) - storage tanks P&IDs 114, 116, 241-
* Incident assessment - P&IDs for fire fighting and 244

and monitoring

Plant shut down and
blow down

detection systems

Information from DGNB and
GGT pipeline operators

Witness statements
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No. Area covered Information source Report finding Table 2
or section Information Log
(Ref. No.) (Item. No.)
17 | Applicable legislation - * PPA 69, P(SL)A 82
Pipeline Licenses, SC & o PL12. TPLS
PMP and requirements Sect 9.2
« PMP
¢ Varanus Hub Safety Case
18 | 127 sales gas pipeline ¢ Apache documentation/
design and data: records (including drawings
« design and fabrication and reports)
specifications and data, | * PL12, TPL8 F17 F22 Fa4 84, 85, 185,
« installation records « PMP 237-240
 site (NNE beach * DolR records
geology).  Codes and standards
19 | Anti- corrosion coating and | ¢ Apache documentation
CP for 12" sales gas line. « Codes and Standards F17 F22. FA3 20-25, 41, 154,
’ F45’ ’ 163, 164, 182,
* PMP 245, 246, 248
¢ PL12, TPL8
20 | Regulatory approvals ¢ DolR records/files
required/obtained by
Apache as stipulated in
PLs (PL12 & TPLS8), e.g. 11.9
for CP design, intervals
of inspections, corrective
actions (repairs)?
21 | Pipeline inspection * Relevant Australian and DNV
requirements (legislative, standards
codes and standards, g00d | + pi 12, TPL8 Sect9.2& 11.9 | 247,248, 258
industry practice - .
* Pipeline corrosion expert
report
22 | Apache pipeline Inspection | ¢ Apache IMMR policies,
Maintenance and manuals and procedures 9-37, 41, 63,
Monitoring Regime (IMMR)- | o apache/contractor 94-112, 1